
Yang et al. Cardiovascular Diabetology          (2023) 22:299  
https://doi.org/10.1186/s12933-023-02015-y

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Cardiovascular Diabetology

Relationship between the circulating 
N‑terminal pro B‑type natriuretic peptide 
and the risk of carotid artery plaque in different 
glucose metabolic states in patients 
with coronary heart disease: a CSCD‑TCM plus 
study in China
Tong Yang1†, Hongmei Zheng2†, Guangwei Pan1†, Ruiying Guo1, Fengmin Liu1, Shengyuan Liu1, Shuang Tao1, 
Lin Li1*, Rongrong Yang1* and Chunquan Yu1* 

Abstract 

Objective  Circulating N-terminal pro B-type natriuretic peptide (NT-proBNP) is a marker for heart failure in patients 
with coronary heart disease (CHD) and associated with glycemic abnormalities. Studies on the association and diag-
nostic value of NT-proBNP in carotid plaques (CAP) in patients with CHD are limited.

Methods  The relationships between NT-proBNP and the risk of CAP in different glucose metabolic states, sexes, 
and age categories were also examined using 5,093 patients diagnosed with CHD. The NT-proBNP tertiles were used 
to divide patients into three groups in which the NT-proBNP levels, blood glucose levels, the occurrence of CAP, 
and the number and nature of CAP were measured using normoglycemic (NG), prediabetes (Pre-DM), and diabe-
tes mellitus (DM) glucose metabolic statuses. Logistic regression analyses were used to compare the relationship 
between NT-proBNP and the risk of CAP occurrence and the number and nature of CAP. The diagnostic value of NT-
proBNP for CAP risk was measured using receiver operating characteristic (ROC) curves.

Results  We found a 37% relative increase in the correlation between changes in NT-proBNP per standard deviation 
(SD) and the incidence of CAP. After adjusting for potential confounders, NT-proBNP at the T3 level was found to be 
associated with an increased CAP odds ratio (OR) when T1 was used as the reference. This relationship was also pre-
sent in males, patients aged > 60 years, or both pre-DM and DM states. NT-proBNP was more likely to present 
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as hypoechoic plaques at T1 and as mixed plaques at T3. We also measured the diagnostic accuracy of CAP for NT-
proBNP in patients with CHD, with an AUC value of 0.627(95% CI 0.592–0.631), sensitivity of 50.7%, and specificity 
of 68.0%.

Conclusion  An increase in NT-proBNP was significantly associated with the risk of CAP in patients with CHD, espe-
cially in males and patients aged > 60 years, and exhibited specific characteristics under different glucose metabolism 
states.

Trial registration The study was approved by the Ethics Committee of Tianjin University of Traditional Chinese Medicine 
(Approval number TJUTCM-EC20210007) and certified by the Chinese Clinical Trials Registry on April 4, 2022 (Registra-
tion number ChiCTR2200058296) and March 25, 2022 by ClinicalTrials.gov (registration number NCT05309343).

Keywords  Circulating N-terminal pro B-type natriuretic peptide, Carotid artery plaque, Glucose metabolic states, 
Coronary heart disease

Graphical Abstract

Background
Coronary heart disease (CHD) is a chronic noncom-
municable disease whose increasing annual morbid-
ity and mortality represent a major global public health 

burden [1]. While its pathogenesis is closely linked to the 
presence of endothelial dysfunction [2], diabetes mel-
litus (DM) is another important risk factor independ-
ent of the traditional risk factors of CHD, which include 
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hypertension, hyperlipidemia, and smoking, and is asso-
ciated with a 2–threefold increase in the incidence of 
CHD, myocardial infarction (MI), and CHD mortality [3]. 
In addition, CHD often occurs in combination with DM, 
possibly because the risk factors for both include abnor-
mal inflammatory responses and abnormal lipid metabo-
lism [4]. The early detection of atherosclerosis, especially 
in asymptomatic patients with CHD, is crucial to patient 
treatment and survival. Carotid artery plaque (CAP) is an 
atherosclerotic lesion thought to predict poor outcomes 
of CHD and can be used as a surrogate for atheroscle-
rotic disease [5]. Previous studies have found that abnor-
malities in glucose metabolism are strongly associated 
with the risk of developing carotid artery plaque [6, 7].

Circulating N-terminal pro B-type natriuretic peptide 
(NT-proBNP) is a common diagnostic and prognos-
tic marker for heart failure. It is an inactive amino acid 
fragment of the brain natriuretic peptide (BNP) that is 
released by cardiomyocytes in response to volume or 
pressure overload and promotes vasodilation and natriu-
retic effect [8]. NT-proBNP is a better indicator of dia-
betes mellitus than traditional risk factors, may better 
at differentiating the risk of death from cardiovascular 
disease (CVD) in DM patients [9], and be useful in mon-
itoring diabetes-related micro- and macro-vascular com-
plications [10, 11]. However, there are no current studies 

on the association between NT-proBNP and CAP risk in 
different glucose metabolism states, and the association 
between NT-proBNP and CAP in the CHD population 
is also unknown. Therefore, the aim of this study was 
to compare the correlation between NT-proBNP and 
the risk of CAP in a Chinese population with CHD and 
confirm the relationship between NT-proBNP and the 
development of CAP under different glucose metabolism 
conditions, age, and sex.

Methods
Subjects
We conducted a large multicenter cohort study named 
Cohort Study on Treatment of Cardiovascular Dis-
eases with Traditional Chinese Medicine (CSCD-TCM 
plus). During the study, we established a CSCD-TCM plus 
database that included data on  214,717 individual hos-
pital cases related to CAD from six hospitals in Tianjin, 
including the First Teaching Hospital of Tianjin Univer-
sity of Traditional Chinese Medicine, Tianjin Medical 
University General Hospital, Tianjin Hospital of ITCWM 
Nankai Hospital, Tianjin Chest Hospital, Tianjin Acad-
emy of Traditional Chinese Medicine Affiliated Hospital, 
and the Second Teaching Hospital of Tianjin University 
of Traditional Chinese Medicine, from January 1, 2014, 

Fig. 1  Flow chart of patient recruitment
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to June 30, 2022. Patients with oncological, infectious, 
or serious liver or renal diseases, or those lacking data 
on fasting blood glucose (FBG) and carotid ultrasound 
measurements were excluded. Ultimately, 5,093 eligible 
subjects were included in the final analysis. A flowchart 
of patient recruitment is shown in Fig. 1.

Data collection
The data for the analysis of this study obtained from the 
CSCD-TCM plus database included data that came from 
patient medical records: clinical history, anthropometric 
data, blood analysis, and medical imaging data. Anthro-
pometric data, including blood pressure and personal 
information such as age, sex, smoking status, drink-
ing status, previous percutaneous coronary interven-
tion (PCI), coronary artery bypass grafting (CABG), 
MI, current antihypertensive treatment, and current 
anti-lipid treatment, were recorded. The left ventricu-
lar ejection fraction (LVEF) and New York Heart Asso-
ciation (NYHA) functional classifications were also 
recorded. Fasting venous blood samples were collected 
from all patients on the second day of hospitalization. 
Patients were admitted to the hospital for standardized 
procedure-based testing of a single random urine sample 
using an automated urine analyzer. Carotid artery ultra-
sonography examinations were performed by a certified 
professional technician using a diagnostic ultrasonogra-
phy system. The common carotid artery, internal carotid 
artery, and carotid artery bifurcation were scanned and 
visualized using B-mode imaging. Carotid artery intima-
media thickness (CIMT) was determined as the average 
IMT of the left and right common carotid arteries [12]. 
Professional physicians analyzed the color of the carotid 
artery based on Doppler ultrasound results and recorded 
the number of CAPs and ultrasonographic features. CAP 
cases were divided into single (n = 1) and multiple (n ≥ 2). 
The echogenic properties of CAP were categorized into 
hypoechogenic, isoechogenic, hyperechogenic, and 
mixed types. Strict quality control procedures were used 
to maintain consistency in the acquisition and analysis of 
the monitoring and test images. Inter-laboratory quality 
was assessed by licensed experimenters [13].

