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Increased serum bile acid level is associated with high-risk
coronary artery plaques in an asymptomatic population detected
by coronary computed tomography angiography
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Background: There are limited data on the association between serum total bile acid level and coronary
plaque characteristics. This study investigated the relationship between serum total bile acid level and the
severity of coronary stenosis and coronary plaque features in an asymptomatic population using coronary
computed tomography angiography (CTA).

Methods: A total of 1,137 consecutive participants with no known coronary artery disease (CAD) undergoing
CTA as part of a general routine health evaluation were recruited. Serum total bile acid level and clinical
parameters were assayed. Coronary stenosis and high-risk plaques features (napkin-ring sign, low-attenuation
plaque, spotty calcification, positive remodelling) were evaluated. Associations between serum total bile acid
concentration and high-risk coronary plaques was tested through univariate and multivariate analyses.
Results: A total of 101 high-risk coronary plaques subjects and 93 controls were eligible for study inclusion.
The severity of coronary artery stenosis and high-risk coronary plaques increased with serum total bile acid
level quartiles (all P<0.001). The independent predictor of high-risk coronary plaques in multivariate analysis
was serum total bile acid level (P<0.001). Receiver operating characteristic (ROC) confirmed that serum total
bile acid concentration significantly differentiated high-risk coronary plaques [the area under the curve (AUC)
=0.876; P<0.001, with a sensitivity of 87.13% and a specificity of 86.02%].

Conclusions: Higher serum total bile acid level was associated with the severity of coronary artery stenosis

and high-risk coronary artery plaques detected by CTA in asymptomatic populations.
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Introduction of coronary atherosclerotic plaques compared with the

Acute cardiac events often develop suddenly without any conventional coronary angiography (2-4). In addition,

premonitory symptoms; therefore, it is very important coronary CTA also with considerable accuracy to detect

to identify high-risk coronary plaques in asymptomatic ruptured plaque consistent with intravascular ultrasound

patients (1). Several studies have demonstrated that
coronary computed tomography angiography (CTA) is
a rapid and reliable tool in quantifying the morphology
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(IVUS) and optical coherence tomography (OCT) (5,6).
Therefore, coronary CTA provides detailed information

about plaque morphology and composition, and may
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become the main diagnostic imaging for non-invasive
plaque characterization. Additionally, multiple studies have
shown that circulating biomarkers of lipid metabolism and
inflammation could predict high-risk coronary plaques (7).
Therefore, CTA examination combined with screening
novel circulating biomarkers for vulnerable coronary
plaques will improve diagnostic accuracy for suspected
coronary artery disease (CAD) patients.

Bile acids are a large family of molecules that have a
steroidal structure and are synthesized in the liver and are
the major component in bile (8). Bile acid has long been
recognized as an important factor in regulating lipid and
glucose metabolism which is an important step in the
progression of atherosclerosis. Bile acid have different types,
recent human studies have revealed the association between
serum total bile acid level and cardiovascular diseases
or metabolic syndrome (9-11). Nonetheless, it remains
unclear whether bile acid predicts the vulnerable plaques in
asymptomatic populations.

In this study, we aimed to evaluate the relationship of the
serum total bile acid level and high-risk coronary plaques
detected by CTA among adult individuals undergoing
routine health examination.

Methods
Study populations

All participants aged >18 years who underwent CTA using
64-slice scanner for general routine health evaluation in the
Affiliated Hospital of Xuzhou Medical University between
January 2015 and December 2017 were screened. We
excluded individuals with (I) acute chest pain; (I) a previous
history of angina or myocardial infarction; (III) previous
coronary artery revascularization; (IV) renal insufficiency
(creatinine >1.5 mg/dL); (V) with other heart disease or
malignant tumours; (VI) hepatic disorder.

Clinical study data collection

Traditional CAD risk factors and laboratory parameters
were retrospectively collected from patient’s electronic
health record in our hospital database by two different
trained personnel. CAD risk factors (age, gender,
hypertension, hyperlipidemia, diabetes, and smoking) were
queried.

Arterial hypertension was defined as a history of
high blood pressure or treatment with antihypertensive

© Journal of Thoracic Disease. All rights reserved.

