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Abstract: Objective: To investigate the clinical value of serum sputum end-type natriuretic peptide (NT-proBNP) level 
in the diagnosis of rheumatoid arthritis (RA) with cardiac insufficiency. Method: A total of 419 patients with RA and 
cardiac insufficiency admitted to Rui Jin Hospital affiliated to Shanghai Jiao Tong University School of Medicine from 
June 2016 to June 2017 were included. (1) Analysis of the correlation between the patients’ basic characteristics, 
such as age and gender, and the NT-proBNP level; (2) Analysis of the correlation between the NT-proBNP level and 
cardiac function indexes, left ventricular ejection fraction (LVEF) and TDI-Tei; (3) Analysis of the correlation between 
the NT-proBNP level and Rheumatoid related factors, such as Anti-citrullinated fibrinogen (ACF) and anti-cyclic cirul-
linated peptide (CCP resistance); (4) The application of NT-proBNP level in the prognostic evaluation of patients with 
RA complicated with cardiac insufficiency within 2 years for cardiovascular incidence and mortality. Results: The 
419 patients were divided into high NT-proBNP group and low NT-proBNP group with 4647 pg/ml as the boundary. 
Between the two groups, there were no statistically significant differences in age, gender, BMI and vascular risk 
factors, but in the high NT-proBNP group, cardiac function (P<0.05) and rheumatoid factor levels (P<0.05) were 
elevated as compared with the low NT-proBNP group. The area under the ROC curve of cardiovascular events in 
patients with CRS, as predicted according to the NT-proBNP level, was 0.838, while the sensitivity and specificity 
were 88.9% and 75.0%, respectively. The NT-proBNP level of 4647 pg/ml was used as the cut-off value to establish 
the incidence curve of cardiovascular events for patients at different levels of NT-proBNP during the 2-year follow-up 
period by Kaplan-Meier method, and the Log-rank value was 51.673 (P<0.001). Conclusion: The circulating level of 
NT-proBNP is a prognostic biomarker for patients with RA with cardiac insufficiency.
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Introduction

Rheumatoid arthritis (RA) is a common chronic 
arthritic lesion in the elderly, and complicated 
with multiple other symptoms involving other 
parts in addition to joints in serious cases, of 
which, the impairment of the cardiovascular 
system accounts for the most in chronic cardi-
ac insufficiency [1]. According to related stud-
ies, 67% of the RA patients are suffering from 
impairment of the cardiovascular system con-
currently, including congestive heart failure and 
ischemic heart disease which are more com-
mon, while 43% of the cases may develop to 
chronic cardiac insufficiency and die [2, 3]. 
Therefore, the early diagnosis of chronic cardi-
ac insufficiency is vital to the control of arthri-

tis. N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) is a major component secreted by 
the heart, and a biomarker reflecting the im- 
pairment of cardiac functions [3, 4]. Related 
studies have revealed that in patients with 
impaired cardiac muscles, the increase of 
NT-proBNP rises [5, 6]. Matusik pointed out in 
his study that the level of NT-proBNP kept on 
rising after ventricular damage, which can be 
referred when judging the severity of hemody-
namic dysfunction in patients with heart dis-
ease. However, gender, age and other factors 
severely affect the serum concentration of 
NT-proBNP [7]. Vilela concluded through his 
study that the changes in metabolic level may 
also severely affect NT-proBNP level [8], while 
Lazurova held the ground that patients with RA 
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are also suffering from cardiac damage, lead-
ing to the release of NT-proBNP by cardiac mus-
cle cells and accumulation, and the rise of 
NT-proBNP level so that the prognosis effect of 
patients with chronic arthritis and cardiac 
insufficiency is effected [9].

In this study, patients with chronic arthritis  
and chronic cardiac insufficiency were detect- 
ed for serum NT-proBNP level to establish (1) 
the impact of basic characteristics, such as  
age and gender, on NT-proBNP level; (2) the  
correlation between the cardiac function and 
NT-proBNP level; (3) the correlation between 
rheumatoid related factors and NT-proBNP 
level; (4) the application of NT-proBNP level in 
the prognostic evaluation of patients with  
RA and chronic cardiac insufficiency. The 
NT-proBNP level provides new references for 
the early diagnosis and prognosis of patients 
with RA and chronic cardiac insufficiency.