Definitions
Smokers were defined as those who smoke at least 100 
cigarettes in their lifetime [14]. Drinkers were defined 
as those who consumed alcohol at least 1 time per week 
[15]. Hypertension was defined as systolic blood pres-
sure (SBP) ≥ 140  mmHg and/or diastolic blood pressure 
(DBP) ≥ 90  mmHg or current use of antihypertensive 
medication [16]. Diabetic status included normoglyce-
mia (NG) (FBG < 5.6  mmol/L), prediabetes (Pre-DM) 
(5.6 ≤ FBG ≤ 6.9  mmol/L), and DM (FBG ≥ 7.0  mmol/L) 

[17]. Urinalysis showed qualitative protein results of + -, 
1+, 2 +, 3 +, or 4+ . Proteinuria was considered present. 
Elevated serum cholesterol and/or triglyceride (TG) lev-
els were reported as hyperlipidemia. Total cholesterol 
(TC) ≥ 5.2  mmol/L or TG ≥ 1.7  mmol/L or low-density 
lipoprotein cholesterol (LDL-C) ≥ 3.4  mmol/L were 
also reported [18]. Estimation of glomerular filtration 
rate (eGFR) was calculated using a formula previously 
described in Chinese patients with chronic kidney dis-
ease patients [19].

Statistical analysis
The NT-proBNP terms include T1 (NT-
proBNP < 56  ng/L), T2 (56 ≤ NT-proBNP ≤ 480  ng/L) 
and T3 (NT-proBNP > 480  ng/L). The Kolmogorov–
Smirnov test was used to evaluate the normality of the 
data. Demographic differences between groups were 
assessed using the Kruskal–Wallis H test. Logistic regres-
sion models were estimated using odds ratios (ORs) and 
95% confidence intervals (95% CIs) and used to exam-
ine the association between NT-proBNP and CAP. The 
collinearity of different models was tested using logistic 
regression. The diagnostic value of NT-proBNP meas-
urements for predicting the risk of developing CAP was 
assessed using receiver operating characteristic curves. 
The missing values were imputed using multiple imputa-
tion methods.

Prior to the multifactor analyses, univariate analyses of 
CAP-related factors [20] were conducted to determine 
the inclusion of model confounders in the regression. 
Model 1 was unadjusted; Model 2 was adjusted for age 
and sex; and Model 3 was adjusted for age, sex, smok-
ing, drinking, hypertension, diabetes, hyperlipidemia, 
EF%, proteinuria, previous MI, PCI or CABG, use of 
antihypertensives, and use of antilipidemic drugs. Sta-
tistical differences in the associations between the sub-
groups were analyzed using a multiplicative interaction 
approach. We also calculated the c-index and net reclas-
sification improvement (NRI) to assess the accuracy of 
predicting CAP after including the factors used in Mod-
els 2 and 3 in Model 1.

Results with a two-sided P < 0.05 was considered statis-
tically significant. All statistical analyses were performed 
using Statistical Package for the Social Sciences, version 
26.0 (IBM Corp, New York, NY, USA).

Results
Subject characteristics
A total of 5093 participants were included in this study, of 
which 2490 (49.0%) were female and 2,597 (51.0%) were 
male, with a median age of 65 years; 3632 (71.3%) were 
over the age of 60 years. 1807 (35.5%), 1325 (26.0%), and 
1961 (38.5%) were NG, pre-DM, and DM, respectively. 
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The subjects were divided into three groups at the ter-
tile level of the NT-proBNP index (e.g., T1, T2, and T3). 
When compared to the T1 group, the distribution of 
HbA1c, c-reactive protein (CRP), percentage of proteinu-
ria, and NYHA class III and IV levels were higher in the 
T2 and T3 groups, while the TG, TC LDL-C, LVEF were 
lower in the T2 and T3 groups. The incidence of CAP 
was highest in the T3 group. The baseline characteristics 
of the participants according to NT-proBNP levels are 
shown in Table 1.

Association between the NT‑proBNP and the risk of carotid 
artery plaques
Our multivariate logistic regression analyses showed 
that there was a 37% relative increase in the correlation 
between changes in NT-proBNP per SD and the inci-
dence of CAP (OR: 1.37; 95% CI 1.01–1.85; Table 2). In 
model 3, which adjusted for potential confounders, NT-
proBNP at the T3 level was associated with an increased 
CAP OR (OR: 1.67; 95% CI 1.26–2.22) when T1 was used 
as the reference. After correcting for potential confound-
ers, the risk of CAP development was significantly asso-
ciated with NT-proBNP at the T3 level in males, or in 
patients > 60 years of age when T1 was used as a reference 
(Tables 3 and 4).

Association between the NT‑proBNP and the risk of carotid 
artery plaques according to glucose regulation state
In the NG group, the NT-proBNP per SD change was 
correlated with CAP occurrence (OR: 2.50; 95% CI 1.17–
5.39) after multivariate adjustment. Using T1 as a refer-
ence, T3 was significantly associated with an increased 
risk of CAP in both the pre-DM (OR: 1.94; 95% CI 
1.10–3.43) and DM (OR: 1.85; 95% CI 1.13–3.01) states 
(Table 5). After adjusting for confounders, T3 was associ-
ated with the risk of developing CAP in men with pre-
DM state (OR: 3.32; 95% CI 1.27–8.69) when we used 
T1 as a reference (Table  6). After adjusting for possible 
confounders, there had a significantly increased risk 
of developing CAP with T3 in patients with CHD who 
were > 60 years of age in the both of pre-DM (OR: 3.44; 
95% CI 1.53–7.76) and DM (OR: 2.32; 95% CI 1.15–4.65) 
state when we used T1 as a reference (Table 7). Together, 
these results indicated that elevated NT-proBNP corre-
lates with CHD patients with abnormal glucose metabo-
lism, and this correlation is present in both men and the 
elderly.

Diagnostic value of NT‑proBNP in the risk of carotid artery 
plaques
We measured the diagnostic accuracy of CAP for NT-
proBNP levels in patients with CHD. The critical values 

were 182  ng/L, an AUC value of 0.627 (95% CI 0.592–
0.631), sensitivity of 50.7%, and specificity of 68.0% 
(Fig. 2). These results showed that NT-proBNP has some 
validity in diagnosing the risk of CAP occurrence.

Supplementary analysis
Further investigations of this study were performed 
using the electronic supplementary materials (ESM). 
Before performing the multifactorial analyses, we con-
ducted univariate analyses related to CAP (Additional 
file 1: Table S1). Statistical differences in the associations 
among subgroups were analyzed using multiplicative 
interactions, which showed that the association between 
NT-proBNP and CAP was not statistically different at 
the level diabetes or age but was statistically different 
at the level of sex (Additional file  1: Table  S2). We also 
calculated the c-index and NRI to assess the accuracy 
of predicting CAP after incorporating the factors from 
Models 2 and 3, which showed a significant increase 
in the c-index for these models when compared with 
Model 1, as well as an increase in the NRI after the model 
changed (Additional file 1: Table S3). When T1 was used 
as the reference, NT-proBNP at the T3 level was associ-
ated with the occurrence of ≥ 2 CAP cases (Additional 
file 1: Table S4), and was more likely to appear as hypo-
echoic plaques at the T1 level and as a mixture of plaques 
at the T3 level (Additional file 1: Table S5).

Discussion
This study demonstrated the relationship between NT-
proBNP and CAP in Chinese patients with CHD in dif-
ferent glucose metabolic states. This association was 
evaluated according to sex, age, and glucose metabolism. 
The NT-proBNP level was also found to have diagnostic 
significance for CAP.