Zhang et al. Serum bile acid and high-risk plaques

medications. Diabetes mellitus was defined by a fasting
plasma glucose concentration >7.0 mmol/L or by a history
diagnosis of diabetes. Dyslipidemia was manifested by
elevation of the total cholesterol, the low-density lipoprotein
(LDL) cholesterol and the triglyceride concentrations or
patients who received lipid-lowering drugs. Smoking was
defined as “current” or smoking cessation within the past
6 months.

Coronary CTA analysis

Coronary CTA images were acquired using a 256-slice
multidetector CT scanner (Philips, The Netherlands).
The CTA analysis was conducted by using the method of
the Society of Cardiovascular Computed Tomography (12).
Analysis of the CTA images was performed independently
by two experienced cardiovascular imagers who were
blind to the participants’ information. High-risk coronary
plaque features (napkin-ring sign, low-attenuation
plaque, spotty calcification, positive remodelling) in the
coronary lesions were evaluated according to the well-
established criteria (13). Napkin-ring sign was defined
as low-attenuation area adjacent to the coronary lumen,
surrounded by higher attenuation rim <130 HU (1,14).
Low-attenuation plaque was defined as a lesion with a CT
density <30 HU (15). Spotty calcification was defined as
calcific lesions <3 mm in diameter (16). Vascular positive
remodelling was reported as the ratio of vessel diameter at
lesion site to reference vessel >1.05 (5).

Biochemical investigations

Blood samples were collected in the early morning after
overnight fasting. Serum total bile acid was measured with
commercially available Enzyme-linked Immunosorbent
Assay (ELISA) Kit according to the manufacturers’
instructions. The assay range of the total bile acid ELISA
was 0-12.0 pmol/L. Meanwhile, the level of serum total
cholesterol, triglyceride, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
lipoprotein (a) (Lp[a]), apolipoproteins A and B (apo-A,
apo-B), high-sensitivity C-reactive protein (hs-CRP) and
uric acid were measured by enzymatic methods in routine

hospital laboratory.

Statistical analysis

Continuous data were presented as mean = standard
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Variables Control group (n=93) High risk plaque group (n=101) P value
Age (years) 58.68+9.27 59.06+9.67 0.14
Male gender, n (%) 69 (74.19) 67 (66.34) 0.23
Smoking, n (%) 14 (15.05) 10 (9.9) 0.28
Hypertension, n (%) 32 (34.41) 34 (33.66) 0.91
Diabetes mellitus, n (%) 25 (26.88) 29 (28.71) 0.78
Dyslipidemia, n (%) 19 (20.43) 23 (22.77) 0.69
BMI (kg/m?) 24.36+2.79 25.09+2.63 0.71
Fasting glucose (mmol/L) 4.97+0.68 5.25+0.66 0.88
Total cholesterol (mmol/L) 5.12+0.78 5.30+0.66 0.09
Triglycerides (mmol/L) 1.26+0.42 1.36+0.31 0.06
HDL-C (mmol/L), median (IQR) 1.62 (1.27,1.87) 1.70 (1.36, 1.85) 0.68
LDL-C (mmol/L) 3.01+0.68 3.07+0.62 0.54
ApoAT (g/L) 1.38+0.20 1.42+0.19 0.32
ApoB (g/L), median (IQR) 0.96 (0.84, 1.10) 0.97 (0.86, 1.13) 0.72
LP (a) (mg/L), median (IQR) 151.00 (122.50, 181.50) 168.00 (143.00, 187.00) 0.14
Uric acid (mmol/L) 237.32+84.67 244.72+92.31 0.56
hs-CRP (mg/L) 2.58+1.32 2.34+1.26 0.21
TBIL (umol/L), median (IQR) 10.65 (5.17, 13.88) 9.05 (4.16, 12.95) 0.24
DBIL (umol/L), median (IQR) 2.03 (1.08, 3.45) 2.17 (1.18, 3.85) 0.27
Bile acid level (umol/L), median (IQR) 3.16 (2.18, 4.01) 6.18 (5.29, 7.30) <0.001
Aspirin, n (%) 21 (22.58) 25 (24.75) 0.72
Statin, n (%) 17 (18.28) 21 (20.79) 0.66
ACEI/ARB, n (%) 16 (17.20) 18 (17.82) 0.91
Calcium-channel antagonist, n (%) 12 (12.90) 16 (15.84) 0.56