Materials and methods

Study objects

In this study, patients with RA and cardiac 
insufficiency admitted to Rui Jin Hospital affili-
ated to Shanghai Jiao Tong University School  
of Medicine from June 2016 to June 2017 were 
included. The study has been approved by the 
local ethics committee. All patients have signed 
the informed consent.

All patients satisfied following inclusion and 
exclusion criteria. Inclusion criteria: 1) The 
patients have been diagnosed with RA [10]; 2) 
The patients were concurrently suffering from 
chronic cardiac insufficiency with NYHA car- 
diac functional grading above grade II; 3) The 
LVEF ≤45%; 4) All patients understood and 
agreed to cooperate with the clinical study by 
issuing their informed consent.

Exclusion criteria: 1) Patients with diseases in 
liver and kidney, requiring long-term hemodialy-
sis; 2) Patients with a medical history of au- 
ricular fibrillation concurrently; 3) Patients with 
malignant arrhythmia concurrently when att- 
acked.

Observation indicators

The demographic data (age, gender, marital 
status, smoking or not), cardiac function score, 
LDL, blood pressure, heart rate, creatinine, glo-

merular filtration rate, blood N-Terminal-pro 
brain natriuretic peptide (NT-proBNP), ACF, and 
anti-CCP level detection.

Measurement method of NT-proBNP indicators

NT-proBNP level was measured by chemilumi-
nescence [11] in the range of 1 and 25000 pg/
ml. With 4647 pg/ml as the cut-off value [12], 
patients were divided into the low NT-proBNP 
group (≤4647 pg/ml) and high NT-proBNP 
group (>4647 pg/ml).

Evaluation results and follow-up

Major observation indicators include CV and 
all-cause mortality, and secondary observa- 
tion indicators are statistical analysis of the 
association between NT-proBNP level and pa- 
tients’ age, gender, cardiac function index  
(CFI), and rheumatoid related factors (ACF,  
and CCP resistance). Patients selected were 
tested for blood NT-proBNP level, ACF, and CCP 
resistance levels, and followed up every half a 
year to record any cardiovascular event (coro-
nary disease, cerebrovascular disease, eleva-
tion of blood pressure, etc.) and deaths due to 
angiocardiopathy. The follow-up lasted 2 years.

Statistical analysis

Continuous variables are expressed as SD, 
compared by student t or median ± quartile if 
normally distributed, or by Mann-Whitney U if 
not. Kolmogorov-Smirnov test was applied to 
evaluate the normality of data distribution. The 
correlation between data was evaluated by 
Pearson related coefficients. For monofactor 
analysis, logistic regression analysis was em- 
ployed. ROCs were mapped and the area un- 
der curve (AUC) was evaluated by Simpson. The 
prognostic value of CRS patients was evaluat- 
ed according to the different levels of NT- 
proBNP, and the sensitivity and specificity were 
quantitatively calculated at various points. 
During the follow-up, the incidence of cardio-
vascular events was studied by the Kaplan-
Meier method. For all statistical comparisons, 
significance was defined as P<0.05.

Results

General characteristics of patients

There were 419 patients in the study, of which, 
180 had a NT-proBNP under 4647 pg/ml and 
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239 above 4647 pg/ml. No significant differ-
ence was observed between the two groups  
for general baseline data (such as age distribu-
tion, gender and BMI), blood lipid and pressure 
(Table 1).

Correlation between NT-proBNP level and 
cardiac function

The two groups’ LVES and TDI-Tei were sta- 
tistically analyzed. The LVEF of the low 
NT-proBNP group was 57.21±0.13, which was 
higher than that of 42.11±0.11 in the high 
NT-proBNP group (P<0.05). The TDI-Tei of the 
low NT-proBNP group was 0.35±0.02, which 
was lower than that of 0.49±0.03 in the high 
NT-proBNP group (P<0.05) (Table 2).

