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Serum adipocyte fatty acid-binding protein level
is positively associated with aortic stiffness in
nondialysis chronic kidney disease patients

A cross-sectional study

Hsiao-Yuan Su, MD?#, Bang-Gee Hsu, MD, PhD?®, Yu-Li Lin, MD#*, Chih-Hsien Wang, MD?P,
and Yu-Hsien Lai, MD, PhDab*

Abstract

Aortic stiffness (AS) is a major predictor of cardiovascular disease and mortality in patients with chronic kidney disease (CKD) Q
adipocyte fatty acid-binding protein (A-FABP) is a novel adipokine that is positively correlated with AS in the general population.
Therefore, we investigated the correlation between serum A-FABP levels and AS in nondialysis CKD patients.

Fasting blood samples and baseline characteristics were obtained in 270 patients with nondialysis CKD. Serum A-FABP
concentrations were determined by enzyme immunoassay and carotid—femoral pulse wave velocity (cfPWV) measurements were
acquired using a validated tonometry system. Patients with cfPWV >10 m/s formed the AS group, while those with values <10
m/s comprised the comparison group.

Among 270 CKD patients, 92 patients (34.1%) were in the AS group. Compared to those in the comparison group, patients
in the AS group were older (P < .001), had a higher prevalence of diabetes, along with higher serum A-FABP level (P < .001),
larger waist circumference (P = .004), and lower estimated glomerular filtration rate (P = .001) but higher levels of body fat mass
(P = .010), systolic blood pressure (P < .001), fasting glucose (P = .014), blood urea nitrogen (P = .009), and serum creatinine
(P = .004). The serum log-A-FABP level was positively associated with log-cfPWV (3 = 0.178, P = .001) in nondialysis CKD
patients and multivariable logistic regression analysis identified serum A-FABP (P = .006), age (P = .001), and systolic blood
pressure (P = .015) as independent predictors of AS in nondialysis-dependent CKD patients.

Elevated A-FABP levels may be a significant predictor of AS in nondialysis CKD patients.

Abbreviations: A-FABP = adipocyte fatty acid-binding protein, AS = aortic stiffness, BUN = blood urea nitrogen, cfPWV = carotid—
femoral pulse wave velocity, Cl = confidence interval, CKD = chronic kidney disease, Cre = creatinine, CVD = cardiovascular disease,
DBP = diastolic blood pressure, DM = diabetes mellitus, eGFR = estimated glomerular filtration rate, ESRD = end-stage renal
disease, FPG = fasting plasma glucose, IQR = interquartile range, JNK = Jun NH2-terminal kinase, LDL-C = low-density lipoprotein
cholesterol, NF-xB = nuclear factor kappa B, OR = odds ratio, SBP = systolic blood pressure, SPSS = statistical package for the
social sciences, TCH = total cholesterol, TGs = triglycerides.

Keywords: adipocyte fatty acid-binding protein, aortic stiffness, cardiovascular disease, carotid—femoral pulse wave velocity,
chronic kidney disease, vascular calcification

1. Introduction

The incidence of chronic kidney disease (CKD) has increased
worldwide and is regarded as a main public health concern in
the world. Progressive CKD leads to a higher prevalence of car-
diovascular disease (CVD) due to aortic stiffness (AS), caused by
atherosclerosis and arteriosclerosis.I'l Indeed, increased AS and
intima-media thickness are the hallmarks of arterial alterations
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among CKD patients.?! Although multidisciplinary strategies
have been used to alter the pathophysiology of atherosclerosis
and vascular calcification, cardiovascular risk among this popu-
lation remains high."!

Adipocyte fatty acid-binding protein (A-FABP) is a cytoplas-
mic lipid-binding protein that is mainly expressed in adipo-
cytes and macrophages. It is a key regulator of glucose and
lipid metabolism that is related to inflammatory and metabolic
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processes implicated in the pathophysiology of atherosclerosis
in the general population.”! Previous studies have shown that
serum A-FABP levels were positively correlated with AS in
patients with type II diabetes mellitus (DM), hypertension and
metabolic syndrome, and in the geriatric population.’~"! Serum
A-FABP levels are also an important predictor of not only coro-
nary artery disease but also progression of carotid atherosclero-
sis in the general population and in patients with end-stage renal
disease (ESRD)®’; however, it is not known if this correlation
applies to nondialysis CKD patients. Therefore, this study aimed
to assess the relationship between serum A-FABP levels and AS,
measured by carotid—femoral pulse wave velocity (cfPWV),
among nondialysis CKD patients.

