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Background: High blood urea nitrogen (BUN) is associated with adverse outcomes in

patients with cardiac disease risks. However, no study has explored whether BUN can

predict the risk of cardiovascular disease (CVD) in the healthy older population. This study

aims to explore the incidence and risk factors of CVD among a healthy older population

community in China.

Design and Methods: This study was designed as a cohort study with a 4-year

follow-up. We recruited 5,000 older people among 137,625 residents of the Gaohang

community. In the baseline, subjects were asked to participate in medical screening

and biological tests, and answered survey questions. During the follow-up period

(2014–2017), the researchers regularly tested the subjects’ indicators and assessment

scales. Wemonitored the occurrence of CVD and explored the relationship between BUN

and CVD via a Cox regression analysis.

Results: During the follow-up, subjects were newly diagnosed with CVD including heart

failure (HF), heart disease events, atrial fibrillation, diabetes, hypertension, metabolic

syndrome, and kidney disease. The Cox regression analysis found an association

between baseline BUN and incident CVD in female subjects, with higher BUN associated

with increased risk of AF in females and kidney disease in both male and females. No

association was found between BUN and CVD in male subjects.

Conclusions: Current results indicate that BUN is a valuable predictive biomarker of

CVD. A higher BUN level (>13.51 mg/dL) is associated with an increased occurrence

of HF but a decreased occurrence of diabetes and metabolic symptoms in normal

older females.
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INTRODUCTION

Cardiovascular disease (CVD) is a global public health
problem associated with adverse outcomes (1). With economic
development and the change of lifestyle, the incidence of CVD
in China is rising rapidly. The global prevalence of CVD nearly
doubled from 271 million in 1990 to 523 million in 2019, and
the number of CVD deaths steadily increased from 12.1 million
in 1990, reaching 18.6 million in 2019 (2). It is estimated that
China has one of the highest CVD death rates in the world, with
one in five adults in China experiencing a cardiovascular disease
(3). It is therefore crucial to find biomarkers that can predict the
occurrence of CVD so prevention measures can be implemented.

Studies have shown that renal function markers, including
blood urea nitrogen (BUN), glomerular filtration rate and
creatinine, are associated with mortality from CVD (4, 5). BUN
measures the amount of nitrogen in blood that comes from the
waste product urea. BUN levels often rise when kidneys are
not able to remove urea from the blood normally and a BUN
test is used to measure kidney function. Clinical studies have
consistently shown that BUN levels are high in patients with
CVD and this biomarker is therefore an important independent
predictor of outcomes regarding CVD compared with other
markers of renal function (6–9). Researchers point out that BUN
levels are not only affected by kidney function, but also by
endocrine disorders. BUN is a marker of neurohumoral activity
and renal function, and thus, can reflect the pathophysiological
process of CVD. In addition, BUN can also reflect the
relationship between nutritional status, protein metabolism and
renal function, and is an important marker of metabolic diseases,
nutritional status of patients, and other diseases (10–12).

Studies have demonstrated that a higher BUN level is
associated with adverse outcomes in patients with cardiac
problems. However, no study has explored whether BUN can
predict the risk of occurrence of CVD in a healthy older
population in China. We hypothesise that higher BUN levels are
a risk factor for CVD in the healthy older population. To test this
hypothesis, we designed a prospective cohort study in Gaohang
community district located in Pudong New Territory in Shanghai
Municipal City whereby data was collected to determine the
association between BUN and the incident CVD in a healthy
older population.

DESIGN AND METHODS

This study was designed as a cohort study with a 4-year follow-
up. We recruited 5,000 older Gaohang community members
from among the 137,625 residents who participated in health
screening at Shanghai East Hospital from 1 March to 30 June
2013. Subjects were included according to the following criteria:
(1) Age ≥60 years, (2) Resident of Gaohang community, and (3)
conscious and able to write. The exclusion criteria included (1)
No current established CVD or other severe disease, (2) Without
available BUN data, (3) Severe psychiatric disease, and (4) At a
high risk of suicide. At baseline, subjects were asked to participate
in medical screening and biological tests, and answered survey
questions. During the follow-up period from 2014 to 2017, the

researchers regularly tested subjects’ indicators and assessment
scales. The study was approved by the Ethics Committee of
Shanghai East Hospital and all subjects provided consent for their
participation in the study.

We used a questionnaire to collect data on the demographic
characteristics of the subjects, as well as lifestyle characteristics
such as smoking and drinking. Subjects were weighed via a scale
during a health examination, and body mass index (BMI) was
calculated according to the usual formula [weight (kg) divided by
the square of height (m) (kg/m2)]. Data on subjects’ exercise were
collected by questionnaire, and were divided into three levels:
no exercise, mild exercise, and moderate exercise. Smoking and
alcohol consumption were also investigated, with the threshold
for smoking set at least one cigarette per day for at least 1 year,
and that for alcohol set at average daily alcohol consumption of
more than 50 grammes for at least 1 year.

Blood parameters including glucose, total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), BUN, serum creatinine, and C-reactive
protein (CRP) were collected, with subjects asked to fast for
at least 12 h before collection. Blood pressure was measured
with a calibrated sphygmomanometer at resting state. Blood
pressure was measured three times, with the interval between
measurements 1–2min. The average of these threemeasurements
was considered the final value of blood pressure.

