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Abstract
To investigate the correlation between uric acid (UA) and NT-proBNP levels and coronary artery severity in acute coronary syndrome
patients of different sexes.
A total of 134 patients with acute coronary syndrome (ACS) were investigated. According to sex, there were 96 cases in male

group and 38 cases in female group. According to the number of diseased vessels, the degree of coronary artery lesion was
determined and divided into negative group (n=21), single vessel lesion group (n=43), double vessel lesion group (n=38), and 3
vessel lesion group (n=32).
Univariate analysis showed that UA, NT-proBNP was correlated with the severity of ACS (P< .05). UA was an independent risk

factor for the severity of coronary artery disease in female group (P< .05), but not in male group (P> .05). There was no significant
correlation between NT-proBNP and severity of coronary artery disease in different sex (P> .05).
UA was significantly correlated with the severity of coronary heart disease, especially in women, but not in men. The level of NT-

proBNP was positively correlated with the severity of coronary artery, but no significant difference was found in different sexes.

Abbreviations: ACS = acute coronary syndromes, CAD = coronary artery disease, CAG = coronary arteriography, CK-MB =
creatine kinase isoenzyme, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC = total
cholesterol, TG = triglyceride, UA = uric acid.
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1. Introduction

Acute coronary syndrome (ACS) presents a high incidence and
mortality,[1] which is the main cause of death worldwide.[2] Every
year, about 2.5 million patients with chest pain worldwide are
diagnosed with ACS.[3] A number of studies have shown that uric
acid (UA) is closely related to CAD, especially to the severity of
coronary artery disease, while some studies suggest that the
correlation exists only in women.[4,5] Many studies have proved
that the severity of coronary artery in patients with ACS is
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positively correlated with the level of N-terminal pro-brain
natriuretic peptide (NT-proBNP), especially in the study of
BIOMARCS.[6–8] The level of NT-proBNP in women is higher
than that in men may be related to sex hormones,[9,10] and sex
hormones are the protective factor of coronary artery. There is no
study on the correlation between NT-proBNP level and coronary
artery severity in different sexes. Therefore, UA and NT-proBNP
are similar in sex and coronary artery severity, so this study is to
explore the correlation between UA and NT-proBNP levels and
coronary artery severity in ACS patients of different genders.
2. Materials and methods

2.1. Study design and patient population

From May 2018 to March 2019, 134 patients with ACS
diagnosed by coronary angiography were analyzed retrospec-
tively in the third affiliated Hospital of Guangzhou Medical
University.
2.2. Methodology

Experienced clinicians systematically enquire and record dem-
ographics and disease history for all individuals. Diabetes was
considered present if there was a documented diagnosis requiring
treatment with medication or diet, and hypertension was
considered present if there was a documented history of
hypertension treated with medication. Creatine kinase isoenzyme
(CK-MB) and troponin (cTnI) were measured immediately after
admission. The next day, venous blood was taken from the
patients who were on an empty stomach for blood biochemical
tests. Such as triglyceride (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
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cholesterol (LDL-C), UA, and NT-proBNP were detected and left
ventricular ejection fraction(LVEF) was determined by echocar-
diography. According to cag results, assessed by at least 2
experienced cardiovascular specialists, the degree of left and right
coronary artery lesions <50% was defined as negative.
According to the number of coronary artery lesions, the lesions
were divided into single vessel, double vessel, and 3 vessel lesions.
2.3. Statistical analysis

Continuous data are expressed as mean± standard deviation or
median (interquartile range), and categorical data as percentages.
Analysis of variance (ANOVA) and nonparametric statistics such
as the chi-squared test were used for continuous and categorical
variables, respectively. Linear-by-Linear association was used for
linear trend test. Multivariate logistic regression analysis was
used to assess the effects of UA, NT-proBNP, LDL-C, LVEF, and
cTnI. Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) forWindows (version 25; SPSS
Inc., Chicago, IL), and a 2-tailed P< .05 was considered
statistically significant.
3. Results

The baseline clinical characteristics of the study population are
shown in Table 1.
A total of 134 patients were enrolled, including 96 cases in male

group (mean age 63.58±12.728 years) and 38 cases in female
group (mean age 74.32±11.404 years). According to the results of
coronary angiography, there were 48 cases in negative group,
22 cases in single vessel lesion group, 46 cases in double vessel
lesion group, and 32 cases in 3 vessel lesion group.
There was no significant difference in age, sex, history of

hypertension, history of diabetes, blood glucose, total cholester-
ol, TC, TG, HDL-C, and HbA1c among the 4 groups (P> .05).
Compared with the negative group, the difference in UA and
LDL-C was statistically significant in the single lesion group
Table 1

Baseline characteristics.

