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Abstract: Old age has been proven to be related to progressed arterial or aortic stiffness. Aortic
stiffness is an independent predictor of all-cause and cardiovascular disease mortalities in patients
who have undergone coronary artery bypass grafting (CABG) surgery. Higher serum concentrations
of adipocyte fatty-acid-binding protein (A-FABP) could be considered a predictor of aortic stiffness
in patients with hypertension or diabetes mellitus. This study aims to investigate the relationships
between A-FABP and aortic stiffness in patients who have received CABG. A total of 84 CABG
patients were enrolled in our study from September 2018 to May 2019. Serum A-FABP levels were
determined using a commercial enzyme immunoassay. Carotid–femoral pulse wave velocity (cfPWV)
> 10 m/s was defined as aortic stiffness. Of the 84 CABG patients, 28 (33.3%) with aortic stiffness had
a higher average age; exhibited higher rates of diabetes; and had higher serum creatinine, C-reactive
protein, and A-FABP levels compared to controls. Multivariable logistic regression revealed that
serum A-FABP levels (odds ratio (OR) = 1.068, 95% confidence interval (CI) 1.017–1.121, p = 0.008)
and age (OR = 1.204, 95% CI 1.067–1.359, p = 0.003) were independent predictors of aortic stiffness.
Multivariable stepwise linear regression revealed significant positive correlations of age and A-FABP
levels with cfPWV values. Serum A-FABP level is positively correlated with cfPWV values, and a
high serum A-FABP level is associated with aortic stiffness in patients who have undergone CABG.

Keywords: cardiovascular disease; aortic stiffness; adipocyte fatty-acid-binding protein; coronary
artery bypass grafting

1. Introduction

Old age has been proven to be related to progressed arterial or aortic stiffness, which
is attributed to luminal enlargement with wall thickening and a reduction in elastic prop-
erties, especially in large elastic arteries. Vascular aging is an independent risk factor for
cardiovascular diseases, from atherosclerosis to target organ damage, including coronary
artery disease, stroke, and heart failure [1].

Aortic stiffness is an independent predictor of all-cause and cardiovascular disease
mortalities, coronary events, and fatal stroke in patients who have undergone coronary
artery bypass grafting (CABG) surgery [2]. Recent evidence suggests that aortic stiffness is
associated with endothelial dysfunction, the expression of modified vascular wall matrix
proteins, the alteration of vascular smooth muscle cell numbers, and inflammation [3–5].
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Adipocyte fatty-acid-binding protein (A-FABP) is abundantly found in mature adipocytes,
activated macrophages, and dendritic cells [6]. It belongs to the superfamily of small-
molecular-weight (14 KDa–15 KDa) lipid chaperones known as fatty-acid-binding proteins
(FABPs), a group of molecules that coordinates lipid responses in cells and integrates
inflammatory and metabolic responses [7,8]. In a previous study conducted in apolipopro-
tein E-deficient mice, ablation of the A-FABP gene provided dramatic protection against
atherosclerosis in the settings of early and advanced atherosclerosis [9]. Recent studies
demonstrated that A-FABP concentration is a significant predictor of aortic stiffness in the
geriatric population, hypertensive patients, and type 2 diabetes mellites (DM) patients, and
it can also predict cardiovascular events in coronary artery disease (CAD) patients [10–13].
There is no study investigating the relationships between A-FABP and aortic stiffness in a
group of patients undergoing CABG. This study aims to present an association between
A-FABP levels and aortic stiffness in patients receiving CABG.

2. Materials and Methods
2.1. Participants

This was a cross-sectional observational study, and participants were recruited from
the cardiovascular surgery outpatient department in a single center of Hualien Tzu Chi Hos-
pital, Hualien, Taiwan, between September 2018 and May 2019. A total of 84 participants
with triple-vessel coronary artery disease (CAD) undergoing CABG were enrolled in our
study. The group was composed of 64 males and 20 females, with ages ranging from 35 to
80 years. Of these participants, 80 received traditional CABG; the 4 remaining participants
underwent off-pump CABG. This study was approved by The Research Ethics Committee,
Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (IRB107-120-A). Prior
to the study, all participants provided written informed consent. Blood pressure (BP) was
measured in the morning by trained staff using standard mercury sphygmomanometers
with appropriate cuff sizes after sitting for at least 10 min. Systolic BP (SBP) and dias-
tolic BP (DBP) were taken three times at 5 min intervals, and the data were averaged for
analysis. Hypertension was diagnosed as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg for
patients who had received any anti-hypertensive medication in the previous two weeks.
Type 2 DM was diagnosed if a patient’s fasting plasma glucose ≥ 126 mg/dL or if they
were using anti-diabetic therapy [14]. Patients were excluded if they had an acute infec-
tion, amputation, acute myocardial infarction, heart failure, or malignancy at the time of
blood sampling.