We monitored the occurrence of diseases during the data
collection period, including HF, hypertension, atrial fibrillation,
metabolic syndrome, diabetes, and kidney disease. According to
the 2013 guidelines of the European Society of Hypertension
(ESH) and the European Society of Cardiology (ESC) and the
2010 Chinese guidelines for the management of hypertension,
the criteria for hypertension are systolic blood pressure (SBP)
≥140 mmHg and/or diastolic blood pressure (DBP)≥ 90 mmHg
(13, 14). Diagnoses of heart failure, heart disease events, atrial
fibrillation, diabetes, hypertension, metabolic syndrome, and
kidney disease were confirmed by cardiac specialists from the
pathological diagnosis, ECG and ultrasound tests and based on
American Heart Association guidelines (1). Metabolic syndrome
was defined based on IDF standard with additional Chinese
criteria that men had waist circumference 90 cm and more
and women with 80 cm and more waist circumference (15).
Kidney disease is defined based on eGFI level. The following
formulas were used to calculate eGFR by gender: for males, eGFR
(mL/min/1.73 m2) = 194 × [age]−0.287 × [serum creatinine
(mg/dL)]−1.094; and for females, eGFR (mL/min/1.73 m2) = 194
× [age]−0.287 × [serum creatinine (mg/dL)]−1.094 × 0.739 (16,
17). A value below 60 mL/min/1.73 m2 suggests loss of kidney
function and this was confirmed by blood test andmedical doctor
in the present study. Diabetes was defined based on China criteria
of fasting glucose level at 7.0 mmol/L or more (18). Of the 5,000
subjects recruited 4,219 completed the study when the study
in 2017.

Statistical Analysis
Data analysis was performed using SPSS 25.0. Numeric data are
expressed as mean ± SD, while categorical data are expressed as
numbers and percentages. The chi-squared (χ2) test was used

Frontiers in Cardiovascular Medicine | www.frontiersin.org 2 May 2021 | Volume 8 | Article 614117

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Lan et al. Urea Nitrogen and Cardiovascular Disease

TABLE 1 | Comparison of baseline characteristics among subjects by disease (2013).

Variables Male Female

Heart disease No heart disease χ
2t/F(p) Heart disease No heart disease χ

2t/F(p)

Age: n (%)

≤65 years 63 (17.9) 204 (20.4) 7.93 (0.09) 59 (12.9) 271 (20.3) 19.69 (0.001)

66–70 years 113 (32.1) 365 (36.4) 155 (33.8) 455 (34.1)

71–75 years 74 (21.0) 190 (19.0) 89 (19.3) 242 (18.2)

76–80 years 70 (19.9) 144 (14.3) 85 (18.5) 231 (17.3)

≥81 years 32 (9.1) 99 (9.9) 71 (15.5) 134 (10.1)

Occupation: n (%)

Office worker 75 (21.4) 229 (22.9) 0.53 (0.91) 46 (10.1) 131 (9.8) 1.14 (0.77)

Operator 184 (52.4) 506 (50.6) 115 (25.1) 307 (23.1)

Farmer 66 (18.8) 186 (18.6) 273 (59.6) 829 (62.3)

Other 26 (7.4) 79 (7.9) 24 (5.2) 64 (4.8)

Education: n (%)

Primary below 22 (6.3) 52 (5.2) 3.18 (0.37) 157 (34.2) 381 (28.7) 8.67 (0.03)

Primary 74 (21.0) 181 (18.1) 117 (25.5) 310 (23.3)

Secondary school 206 (58.5) 596 (59.5) 165 (35.9) 575 (43.3)

College or above 50 (14.2) 172 (17.2) 20 (4.4) 63 (4.7)

Marital: n (%)

No married 38 (10.8) 109 (10.9) 0.00 (0.95) 151 (33.0) 410 (30.9) 0.69 (0.41)

Married 313 (89.2) 887 (89.1) 307 (67.0) 918 (69.1)

Monthly income: n (%)

<1,500 yuan 58 (16.6) 142 (14.4) 1.42 (0.70) 160 (35.1) 477 (36.4) 1.13 (0.77)

1,500–2,000 yuan 63 (18.1) 191 (19.4) 85 (18.6) 221 (16.9)

2,000–2,500 yuan 88 (25.2) 238 (24.2) 107 (23.5) 296 (22.6)

>2,500 yuan 140 (40.1) 414 (42.0) 104 (22.8) 316 (24.1)

Body mass index: M (SD) 24.63 (3.29) 24.41 (2.99) 1.09 (0.28) 25.03 (3.79) 24.60 (3.48) 2.12 (0.03)

Body mass index: n (%)

BMI<18.5 8 (2.3) 27 (2.7) 5.31 (0.26) 16 (3.5) 39 (2.9) 9.53 (0.05)

18.5–23.9 138 (39.2) 421 (42.0) 165 (35.9) 567 (42.5)

24.0–27.9 159 (45.1) 446 (44.5) 188 (41.0) 532 (39.9)

28.0–32.0 40 (11.4) 101 (10.1) 68 (14.8) 151 (11.4)

BMI>32 7 (2.0) 7 (0.7) 22 (4.8) 44 (3.3)

Smoking: n (%)

No 176 (50.0) 489 (48.8) 0.31 (0.86) 446 (97.1) 1,314 (98.6)

Smoking 108 (30.7) 306 (30.5) 9 (2.0) 12 (0.9)

Smoked before, but stopped 68 (19.3) 207 (20.7) 4 (0.9) 7 (0.5)

Drinking: n (%)

No 226 (64.2) 611 (61.0) 2.30 (0.32) 449 (97.8) 1,310 (98.2)