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, hypersensitive
C-reactive protein; TBIL, total bilirubin; DBIL, direct bilirubin; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor

blocker; IQR, interquartile range.

deviation or as median (interquartile range, IQR).
Categorical variables were given as numbers and
percentages. Differences were analyzed using the Pearson
chi-square or Fisher’s exact (for categorical variables)
and Student’s ¢-test or the Mann-Whitney U test (for
continuous variables).Univariable and multivariable logistic
regression analyses were performed to identify the factors
independently associated with high-risk plaques. Receiver
operating characteristic (ROC) curve was performed to

investigate the value of serum total bile acid level for high-
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risk coronary plaques. Statistical analyses were calculated
using SPSS25.0 (IBM, Chicago, IL) and MedCalc statistical
softwarel1.5 (MedCalc Software bvba, Ostend, Belgium),

respectively. P value <0.05 indicated statistical significance.

Results

A total of 1,137 participants undergoing CTA were
considered for eligibility. Of these, 129 participants were

excluded from analysis, including 57 subjects poor image
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Figure 1 Relationship between the serum total bile acid level and

the severity of coronary artery stenosis.

quality owing to severe calcifications or respiratory artifacts;
and 72 insufficient medical records. Therefore, 1,005
participants were finally analyzed in our retrospective
study according to the premised conditions. Among them,
101 asymptomatic patients with high-risk coronary artery
plaques. The matched controls were derived from another
93 subjects without any coronary artery plaques in the same
center at the same period.

Baseline characteristics

The clinical and biochemical characteristics of
the study participants are presented in Tzble 1. No
significant difference was found in age, gender, smoking,
hyperlipidemia, hypertension, body mass index (BMI),
fasting blood-glucose, lipid profile, uric acid, and total
bilirubin, direct bilirubin, hs-CRP, as well as medications
between the high-risk coronary plaques group and control

group.

High-risk plaque distribution analysis

Plaque analysis derived from CTA showed the prevalence of
high-risk plaque features in the 101 asymptomatic patients
(high-risk plaque group) was as follows: coronary plaque
positive remodelling was mainly found (n=42; 41.58%),
followed by low-attenuation plaque (n=30; 29.70%), spotty
calcifications (n=25; 24.75%), and napkin-ring sign (n=4;
3.96%).
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Association between serum total bile acid level and high-
risk coronary artery plaques and coronary artery stenosis

Subjects with high-risk coronary artery plaques [6.18 IQR
5.29, 7.30) pmol/L] had higher serum total bile acid level
than in the controls [3.16 (IQR 2.18, 4.01) pmol/L], and
the difference was statistically highly significant (P<0.001)
(Table 1). In addition, the level of serum total bile acid was
enhanced accompanied by increasing the severe coronary
artery stenosis, serum total bile acid level in patients with
coronary stenosis 10-50%, coronary stenosis 50-75%,
coronary stenosis >75% were [5.83 (IQR 5.02, 7.16) pmol/L],
[7.11 (IQR 6.06, 8.28) pmol/L] and [9.41 (IQR 6.83,
12.24) pmol/L], compared with coronary stenosis <10%
patients with a value of [3.70 (IQR 1.02, 5.90) pmol/L]. The
differences were significant between any two groups (P<0.001)
(Figure 1).

Logistic regression model

Predictors of high-risk coronary artery plaques
Univariate analysis revealed that BMI (OR =1.605, 95% CI:
1.007-2.558, P=0.05), fasting serum glucose level (OR =
1.726, 95% CI: 1.211-2.461, P=0.003), triglyceride level
(OR =1.531, 95% CI: 1.082-2.168, P=0.02), serum total
bile acid level (OR =6.996, 95% CI: 4.124-11.869, P<0.001)
were all significantly associated with the presence of high-
risk coronary plaques. Multivariate regression analysis
further demonstrated that serum total bile acid level (OR =
6.854, 95% CI: 3.948-11.901, P<0.001) and BMI (OR =
1.941, 95% CI: 1.055-3.569, P=0.03) were independently
associated with occurrence of high-risk coronary plaques
(Tible 2).