2.2. Anthropometric Analysis and Biochemical Investigations

After measuring height and body weight, body mass index (BMI) was calculated as
post-HD body weight (kg) divided by height (m) squared. Approximately 5 mL blood sam-
ples of all participants were obtained after overnight fasting for about 8 h and immediately
centrifuged at 3000 g for 10 min. Serum levels of blood urea nitrogen (BUN), creati-
nine, fasting glucose, total cholesterol (TCH), triglycerides (TGs), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), albumin, total calcium,
phosphorus, and C-reactive protein (CRP) were measured using an autoanalyzer (Siemens
Advia 1800, Siemens Healthcare GmbH, Henkestr, Germany). Serum A-FABP levels were
measured using a commercially available enzyme immunoassay (SPI- BIO, Montigny le
Bretonneux, France), and serum intact parathyroid hormone (iPTH) levels were measured
by enzyme-linked immunosorbent assays (Abcam, Cambridge, MA, USA) [10–13]. The es-
timated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.

2.3. Measurement of Aortic Stiffness by Carotid–Femoral Pulse Wave Velocity

Aortic stiffness was determined by measuring the cfPWV using a pressure applana-
tion tonometry (SphygmoCor system, AtCor Medical, New South Wales, Australia) as
previously described [10–12]. These measurements were performed in the morning, with
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the participants lying in supine position after taking a minimum of 10 min rest in a quiet
and temperature-controlled room. Recordings were made simultaneously with an ECG
signal, which provided an R-timing reference. Pulse wave recordings were performed
consecutively at two superficial artery sites (carotid–femoral segment). The carotid–femoral
distance was obtained by subtracting the distance from the carotid location to the supraster-
nal notch from the distance between the suprasternal and the femoral sites. Integral
software was used to process each set of pulse waves and ECG data to calculate the mean
time difference between R-wave and pulse wave on a beat-to-beat basis, with an average
of 10 consecutive cardiac cycles. The cfPWV was calculated using the distance and mean
time difference between the two recorded points. In this study, cfPWV values of > 10 m/s
were defined as aortic stiffness, while values ≤ 10 m/s were regarded as the control group
according to the ESH and ESC guidelines [15].

2.4. Statistical Analysis

All statistical analyses were performed using Statistical Package for the Social Sciences
(SPSS) version 19.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were tested for
normal distribution by the Kolmogorov–Smirnov test. Normally distributed variables
are expressed as means ± standard deviation, and comparisons between patients were
performed using Student’s independent t-test (two-tailed). Non-normally distributed
variables are expressed as medians and interquartile ranges, and comparisons between
patients were performed using the Mann–Whitney U test. Categorical data were analyzed
by the chi-square test, and they are presented as numbers and percentages. Variables
that were significantly associated with aortic stiffness in patients undergoing CABG were
tested for independence by multivariate logistic regression analysis. Due to the CABG
operation duration, TG, fasting glucose, BUN, creatinine, iPTH, and A-FABP were not
normally distributed; these parameters underwent logarithmic transformations with base
10 to achieve normality. Correlation between clinical variables and cfPWV values in
CABG patients was evaluated using simple linear regression analysis, and variables that
were significantly correlated with cfPWV values were tested for independence using
multivariate forward stepwise regression analysis. A level of p < 0.05 was considered
statistically significant.

3. Results

The demographic, biochemical, and clinical characteristics of the 84 CABG patients
with aortic stiffness or without aortic stiffness (control group) are summarized in Table 1.
A total of 28 participants (33.3%) comprised the aortic stiffness group. Compared to the
control group, the aortic stiffness group had a higher average age (p < 0.001) and higher
serum creatinine (p = 0.048), CRP (p = 0.034), and serum A-FABP levels (p < 0.001). Aortic
stiffness did not differ statistically by sex, hypertension, or use of statin or fibrates; however,
there were statistically significant differences in DM (p = 0.031) among CABG patients.