Drank, but stopped 33 (9.4) 84 (8.4) 4 (0.9) 1 (0.1)

Drinking 93 (26.4) 307 (30.6) 6 (1.3) 22 (1.7)

Exercise: n (%)

No exercise 19 (5.5) 29 (3.0) 5.74 (0.06) 32 (7.2) 64 (5.1) 2.99 (0.22)

Light-intensity 213 (62.1) 646 (66.9) 313 (70.2) 890 (70.6)

Moderate-intensity 111 (32.4) 291 (30.1) 101 (22.6) 307 (24.3)

Waist circumference: M (SD) 88.00 (9.67) 87.67 (8.69) 0.56 (0.57) 86.18 (9.03) 85.28 (9.07) 1.85 (0.07)

Diastolic blood pressure: M (SD) 83.11 (8.85) 82.06 (9.01) 1.89 (0.06) 81.51 (8.44) 81.32 (8.52) 0.42 (0.68)

Systolic blood pressure: M (SD) 139.17 (17.01) 137.66 (17.18) 1.42 (0.16) 139.76 (17.05) 139.37 (17.24) 0.41 (0.68)

TC (mmol/L): M (SD) 4.70 (0.89) 4.74 (0.90) −0.71 (0.48) 5.16 (0.90) 5.18 (0.94) −0.48 (0.63)

HDL (mmol/L): M (SD) 1.37 (0.39) 1.38 (0.38) −0.50 (0.62) 1.56 (0.42) 1.52 (0.39) 1.68 (0.09)

LDL (mmol/L): M (SD) 3.11 (0.80) 3.14 (0.84) −0.53 (0.60) 3.41 (0.83) 3.46 (0.87) −1.15 (0.25)

(Continued)
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TABLE 1 | Continued

Variables Male Female

Heart disease No heart disease χ
2t/F(p) Heart disease No heart disease χ

2t/F(p)

Glucose (mmol/L): M (SD) 5.59 (1.71) 5.64 (1.77) −0.54 (0.59) 5.82 (1.81) 5.76 (1.81) 0.68 (0.50)

Urea Nitrogen (mmol/L): M (SD) 5.62 (1.58) 5.58 (1.41) 0.43 (0.66) 5.69 (1.57) 5.50 (1.51) 2.35 (0.02)

Uric Acid (mg/dL): M (SD) 5.96 (1.35) 5.97 (1.41) −0.12 (0.90) 5.25 (1.38) 1.98 (3.17) 2.27 (0.02)

CRP (mg/L): M (SD) 2.40 (5.07) 1.97 (4.12) 1.43 (0.15) 1.98 (3.17) 2.26 (5.24) −1.37 (0.17)

TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; TG, cr. Bold values refers to statistically significant.

to evaluate the differences in the frequency of characteristics
including age, occupation, education, marital status, income,
BMI, smoking, drinking, and exercise between the diseased and
non-diseased group in the 2017 follow-up data. A t-test was
used to test the difference between the diseased and non-diseased
groups for the variables of waist circumference, SBP, DBP, TC,
LDL, HDL, glucose, UC, UN, and CRP in the 2017 follow-
up data. Chi-square (χ2) and t-tests were conducted for both
male and female participant groups. BUN at baseline was further
divided into three quartiles, and the association between BUN
and each laboratory-based measure was analysed by using one-
way analysis of variances (ANOVA) to examine whether the
laboratory-based measures increased with increasing BUN levels
in the male and female groups. The prediction of BUN on each
disease was conducted by using a Cox regression analysis for
the male and female subject groups, with p < 0.05 considered
statistically significant.

RESULTS

Baseline Characteristics and CVD
Incidence During the Follow-Up
Baseline indices included age, occupation, education, marital
status, monthly income, BMI smoking, drinking, exercise, waist
circumference, blood pressure, TC, HDL, LDL, glucose, BUN,
uric acid, and CRP. The mean age of all subjects was 72.12 (SD
6.675) for females and 71.75 (SD 6.449) for males. Mean BUN
was 5.723 mmol/l (SD: 1.665) in men and 5.567 mmol/l (SD:
1.566) in women in 2013, and 5.723 mmol/l (SD: 1.644) in mean
and 5.561 mmol/l (SD: 1.514) in women in 2017. After 4 years’
follow-up until 2017, newly diagnosed CVD diseases including
HF, heart disease events, atrial fibrillation, diabetes, hypertension,
metabolic syndrome, and kidney disease were presented (see
Table 1). We compared the differences in baseline characteristics
between older people with and without CVD in 2013.

Heart failure occurred in 352 males and 459 females, with
the highest incidence of seven diseases because we included
borderline heart failure patients with ejection fraction (EF) score
between 40 and 60 using ultra sound. Comparing male subjects
with and without HF, there was no difference (p > 0.05) in
age, occupation, education, marital status, monthly income, BMI,
smoking, drinking, exercise, waist circumference, blood pressure,
TC, HDL, LDL, glucose, BUN, uric acid, or CRP. However,
there were significant differences in age (F = 19.69, p = 0.001),

education (F = 8.67, p = 0.03), BMI (t = 2.12, p = 0.03), BUN
(t = 2.35, p= 0.02), and uric acid (F = 2.35, p= 0.02).