Myocardial NT-proBNP synthesis and release are part 
of a counter-regulatory response to increased myocardial 
wall stress, sympathetic nerve tension, and vasoconstric-
tion, acting in different systems and affecting various bio-
logical processes [21]. NT-proBNP and its receptors not 
only coordinate cardiovascular homeostasis and health 
by regulating blood pressure, blood volume, and sodium 
balance but are also involved in glucose and lipid metab-
olism in adipose and muscle tissues [22]. NT-proBNP 
also makes an additional contribution to the prediction 
of long-term CHD risk compared with conventional risk 
factors, including smoking, alcohol consumption, and 
hypertension [23], but is strongly associated with the risk 
of DM [24]. In addition, NT-proBNP levels are signifi-
cantly associated with adverse cardiovascular events in 
patients with chronic CHD in the pre-diabetic state [25]. 
In the present study, we found that when NT-proBNP 
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Table 1  Baseline clinical characteristics according to NT-proBNP

Characteristics Total T1
N = 1687

T2
N = 1710

T3
N = 1696

P-value

Age  < 0.001

 Total 65(60,71) 62(56,67) 66(61,70) 67(61,71)

  ≤ 60 1461(28.7) 700(41.5) 390(22.8) 371(21.9)

 > 60 3632(71.3) 987(58.5) 1320(77.2) 1325(78.1)

Sex  < 0.001

 Male 2597(51.0) 867(51.4) 775(45.2) 955(56.3)

 Female 2490(49.0) 820(48.6) 935(54.7) 741(43.7)

SBP (mmHg) 140.0(130.0,160.0) 140.0(130.0,160.0) 143.0(130.0,160.0) 140.0(127.0,160.0) 0.061

DBP (mmHg) 81.0(80.0,90.0) 85.0(80.0,93.0) 80.0(80.0,90.0) 80.0(76.0,90.0)  < 0.001

Drinking (%) 1242(24.4) 459(27.2) 398(23.3) 385(22.7) 0.004

Smoking (%) 2105(41.3) 728(43.2) 687(40.2) 690(40.7) 0.170

Hypertension (%) 3915(76.9) 1336(79.2) 1372(80.2) 1207(71.2)  < 0.001

Hyperlipidemia (%) 902(17.7) 402(23.8) 324(18.9) 176(10.4)  < 0.001

HbA1c (%) 6.1(5.6,7.1) 6.0(5.5,6.9) 6.1(5.6,7.1) 6.3(5.6,7.5)  < 0.001

FBG (mmol/l) 6.2(5.2,8.3) 6.3(5.3,8.3) 6.2(5.2,8.1) 6.4(5.2,8.7) 0.019

CRP (mg/l) 3.5(2.0,7.4) 2.6(1.5,4.3) 2.8(1.8,4.9) 6.0(2.9,15.4)  < 0.001

eGFR (ml/min/1.73m2) 109.8(88.3,131.1) 110.1(91.8,129.0) 110.2(84.2,126.9) 108.5(83.0,130.2) 0.831

LVEF (%) 61.0(56.8,65.0) 63.0(60.0,66.0) 62.0(59.0,65.0) 58.0(51.0,62.0)  < 0.001

TG (mmol/l) 1.4(1.0,2.1) 1.5(1.1,2.1) 1.4(1.0,2.0) 1.2(0.9,1.7)  < 0.001

TC (mmol/l) 4.3(3.6,5.1) 4.5(3.8,5.2) 4.5(3.7,5.2) 4.0(3.3,4.9)  < 0.001

LDL-C (mmol/l) 2.8(2.2,3.5) 3.0(2.4,3.6) 2.9(2.3,3.6) 2.6(2.0,3.4)  < 0.001

HDL-C (mmol/l) 0.9(1.0,1.3) 1.0(0.9,1.3) 1.1(0.9,1.3) 1.0(0.8,1.2)  < 0.001

Proteinuria (%) 283(5.6) 25(1.5) 65(3.8) 193(11.4)  < 0.001

NYHA classification (%)  < 0.001

 I 558(11.0) 288(17.1) 190(11.1) 80(4.7)

 II 3049(59.9) 1180(69.9) 1181(69.1) 688(40.6)

 III 1201(23.6) 197(11.7) 298(17.4) 706(41.6)

 IV 285(5.6) 22(1.3) 41(2.4) 222(13.1)

Previous PCI (%) 462(9.1) 129(7.6) 159(9.3) 174(10.3) 0.028

Previous CABG (%) 123(2.4) 20(1.2) 38(2.2) 65(3.8)  < 0.001

Previous MI (%) 616(12.1) 112(6.6) 173(10.1) 331(19.5)  < 0.001

Glucose regulation state (%) 0.021

 NG 1807(35.5) 583(34.6) 647(37.8) 577(34.0)

 Pre-DM 1325(26.0) 472(28.0) 427(25.0) 426(25.1)

 DM 1961(38.5) 632(37.5) 636(37.2) 693(40.9)

Current antihypertensive medication (%) 3126(61.4) 1012(60.0) 1069(62.5) 1045(61.6) 0.309

Current antilipidemic medication (%) 3808(74.8) 1282(76.0) 1305(76.3) 1221(72.0) 0.005

CIMT (cm) 0.9(0.8,1.1) 0.9(0.8,1.0) 0.9(0.8,1.1) 1.0(0.9,1.1)  < 0.001

Carotid artery plaque (%) 4177(82.0) 1270(75.3) 1408(82.3) 1499(88.4)  < 0.001

Number of carotid artery plaque (%)  < 0.001

 0 916(18.0) 417(24.7) 302(17.7) 197(11.6)

 1 399(7.8) 160(9.5) 146(8.5) 93(5.5)

  ≥ 2 3778(74.2) 1110(65.8) 1262(73.8) 1406(82.9)

Carotid artery plaque echo property (%)  < 0.001

 Hypoechoic plaque 192(3.8) 86(5.1) 49(2.9) 57(3.4)

 Isoechoic plaque 379(7.4) 148(8.8) 128(7.5) 103(6.1)

 Hyperechoicplaque 2413(47.4) 691(41.0) 809(47.3) 913(53.8)

 Mixture plaque 1200(23.6) 348(20.6) 423(24.7) 429(25.3)
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was used as a categorical variable, increased levels were 
associated with the risk of CAP, and it also had some 
validity as a diagnostic marker of CHD occurrence, which 
may be related to the close association between natriu-
retic peptides (NPs) and endothelial dysfunction. The 

biological action of the NPs is mediated through the gua-
nylate cyclase (GC) receptor, which is present in many 
tissues, including the vascular endothelium and smooth 
muscle [26]. NPs and nitric oxide (NO) are important 
factors that exert synergistic vascular and cardiac actions. 

Table 1  (continued)
Data are presented as median (interquartile) or number (proportion, %)

SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate; LVEF, Left ventricular ejection fraction; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting, MI, myocardial infarction; 
NG, normoglycemic; Pre-DM, pre-diabetes; DM, diabetes; CIMT, carotid intima-media thickness

Table 2  Association between the NT-proBNP and the risk of carotid artery plaque

a Model 1: unadjusted
b Model 2: adjusted for age, sex
c Model 3: adjusted for age, sex, smoking, drinking, hypertension, diabetes, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and 
use of antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

NT-proBNP

 Continuous
(per 1 SD increase)

1.76(1.42–2.17)  < 0.001 1.38(1.14–1.68) 0.001 1.37(1.01–1.85) 0.043

  < 56 Reference Reference Reference

 [56–480] 1.53(1.30–1.81)  < 0.001 1.10(0.92–1.32) 0.297 1.03(0.83–1.29) 0.775

  > 480 2.50(2.08–3.01)  < 0.001 1.58(1.29–1.92)  < 0.001 1.67(1.26–2.22)  < 0.001

 Ptrend  < 0.001  < 0.001  < 0.001

Table 3  Association between the NT-proBNP and the risk of carotid artery plaque according to sex

a Model 1: unadjusted
b Model 2: adjusted for age
c Model 3: adjusted for age, smoking, drinking, hypertension, diabetes, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and use 
of antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

NT-proBNP

 Males

  Continuous
(per 1 SD increase)

1.26(1.03–1.55) 0.023 1.10(0.92–1.31) 0.316 1.27(0.88–1.82) 0.203

  < 56 Reference Reference Reference

  [56–480] 1.48(1.13–1.94) 0.004 1.11(0.83–1.47) 0.488 1.07(0.76–1.51) 0.695

   > 480 2.12(1.62–2.80)  < 0.001 1.49(1.12–1.99) 0.007 2.12(1.37–3.30) 0.001

  Ptrend  < 0.001 0.007  < 0.001

 Females

  Continuous
(per 1 SD increase)