Variable
Negative group

(n=21)
Single vessel lesion group

(n=43)

Age, yr 70.33±12.055 64.70±15.720
Male (%) 11 (52.4%) 30 (69.8%)
Hypertension (%) 8 (38.1%) 15 (34.9%)
Diabetes mellitus (%) 6 (28.6%) 6 (14.0%)
UA, mmol/L 290.100±123.406 394.586±101.711a

GLU, mmol/L 7.442±5.411 7.471±3.033
TC, mmol/L 4.027±1.302 4.672±1.289
TG, mmol/L 1.828±2.309 1.523±1.135
HDL-C, mmol/L 1.320±0.547 1.197±0.259
LDL-C, mmol/L 2.365±0.882 3.291±1.196a

HbA1c (%) 6.625±1.664 6.416±1.001
NT-proBNP, ng/L 997.702±969.463 1455.746±1217.481
LVEF (%) 57.48±7.291 56.00±5.521
cTnI, ng/mL 0.783±1.474 1.466±1.816

Values are mean± standard deviation or n (%).
HDL-C=high-density lipoprotein cholesterol, LDL-C= low-density lipoprotein cholesterol, TC= total chol
Compared with the negative group.
a P< .005; compared with single vessel lesion group.
b P< .05; compared with double vessel disease group.
c P< .05.

2

(aP< .05); the difference in UA, LDL-C, and NT-proBNP in the
double lesion group (aP< .05); and the 3 lesion groups were
statistically significant in UA, LDL-C, NT-proBNP, LVEF, and
cTnI (aP< .05). Compared with the single-branch lesion group,
the 3 lesion groups were statistically significant in terms of UA,
NT-proBNP, LVEF, and cTnI (bP< .05). Compared with the 2-
branch lesion group, the 3 lesion groups were statistically
significant in LVEF and cTnI (cP< .05).
Table 2 shows the men and women were divided into groups,

and the correlation between UA, LDL-C, NT-proBNP, LVEF,
and cTnI and the severity of coronary artery disease was counted
in different sex groups.
There was no significant difference in UA in male group

(P> .05). In LDL-C, compared with the negative group, there
were statistically significant differences in single lesion group,
double lesion group, and 3 lesion group (aP< .05). Compared
with the negative group, the single branch lesion group, and the
double branch lesion group, the 3 lesion groups were statistically
significant in NT-proBNP, LVEF, and cTnI (aP< .05, bP< .05,
cP< .05).
In the female group, there was significant difference in UA

between the 4 groups (aP< .05). In LDL-C, compared with the
negative group and the single vessel lesion group, there was
significant difference between the 2 groups and the 3 vessel
disease group (aP< .05, bP< .05). Compared with the double
branch disease group, the difference of the 3 branch disease group
was also statistically significant (cP< .05). In terms of NT-
proBNP, compared with the negative group, there was significant
difference between the 2-vessel lesion group and the 3-vessel
lesion group (aP< .05). In LVEF, compared with the negative
group, the single-vessel lesion group, there was significant
difference between the 2-vessel lesion group and the 3-vessel
lesion group (aP< .05). There was also a statistical difference
between the 3 lesions compared with the 2 lesions group
(cP< .05). In cTnI, the 3 lesions were statistically significant
compared with the negative group and the single lesion group
(aP< .05, bP< .05).
Double vessel disease group
(n=38)

Three vessel disease group
(n=32) P

65.79±11.778 67.78±11.918 .403
28 (73.7%) 27 (84.4%) .088
10 (26%) 15 (46.9%) .354
14 (36.8%) 10 (31.3%) .116