Correlation between NT-proBNP and rheuma-
toid factor ACF, and CCP resistance

The two groups were analyzed for rheumatoid 
factor ACF, and CCP resistance. The ACF of the 

low NT-proBNP group was 0.209±0.001, whi- 
ch was lower than that of 0.921±0.001 in the 
high NT-proBNP group (P<0.05). The CCP resis-
tance of the low NT-proBNP group was 
0.024±0.001, which was higher than that of 
0.002±0.001 in the high NT-proBNP group 
(P<0.05). Compared with the low NT-proBNP, 
the high NT-proBNP group experienced rising  
in ACF and reduction in CCP resistance (Table 
3).

2-year incidence of cardiovascular events was 
predicted based on the NT-proBNP level

Cured patients were followed up for 2 years, 
and the results indicated higher incidence  
of cardiovascular diseases in the high NT- 
proBNP. The AUC of ROC for 2-year cardiovascu-
lar events was 0.756 and the 95% CI was 
between 0.733 and 0.990 (P<0.01). When the 
NT-proBNP was 4647 pg/ml, the specificity and 
sensitivity of cardiovascular events in the 2 
years were predicted to be 76.0% and 87.2%.

Table 1. General characteristic of patients
Parameter High NT-proBNP group (n=239) Low NT-proBNP group (n=180) P
Men/women (%) 102/137 58/122 0.672
Age (years), mean (range) 65.2±3.77 66.76±3.87 0.712
Married/unmarried (%) 209/30 155/25 0.671
BMI (kg/m2) 26.8 27.2 0.565
Smoking (%) 75 69 0.732
NYHA (n)
    NYHA III 167 142 0.31
    NYHA IV 72 38 0.33
LDL (mmol/l) 3.5 3.4 0.176
Blood pressure (mmhg) 127/88 129/86 0.455
Heart rate (1/min) 72 77 0.135
Creatinine (μmol/L) 334.13 217.77 0.021*
GFR-MDRD (ml/s) 21.38 34.51 0.031*
Incidence of cardiovascular events (%) 43.2 7.2 0.001*
Cardiogenic death (case) 27 3 0.003*
Note: Compared with low NT-proBNP group, *P<0.05. NT-proBNP: N-terminal B-type natriuretic peptide; BMI: body mass index; 
NYHA: New York Heart Association; LDL: low-density lipoprotein; GFR-MDRD: glomerular filtration rate.

Table 2. Correlation between NT-proBNP 
levels and cardiac function

LVEF TDI-Tei
Low NT-proBNP (n=239) 57.21±0.13 0.35±0.02
High NT-proBNP (n=180) 42.11±0.11 0.49±0.03
t 3.32 2.15
P 0.019* 0.023*
Note: Compared with low NT-proBNP group, *P<0.05. NT-
proBNP: N-terminal B-type natriuretic peptide.

Table 3. Correlation between NT-proBNP and 
rheumatoid factor ACF, CCP resistance

ACF CCP resistance
Low NT-proBNP 0.209±0.001 0.024±0.001
High NT-proBNP 0.921±0.001 0.002±0.001
t 2.11 5.22
P 0.013* 0.021*
Note: Compared with low NT-proBNP group, *P<0.05. NT-
proBNP: N-terminal B-type natriuretic peptide.
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With the NT-proBNP of 4647 pg/ml as the 
grouping criteria, the incidence of nil cardiovas-
cular events in patients at various levels was 
analyzed, and found that during the follow- 
up, the group with NT-proBNP ≤4647 pg/ml 
had a curve of nil cardiovascular events sig- 
nificantly higher than the group with NT-pro- 
BNP >4647 pg/ml. The calculated Log-rank 
value was 51.673 (P<0.001). The 2-year sur-
vival was 37.1% for patients with NT-proBNP 
>4647 pg/ml and 92.0% for patients with 
NT-proBNP ≤4647 pg/ml (P<0.05) (Table 4 and 
Figure 1).