Heart disease events occurred in 142 males and 229 females.
There was no difference (p > 0.05) in age, occupation,
education, marital status, monthly income, BMI, smoking,
drinking, exercise, waist circumference, blood pressure, TC,
HDL, LDL, glucose, BUN, uric acid, or CRP between female
subjects who experienced or did not experience a heart disease
event. However, there were significant differences in education
(F = 8.96, p = 0.03), smoking (F = 9.37, p = 0.009), waist
circumference (F=-2.40, p = 0.02), and systolic blood pressure
(F = 2.70, p= 0.007).

Atrial fibrillation occurred in 55 males and 77 females. There
were no differences (p > 0.05) in baseline characteristics between
male subjects with and without atrial fibrillation. However, there
were differences in age, monthly income and exercise between
female subjects with and without atrial fibrillation (p < 0.05).

Diabetes occurred in 98 males and 135 females. BMI was
higher in subjects with diabetes than those without diabetes in
the male group (t = 2.73, p = 0.007), and there were significant
differences in BMI, glucose, and uric acid between female subjects
with and without diabetes.

Hypertension occurred in 249 males and 360 females. There
are significant differences (p < 0.05) in BMI, DBP, SBP, and HDL
between male subjects with and without hypertension. Female
subjects with hypertension also showed lower baseline SBP and
DBP than those without hypertension (t = −12.06, p < 0.001;
t =−14.08, p < 0.001).

Metabolic syndrome occurred in 175 males and 214 females.
In the male group, there were significant differences (p < 0.05)
in occupation, BMI and SBP between subjects with and without
metabolic syndrome. In the female group, there were significant
differences in age, occupation, monthly income, BMI, waist
circumference, DBP, SBP, glucose, BUN, and uric acid between
subjects with and without metabolic syndrome (p < 0.05).

Kidney disease occurred in 163 males and 221 females. The
male subjects with kidney disease showed lower baseline HDL
than those without kidney disease (t = −2.28, p = 0.02). There
were differences in age, occupation, and BUN between female
subjects with and without kidney disease (p < 0.05).

Comparison Among Characteristics by
Category of Baseline BUN
As shown in Table 2, according to the three levels of baseline
BUN (≤0.10–5.90 mmol/L, 5.91 mmol−7.00 mmol/L, 8.0 or

Frontiers in Cardiovascular Medicine | www.frontiersin.org 4 May 2021 | Volume 8 | Article 614117

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Lan et al. Urea Nitrogen and Cardiovascular Disease

T
A
B
L
E
2
|
C
o
m
p
a
ris
o
n
b
e
tw

e
e
n
c
h
a
ra
c
te
ris
tic
s
b
y
c
a
te
g
o
ry

o
f
b
a
se

lin
e
.

V
a
ri
a
b
le
s

U
re
a
n
it
ro
g
e
n
te
rt
il
e
(m

m
o
l/
L
)
(M

a
le
)

U
re
a
n
it
ro
g
e
n
te
rt
il
e
(m

m
o
l/
L
)
(F
e
m
a
le
)

0
.1
0
–5

.9
0

5
.9
0
–7

.9
9

8
.0

a
n
d
m
o
re

F
(p
)

0
.1
0
–5

.9
0

5
.9
0
–7

.9
9

8
.0

a
n
d
m
o
re

F
(p
)

A
g
e
:
M
(S
D
)

7
0
.7
9
(5
.9
7
)

7
1
.3
4
(6
.4
6
)

7
2
.9
6
(6
.6
4
)

1
8
.4
9
(<

0
.0
0
1
)

7
1
.0
5
(6
.1
9
)

7
1
.8
4
(6
.4
8
)

7
3
.6
5
(7
.1
4
)

2
8
.7
9
(<

0
.0
0
1
)

B
o
d
y
m
a
ss

in
d
e
x:

M
(S
D
)

2
4
.5
1
(3
.0
0
)

2
4
.6
0
(3
.1
4
)

2
4
.3
5
(3
.2
0
)

0
.9
7
(0
.3
8
)

2
4
.6
7
(3
.4
7
)

2
4
.7
6
(3
.6
5
)

2
4
.7
4
(3
.6
8
)

0
.1
5
(0
.8
6
)

W
a
is
t
c
irc

u
m
fe
re
n
c
e
s
(c
m
):
M
(S
D
)

8
8
.0
1
(8
.5
9
)

8
8
.1
6
(8
.8
2
)

8
7
.7
7
(9
.2
7
)

0
.2
9
(0
.7
5
)

8
5
.0
9
(9
.4
5
)

8
5
.6
7
(8
.8
6
)

8
6
.2
4
(9
.3
5
)

2
.7
7
(0
.0
6
)

S
ys
to
lic

b
lo
o
d
p
re
ss
u
re

(m
m
H
g
):
M
(S
D
)

1
3
7
.9
4
(1
7
.4
1
)

1
3
8
.4
7
(1
7
.0
0
)

1
3
8
.4
0
(1
7
.6
2
)

0
.1
5
(0
.8
6
)

1
3
9
.1
5
(1
7
.0
0
)

1
3
8
.5
7
(1
7
.2
6
)

1
4
0
.1
6
(1
7
.6
1
)

1
.5
6
(0
.2
1
)

D
ia
st
o
lic

b
lo
o
d
p
re
ss
u
re

(m
m
H
g
):
M
(S
D
)

8
2
.9
2
(8
.8
7
)

8
2
.5
3
(8
.6
7
)

8
2
.1
2
(9
.7
4
)

1
.1
1
(0
.3
3
)

8
1
.3
1
(8
.5
2
)