Multivariable logistic regression analysis of the factors significantly associated with
aortic stiffness (adopted factors: DM, age, creatinine, CRP, and A-FABP) showed that serum
A-FABP level (odds ratio: 1.068, 95% confidence interval (CI): 1.017–1.121, p = 0.008) and
age (odds ratio: 1.204, 95% CI: 1.067–1.359, p = 0.003) were independent predictors of aortic
stiffness in patients with CABG (Table 2).

Simple linear regression analysis, presented in Table 3, showed that the values
of cfPWV were significantly positively correlated with DM (r = 0.300, p = 0.006), age
(r = 0.437, p < 0.001), logarithmically transformed CRP level (log-CRP, r = 0.228, p = 0.039),
and log-A-FABP level (r = 0.568, p < 0.001). Multivariable forward stepwise linear regression
analysis of the factors significantly associated with the cfPWV values in Table 3 (adopted
factors: DM, age, log-CRP, and log-A-FABP) revealed the independent predictors of cf-
PWV values: age (β = 0.365, adjusted R2 change = 0.090, p = 0.001) and log-A-FABP level
(β = 0.467, adjusted R2 change = 0.305, p < 0.001).
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Table 1. Clinical variables of the 84 coronary artery bypass graft patients with or without aortic stiffness.

Characteristic All Participants
(n = 84)

Control Group
(n = 56)

Aortic Stiffness Group
(n = 28) p-Value

Age (years) 64.15 ± 9.84 61.43 ± 10.50 69.61 ± 5.17 <0.001
Height (cm) 162.57 ± 7.19 162.17 ± 7.57 163.38 ± 6.41 0.473

Body weight (kg) 71.27 ± 11.28 72.30 ± 11.70 69.20 ± 10.26 0.238
Body mass index (kg/m2) 26.94 ± 3.61 27.46 ± 3.70 25.88 ± 3.23 0.058

CABG operation duration (months) 32.12 (16.01–60.74) 29.60 (16.27–59.91) 36.27 (14.75–67.14) 0.868
cfPWV (m/s) 9.35 ± 2.71 7.71 ± 1.29 12.63 ± 1.62 <0.001

Systolic blood pressure (mmHg) 135.76 ± 22.10 133.93 ± 21.60 139.43 ± 23.02 0.258
Diastolic blood pressure (mmHg) 73.61 ± 14.84 75.70 ± 15.27 69.43 ± 13.24 0.068

Total cholesterol (mg/dL) 147.08 ± 37.21 146.16 ± 33.14 148.92 ± 44.88 0.751
Triglyceride (mg/dL) 125.00 (99.25–159.75) 123.50 (97.00–166.50) 130.50 (100.75–157.75) 0.835

HDL-C (mg/dL) 41.87 ± 10.72 41.80 ± 11.04 42.00 ± 10.25 0.937
LDL-C (mg/dL) 92.67 ± 26.72 92.89 ± 24.64 92.21 ± 30.95 0.913

Fasting glucose (mg/dL) 105.00 (95.00–136.00) 104.00 (94.25–135.50) 106.00 (98.00–137.50) 0.725
Blood urea nitrogen (mg/dL) 16.00 (13.25–20.00) 17.50 (13.00–22.00) 16.00 (14.00–17.75) 0.546

Creatinine (mg/dL) 1.00 (0.80–1.20) 0.90 (0.80–1.20) 1.05 (0.93–1.20) 0.048
eGFR (mL/min) 74.20 ± 18.22 76.03 ± 18.48 70.55 ± 17.46 0.196
Albumin (g/dL) 4.50 ± 0.26 4.48 ± 0.26 4.55 ± 0.25 0.248

Total calcium (mg/dL) 8.70 ± 0.37 8.73 ± 0.32 8.62 ± 0.45 0.199
Phosphorus (mg/dL) 3.54 ± 0.53 3.52 ± 0.55 3.57 ± 0.49 0.707

iPTH (pg/mL) 53.40 (39.53–65.78) 53.55 (40.35–65.35) 53.40 (39.23–77.38) 0.876
CRP (mg/dL) 0.11 (0.05-0.24) 0.10 (0.05-0.21) 0.20 (0.06-0.35) 0.034