416.322±94.928a 450.538±89.359a,b .000
7.755±3.161 7.755±3.844 .976
4.859±1.419 4.617±1.262 .145
1.572±0.829 1.640±0.989 .841
1.182±0.325 1.143±0.341 .354
3.457±1.167a 3.245±1.118a .004
7.032±1.743 6.784±1.276 .268

2043.101±1772.256a 2760.732±1862.891a,b .000
53.58±9.030 47.91±9.904a,b,c .000
1.834±2.048 3.440±3.470a,b,c .000

esterol, TG= triglyceride, UA=uric acid.



Table 2

Comparison of relevant data between male and female groups.

Male
Negative group

(n=11)
Single vessel lesion group

(n=30)
Double vessel disease group

(n=28)
Three vessel disease group

(n=27) P

UA, mmol/L 353.627±133.028 416.000±103.680 427.365±95.262 454.751±95.249 .057
LDL-C, mmol/L 2.128±0.846 3.407±1.352a 3.354±1.256a 3.102±1.148a .024
NT-proBNP, ng/L 1258.682±1199.617 1323.140±1305.528 1756.279±1653.263 2677.9374±1845.327a,b,c .008
LVEF (%) 56.09±8.3 56.67±6.149 53.21±9.986 47.41±10.482a,b,c .001
cTnI, ng/mL 1.117±1.858 1.436±1.789 1.669±2.180 3.073±3.215a,b,c .033

Female
Negative group

(n=10)
Single vessel lesion group

(n=13)
Double vessel disease group

(n=10)
Three vessel disease group

(n=5) P

UA, mmol/L 220.22±61.817 345.169±80.239a 385.4±91.543a,b 427.78±46.323a,b,c .000
LDL-C, mmol/L 2.626±0.888 3.034±0.723 3.717±0.876a,b 4.018±0.500a,b,c .005
NT-proBNP, ng/L 710.625±561.050 1761.759±961.003 2846.203±1933.946a 3207.82±2107.082a .003
LVEF (%) 59±6.055 54.46±3.406a 54.6±5.873a 50.6±5.941a,c .035
cTnI, ng/mL 0.373±0.712 1.536±1.949 2.297±1.629 4.024±4.597a,b .035

Compared with the negative group.
a P< .005; compared with single vessel lesion group.
b P< .05; compared with double vessel disease group.
c P< .05.
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Both male and female groups were treated with ordered multi-
classification Logistic regression method, and the extent of
coronary artery lesion was taken as dependent variable.
Univariate analysis showed that UA, NT-proBNP, LDL-C,
LVEF, cTnI, and other indexes were correlated with the severity
of ACS (P< .05). These related indexes were taken as indepen-
dent variables for analysis. Table 3 shows that LVEF and cTnI
were independently correlated with the severity of coronary
lesions in different sexes (P< .05); UA and LDL-C were
independently correlated with the severity of coronary artery
disease in the female group (P< .05), but not in the male group
(P> .05). There was no significant correlation between NT-
proBNP and the severity of coronary artery disease in different
sexes (P> .05).
4. Discussion

UA is the final metabolite of purine nucleotides,[11] which is
formed by the decomposition of adenosine and guanine. Purine
comes from both endogenesis (purine synthesis and nucleic acid
decomposition) and exogenous (absorption from the outside
world). Purine degradation can lead to the formation of free
radicals, platelet adhesion, and aggregation. High levels of UA
Table 3

Logistic regression analysis of the degree of coronary artery disease

Variable B SE

Male
LVEF (%) �0.059 0.026
NT-proBNP, ng/L 0 0
UA, mmol/L 0.003 0.002
LDL-C, mmol/L 0.101 0.157
cTnI, ng/mL 0.175 0.085

Female
LVEF (%) �0.144 0.073
NT-proBNP, ng/L �1.22E-06 0
UA, mmol/L 0.018 0.005
LDL-C, mmol/L 0.953 0.463
cTnI, ng/mL 0.363 0.209