8
1
.8
7
(8
.7
6
)

8
0
.8
0
(8
.7
3
)

2
.7
7
(0
.0
6
)

To
ta
lc
h
o
le
st
e
ro
l(
m
m
o
l/
L
):
M
(S
D
)

4
.6
1
(0
.8
9
)

4
.7
8
(0
.8
9
)

4
.8
0
(0
.9
5
)

7
.7
4
(<

0
.0
0
1
)

5
.1
0
(0
.9
8
)

5
.2
3
(0
.9
8
)

5
.2
5
(0
.9
5
)

4
.9
8
(0
.0
0
7
)

Tr
ig
ly
c
e
rid

e
(m

m
o
l/
L
):
M
(S
D
)

1
.5
6
(0
.9
8
)

1
.5
5
(1
.2
2
)

1
.5
0
(1
.0
6
)

0
.6
1
(0
.5
4
)

1
.8
1
(1
.5
5
)

1
.6
6
(0
.9
6
)

1
.6
5
(1
.0
1
)

4
.0
2
(0
.0
2
)

H
D
L
(m

m
o
l/
L
):
M
(S
D
)

1
.3
4
(0
.3
7
)

1
.3
8
(0
.3
9
)

1
.4
3
(0
.3
9
)

6
.5
7
(0
.0
0
1
)

1
.4
8
(0
.3
7
)

1
.5
4
(0
.4
0
)

1
.5
6
(0
.4
1
)

9
.1
9
(<

0
.0
7
)

L
D
L
(m

m
o
l/
L
):
M
(S
D
)

3
.0
6
(0
.8
0
)

3
.1
8
(0
.8
3
)

3
.1
5
(0
.8
8
)

3
.1
0
(0
.0
5
)

3
.3
8
(0
.8
5
)

3
.4
9
(0
.9
0
)

3
.4
8
(0
.8
9
)

3
.4
3
(0
.0
3
)

G
lu
c
o
se

(m
m
o
l/
L
):
M
(S
D
)

5
.4
0
(1
.5
8
)

5
.7
0
(1
.7
7
)

5
.9
0
(2
.0
9
)

1
0
.9
6
(<

0
.0
0
1
)

5
.6
3
(1
.6
0
)

5
.8
2
(1
.9
4
)

6
.0
6
(2
.1
0
)

9
.2
8
(<

0
.0
0
1
)

H
b
A
1
c
(%

):
M
(S
D
)

6
.1
4
(0
.8
9
)

6
.3
5
(1
.1
4
)

6
.4
1
(1
.2
1
)

9
.4
8
(<

0
.0
0
1
)

6
.3
2
(1
.0
0
)

6
.4
0
(1
.1
7
)

6
.4
8
(1
.1
3
)

3
.9
7
(0
.0
2
)

C
re
a
tin

in
e
(u
m
o
l/
L
):
M
(S
D
)

7
9
.9
0
(1
2
.8
9
)

8
3
.7
0
(1
4
.4
8
)

9
4
.0
9
(2
6
.3
1
)

8
6
.4
6
(<

0
.0
0
1
)

6
3
.2
8
(1
1
.4
8
)

6
6
.9
0
(1
3
.7
0
)

7
6
.4
2
(2
5
.0
4
)

1
0
7
.2
0
(<

0
.0
0
1
)

C
R
P
(m

g
/L
):
M
(S
D
)

2
.2
5
(4
.4
5
)

2
.2
1
(4
.8
5
)

2
.0
5
(3
.8
9
)

0
.3
4
(0
.7
2
)

2
.6
2
(6
.7
4
)

2
.1
1
(3
.8
7
)

2
.1
9
(4
.1
0
)

2
.2
1
(0
.1
1
)

H
D
L
:
h
ig
h
-d
e
n
s
it
y
lip
o
p
ro
te
in
;
L
D
L
:
lo
w
-d
e
n
s
it
y
lip
o
p
ro
te
in
;
C
R
P
:
C
-r
e
a
c
ti
ve

p
ro
te
in
.
B
o
ld
va
lu
e
s
re
fe
rs
to
s
ta
ti
s
ti
c
a
lly
s
ig
n
ifi
c
a
n
t.

more mmol/L), male and female subjects were divided into
three groups, respectively. The male and female groups both
showed significant differences in age among the three groups
(F = 18.49, p < 0.001; F = 28.79, p < 0.001). Of males,
the group with higher BUN showed higher TC, HDL, glucose,
HbA1c, and creatinine than the group with low BUN (p <

0.05). Of females, there were also significant differences in
TC, triglyceride, LDL, glucose, HbA1c, and creatinine among
the three groups. Increasing levels BUN were associated with
increasing level of TC, triglyceride, LDL, Glucose, HbA1c,
and creatinine.

Cox Regression Analysis for
Cardiovascular Diseases
With CVD related disease as the dependent variable and the BUN
categories as the independent variable, Cox regression analysis
was used to evaluate the association between the level of BUN
and CVD. The Cox regression analysis showed that abnormal
level of baseline BUN was associated with an increased risk of
disease in both men with HR 1.74 (95% CI: 0.99–3.06, P < 0.05)
and women with HR 1.86 (95% CI: 1.19–2.92, P < 0.01). No
association was found between BUN and occurrence of heart
failure, metabolic syndrome, diabetes, and heart disease events
(see Table 3).