A-FABP (ng/mL) 34.77 (25.37–40.00) 31.96 (22.90–36.70) 41.69 (35.13–57.76) <0.001
Traditional CABG, n (%) 80 (95.2) 53 (94.6) 27 (96.4) 0.717

Male, n (%) 64 (76.2) 41 (73.2) 23 (82.1) 0.365
Diabetes mellitus, n (%) 44 (52.4) 24 (42.9) 19 (67.9) 0.031

Hypertension, n (%) 47 (56.0) 30 (53.6) 17 (60.7) 0.534
Statin, n (%) 69 (82.1) 48 (85.7) 21 (75.0) 0.227

Fibrate, n (%) 6 (7.1) 5 (8.9) 1 (3.6) 0.369

Values for continuous variables are shown as mean ± standard deviation after analysis by Student’s t-test;
variables not normally distributed are shown as median and interquartile range after analysis by Mann–Whitney
U test; values are presented as number (%) and analysis by the chi-square test. CABG, coronary artery bypass
graft; cfPWV, carotid–femoral pulse wave velocity; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; iPTH, intact parathyroid hormone;
CRP, C-reactive protein; A-FABP, adipocyte fatty-acid-binding protein. cfPWV values of > 10 m/s were defined as
aortic stiffness, while values ≤ 10 m/s were defined as the control group.

Table 2. Multivariate logistic regression analysis of the factors correlated with aortic stiffness among
the 84 coronary artery bypass graft patients.

Variables Odds Ratio 95% Confidence Interval p-Value

Adipocyte
fatty-acid-binding protein,

1 ng/mL
1.068 1.017–1.121 0.008

Age, 1 year 1.204 1.067–1.359 0.003
Creatinine, 0.1 mg/dL 1.237 0.986–1.552 0.067

CRP, 0.1 mg/dL 1.146 0.870–1.508 0.333
Diabetes mellitus, present 3.410 0.842–13.802 0.087

Forward multivariate logistic regression analysis (adopted factors: diabetes mellitus, age, creatinine, C-reactive
protein, and adipocyte fatty-acid-binding protein).
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Table 3. Correlation between carotid–femoral pulse wave velocity levels and clinical variables among
the 84 coronary artery bypass graft patients.

Variables

Carotid–Femoral Pulse Wave Velocity (m/s)

Simple Regression Multivariate Regression

r p-Value Beta Adjusted R2 Change p-Value

Female −0.082 0.458 – – –
Diabetes mellitus 0.300 0.006 – – –

Hypertension −0.009 0.936 – – –
Age (years) 0.437 <0.001 0.365 0.090 0.001
Height (cm) −0.001 0.990 – – –

Body weight (kg) −0.185 0.092 – – –
Body mass index (kg/m2) −0.212 0.052 – – –

Log-operation duration (months) 0.064 0.564 – – –
Systolic blood pressure (mmHg) 0.168 0.127 – – –
Diastolic blood pressure (mmHg) −0.118 0.286 – – –

Total cholesterol (mg/dL) 0.043 0.701 – – –
Log-triglyceride (mg/dL) 0.005 0.963 – – –

HDL-C (mg/dL) −0.043 0.698 – – –
LDL-C (mg/dL) −0.003 0.980 – – –

Log-glucose (mg/dL) −0.010 0.927 – – –
Log-BUN (mg/dL) 0.018 0.868 – – –

Log-creatinine (mg/dL) 0.120 0.278 – – –
eGFR (mL/min) −0.137 0.215 – – –
Albumin (g/dL) 0.129 0.243 – – –

Total calcium (mg/dL) −0.116 0.294 – – –
Phosphorus (mg/dL) −0.008 0.942 – – –
Log-iPTH (pg/mL) 0.007 0.950 – – –
Log-CRP (mg/dL) 0.228 0.039 – – –

Log-A-FABP (ng/mL) 0.568 <0.001 0.467 0.305 <0.001

Data of operation duration, triglyceride, glucose, BUN, creatinine, iPTH, CRP, and A-FABP showed skewed
distribution and were therefore log-transformed before analysis. Analysis of data was carried out using univariate
linear regression analyses or multivariate stepwise linear regression analysis (adopted factors were diabetes
mellitus, age, log-CRP, and log-A-FABP). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; iPTH, intact
parathyroid hormone; CRP, C-reactive protein; A-FABP, adipocyte fatty-acid-binding protein.