3.04(1.96–4.72)  < 0.001 1.12(1.11–1.14)  < 0.001 1.52(0.93–2.47) 0.095

   < 56 Reference Reference Reference

  [56–480] 1.68(1.25–2.08)  < 0.001 1.08(0.86–1.37) 0.508 0.98(0.73–1.31) 0.879

   > 480 2.76(2.14–3.57)  < 0.001 1.62(1.23–2.14) 0.001 1.35(0.93–1.97) 0.118

  Ptrend  < 0.001  < 0.001 0.001



Page 8 of 14Yang et al. Cardiovascular Diabetology          (2023) 22:299 

Table 4  Association between the NT-proBNP and the risk of carotid artery plaque according to age

a Model 1: unadjusted
b Model 2: adjusted for sex
c Model 3: adjusted for sex, smoking, drinking, hypertension, diabetes, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and use of 
antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

NT-proBNP

 ≤ 60

  Continuous
(per 1 SD increase)

1.41(1.11–1.80) 0.005 1.41(1.10–1.81) 0.006 1.03(0.74–1.42) 0.877

  < 56 Reference Reference Reference

  [56–480] 1.36(1.04–1.76) 0.023 1.32(1.01–1.72) 0.042 1.16(0.84–1.62) 0.372

  > 480 2.01(1.51–2.67)  < 0.001 1.87(1.40–2.49)  < 0.001 1.46(0.95–2.25) 0.082

  Ptrend  < 0.001  < 0.001 0.112

 > 60

  Continuous
(per 1 SD increase)

2.11(1.50–2.98)  < 0.001 1.53(1.12–2.09) 0.008 1.74(1.17–2.60) 0.006

  < 56 Reference Reference Reference

  [56–480] 1.12(0.89–1.42) 0.329 1.18(0.93.1.50) 0.167 1.09(0.81.1.46) 0.575

  > 480 1.97(1.51–2.56)  < 0.001 1.90(1.46–2.48)  < 0.001 2.08(1.43–3.01)  < 0.001

  Ptrend  < 0.001  < 0.001  < 0.001

Table 5  Association between the NT-proBNP and the risk of carotid artery plaques according to glucose regulation state

a Model 1: unadjusted
b Model 2: adjusted for age, sex
c Model 3: adjusted for age, sex, smoking, drinking, hypertension, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and use of 
antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

Normal glucose regulation

 Continuous
(per 1 SD increase)

2.99(1.91–4.68)  < 0.001 2.98(2.29–3.87)  < 0.001 2.50(1.17–5.39) 0.018

 < 56 Reference Reference Reference

 [56–480] 1.39(1.07–1.79) 0.012 1.00(0.75–1.32) 0.971 0.87(0.61–1.23) 0.437

 > 480 2.45(1.83–3.29)  < 0.001 1.43(1.03–1.97) 0.031 1.38(0.88–2.15) 0.161

 Ptrend  < 0.001 0.015 0.002

Prediabetes

 Continuous
(per 1 SD increase)

1.25(0.98–1.60) 0.070 1.02(1.83–1.25) 0.875 1.14(0.80–1.62) 0.467

 < 56 Reference Reference Reference

 [56–480] 1.85(1.34–2.57)  < 0.001 1.26(0.88–1.79) 0.205 1.27(0.83–1.95) 0.275

 > 480 2.71(1.90–3.85)  < 0.001 1.48(1.10–2.20) 0.045 1.94(1.10–3.43) 0.023

 Ptrend  < 0.001 0.089 0.003

Diabetes

 Continuous
(per 1 SD increase)

1.63(1.13–2.35) 0.009 1.40(0.99–1.98) 0.057 1.32(0.81–2.14) 0.266

 < 56 Reference Reference Reference

 [56–480] 1.551(1.14–2.12) 0.005 1.16(0.84–1.60) 0.376 1.07(0.72–1.58) 0.743

 > 480 2.34(1.68–3.25)  < 0.001 1.69(1.20–2.39) 0.003 1.85(1.13–3.01) 0.014

 Ptrend  < 0.001 0.003 0.010
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Table 6  Association between the NT-proBNP and the risk of carotid artery plaques according to different glucose regulation state and 
sex

a Model 1: unadjusted
b Model 2: adjusted for age
c Model 3: adjusted for age, smoking, drinking, hypertension, diabetes, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and use 
of antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

Male

 Normal glucose regulation

  Continuous
(per 1 SD increase)

1.99(1.22–3.24) 0.006 1.74(1.08–2.80) 0.023 1.56(0.78–3.15) 0.212

  < 56 Reference Reference Reference

  [56–480] 1.37(0.90–2.08) 0.144 0.93(0.59–1.47) 0.742 1.05(0.61–1.81) 0.862

  > 480 2.06(1.33–3.21) 0.001 1.35(0.82–2.20) 0.224 1.11(0.60–2.04) 0.737

  Ptrend 0.004 0.131 0.767

 Prediabetes

  Continuous
(per 1 SD increase)

0.98(0.8–1.21) 0.864 0.83(0.67–1.03) 0.090 0.95(0.63–1.41) 0.792

  < 56 Reference Reference Reference

  [56–480] 1.93(1.13–3.31) 0.017 1.26(0.71–2.23) 0.430 1.35(0.68–2.71) 0.392

  > 480 2.49(2.47–3.21) 0.001 1.47(0.84–2.58) 0.182 3.32(1.27–8.69) 0.015

  Ptrend 0.007 0.255 0.020

 Diabetes

  Continuous
(per 1 SD increase)

1.26(0.86–1.83) 0.237 1.16(0.82–1.64) 0.409 1.16(0.68–1.98) 0.588

  < 56 Reference Reference Reference

  [56–480] 1.41(0.88–2.24) 0.153 1.22(0.76–2.00) 0.421 1.10(0.62–1.95) 0.734

  > 480 1.98(2.24–3.16) 0.004 1.65(1.02–2.67) 0.043 2.05(1.99–4.28) 0.054

  Ptrend 0.012 0.061 0.050

Female

 Normal glucose regulation

  Continuous
(per 1 SD increase)

4.429(1.92–9.96)  < 0.001 2.60(1.29–4.27) 0.008 1.68(0.57–4.93) 0.343

  < 56 Reference Reference Reference

  [56–480] 1.49(1.07–2.07) 0.018 1.04(0.73–1.49) 0.816 0.80(0.50–1.26) 0.336

  > 480 2.64(1.77–3.94)  < 0.001 1.50(0.97–2.32) 0.068 1.03(0.57–1.88) 0.925

  Ptrend  < 0.001 0.053 0.621

 Prediabetes

Continuous
(per 1 SD increase)

2.01(1.04–3.89) 0.038 1.79(0.98–3.25) 0.056 1.46(0.73–2.92) 0.288

 < 56 Reference Reference Reference

[56–480] 1.92(1.27–2.90) 0.002 1.25(0.80–1.97) 0.335 1.23(0.70–2.14) 0.474

 > 480 2.62(1.61–4.26)  < 0.001 1.51(0.87–2.56) 0.130 1.48(0.71–3.07) 0.293

Ptrend 0.002 0.197 0.366

 Diabetes

  Continuous
(per 1 SD increase)

2.71(1.29–5.71) 0.009 2.00(1.03–3.90) 0.042 1.68(0.63–4.45) 0.297

  < 56 Reference Reference Reference

  [56–480] 1.79(1.19–2.70) 0.005 1.01(0.64–1.58) 0.979 0.95(0.55–1.66) 0.859

  > 480 2.76(1.74–4.38)  < 0.001 1.62(0.99–2.66) 0.056 1.60(0.81–3.15) 0.175

  Ptrend  < 0.001 0.033 0.109
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Table 7  Association between the NT-proBNP and the risk of carotid artery plaques according to different glucose regulation state and 
age

a Model 1: unadjusted
b Model 2: adjusted for sex
c Model 3: adjusted for sex, smoking, drinking, hypertension, diabetes, hyperlipidemia, LVEF, proteinuria, previous MI, PCI or CABG, use of antihypertensives, and use of 
antilipidemic