DISCUSSION

This cohort study observed the occurrence of CVD and
its association with BUN in a normal older community
in China. During a 4-year follow-up, subjects had newly
diagnosed CVD including HF, a heart disease event, atrial
fibrillation, diabetes, hypertension, metabolic syndrome and
kidney disease. We found higher baseline BUN (>13.51
mg/dL) is associated with the increased occurrence of
AF in females, and kidney disease in both male and
female subjects.

CVD, as a common chronic disease, has become an important
public health issue in China. AF is the result of further
development of various CVD risk factors and its incidence
is increasing in recent years, especially among the older
population (19, 20). This study monitored the incidence of
CVD, including HF, a heart disease event, atrial fibrillation,
diabetes, hypertension, metabolic syndrome, and kidney disease
among older people in one community, and found the
incidence of HF was the highest among these seven diseases.
The results show that effective monitoring and prevention of
CVD in the older population are of great significance for
public health.

BUN is a metabolite produced by protein digestion and
decomposition, which is converted to urea in the liver
through urea circulation and then filtered out by glomeruli. Its
concentration represents the balance between urea production
and renal excretion (7). The complex interaction between heart
and kidneys plays an important role in the occurrence and
development of CVD. Amir Kazory systematically reviewed
10 articles and demonstrated that higher BUN is associated
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TABLE 3 | Risk of disease by categories of serum urea nitrogen of baseline (raw percentages).

Variables Urea nitrogen tertile (mmol/L) (Male) Urea nitrogen tertile (mmol/L) (Female)

0.10–5.90 5.90–7.99 8.0 and more 0.10–5.90 5.90–7.99 8.0 and more

Heart failure

No. of subjects: n (heart failure subjects) 246 (53) 243 (60) 221 (67) 340 (87) 335 (103) 250 (77)

No. of incidents of HF (rate: %) 113 (10.76) 123 (11.65) 116 (11.37) 135 (8.82) 174 (11.61) 105 (8.87)

Person-years 1,050 1,056 1,020 1,531 1,499 1,184

Adjusted 95% CI

Heart disease events

No. of subjects: n (HD events subjects) 268 (163) 267 (153) 239 (152) 367 (228) 356 (221) 261 (171)

No. of incidents of HD event (rate: %) 42 (3.44) 53 (4.37) 47 (4.15) 78 (4.68) 76 (4.70) 75 (5.91)

Person-years 1,222 1,214 1,132 1,668 1,616 1,268

Adjusted 95% CI

Atrial fibrillation

No. of subjects: n (atrial fibrillation subjects) 449 (18) 193 (7) 32 (0) 607 (20) 210 (8) 44 (5)

No. of incidents of AF (rate: %) 18 (1.336) 7 (1.209) 0 (0) 20 (1.098) 8 (1.270) 5 (3.789)

Person-years 1,347 579 96 1,821 630 132

Adjusted 95% CI 1 0.91 (0.38–2.17) 0 1 1.16 (0.51–2.63) 3.45 (1.29–9.19)**

Diabetes

No. of subjects: n (diabetes subjects) 263 (58) 258 (70) 231 (73) 361 (104) 346 (102) 261 (78)

No. of incidents of DM (rate: %) 36 (2.97) 34 (2.77) 28 (2.48) 55 (3.27) 46 (2.79) 34 (2.60)

Person-years 1,212 1,226 1,131 1,683 1,646 1,308

Adjusted 95% CI

Hypertension

No. of subjects: n (hypertension subjects) 258 (112) 258 (115) 225 (115) 352 (163) 344 (162) 248 (124)

No. of incidents of hypertension (rate: %) 79 (6.85) 90 (7.85) 80 (7.53) 125 (7.86) 123 (7.89) 112 (9.51)

Person-years 1,153 1,147 1,063 1,591 1,558 1,178

Adjusted 95% CI

Metabolic syndrome

No. of subjects: n (Mt Syndrome subjects) 246 (98) 248 (109) 207 (86) 332 (240) 324 (231) 236 (161)

No. of incidents of Mt Syndrome (rate: %) 57 (4.99) 64 (5.53) 54 (5.20) 95 (6.03) 62 (3.99) 57 (4.71)

Person-years 1,142 1,158 1,039 1,575 1,554 1,210

Adjusted 95% CI

Kidney disease

No. of subjects: n (kidney disease subjects) 868 (93) 411 (56) 77 (14) 1,212 (141) 482 (58) 106 (22)

No. of incidents of kidney disease (rate: %) 93 (4.19) 56 (5.54) 14 (7.37) 141 (4.62) 58 (5.07) 22 (8.90)

Person-years 2,218 1,010 190 3,054 1,145 247

Adjusted 95% CI 1 1.30 (0.94–1.81) 1.74 (0.99–3.06)* 1 1.07 (0.79–1.45) 1.86 (1.19–2.92)**

Metabolic syndrome confounding factor: Age; CI, confidence interval; eGFR, estimated glomerular filtration rate. *P < 0.05; **P < 0.01.

Only significant results in cox regression analysis were presented in the table. Bold values refers to statistically significant.

with worse outcomes for patients with CVD, including acute
decompensation and chronic stable CVD. Researchers argue
that BUN may be a marker of neurohormone-activated
“renal response,” thus participating in the pathophysiological
process of CVD (9). Based on previous research findings, we
speculate that elevated BUN levels increase plasma osmotic
pressure and lead to decreased blood flow, which may be
one of the causes of kidney disease (21–24). No study has
explored whether BUN is associated with the occurrence
of CVD in a healthy population. Our study found female
subjects with higher baseline BUN (>13.51 mg/dL) had
a higher risk of AF than those with lower BUN. This

indicates that BUN is also a risk factor for AF in healthy
older people.