The relationship between the quintiles of serum total
bile acid concentration and high-risk coronary plaques
with logistic regression are presented in Table 3. With the
analyses were performed using the lowest serum total bile
acid level group as a reference. The crude ORs (95% CI)
of high-risk coronary plaques associated with the quintiles
of serum total bile acid concentration were 0.46 (0.11-
1.98), 7.91 (2.01-12.64), 37.40 (10.40-134.49) and 64.17
(14.82-277.75) (P for trend <0.001). A variety of potential
confounders were considered in the final multivariate
logistic model, and the adjusted ORs (95% CI) of high-
risk coronary plaques associated with the quintiles of serum
total bile acid concentration were 0.54 (0.12-2.43), 8.05
(2.63-24.60), 35.31 (9.69-128.68) and 57.76 (12.82-260.19)
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Univariate analysis

Multivariate analysis

Variables

OR (95% Cl) P value OR (95% ClI) P value
Age (years) 1.017 (0.724-1.430) 0.92 - -
Gender 1.459 (0.784-2.716) 0.23 - -
Smoking 1.177 (0.520-2.666) 0.70 - -
Hypertension 0.923 (0.510-1.668) 0.79 - -
Diabetes mellitus 1.096 (0.584-2.056) 0.78 - -
Dyslipidemia 1.148 (0.578-2.280) 0.69 - -
BMI 1.605 (1.007-2.558) 0.05 1.941 (1.055-3.569) 0.03
Fasting glucose 1.726 (1.211-2.461) 0.003 1.484 (0.952-2.314) 0.08
Total cholesterol 1.394 (0.932-2.083) 0.11 - -
Triglycerides 1.531 (1.082-2.168) 0.02 1.226 (0.789-1.905) 0.37
HDL-C 1.153 (0.815-1.630) 0.42 - -
LDL-C 1.048 (0.742-1.481) 0.79 - -
ApoA1 1.260 (0.887-1.789) 0.20 - -
ApoB 1.218 (0.855-1.736) 0.28 - -
LP (a) 1.255 (0.866-1.734) 0.25 - -
Uric acid 1.100 (0.777-1.557) 0.59 - -
hs-CRP 0.751 (0.527-1.068) 0.11 - -
TBIL 0.803 (0.566-1.138) 0.22 - -
DBIL 1.213 (0.853-1.723) 0.28 - -
Bile acid level 6.996 (4.124-11.869) <0.001 6.854 (3. 948-11.901) <0.001

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, hypersensitive
C-reactive protein; TBIL, total bilirubin; DBIL, direct bilirubin.

Table 3 The relationship between the quintiles of serum total bile acid concentration and high-risk coronary plaques

Quintiles of serum total bile acid concentration

. P value for
Variables
Level 1 Level 2 Level 3 Level 4 Level 5 trend

Total bile acid concentration 1.02-2.71 2.72-3.95 3.96-5.69 5.70-7.04 7.05-12.24

(Mmol/L, range)

No. of subjects 38 38 39 39 40

No. of high risk plaque 6 3 16 40 36

Model 1 Reference 0.46 7.91 37.40 64.17 <0.001
(0.11-1.98) (2.01-12.64) (10.40-134.49) (14.82-277.75)

Model 2 Reference 0.54 8.05 35.31 57.76 <0.001
(0.12-2.43) (2.63-24.60) (9.69-128.68) (12.82-260.19)

Model 1 crude. Model 2 was adjusted for age; gender; smoking; hypertension; body mass index (BMI); serum fasting blood-glucose level;
total cholesterol; low-density lipoprotein cholesterol (LDL-C); hypersensitive C-reactive protein (hs-CRP); uric acid level.
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Figure 2 Receiver operating characteristic (ROC) curve of serum total bile acid level for predicting subjects with high-risk coronary plaques
(AUC =0.876, 95% CI: 0.821-0.919; P<0.001; with a sensitivity of 87.13% and a specificity of 86.02%).

(P for trend <0.001).

ROC curves

The ROC curve was generated to detect the predictive
capabilities of serum total bile acid level for high-risk
coronary plaques. The area under the ROC curve (AUC)
of serum total bile acid level for predicting high-risk
coronary plaques among populations was 0.876 (95% CIL:
0.821-0.919; P<0.001), with a sensitivity of 87.13% and a
specificity of 86.02% (Figure 2).