2-year survival of patients based on NT-proB-
NP level

According to statistical analysis of the 2-year 
survival of both groups, the high NT-proBNP 
group yielded lower results (Table 5).

During the follow-up, the incidence of cardio-
vascular events in patients with different 
NT-proBNP levels was as follows (Figure 2).

The Kaplan-Meier method was adopted to  
analyze the survival of patients at different 
NT-proBNP levels during the 2-year follow up. 
Patients were divided into two groups with the 
NT-proBNP level of 4647 pg/ml as the cut-off 
value. The group with NT-proBNP ≤4647 pg/ml 
had a follow-up survival curve obviously higher 

Table 4. NT-proBNP levels predict the inci-
dence of cardiovascular events in 2 years of 
CRS patients

Cardiovascular event rate (%)
Low NT-proBNP 37
High NT-proBNP 66
t 4.12
P 0.011*
Note: Compared with low NT-proBNP group, *P<0.05. NT-
proBNP: N-terminal B-type natriuretic peptide.

Figure 1. N-terminal B-type natriuretic peptide level 
predicts ROC curve of cardiovascular events in pa-
tients with heart failure within 2 years. The NT-proB-
NP level predicts the ROC curve of cardiovascular 
events in 2 years of CRS patients: NT-proBNP levels 
predict the area under the ROC curve for cardiovas-
cular events within 2 years of CRS patients is 0.838 
(95% confidence interval 0.773~0.904), P<0.01). 
When the NT-proBNP level was 4647 pg/ml, the sen-
sitivity and specificity of predicting cardiovascular 
events in 2 years were 88.9% and 75.0%, respec-
tively.

Table 5. NT-proBNP levels predict 2-year 
patient survival

2-year patient survival (%)
Low NT-proBNP 89
High NT-proBNP 47
t 3.27
P 0.022*
Note: Compared with low NT-proBNP group, *P<0.05. NT-
proBNP: N-terminal B-type natriuretic peptide.

Figure 2. Cardiac vascular events during follow-up at 
different NT-proBNP levels. Survival rate at 2 years 
follow-up for patients with different NT-proBNP lev-
els by Kaplan-Meier method with NT-proBNP levels 
of 4647 pg/ml. The 2-year survival rate was 37.1% in 
the NT-proBNP >4647 pg/ml group and 92.0% in the 
NT-proBNP ≤4647 pg/ml group. The difference was 
statistically significant (*P<0.05).
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than the group with NT-proBNP >4647 pg/ml. 
The Log-rank value was 51.673 (P<0.001). The 
2-year survival was 47% in the group with 
NT-proBNP >4647 pg/ml and 89.0% in the 
group with NT-proBNP ≤4647 pg/ml (P<0.05).

Discussion

General information of b-type natriuretic 
peptide

NT-proBNP is a cardiac neurohormone secret-
ed by heart chambers under the effects of 
dragging cardiac muscle cells, rising wall ten-
sion or other factors resulting in myocardial 
stress [13]. In a previous study, Hall proposed 
that the NT-proBNP level may have a relation 
with the patients’ age and gender [14], but 
Corrao believed that there was no obvious  
statistical difference between patients with 
chronic rheumatic arthritis [15]. Similarly, the 
results of the present study also revealed no 
significant correlation between the NT-proBNP 
level and patients’ age and gender. The possi-
ble reason may be that most of the patients 
with rheumatic arthritis and chronic cardiac 
insufficiency were female at an age over 60. 
The narrow age distribution accounted for little 
obvious difference. According to the study of 
Hohl, it is believed that the basic metabolic 
rate may affect the NT-proBNP level [16]. 
However, the results of the present study 
showed no significant difference between the 
two groups in terms of BMI. Therefore, little 
impact was imposed on the NT-proBNP level. In 
addition, in this study, patients’ cardiovascular 
risk factors were analyzed, including smoking, 
blood lipid and pressure, which had no signifi-
cant statistical correlation with the NT-proBNP 
level, a result similar to the finding in the relat-
ed studies by Hohl. Henceforth, the NT-proBNP 
level can be taken as a diagnostic indicator for 
patients with RA and cardiac insufficiency.