The main limitations of this study were its cohort design
and observational nature. During the 4-year follow-up, some
subjects dropped out of the study. Subjects with higher BUN
showed higher levels of TC, HDL, LDL, glucose, HbA1c, and
creatinine, which are also risk factors for CVD, so it is not
clear whether these factors together induced the CVD, although
they were treated as confounding factors in the analysis. In
addition, this study did not assess sufficient variables that
can alter BUN levels, such as a high protein diet, medication
usage and muscle wasting. Thus, a better designed randomised
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controlled trial is needed to further prove the current findings in
the future.

Current results indicate that BUN is a valuable
prediction biomarker of CVD. Higher BUN (>13.51
mg/dL) is associated with the increased occurrence
of AF in females and Kidney disease in both males
and females. As BUN is a commonly used clinical
indicator, it is easy to obtain; thus, it is feasible to
use BUN as a predictor of AF and kidney disease in
community populations.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Shanghai East Hospital. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

HF and ZL conceptualised and designed the study. QL, LZ, XZ,
and HW collected data. JS analysed data, drafted, and edited
manuscript. NB reviewed and commented on the manuscript.
All authors reviewed the manuscript and agreed the paper to
be submitted.

FUNDING

This work was supported by National Nature Science
Foundation of China (81670458, 81470393, and 81370434),
Shanghai Three-year plan on promoting TCM development
(ZY(2018-2020)-FWTX-2007), Key Discipline of the Health
Industry Project of Pudong Health Bureau of Shanghai
(PWZxk2017-01), three-year plan of Pudong Health Bureau
of Shanghai (PWYgf2018-05) three-year plan on TCM of
Pudong Health Bureau of Shanghai (PDZY-2018-0603), the
National Key Research and Development Program of China
(2017YFA0105600), the Science and Technology Commission
of Shanghai Municipality (17431906600), the Health Industry
Project of Pudong Health Bureau of Shanghai (No. PW2013E-1).

REFERENCES

1. Celermajer DS, Chow CK, Marijon E, Anstey NM, Woo KS. Cardiovascular

disease in the developing world: prevalences, patterns, and the potential

of early disease detection. J Am Coll Cardiol. (2012) 60:1207–16.

doi: 10.1016/j.jacc.2012.03.074

2. Roth GA,Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,

et al. Global burden of cardiovascular diseases and risk factors, 1990–2019:

update from the GBD 2019 study. J Am College Cardiol. (2020) 76:2982–3021.

doi: 10.1016/j.jacc.2020.11.010

3. Ma LY, Chen W, Gao R, Liu L, Zhu M, Wang Y, et al. China cardiovascular

diseases report 2018: an updated summary. J Geriatr Cardiol. (2020) 17:1–8.

doi: 10.11909/j.issn.1671-5411.2020.01.001

4. Smith GL, Lichtman JH, Bracken MB, Shlipak MG, Phillips CO, DiCapua

P, et al. Renal impairment and outcomes in heart failure: systematic

review and meta-analysis. J Am Coll Cardiol. (2006) 47:1987–96.

doi: 10.1016/j.jacc.2005.11.084

5. Smilde TD, Damman K, van der Harst P, Navis G, Westenbrink BD, Voors

AA, et al. Differential associations between renal function and “modifiable”

risk factors in patients with chronic heart failure. Clin Res Cardiol. (2009)

98:121–9. doi: 10.1007/s00392–008-0732-z

6. Bhatia K, Mohanty S, Tripathi BK, Gupta B, Mittal MK. Predictors

of early neurological deterioration in patients with acute ischaemic

stroke with special reference to blood urea nitrogen (BUN)/creatinine

ratio and urine specific gravity. Indian J Med Res. (2015) 141:299–307.

doi: 10.4103/0971–5916.156564

7. Matsue Y, Van Der Meer P, Damman K, Metra M, O’Connor CM,

Ponikowski P, et al. Blood urea nitrogen-to-creatinine ratio in the general

population and in patients with acute heart failure. Heart. (2017) 103:407–13.

doi: 10.1136/heartjnl-2016–310112

8. Lin HJ, Chao CL, Chien KL, Ho YL, Lee CM, Lin YH, et al. Elevated blood

urea nitrogen-to-creatinine ratio increased the risk of hospitalization and all-

cause death in patients with chronic heart failure. Clin Res Cardiol. (2009)

98:487–92. doi: 10.1007/s00392–009-0025–1

9. Kazory A. Emergence of blood urea nitrogen as a

biomarker of neurohormonal activation in heart failure. Am

J Cardiol. (2010) 106:694–700. doi: 10.1016/j.amjcard.2010.