Variables Carotid artery plaques

OR (95% CI)a P-value OR (95% CI)b P-value OR (95% CI)c P-value

≤ 60

 Normal glucose regulation

  Continuous
(per 1 SD increase)

1.42(1.08–1.86) 0.012 1.34(1.03–1.75) 0.030 3.00(0.91–9.90) 0.072

  < 56 Reference Reference Reference

  [56–480] 1.11(0.74–1.65) 0.621 1.08(0.72–1.62) 0.727 0.84(0.50–1.40) 0.493

  > 480 1.76(1.10–2.83) 0.020 1.54(0.95–2.51) 0.082 1.68(0.87–3.50) 0.163

  Ptrend 0.021 0.082 0.097

 Prediabetes

  Continuous
(per 1 SD increase)

0.95(0.77–1.17) 0.637 0.94(0.77–1.16) 0.581 0.75(0.50–1.12) 0.162

  < 56 Reference Reference Reference

  [56–480] 1.71(0.98–2.96) 0.058 1.81(1.02–3.20) 0.043 1.57(1.78–3.17) 0.206

  > 480 1.79(1.04–3.11) 0.037 1.62(0.92–2.86) 0.095 0.89(0.36–2.21) 0.807

  Ptrend 0.093 0.224 0.594

 Diabetes

  Continuous
(per 1 SD increase)

3.41(1.30–8.93) 0.013 3.27(1.26–8.53) 0.015 1.51(0.55–4.15) 0.420

  < 56 Reference Reference Reference

  [56–480] 1.66(1.02–2.68) 0.041 1.55(0.95–2.53) 0.078 1.50(0.82–2.76) 0.189

  > 480 2.23(1.38–3.60) 0.001 2.18(1.34–3.54) 0.002 1.47(0.73–2.94) 0.282

  Ptrend 0.005 0.005 0.438

> 60

 Normal glucose regulation

  Continuous
(per 1 SD increase)

2.71(1.79–7.74)  < 0.001 3.12(1.51–6.44) 0.002 1.94(0.76–4.96) 0.166

  < 56 Reference Reference Reference

  [56–480] 1.16(0.80–1.67) 0.432 1.23(0.85–1.78) 0.280 1.05(0.66–1.68) 0.832

  > 480 1.94(1.30–2.90) 0.001 1.85(1.23–2.78) 0.003 1.43(0.82–2.47) 0.208

  Ptrend 0.001 0.005 0.179

 Prediabetes

  Continuous
(per 1 SD increase)

1.61(0.97–2.68) 0.066 1.45(0.91–2.30) 0.121 7.06(1.95–25.81) 0.002

  < 56 Reference Reference Reference

  [56–480] 1.24(0.80–1.93) 0.342 1.23(0.79–1.93) 0.359 1.24(0.72–2.15) 0.443

 > 480 2.33(1.40–3.87) 0.001 2.08(1.25–3.48) 0.005 3.44(1.53–7.76) 0.002

Ptrend 0.001 0.007 0.003

 Diabetes

  Continuous
(per 1 SD increase)

1.15(0.76–1.75) 0.501 1.18(0.86–1.63) 0.304 1.27(0.74–2.17) 0.383

  < 56 Reference Reference Reference

  [56–480] 1.01(0.65–1.56) 0.979 1.05(0.67–1.63) 0.829 0.94(0.56–1.61) 0.824

  > 480 1.74(1.07–2.81) 0.025 1.75(1.08–2.83) 0.023 2.32(1.15–4.65) 0.018

  Ptrend 0.009 0.012 0.005



Page 11 of 14Yang et al. Cardiovascular Diabetology          (2023) 22:299 	

Increased cyclic guanosine monophosphate (cGMP) 
induced by NPs or NO is involved in vasorelaxation, inhi-
bition of platelet aggregation and adhesion. The induc-
tion of NO synthase can lead to higher levels of NO, 
which is a potent vasodilator and marker of endothelial 
function [27]. Another possible mechanism is that NPs 
may inhibit the production and secretion of endothelin-1 
(ET-1), which is also a potent vasoconstrictor [28].

NT-proBNP level is a good predictor of CHD out-
comes in certain patient groups. Cosson et al. [29] found 
that in patients with diabetes, NT-proBNP was a use-
ful biomarker for CHD diagnosis. Given the increasing 
prevalence of atrial disease and DM, and their increased 
cardiovascular burden [30, 31], investigating patients 
with impaired glucose metabolism and exploring more 
valuable prognostic biomarkers is of research and clinical 
interest. To the best of our knowledge, this is an exami-
nation of the relationship between NT-proBNP and the 
risk of incidence of CAP in different glucose metabolism 
states and found that the incidence of CAP increased 
with each standard deviation change in NT-proBNP, 
which existed only in the NG state. When divided into 
tertiles, it was significant in both the pre-DM and DM 
states when the < 56  ng/L group was used as the refer-
ence. The 480 ng/L group had a significantly higher risk 
of developing CAP, possibly from the potential presence 
of elevated NT-proBNP as a protective factor against 
DM, which is consistent with previous studies that 
showed NT-proBNP concentration was negatively asso-
ciated with the future risk of DM in a population-based 

cohort study [10]. Similar observations were reported 
in the Community Atherosclerosis Risk Study, in which 
individuals with low NT-proBNP levels had a signifi-
cantly higher risk of diabetes [32]. Therefore, when low 
NT-proBNP levels were used as a reference, high NT-
proBNP and blood glucose levels acted together to 
induce inflammation, oxidative stress, and metabolic 
changes. This inflammation led to vascular endothelial 
damage and increased plaque incidence.

The concentration of NT-proBNP was reported to 
gradually increase with age, and is significantly higher 
in women than in men [33]. Given that the interpreta-
tion of NT-proBNP must account for specific differ-
ences in age and sex, we compared the association of 
NT-proBNP with CAP, as well as under different glu-
cose metabolisms. When accounting for sex and age, we 
found that this association was significant in the pre-DM 
state in men and the pre-DM and DM states in patients 
aged > 60  years. This result may be attributed to differ-
ences in endothelin and angiotensin-converting enzyme 
activities due to sex-dependent hormonal status and 
structural changes in the heart due to advancing age.

The nature and quantity of plaques determine the 
process of rupture or erosion, which can cause adverse 
cardiovascular events in a short period of time [34, 35]. 
Therefore, detecting changes in NT-proBNP levels and 
atherosclerotic plaque characteristics in patients with 
CHD may have clinical significance. In this study, a high 
NT-proBNP level was associated with the formation 
of multiple CAPs, and the corresponding plaques were 
more likely to be mixed, which is consistent with previ-
ous reported of high NT-proBNP level corresponding to 
a large number of calcified plaques [36]. The presence of 
multiple plaques indicates severe luminal stenosis and 
calcified plaques often coexist with more severe luminal 
stenosis in the middle and late stages of the disease [37, 
38] as well as being associated with inflammatory pro-
cesses. Once plaque rupture or erosion occurs, the extent 
of myocardial infarction may be more severe than in early 
disease with noncalcified plaques. Therefore, factors such 
as NT-proBNP that can predict and diagnose the risk of 
CAP should be seriously considered by researchers and 
clinicians.

Strengths and limitations
To our knowledge, this is the largest population-based 
study on the association between NT-proBNP and CAP 
in patients with CHD. This study validated this asso-
ciation in groups with different glucose metabolism, 
age, and sex to examine the characteristics of different 
populations. The analyses included possible confound-
ers to exclude interference in the results. In addition, 

Fig. 2  Diagnostic value of NT-proBNP for the risk of carotid artery 
plaques in patients with CHD
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we investigated the diagnostic value of NT-proBNP for 
CAP, which may be useful for expanding the clinical 
application of this marker for monitoring and diagnos-
ing atherosclerosis. However, this study had some limi-
tations. As an observational study, it was not suitable 
for investigating the causal relationship between NT-
proBNP and CAP. Additionally, factors such as glucose-
lowering medications and body mass index (BMI) that 
are currently used as important confounders were not 
included in the regression model due to missing data. 
Finally, because this was a multicenter study, there may 
have been some unavoidable between-center bias that 
could have affected our results.