2. Methods
2.1. Participants

Between January and December, 2016, we conducted a cross-sec-
tional study in the renal outpatient department of a medical
center in Hualien, Taiwan. The Protection of Human Subjects
Institutional Review Board at the Tzu Chi Hospital approved
this study. Written informed consent was obtained from each
patient before they were recruited. All of the patients from renal
outpatient department who aged 20 years or more with docu-
mented CKD and not needing dialysis according to the KDIGO
guidelines were invited to participate in the study. Patients with
acute infection, malignancy, stroke, heart failure, acute coronary
syndrome, or amputation, and those who refused to provide
informed consent were excluded from the study. A total of 270
nondialysis CKD patients were enrolled, and demographic and
medical data of the participants, including prevalence of DM,
hypertension, and glomerulonephritis, were retrieved from elec-
tronic medical records.

2.2. Anthropometric analysis

Body weight and height were measured with patients wearing
light clothing and without shoes. Body mass index was calcu-
lated as the weight in kilograms divided by the height in meters
squared. Waist circumference was measured at the midpoint
between the lowest rib and the iliac crest. Body fat mass was
measured using a single-frequency (50kHz) standard tetrap-
olar whole body bioimpedance analyzer (Biodynamic-450,
Biodynamics Corporation, Seattle) in the supine position and
computed using specific formulas supplied by the manufacturer.

2.3. Biochemical investigations

Overnight fasting blood samples (approximately 5mL) were
obtained from all participants and immediately centrifuged at
3000 g for 10 minutes. Serum levels of blood urea nitrogen
(BUN), creatinine (Cre), fasting plasma glucose (FPG), total
cholesterol (TCH), triglycerides (TGs), low-density lipoprotein
cholesterol (LDL-C), and total calcium and phosphorus were
determined using an autoanalyzer (Siemens Advia 1800, Siemens
Healthcare GmbH, Henkestr, Germany). Serum A-FABP (cat-
alog number: A05181S, PI- BIO, Montigny le Bretonneux,
France) concentration was measured using a commercially
available enzyme immunoassay.*”! Estimated glomerular filtra-
tion rate (eGFR) was calculated using the CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) equation.

2.4. Measurement of blood pressure and cfPWV

Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured in all participants in the morning with standard
sphygmomanometers and after they had rested for at least
10 minutes. Blood pressure was measured thrice at 5-minute
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intervals and averaged data were used for analysis. Applanation
tonometry (SphygmoCor system, AtCor Medical, Australia)
was used to measure cfPWV, a well-established parameter of
AS and predictor of cardiovascular risk, by transcutaneously
recording the pressure pulse waveform in the underlying artery.
Detailed procedure for using this device has been described by
us elsewhere.’71% Measurements were acquired in the morn-
ing and after the participants had rested in the supine posi-
tion for at least 10 minutes. Based on the European Society of
Hypertension (ESH) and of the European Society of Cardiology
(ESC) guidelines, we used a cfPWV cutoff value of 10 m/s to
define high or low arterial stiffness groups.!'"

2.5. Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 19.0
(SPSS Inc., Chicago, IL) was used for statistical analysis. The
Kolmogorov-Smirnov test was used to determine data distribu-
tion patterns. Normally distributed data are expressed as means
+ standard deviation, and Student independent #-test (two-
tailed) was used for comparisons between-group. Nonnormally
distributed data are expressed as median and interquartile
range (IQR), and the Mann—-Whitney U test was used for com-
parison (cfPWV, TGs, LDL-C, FPG, BUN, Cre, and A-FABP).
Categorical data were analyzed by the y>-test and data are pre-
sented as numbers and percentages. Variables that were signifi-
cantly associated with AS in univariable analysis were tested
for independence by multivariable logistic regression analysis
(adapted factors: DM, age, body fat mass, waist circumference,
SBP, FPG, BUN, Cre, eGFR, and A-FABP). Given that cfPWV,
TGs, LDL-C, FPG, BUN, Cre, and A-FABP were not normally
distributed, base 10 logarithmic transformations to achieve nor-
mality were calculated and used for analysis. Variables that were
significantly associated with cfPWV values in patients with non-
dialysis CKD were subjected to linear regression analysis and
subsequent multivariable forward stepwise regression analysis.
A receiver operating characteristic (ROC) curve was used to cal-
culate the area under the curve (AUC) to identify the value of
those significant variables predicting AS in patients with nondi-
alysis CKD by logistic regression. P <.05 was considered statis-
tically significant.