04.024

10. Gary T, Pichler M, Schilcher G, Hafner F, Hackl G, Rief P, et al.

Elevated blood urea nitrogen is associated with critical limb ischemia

in peripheral arterial disease patients. Medicine. (2015) 94:e948.

doi: 10.1097/MD.0000000000000948

11. Faisst M, Wellner UF, Utzolino S, Hopt UT, Keck T. Elevated blood urea

nitrogen is an independent risk factor of prolonged intensive care unit

stay due to acute necrotizing pancreatitis. J Crit Care. (2010) 25:105–11.

doi: 10.1016/j.jcrc.2009.02.002

12. Arihan O, Wernly B, Lichtenauer M, Franz M, Kabisch B, Muessig J,

et al. Blood urea nitrogen (BUN) is independently associated with mortality

in critically ill patients admitted to ICU. PLoS ONE. (2018) 13:e0191697.

doi: 10.1371/journal.pone.0191697

13. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, BohmM, et al. 2013

ESH/ESC guidelines for the management of arterial hypertension: the Task

Force for the Management of Arterial Hypertension of the European Society

of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur

Heart J. (2013) 34:2159–219. doi: 10.1093/eurheartj/eht151

14. Hypertension WGoCGftMo. The 2010 Chinese guidelines for the

management of hypertension. Chinese Med Front J. (2010) 3:42–93.

doi: 10.3760/cma.j.issn.0253-3758.2011.07.002

15. Alberti KGMM, Zimmet P, Shaw J. The metabolic syndrome—

a new worldwide definition. Lancet. (2005) 366:1059–62.

doi: 10.1016/S0140–6736(05)67402–8

16. Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. Predictive

performance of the modification of diet in renal disease and cockcroft-gault

equations for estimating renal function. J Am Soc Nephrol. (2005) 16:763–73.

doi: 10.1681/ASN.2004070549

17. Sarnak M, J., Levey AS, Schoolwerth AC, Coresh J, Culleton BF, Hamm

LL, et al. Kidney disease as a risk factor for development of cardiovascular

disease. Circulation. (2003) 108:2154–69. doi: 10.1161/01.CIR.0000095676.

90936.80

18. Weng J, Ji L, Jia W, Lu JL, Zhou Z, Zou D, et al. Standards of care for

type 2 diabetes in China. Diabetes Metabolism Res Rev. (2016) 32:442–58.

doi: 10.1002/dmrr.2827

19. Zhang Y, Zhang J, Butler J, Yang X, Xie P, Guo D, et al. Contemporary

epidemiology, management, and outcomes of patients hospitalized for heart

failure in China: results from the China heart failure (China-HF) registry. J

Card Fail. (2017) 23:868–75. doi: 10.1016/j.cardfail.2017.09.014

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7 May 2021 | Volume 8 | Article 614117

https://doi.org/10.1016/j.jacc.2012.03.074
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.11909/j.issn.1671-5411.2020.01.001
https://doi.org/10.1016/j.jacc.2005.11.084
https://doi.org/10.1007/s00392--008-0732-z
https://doi.org/10.4103/0971--5916.156564
https://doi.org/10.1136/heartjnl-2016--310112
https://doi.org/10.1007/s00392--009-0025--1
https://doi.org/10.1016/j.amjcard.2010.04.024
https://doi.org/10.1097/MD.0000000000000948
https://doi.org/10.1016/j.jcrc.2009.02.002
https://doi.org/10.1371/journal.pone.0191697
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.3760/cma.j.issn.0253-3758.2011.07.002
https://doi.org/10.1016/S0140--6736(05)67402--8
https://doi.org/10.1681/ASN.2004070549
https://doi.org/10.1161/01.CIR.0000095676.90936.80
https://doi.org/10.1002/dmrr.2827
https://doi.org/10.1016/j.cardfail.2017.09.014
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Lan et al. Urea Nitrogen and Cardiovascular Disease

20. Wu F, Guo Y, Kowal P, Jiang Y, Yu M, Li X, et al. Prevalence of major

chronic conditions among older Chinese adults: the Study on Global

AGEing and adult health (SAGE) wave 1. PLoS ONE. (2013) 8:e74176.

doi: 10.1371/journal.pone.0074176

21. Schrock JW, GlasenappM, Drogell K. Elevated blood urea nitrogen/creatinine

ratio is associated with poor outcome in patients with ischemic stroke. Clin

Neurol Neurosurg. (2012) 114:881–4. doi: 10.1016/j.clineuro.2012.01.031

22. Liu J, Sun LL,Wang J, Ji G. Blood urea nitrogen in the prediction of in-hospital

mortality of patients with acute aortic dissection. Cardiol J. (2018) 25:371–6.

doi: 10.5603/CJ.a2017.0075

23. Aronson D, Hammerman H, Beyar R, Yalonetsky S, Kapeliovich

M, Markiewicz W, et al. Serum blood urea nitrogen and long-

term mortality in acute ST-elevation myocardial infarction.

Int J Cardiol. (2008) 127:380–5. doi: 10.1016/j.ijcard.2007.

05.013

24. Leibovitz A, Baumoehl Y, Lubart E, Yaina A, Platinovitz N, Segal R.

Dehydration among long-term care elderly patients with oropharyngeal

dysphagia. Gerontology. (2007) 53:179–83. doi: 10.1159/000099144

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Lan, Zheng, Zhou, Wu, Buys, Liu, Sun and Fan. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 May 2021 | Volume 8 | Article 614117

https://doi.org/10.1371/journal.pone.0074176
https://doi.org/10.1016/j.clineuro.2012.01.031
https://doi.org/10.5603/CJ.a2017.0075
https://doi.org/10.1016/j.ijcard.2007.05.013
https://doi.org/10.1159/000099144
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	The Value of Blood Urea Nitrogen in the Prediction of Risks of Cardiovascular Disease in an Older Population
	Introduction
	Design and Methods
	Statistical Analysis

	Results
	Baseline Characteristics and CVD Incidence During the Follow-Up
	Comparison Among Characteristics by Category of Baseline BUN
	Cox Regression Analysis for Cardiovascular Diseases

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