3

are also associated with endothelial dysfunction, smooth
muscle proliferation, and changes in nitric oxide (NO) produc-
tion, and are also considered to be markers of oxidative stress
and inflammation.[12] In the early stages of atherosclerosis, UA is
an antioxidant that occurs in the process of atherosclerosis
when hyperuricemia occurs. It will be reversed to oxidative state
and directly involved in the process of inflammation and
atherosclerosis.
The relationship between UA level and cardiovascular disease

has been discussed in recent years. Many studies at home and
abroad have confirmed that hyperuricemia is significantly
correlated with CAD[13–16] and positively correlated with
coronary artery severity.[4,13,15] Other studies have shown that
the level of UA is closely related to age and age-related changes. It
varies with age and sex, but the mechanism of UA level with age
and sex is not clear.[14] There is an independent association
between hyperuricemia and coronary heart disease in women,
and there is a trend that the higher the level of UA, the 3 vessels.
The higher the incidence of change, the higher the incidence of the
analysis of male and female data, the study found that this trend
appears only in women, consistent with the results of this study.
But for coronary heart disease, whether UA is an independent risk
factor is still controversial. UA is closely related to the risk factors
and other factors in male and female.

Wals P 95% CI

5.237 .022 �0.11 -0.008
0.788 .375 0 0
3.047 .081 0 0.007
0.41 .522 �0.207 0.409
4.216 .04 0.008 0.342

3.891 .049 �0.286 �0.001
0 .997 �0.001 0.001

12.428 .000 0.008 0.029
4.227 .04 0.044 1.861
3.006 .083 �0.047 0.772
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of coronary heart disease, such as hypertension, diabetes, and
dyslipidemia. These studies suggest that the association between
the UA and the CAD may be related to the link between the UA
and the risk factors of the CAD. A meta-analysis shows that
hyperuricemia may increase the risk of coronary heart disease,
regardless of the traditional CAD risk factors.[17] In this study,
because of the small sample size and many confounding factors,
other related factors can not be excluded from the results of
this study.
BNP[10] is a kind of neurohormone secreted by ventricular

myocytes after myocardial cell ischemia, injury, necrosis, and
increase of ventricular wall tension, which has diuretic sodium
excretion, vasodilation, anti-cardiac remodeling, and renin-
angiotensin system system. It was originally isolated from pig
brain tissue by Japanese scholars and is called brain natriuretic
peptide. BNP and NT-proBNP are internationally recognized
biomarkers of cardiac function.[18] However, the biological half-
life of BNP in peripheral blood was shorter than that of NT-
proBNP, in peripheral blood, so the concentration of BNP in
peripheral blood was also lower than that in NT-proBNP, so NT-
proBNP was more widely used.[7]

At present, the study on the severity of NT-proBNP and ACS is
increasing. Many studies[6–8] have found that the level of NT-
proBNP is positively correlated with the level of cTnI and
increases with the severity of the coronary artery disease. The
study also showed that the higher the number of coronary artery
lesions, the higher the plasma NT-proBNP level and the NT-
proBNP level in the anterior descending coronary artery disease
group was significantly higher than that in the right coronary
artery and circumflex artery disease group. This study confirmed
that the plasma NT-proBNP level can be used to judge the
severity of myocardial ischemia. NT-proBNP levels in women
are higher than those in men, which may be related to sex
hormones,[9,10] which are protective factors of coronary
artery.[19] However, some studies[20] suggest that there is no
significant difference in NT-proBNP levels between men and
women, which may be due to the stimulating effect of female sex
hormones on natriuretic peptide gene expression. UA and NT-
proBNP have common characteristics in terms of sex and
coronary heart disease. However, currently there is no study on
the correlation between NT-proBNP level and coronary artery
severity in ACS patients of different sexes. In this study, ACS
patients were divided into male and female groups according to
the degree of coronary artery disease. Univariate and Logistic
analysis showed that NT-proBNP level was positively correlated
with coronary artery severity, but no significant difference was
found in different sexes.

5. Conclusion

Hyperuricemia was significantly correlated with the severity of
coronary artery disease only in women, while the level of NT-
proBNP increased with the severity of coronary artery disease
regardless of sex.
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