Conclusions
NT-proBNP is closely related to the risk of CAP for-
mation in different glucose metabolic states in patients 
with CHD. This relationship was especially significant 
in males and those > 60 years old, in men with pre-DM, 
and in patients > 60 years old with pre-DM and DM sta-
tus. High NT-proBNP levels were strongly associated 
with high echogenicity and multiple CAPs. In patients 
with CHD and abnormal glucose metabolism, clini-
cians should monitor for elevated NT-proBNP levels 
and consider its association with CAP.

Abbreviations
CHD	� Coronary heart disease
DM	� Diabetes mellitus
MI	� Myocardial infarction
CAP	� Carotid artery plaque
NT-proBNP	� Circulating N-terminal pro B-type natriuretic peptide
BNP	� Brain natriuretic peptide
CAD	� Cardiovascular disease
PCI	� Percutaneous coronary intervention
CABG	� Coronary artery bypass grafting
LVEF	� Left ventricular ejection fraction
NYHA	� New York Heart Association
CIMT	� Carotid intima-media thickness
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
NG	� Normoglycemic
Pre-DM	� Pre-diabetes
TG	� Triglycerides
TC	� Total cholesterol
LDL-C	� Low-density lipoprotein cholesterol
ORs	� Odds ratios
CI	� Confidence intervals
CRP	� C-reactive protein
HDL-C	� High-density lipoprotein cholesterol
NPs	� Natriuretic peptides
GC	� Guanylate cyclase
cGMP	� Cyclic guanosine monophosphate
NO	� Nitric oxide
ET-1	� Endothelin-1
BMI	� Body mass index

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12933-​023-​02015-y.

Additional file 1: Table S1. Univariate analysis related to CAP. Table S2. 
Statistical differences for associations across subgroups. Table S3. Risk 
prediction accuracy of NT-proBNP for the tested outcome. Table S4. Asso-
ciation between the NT-proBNP and the number of carotid artery plaque. 
Table S5. Association between the NT-proBNP and the echogenicity of 
carotid artery plaque.

Acknowledgements
All authors would like to thank all collaborators of this study.

Author contributions
TY, HZ, GP designed the study, performed the experiments, analysed the 
data and wrote the manuscript, performed the experiments and edited the 
manuscript. RG, FL, SL, ST analysed the data and edited the manuscript. LL, RY, 
CY provided patient samples, designed the study, analysed the data, provided 
funding and edited the manuscript. All authors reviewed the manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (82074140, 82104565, 82204142), Tianjin Health Commission and 
Tianjin Bureau of Traditional Chinese Medicine (2021057), Tianjin Hongren-
tang Pharmaceutical Co., Ltd., Tianjin, China (No. HX2020-16), Shanghai 
Hutchison Pharmaceuticals Ltd. (No. HX2020-39), Key Discipline Construction 
of the State Administration of Traditional Chinese Medicine——Chinese 
Preventive Medicine.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Tianjin University of Tradi-
tional Chinese Medicine (approval number TJUTCM-EC20210007) and certified 
by the Chinese Clinical Trials Registry on April 4, 2022 (registration number 
ChiCTR2200058296) and on March 25, 2022 by ClinicalTrials.gov (registration 
number NCT05309343).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Tianjin University of Traditional Chinese Medicine, No. 10 Poyang Lake Road, 
Wet Zone, Tuanbo New City, Jinghai District, Tianjin 301617, China. 2 Tianjin 
Medical University General Hospital, Tianjin, China. 

Received: 26 August 2023   Accepted: 7 October 2023

References
	1.	 Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, Dixon 

DL, Fearon WF, Hess B, Johnson HM, Kazi DS, Kolte D, Kumbhani DJ, 
LoFaso J, Mahtta D, Mark DB, Minissian M, Navar AM, Patel AR, Piano MR, 
Rodriguez F, Talbot AW, Taqueti VR, Thomas RJ, van Diepen S, Wiggins 
B, Williams MS. AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the 

https://doi.org/10.1186/s12933-023-02015-y
https://doi.org/10.1186/s12933-023-02015-y


Page 13 of 14Yang et al. Cardiovascular Diabetology          (2023) 22:299 	

management of patients with chronic coronary disease: a report of the 
American Heart Association/American college of cardiology joint com-
mittee on clinical practice guidelines. Circulation. 2023. https://​doi.​org/​
10.​1161/​CIR.​00000​00000​001168.

	2.	 Theofilis P, Oikonomou E, Chasikidis C, Tsioufis K, Tousoulis D. Pathophysi-
ology of acute coronary syndromes-diagnostic and treatment considera-
tions. Life (Basel). 2023;13(7):1543. https://​doi.​org/​10.​3390/​life1​30715​43.

	3.	 El-Andari R, Bozso SJ, Fialka NM, Kang JJH, Nagendran J, Nagendran J. 
Coronary revascularization for patients with diabetes mellitus: a contem-
porary systematic review and meta-analysis. Ann Surg. 2022;275(6):1058–
66. https://​doi.​org/​10.​1097/​SLA.​00000​00000​005391.

	4.	 Xu W, Tian M, Zhou Y. The relationship between insulin resistance, 
adiponectin and C-reactive protein and vascular endothelial injury 
in diabetic patients with coronary heart disease. Exp Ther Med. 
2018;16(3):2022–6. https://​doi.​org/​10.​3892/​etm.​2018.​6407.

	5.	 Mehta A, Rigdon J, Tattersall MC, et al. Association of carotid artery plaque 
with cardiovascular events and incident coronary artery calcium in 
individuals with absent coronary calcification: the MESA. Circ Cardiovasc 
Imaging. 2021;14: e011701.

	6.	 Polak JF, Tracy R, Harrington A, Zavodni AE, O’Leary DH. Carotid artery 
plaque and progression of coronary artery calcium: the multi-ethnic 
study of atherosclerosis. J Am Soc Echocardiogr. 2013;26(5):548–55. 
https://​doi.​org/​10.​1016/j.​echo.​2013.​02.​009.

	7.	 Xu R, Zhang T, Wan Y, Fan Z, Gao X. Prospective study of hemoglobin 
A1c and incident carotid artery plaque in Chinese adults without 
diabetes. Cardiovasc Diabetol. 2019;18(1):153. https://​doi.​org/​10.​1186/​
s12933-​019-​0963-5.

	8.	 Oremus M, McKelvie R, Don-Wauchope A, Santaguida PL, Ali U, Balion 
C, Hill S, Booth R, Brown JA, Bustamam A, Sohel N, Raina P. A systematic 
review of BNP and NT-proBNP in the management of heart failure: 
overview and methods. Heart Fail Rev. 2014;19(4):413–9. https://​doi.​
org/​10.​1007/​s10741-​014-​9440-0. (Erratum.In:HeartFailRev.2014
Aug;19(4):565).

	9.	 Wijkman MO, Claggett BL, Malachias MVB, Vaduganathan M, Ballantyne 
CM, Kitzman DW, Mosley T, Matsushita K, Solomon SD, Pfeffer MA. Impor-
tance of NT-proBNP and conventional risk factors for prediction of death 
in older adults with and without diabetes mellitus—a report from the 
Atherosclerosis Risk in Communities (ARIC) study. Diabetes Res Clin Pract. 
2022;194: 110164. https://​doi.​org/​10.​1016/j.​diabr​es.​2022.​110164.

	10.	 Birukov A, Eichelmann F, Kuxhaus O, Polemiti E, Fritsche A, Wirth J, Boeing 
H, Weikert C, Schulze MB. Opposing associations of NT-proBNP with 
risks of diabetes and diabetes-related complications. Diabetes Care. 
2020;43(12):2930–7. https://​doi.​org/​10.​2337/​dc20-​0553.

	11.	 Welsh P, Woodward M, Hillis GS, Li Q, Marre M, Williams B, Poulter N, 
Ryan L, Harrap S, Patel A, Chalmers J, Sattar N. Do cardiac biomark-
ers NT-proBNP and hsTnT predict microvascular events in patients 
with type 2 diabetes? Results from the ADVANCE trial. Diabetes Care. 
2014;37(8):2202–10. https://​doi.​org/​10.​2337/​dc13-​2625.