With cardiac functions

Through statistics of existing clinical studies, it 
is learned that in the early stage of cardiac 
insufficiency, the NT-proBNP level rises, which 
can be used as a valuable evidence to predict 
short- and long-term mortality [17]. The combi-
nation of NT-proBNP, LVEL and TDI-Tei can 
reflect the overall cardiac functions as a predic-
tive indicator for the death of patients with 
acute or chronic heart failure [18]. Santema et 

al. found in their study that the NT-proBNP has 
a close relationship with LVEF, and can be re- 
lied on to judge the overall cardiac functions 
[19]. According to the study results of Zhou et 
al., compared with other parameters, the 
NT-proBNP and TDI-Tei can better predict the 
short- and long-term prognosis of patients with 
acute heart failure [20]. In the present study, 
significantly lower LVEF and TDI-Tei were found 
in the high NT-proBNP group as compared with 
the low NT-proBNP group (P<0.05). The possi-
ble reason might be that in the high NT-proBNP 
group, patients’ cardiac volume load and cardi-
ac stress increased, further impairing their car-
diac functions and leading to more NT-proBNP 
released by the cardiac muscle cells.

With rheumatic factors

Existing study results have revealed that, 
RA-related factors have a risk of impacting the 
development of angiocardiopathy. In the es- 
tablished RA patients, Yang applied electron 
beam scanning to detect more common and 
serious coronary artery calcification cases  
than early RA patients and healthy groups [21]. 
In related clinical studies, Schnorbach et al. 
certified that the higher patients’ ACF is, the 
higher the corresponding NT-proBNP is, and 
more severe the patients’ cardiac damage is 
[22]. In the control study of cases, Zhang fo- 
und that in patients without RA, ACF and CCP 
resistance rose along with NT-proBNP, corre-
sponding to more severe cardiac function  
damage [23]. During this study, correlation was 
found between patients’ rheumatoid factor 
level and NT-proBNP. The underlying reason 
shall be that the patients with rheumatoid dis-
eases were concurrently suffering from prob-
lems such as myocardial damage. The dam-
aged cardiac muscle cells produced large 
amount of NT-proBNP, which accounted for the 
rising of NT-proBNP in patients.

With cardiovascular events and survival

A large number of clinical studies have testified 
that NT-proBNP can be used as a predictive 
factor for prognosis. The method has been 
applied in the diagnosis of heart failure [24]. 
However, further studies are required on the 
prognosis of patients with RA and cardiac in- 
sufficiency [25]. In the present study, with 
NT-proBNP of 4647 pg/ml as the cut-off value, 
a ROC analysis was conducted, in which, the 
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AUC of RA patients suffering from cardiovascu-
lar events in 2 years was 0.838, the sensi- 
tivity and specificity were 88.9% and 75.0% 
respectively. Analysis of patients at different 
levels of NT-proBNP confirmed that the group 
with NT-proBNP ≤4647 pg/ml had better prog-
nosis, and a 2-year survival 1.89 times of the 
group with NT-proBNP >4647 pg/ml.

Study limitations

This study only included 419 patients, which is 
insufficient. Future studies shall be based on 
larger sample size. Therefore, as most of the 
included patients were at a senior age with  
high cardiovascular risk, with NT-proBNP 
=4647 pg/ml as the boundary, this study 
excluded the impact of other factors such as 
age on cardiovascular risk. In addition, restrict-
ed by the short follow-up period, only prelimi-
nary results were harvested. In the future, sub-
sequent follow-up studies shall be necessary.

Conclusion

Serum NT-proBNP level can be used to predict 
the indicators such as cardiac functions and 
active stage of rheumatoid in patients with RA 
and cardiac insufficiency, and their subsequent 
cardiovascular incidents, providing a reference 
for their prognosis and 2-year survival.