Discussion

This study assessed the correlation of serum total bile acid
level with high-risk coronary plaques in the populations
with suspected but not previously diagnosed CAD. The
main finding of our study was that higher serum total
bile acid level was an independent predictor of high-risk
coronary plaques on CTA in asymptomatic individuals after
adjusting for cardiovascular risk factors.

The common risk factors for vulnerable plaques were
older age, dyslipidemia, diabetes, and a history of smoking,
however, this association did not persist in our study. A
plausible explanation for these contrary findings maybe by
differences in the study populations. Our study participants
come from general population, the number of people with
high-risk coronary plaques in this study was small, and
the sample selection might be insufficient to represent the
overall CAD disease level among adult populations.

Bile acids are the end products of cholesterol catabolism,
are synthesized in the liver and affect the balance between
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cholesterol synthesis in the liver and cholesterol excretion.
Usually, human's bodies have the ability to convert excess
dietary cholesterol to bile acid under normal circumstances.
However, the circulating bile acid concentrations are
markedly increased under pathological conditions (9,10).
Apart from its important role in regulating lipid digestion
and cholesterol metabolism, bile acid was also demonstrated
to affect vascular inflammation and atherosclerosis (17).

The present study showed that higher circulating
concentrations of total bile acid was an independent
predictor of coronary artery plaque instability, with odds
ratio being 6.854 (95% CI: 3.948-11.901, P<0.001). By
ROC curve analysis, we found that serum total bile acid
level showed its optimal cut-off value of 4.82 pmol/L, which
had a sensitivity of 87.13% and a specificity of 86.02% as
serum marker for high-risk coronary plaques in this study.

Previous studies have reported a relationship between
serum bile acid and cardiovascular conditions, including
atherosclerosis, obesity and metabolic diseases (18).
However, the exact association between serum total bile
acid level and CAD population remains controversial.
Steiner et al. reported that no difference in the serum bile
acid level between CAD patients and healthy subjects (18),
while another study by Charach et 4/. showed that the
serum total bile acid level decreased in the CAD patients
compared with controls (9). The conflicting results could be
that the criteria for CAD diagnosis and the study population
are different. Other studies also demonstrated that elevated
serum bile acids are associated with cardiac dysfunction such
as fatal arrhythmias, cardiac hypertrophy, cardiomyocyte
apoptosis and abnormal heart haemodynamics (19).

The mechanisms of bile acid in atherosclerosis has not

7 Thorac Dis 2019;11(12):5063-5070 | http://dx.doi.org/10.21037/jtd.2019.12.16


https://www.sciencedirect.com/topics/medicine-and-dentistry/cardiac-dysrhythmia

Journal of Thoracic Disease, Vol 11, No 12 December 2019

yet been elucidated. Several vitro studies have suggested
that bile acid is toxic to different kinds of cells (20-22),
and promoting endothelial cell injury by oxidative stress
and pro-inflammatory responses (23,24), and thereby
contributing to accelerated atherosclerosis. Another
in vivo study by Yamada et 4/. (25) using microminipigs,
showed that cholic acid (main components of bile acid)
could aggravate visceral obesity, atherosclerosis and non-
alcoholic fatty liver disease (NAFLD) through oxidative
stress signaling pathway and macrophage mobilization.
On the contrary, some studies have described that bile acid
receptor-farnesoid X receptor (FXR) may have a protective
role in atherosclerosis (26,27). Whether bile acid has a
pathogenic effect on the development of atherosclerosis
or it contributes to the regression of atherosclerosis is still
unclear. Therefore, large-scale randomized studies should
be conducted to investigate the role of elevation in bile acid
levels in the occurrence of high-risk coronary plaques.

The limitations of the current study should be
considered. First, this study did not address the cause-effect
relationship between circulating bile acid level and high-
risk coronary artery plaques due to a relatively small sample
size and cross-sectional nature. Second, the underlying
molecular mechanisms of the association between the bile
acid and atherosclerotic plaques remain to be explored.
Third, this is not a prospective study, the relationship
between serum total bile acid level and coronary
revascularization was not evaluated.

Conclusions

This study clearly shows that higher serum total bile acid
level was associated with the severity of coronary artery
stenosis and high-risk coronary artery plaques detected
by CTA in asymptomatic populations. This association
remained significant despite adjustment for other possible
risk factors. Further studies are still required to elucidate
the exact mechanism of bile acid in high-risk coronary
plaques.
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