	12.	 Liu Y, Zhu Y, Jia W, Sun D, Zhao L, Zhang C, Wang C, Chen G, Fu S, Bo Y, 
Xing Y. Association between lipid profiles and presence of carotid plaque. 
Sci Rep. 2019;9(1):18011. https://​doi.​org/​10.​1038/​s41598-​019-​54285-w.

	13.	 Li Z, He Y, Wang S, Li L, Yang R, Liu Y, Cheng Q, Yu L, Zheng Y, Zheng H, 
Gao S, Yu C. Association between triglyceride glucose index and carotid 
artery plaque in different glucose metabolic states in patients with coro-
nary heart disease: a RCSCD-TCM study in China. Cardiovasc Diabetol. 
2022;21(1):38. https://​doi.​org/​10.​1186/​s12933-​022-​01470-3.

	14.	 Barua RS, Rigotti NA, Benowitz NL, Cummings KM, Jazayeri MA, Morris PB, 
Ratchford EV, Sarna L, Stecker EC, Wiggins BS. 2018 ACC expert consensus 
decision pathway on tobacco cessation treatment: a report of the 
American college of cardiology task force on clinical expert consensus 
documents. J Am Coll Cardiol. 2018;72(25):3332–65. https://​doi.​org/​10.​
1016/j.​jacc.​2018.​10.​027.

	15.	 Ng R, Sutradhar R, Yao Z, Wodchis WP, Rosella LC. Smoking, drinking, diet 
and physical activity-modifiable lifestyle risk factors and their associa-
tions with age to first chronic disease. Int J Epidemiol. 2020;49(1):113–30. 
https://​doi.​org/​10.​1093/​ije/​dyz078.

	16.	 Al-Makki A, DiPette D, Whelton PK, Murad MH, Mustafa RA, Acharya 
S, Beheiry HM, Champagne B, Connell K, Cooney MT, Ezeigwe N, 
Gaziano TA, Gidio A, Lopez-Jaramillo P, Khan UI, Kumarapeli V, Moran 
AE, Silwimba MM, Rayner B, Sukonthasan A, Yu J, Saraffzadegan N, 
Reddy KS, Khan T. Hypertension pharmacological treatment in adults: a 

world health organization guideline executive summary. Hypertension. 
2022;79(1):293–301. https://​doi.​org/​10.​1161/​HYPER​TENSI​ONAHA.​121.​
18192.

	17.	 American Diabetes Association. 2. Classification and diagnosis of 
diabetes: standards of medical care in diabetes—2021. Diabetes Care. 
2021;44(1):S15–33. https://​doi.​org/​10.​2337/​dc21-​S002.

	18.	 Li JJ, Zhao SP, Zhao D, Lu GP, Peng DQ, Liu J, Chen ZY, Guo YL, Wu NQ, 
Yan SK, Wang ZW, Gao RL. 2023 Chinese guideline for lipid management. 
Front Pharmacol. 2023;29(14):1190934. https://​doi.​org/​10.​3389/​fphar.​
2023.​11909​34.

	19.	 Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, Xu JS, Huang SM, Wang LN, 
Huang W, Wang M, Xu GB, Wang HY. Modified glomerular filtration rate 
estimating equation for Chinese patients with chronic kidney disease. 
J Am Soc Nephrol. 2006;17(10):2937–44. https://​doi.​org/​10.​1681/​ASN.​
20060​40368. (Erratum in: J Am Soc Nephrol. 2006 Dec;17(12):3540).

	20.	 Writing Committee Members, Virani SS, Newby LK, Arnold SV, Bittner 
V, Brewer LC, Demeter SH, Dixon DL, Fearon WF, Hess B, Johnson HM, 
Kazi DS, Kolte D, Kumbhani DJ, LoFaso J, Mahtta D, Mark DB, Minissian 
M, Navar AM, Patel AR, Piano MR, Rodriguez F, Talbot AW, Taqueti VR, 
Thomas RJ, van Diepen S, Wiggins B, Williams MS. 2023 AHA/ACC/ACCP/
ASPC/NLA/PCNA guideline for the management of patients with chronic 
coronary disease: a report of the American Heart Association/American 
college of cardiology joint committee on clinical practice guidelines. J 
Am Coll Cardiol. 2023;82(9):833–955. https://​doi.​org/​10.​1016/j.​jacc.​2023.​
04.​003.

	21.	 Malachias MVB, Wijkman MO, Bertoluci MC. NT-proBNP as a predic-
tor of death and cardiovascular events in patients with type 2 dia-
betes. Diabetol Metab Syndr. 2022;14(1):64. https://​doi.​org/​10.​1186/​
s13098-​022-​00837-6.

	22.	 Pandey KN. Molecular signaling mechanisms and function of natriuretic 
peptide receptor-A in the pathophysiology of cardiovascular homeosta-
sis. Front Physiol. 2021;19(12): 693099. https://​doi.​org/​10.​3389/​fphys.​2021.​
693099.

	23.	 Natriuretic Peptides Studies Collaboration, Willeit P, Kaptoge S, Welsh P, 
Butterworth AS, Chowdhury R, Spackman SA, Pennells L, Gao P, Burgess 
S, Freitag DF, Sweeting M, Wood AM, Cook NR, Judd S, Trompet S, Nambi 
V, Olsen MH, Everett BM, Kee F, Ärnlöv J, Salomaa V, Levy D, Kauhanen J, 
Laukkanen JA, Kavousi M, Ninomiya T, Casas JP, Daniels LB, Lind L, Kistorp 
CN, Rosenberg J, Mueller T, Rubattu S, Panagiotakos DB, Franco OH, de 
Lemos JA, Luchner A, Kizer JR, Kiechl S, Salonen JT, Goya Wannamethee 
S, de Boer RA, Nordestgaard BG, Andersson J, Jørgensen T, Melander O, 
Ballantyne ChM, DeFilippi Ch, Ridker PM, Cushman M, Rosamond WD, 
Thompson SG, Gudnason V, Sattar N, Danesh J, Di Angelantonio E. Natriu-
retic peptides and integrated risk assessment for cardiovascular disease: 
an individual-participant-data meta-analysis. Lancet Diabetes Endocrinol. 
2016;4(10):840–9. https://​doi.​org/​10.​1016/​S2213-​8587(16)​30196-6.

	24.	 Kerkelä R, Ulvila J, Magga J. Natriuretic peptides in the regulation of 
cardiovascular physiology and metabolic events. J Am Heart Assoc. 
2015;4(10): e002423. https://​doi.​org/​10.​1161/​JAHA.​115.​002423.

	25.	 Liu HH, Cao YX, Jin JL, Guo YL, Zhu CG, Wu NQ, Gao Y, Zhang Y, Xu RX, 
Dong Q, Li JJ. Prognostic value of NT-proBNP in patients with chronic 
coronary syndrome and normal left ventricular systolic function accord-
ing to glucose status: a prospective cohort study. Cardiovasc Diabetol. 
2021;20(1):84. https://​doi.​org/​10.​1186/​s12933-​021-​01271-0.

	26.	 Gupta DK, Wang TJ. Natriuretic peptides and cardiometabolic health. Circ 
J. 2015;79(8):1647–55. https://​doi.​org/​10.​1253/​circj.​CJ-​15-​0589.

	27.	 Costa MA, Arranz CT. New aspects of the interactions between the car-
diovascular nitric oxide system and natriuretic peptides. Biochem Biophys 
Res Commun. 2011;406(2):161–4. https://​doi.​org/​10.​1016/j.​bbrc.​2011.​02.​
044.

	28.	 Del Ry S, Andreassi MG, Clerico A, Biagini A, Giannessi D. Endothelin-1, 
endothelin-1 receptors and cardiac natriuretic peptides in failing human 
heart. Life Sci. 2001;68(24):2715–30. https://​doi.​org/​10.​1016/​s0024-​
3205(01)​01076-1.

	29.	 Cosson E, Nguyen MT, Pham I, Pontet M, Nitenberg A, Valensi P. 
N-terminal pro-B-type natriuretic peptide: an independent marker for 
coronary artery disease in asymptomatic diabetic patients. Diabet Med. 
2009;26(9):872–9. https://​doi.​org/​10.​1111/j.​1464-​5491.​2009.​02788.x.