Acknowledgements

This work was supported by National Natural 
Science Foundation of China, Project Approval 
No.: 81772372.

Disclosure of conflict of interest

None.

Address correspondence to: Xiangyang Xu, De- 
partment of Orthopaedics, Rui Jin Hospital, Shang- 
hai Jiao Tong University School of Medicine, No.  
197, Ruijin 2nd Road, Huangpu District, Shanghai, 
China. Tel: +86-18121263165; E-mail: xiang-
yangxu6@163.com

References

[1]	 Adlan AM, Lip GY, Paton JF, Kitas GD and Fish-
er JP. Autonomic function and rheumatoid ar-
thritis: a systematic review. Semin Arthritis 
Rheum 2014; 44: 283-304.

[2]	 Adlan AM, Veldhuijzen van Zanten JJCS, Lip 
GYH, Paton JFR, Kitas GD and Fisher JP. Car-

diovascular autonomic regulation, inflamma-
tion and pain in rheumatoid arthritis. Auton 
Neurosci 2017; 208: 137-145.

[3]	 Apple FS, Daniels LB, Januzzi J, Omland T, Or-
donez-Llanos J and Jaffe A. Role of BNP vs NT-
proBNP testing in the age of new drug thera-
pies: sacubitril-valsartan. Clin Chem 2019; 65: 
1076-1083.

[4]	 Koopman FA, Tang MW, Vermeij J, de Hair MJ, 
Choi IY, Vervoordeldonk MJ, Gerlag DM, Kare-
maker JM and Tak PP. Autonomic dysfunction 
precedes development of rheumatoid arthritis: 
a prospective cohort study. EBioMedicine 
2016; 6: 231-237.

[5]	 El Bakry SA, Fayez D, Morad CS, Abdel-Salam 
AM, Abdel-Salam Z, ElKabarity RH and El Dak-
rony AHM. Ischemic heart disease and rheu-
matoid arthritis: do inflammatory cytokines 
have a role? Cytokine 2017; 96: 228-233.

[6]	 Hill SA, Booth RA, Santaguida PL, Don-Wau-
chope A, Brown JA, Oremus M, Ali U, Busta-
mam A, Sohel N, McKelvie R, Balion C and 
Raina P. Use of BNP and NT-proBNP for the di-
agnosis of heart failure in the emergency de-
partment: a systematic review of the evidence. 
Heart Fail Rev 2014; 19: 421-438.

[7]	 Matusik PT, Malecka B, Lelakowski J and Un-
das A. Association of NT-proBNP and GDF-15 
with markers of a prothrombotic state in pa-
tients with atrial fibrillation off anticoagulation. 
Clin Res Cardiol 2020; 109: 426-434.

[8]	 Vilela EM, Bettencourt-Silva R, Nunes JP and 
Ribeiro VG. BNP and NT-proBNP elevation after 
running-a systematic review. Acta Cardiol 
2015; 70: 501-509.

[9]	 Lazurova I and Tomas L. Cardiac impairment in 
rheumatoid arthritis and influence of Anti-TN-
Falpha treatment. Clin Rev Allergy Immunol 
2017; 52: 323-332.

[10]	 Hessels NR, van den Bosch JJON, van Londen 
M, Bakker SJL, Riphagen IJ and Navis GJ. Clini-
cal and neurohumoral associates of variation 
in plasma sodium in the PREVEND cohort. Am 
J Physiol Renal Physiol 2019; 317: F978-F985.

[11]	 Molvin J, Jujic A, Bachus E, Gallo W, Tasevska-
Dinevska G, Holm H, Melander O, Fedorowski A 
and Magnusson M. Cardiovascular biomarkers 
predict post-discharge re-hospitalization risk 
and mortality among Swedish heart failure pa-
tients. ESC Heart Fail 2019; 6: 992-999.

[12]	 Oremus M, Don-Wauchope A, McKelvie R, San-
taguida PL, Hill S, Balion C, Booth R, Brown JA, 
Ali U, Bustamam A, Sohel N and Raina P. BNP 
and NT-proBNP as prognostic markers in per-
sons with chronic stable heart failure. Heart 
Fail Rev 2014; 19: 471-505.