4. Discussion

The results of our study reveal that DM, older age, and high serum CRP and high
serum A-FABP levels were more common among patients undergoing CABG in the aortic
stiffness group. Older age and serum A-FABP levels were positively correlated with cfPWV
values in patients undergoing CABG. Multivariate logistic regression analysis identified
age and serum A-FABP levels as independent predictors of aortic stiffness in patients
undergoing CABG.

Aortic stiffness is an independent predictor of cardiovascular events, and aging,
inflammation, endothelial dysfunction, vascular calcification, and advanced glycation
end-product accumulation are the mechanisms involved in the development of aortic stiff-
ness [16–18]. Aging-induced vascular change by increasing intimal-to-media thickness, aor-
tic length, and circumference reduces vascular compliance and elasticity/distensibility [18].
DM with hyperglycemia increases the accumulation of advanced glycation end products,
leading to increased aortic stiffness [16]. Inflammation-induced vascular damage leads to
arterial dysfunction and stiffening [16,19]. One of the contributing factors to aortic stiffness
in chronic kidney disease is vascular calcification [16,20]. Aortic stiffness in chronic kidney
disease shows a faster decline in kidney function and is associated with higher mortality
for individuals with normal kidney function [20]. In our study, advanced age, DM, and
log-CRP level were positively associated with cfPWV in patients receiving CABG. After
adjusting for covariates, advanced age was the independent predictor of aortic stiffness in
patients with CABG.
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A-FABP plays a critical role in the development of atherosclerosis through coordinat-
ing macrophage cholesterol trafficking and inflammatory activity [21,22]. Miyoshi and
co-workers reported that A-FABP was independently associated with coronary plaque
burden as measured by intravascular ultrasound in CAD patients [23]. In addition, A-FABP
promotes heart dysfunction by exerting a paracrine effect on cardiomyocytes, leading to
consequent heart remodeling and heart failure [24]. A higher A-FABP level was found to
be associated with higher central blood pressure and aortic stiffness, which contributed to
impaired myocardial diastolic function and the progression of heart failure [25]. Little is
known about the roles of A-FABP produced locally in the heart, the origin of A-FABP from
epicardial or perivascular fat, the level of A-FABP released into coronary circulation, and
the impact of secreted A-FABP on the development of atherosclerosis [26–28]. Epicardial
adipose tissue thickness is associated with left ventricular diastolic function in patients
undergoing coronary angiography [29]. Epicardial adipose tissue thickness is also posi-
tively associated with the aortic stiffness index, aortic distensibility, and aortic strain in
patients with primary hypertension [30]. The adverse cardiovascular effects of A-FABP
mentioned above lead to exacerbated atherosclerosis followed by aortic stiffness. Abnor-
mal A-FABP displays inflammation or lipotoxicity-associated endothelial dysfunction and
atherosclerosis, leading to arterial stiffness progression. Several studies have shown that
serum A-FABP is closely associated with the progression and severity of CAD [13,31,32]. In
our study, CABG patients with aortic stiffness had higher levels of A-FABP and tended to
be older than those without aortic stiffness. The results revealed the persistent progression
of CAD in the elderly population, with evidence that an increased A-FABP level is signifi-
cantly positively correlated with cfPWV values in patients with CABG, but the detailed
mechanisms require further study.

However, our study had several limitations. First, it was a retrospective, single-center
study with a limited number of patients undergoing CABG. Second, the postoperative
duration of monitoring A-FABP levels was not standardized. Third, the observational
design of this study prevented us from drawing any conclusions about the mechanism of
the observed statistical association between A-FABP and aortic stiffness. Larger studies are
needed to confirm our findings.

5. Conclusions

This study demonstrated that age and serum A-FABP levels were positively correlated
with cfPWV values in patients undergoing CABG. Moreover, A-FABP levels and older age
were independent risk factors associated with aortic stiffness in patients undergoing CABG.
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