	30.	 Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici 
M, Filippatos G, Grobbee DE, Hansen TB, Huikuri HV, Johansson I, Jüni 
P, Lettino M, Marx N, Mellbin LG, Östgren CJ, Rocca B, Roffi M, Sattar N, 

https://doi.org/10.1161/CIR.0000000000001168
https://doi.org/10.1161/CIR.0000000000001168
https://doi.org/10.3390/life13071543
https://doi.org/10.1097/SLA.0000000000005391
https://doi.org/10.3892/etm.2018.6407
https://doi.org/10.1016/j.echo.2013.02.009
https://doi.org/10.1186/s12933-019-0963-5
https://doi.org/10.1186/s12933-019-0963-5
https://doi.org/10.1007/s10741-014-9440-0
https://doi.org/10.1007/s10741-014-9440-0
https://doi.org/10.1016/j.diabres.2022.110164
https://doi.org/10.2337/dc20-0553
https://doi.org/10.2337/dc13-2625
https://doi.org/10.1038/s41598-019-54285-w
https://doi.org/10.1186/s12933-022-01470-3
https://doi.org/10.1016/j.jacc.2018.10.027
https://doi.org/10.1016/j.jacc.2018.10.027
https://doi.org/10.1093/ije/dyz078
https://doi.org/10.1161/HYPERTENSIONAHA.121.18192
https://doi.org/10.1161/HYPERTENSIONAHA.121.18192
https://doi.org/10.2337/dc21-S002
https://doi.org/10.3389/fphar.2023.1190934
https://doi.org/10.3389/fphar.2023.1190934
https://doi.org/10.1681/ASN.2006040368
https://doi.org/10.1681/ASN.2006040368
https://doi.org/10.1016/j.jacc.2023.04.003
https://doi.org/10.1016/j.jacc.2023.04.003
https://doi.org/10.1186/s13098-022-00837-6
https://doi.org/10.1186/s13098-022-00837-6
https://doi.org/10.3389/fphys.2021.693099
https://doi.org/10.3389/fphys.2021.693099
https://doi.org/10.1016/S2213-8587(16)30196-6
https://doi.org/10.1161/JAHA.115.002423
https://doi.org/10.1186/s12933-021-01271-0
https://doi.org/10.1253/circj.CJ-15-0589
https://doi.org/10.1016/j.bbrc.2011.02.044
https://doi.org/10.1016/j.bbrc.2011.02.044
https://doi.org/10.1016/s0024-3205(01)01076-1
https://doi.org/10.1016/s0024-3205(01)01076-1
https://doi.org/10.1111/j.1464-5491.2009.02788.x


Page 14 of 14Yang et al. Cardiovascular Diabetology          (2023) 22:299 

Seferović PM, Sousa-Uva M, Valensi P, Wheeler DC. 2019 ESC Guidelines 
on diabetes, pre-diabetes, and cardiovascular diseases developed in 
collaboration with the EASD. Eur Heart J. 2020;41(2):255–323. https://​
doi.​org/​10.​1093/​eurhe​artj/​ehz486. (Erratum. In: Eur Heart J. 2020 Dec 
1;41(45):4317).

	31.	 Liu HH, Cao YX, Li S, Guo YL, Zhu CG, Wu NQ, Gao Y, Dong QT, Zhao 
X, Zhang Y, Sun D, Li JJ. Impacts of prediabetes mellitus alone or plus 
hypertension on the coronary severity and cardiovascular outcomes. 
Hypertension. 2018;71(6):1039–46. https://​doi.​org/​10.​1161/​HYPER​TENSI​
ONAHA.​118.​11063.

	32.	 Lazo M, Young JH, Brancati FL, Coresh J, Whelton S, Ndumele CE, Hoo-
geveen R, Ballantyne CM, Selvin E. NH2-terminal pro-brain natriuretic 
peptide and risk of diabetes. Diabetes. 2013;62(9):3189–93. https://​doi.​
org/​10.​2337/​db13-​0478.

	33.	 Redfield MM, Rodeheffer RJ, Jacobsen SJ, Mahoney DW, Bailey KR, Burnett 
JC Jr. Plasma brain natriuretic peptide concentration: impact of age and 
gender. J Am Coll Cardiol. 2002;40(5):976–82. https://​doi.​org/​10.​1016/​
s0735-​1097(02)​02059-4.

	34.	 Nurmohamed NS, Bom MJ, Jukema RA, de Groot RJ, Driessen RS, van 
Diemen PA, de Winter RW, Gaillard EL, Sprengers RW, Stroes ESG, Min JK, 
Earls JP, Cardoso R, Blankstein R, Danad I, Choi AD, Knaapen P. AI-guided 
quantitative plaque staging predicts long-term cardiovascular outcomes 
in patients at risk for atherosclerotic CVD. JACC Cardiovasc Imaging. 2023. 
https://​doi.​org/​10.​1016/j.​jcmg.​2023.​05.​020.

	35.	 Föllmer B, Williams MC, Dey D, Arbab-Zadeh A, Maurovich-Horvat P, Volle-
berg RHJA, Rueckert D, Schnabel JA, Newby DE, Dweck MR, Guagliumi 
G, Falk V, Vázquez Mézquita AJ, Biavati F, Išgum I, Dewey M. Roadmap on 
the use of artificial intelligence for imaging of vulnerable atherosclerotic 
plaque in coronary arteries. Nat Rev Cardiol. 2023. https://​doi.​org/​10.​
1038/​s41569-​023-​00900-3.

	36.	 Gan L, Feng C, Liu C, Tian S, Song X, Yang L. Association between serum 
N-terminal pro-B-type natriuretic peptide levels and characteristics of 
coronary atherosclerotic plaque detected by coronary computed tomog-
raphy angiography. Exp Ther Med. 2016;12(2):667–75. https://​doi.​org/​10.​
3892/​etm.​2016.​3371.

	37.	 Salama RH, El-Moniem AE, El-Hefney N, Samor T. N-TerminaL PRO-BNP 
in Acute Coronary Syndrome Patients with ST Elevation Versus Non ST 
Elevation in Qassim Region of Saudi Arabia. Int J Health Sci (Qassim). 2011 
Jul;5(2):136-45. PMID: 23267291; PMCID: PMC3521832.

	38.	 Min JK, Lin FY, Dunning AM, Delago A, Egan J, Shaw LJ, Berman DS, Cal-
lister TQ. Incremental prognostic significance of left ventricular dysfunc-
tion to coronary artery disease detection by 64-detector row coronary 
computed tomographic angiography for the prediction of all-cause 
mortality: results from a two-centre study of 5330 patients. Eur Heart J. 
2010;31(10):1212–9. https://​doi.​org/​10.​1093/​eurhe​artj/​ehq020.

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

https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1161/HYPERTENSIONAHA.118.11063
https://doi.org/10.1161/HYPERTENSIONAHA.118.11063
https://doi.org/10.2337/db13-0478
https://doi.org/10.2337/db13-0478
https://doi.org/10.1016/s0735-1097(02)02059-4
https://doi.org/10.1016/s0735-1097(02)02059-4
https://doi.org/10.1016/j.jcmg.2023.05.020
https://doi.org/10.1038/s41569-023-00900-3
https://doi.org/10.1038/s41569-023-00900-3
https://doi.org/10.3892/etm.2016.3371
https://doi.org/10.3892/etm.2016.3371
https://doi.org/10.1093/eurheartj/ehq020

	Relationship between the circulating N-terminal pro B-type natriuretic peptide and the risk of carotid artery plaque in different glucose metabolic states in patients with coronary heart disease: a CSCD-TCM plus study in China
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Subjects
	Data collection
	Definitions
	Statistical analysis

	Results
	Subject characteristics
	Association between the NT-proBNP and the risk of carotid artery plaques
	Association between the NT-proBNP and the risk of carotid artery plaques according to glucose regulation state
	Diagnostic value of NT-proBNP in the risk of carotid artery plaques
	Supplementary analysis

	Discussion
	Strengths and limitations
	Conclusions
	Anchor 22
	Acknowledgements
	References