[13]	 Han SS, Bae E, Song SH, Kim DK, Kim YS, Han 
JS and Joo KW. NT-proBNP is predictive of the 
weaning from continuous renal replacement 
therapy. Tohoku J Exp Med 2016; 239: 1-8.

mailto:xiangyangxu6@163.com
mailto:xiangyangxu6@163.com


Clinical value of serum NT-proBNP level

5484	 Int J Clin Exp Med 2020;13(7):5478-5484

[14]	 Hall C. NT-ProBNP: the mechanism behind the 
marker. J Card Fail 2005; 11: S81-S83.

[15]	 Corrao S, Argano C, Pistone G, Messina S, Cal-
vo L and Perticone F. Rheumatoid arthritis af-
fects left ventricular mass: systematic review 
and meta-analysis. Eur J Intern Med 2015; 26: 
259-267.

[16]	 Hohl R, Nazario de Rezende F, Millet GY, Ri-
beiro da Mota G and Marocolo M. Blood cardi-
ac biomarkers responses are associated with 
24 h ultramarathon performance. Heliyon 
2019; 5: e01913.

[17]	 Lazzerini PE, Capecchi PL and Laghi-Pasini F. 
Systemic inflammation and arrhythmic risk: 
lessons from rheumatoid arthritis. Eur Heart J 
2017; 38: 1717-1727.

[18]	 Parker DM, Everett AD, Stabler ME, Leyenaar J, 
Vricella L, Jacobs JP, Thiessen-Philbrook H, 
Parikh C, Greenberg J and Brown JR. The as-
sociation between cardiac biomarker NT-proB-
NP and 30-Day Readmission or mortality after 
pediatric congenital heart surgery. World J Pe-
diatr Congenit Heart Surg 2019; 10: 446-453.

[19]	 Santema BT, Chan MMY, Tromp J, Dokter M, 
van der Wal HH, Emmens JE, Takens J, Samani 
NJ, Ng LL, Lang CC, van der Meer P, Ter Maaten 
JM, Damman K, Dickstein K, Cleland JG, Zan-
nad F, Anker SD, Metra M, van der Harst P, de 
Boer RA, van Veldhuisen DJ, Rienstra M, Lam 
CSP and Voors AA. The influence of atrial fibril-
lation on the levels of NT-proBNP versus GDF-
15 in patients with heart failure. Clin Res Car-
diol 2020; 109: 331-338.

[20]	 Zhou X, Tao Y, Chen Y, Xu W, Qian Z and Lu X. 
Serum chemerin as a novel prognostic indica-
tor in chronic heart failure. J Am Heart Assoc 
2019; 8: e012091.

[21]	 Yang M, Feng X, Ding J, Chang F and Chen X. 
Nanotherapeutics relieve rheumatoid arthritis. 
J Control Release 2017; 252: 108-124.

[22]	 Schnorbach J, Frohlich H, Tager T, Corletto A, 
Katus HA and Frankenstein L. N-terminal pro 
brain natriuretic peptide eliminates the prog-
nostic effect of atrial fibrillation in patients with 
chronic heart failure. ESC Heart Fail 2019; 6: 
640-648.

[23]	 Zhang J, Wong KY, Clark AL and Cleland JG. Ex-
ploring the relation between changes in NT-
proBNP and renal function in patients with 
suspected heart failure using structural equa-
tion modelling. Int J Cardiol 2017; 233: 67-72.

[24]	 Adlan AM, Paton JF, Lip GY, Kitas GD and Fish-
er JP. Increased sympathetic nerve activity and 
reduced cardiac baroreflex sensitivity in rheu-
matoid arthritis. J Physiol 2017; 595: 967-
981.

[25]	 Castaneda S, Gonzalez-Juanatey C and Gonza-
lez-Gay MA. Inflammatory arthritis and heart 
disease. Curr Pharm Des 2018; 24: 262-280.