3. Results

3.1. Baseline demographics and clinical characteristics of
nondialysis CKD patients

Clinical characteristics of the 270 study participants are pre-
sented in Table 1; of these, 92 (34.1%) were classified in the AS
group, and others in the comparison group. Compared to those
in the comparison group, patients in the AS group were older
(P < .001), had a higher prevalence of DM (P = .004) but lower
eGFR (P = .001), along with greater serum A-FABP levels (P <
.001), larger waist circumference (P = .004), and higher levels of
body fat mass (P = .010), SBP (P < .001), FPG (P = .014), BUN
(P =.009), and Cre (P = .004). There were no significant differ-
ences between the 2 groups in sex ratio, comorbidities associ-
ated with hypertension, or chronic glomerulonephritis.

3.2. Correlation between AS and clinical variables

Adjustment of factors significantly associated with AS (DM,
age, body fat mass, waist circumference, SBP, FPG, BUN, Cre,
eGFR, and A-FABP) in multivariable logistic regression analysis
revealed that serum A-FABP level (odds ratio [OR] 1.044, 95%
confidence interval [CI] 1.047-1.317, P = .006), age (OR 1.062,
95% CI 1.033-1.092, P < .001), and SBP (OR 1.017, 95% CI
1.003-1.031, P = .015) were independent predictors of AS in
nondialysis CKD patients (Table 2).
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Clinical variables of the 270 chronic kidney disease patients with or without aortic stiffness.

All patients Comparison group Aortic stiffness group

Characteristics (n =270) (n=178) (n=92) Pvalue
Age () 67.01+14.27 63.86+14.80 73.11+10.89 <.001*
Height (cm) 159.46+8.98 159.65+8.84 159.08+9.09 .620
Body weight (kg) 66.72+14.82 66.47 +14.88 67.20+14.76 .703
Body mass index (kg/m?) 26.15+4.88 25.98+4.83 26.47+4.98 434
Waist circumference (cm) 86.80+11.87 85.29+11.60 89.71+11.90 .004*
Body fat mass (%) 28.74+7.90 27.85+7.98 3047 +7.47 .010*
cfPWV (m/s) 8.90 (7.18-11.03) 7.80 (6.78-8.90) 12.45 (10.90-14.45) <.001*
SBP (mm Hg) 148.11+23.89 143.90+22.16 156.27 +25.09 <.001*
DBP (mm Hg) 84.27+13.36 83.34+12.92 86.09+14.08 109
Total cholesterol (mg/dL) 157.00 (136.75-183.25) 157.50 (136.00-186.25) 154.50 (138.00-178.75) .668
Triglyceride (mg/dL) 120.0 (88.75-169.25) 116.00 (86.00-164.50) 133.00 (95.75-176.75) .082
LDL-C (mg/dL) 86.50 (68.50-113.00) 86.50 (65.00-117.00) 86.50 (73.50-103.75) .965
Fasting glucose (mg/dL) 99.50 (91.00-125.25) 98.00 (90.00-122.00) 107.00 (93.00-130.00) .014*
Blood urea nitrogen (mg/dL) 28.00 (20.00-42.00) 26.00 (19.00-38.25) 33.00 (22.25-45.50) .009*
Creatinine (mg/dL) 1.70 (1.20-2.50) 1.50 (1.10-2.40) 1.95 (1.40-2.50) .004*
eGFR (mL/min) 40.78+24.28 44.33+25.42 33.91+20.35 .001*
Total calcium (mg/dL) 8.96+0.55 8.93+0.55 9.00+0.55 .328
Phosphorus (mg/dL) 3.70+0.69 3.70+0.66 3.71+0.75 .880
A-FABP (ng/mL) 517 (3.31-8.21) 4.64 (2.92-7.65) 6.21(4.12-8.80) <.001*
Female, n (%) 119 (44.1) 83 (46.6) 36 (39.1) .239
Diabetes mellitus, n (%) 126 (46.7) 72 (40.4) 54 (58.7) .004*
Hypertension, n (%) 222 (82.2) 147 (82.6) 75(81.5) .829
Glomerulonephritis, n (%) 69 (25.6) 50 (28.1) 19(20.7) 184

Values for continuous variables are given as mean + standard deviation and tested by Student t-test; variables not normally distributed are given as median and interquartile range and tested by the Mann—

Whitney U test; values are presented as number (%) and analysis was done using the chi-square test.

A-FABP = adipocyte fatty acid-binding protein, cfPWV = carotid—femoral pulse wave velocity, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, LDL-C = low-density lipoprotein

cholesterol, SBP = systolic blood pressure.
*P < .05 was considered statistically significant.

Multivariable logistic regression analysis of the factors
correlated to aortic stiffness among 270 chronic kidney disease
patients.

0dds 95% confidence

Variables ratio interval Pvalue
Adipocyte fatty acid-binding protein, 1ng/mL ~ 1.174  1.047-1.317 .006*
Age, 1y 1.062 1.033-1.092 <.001*
Systolic blood pressure, 1 mm Hg 1.017  1.003-1.031 .015*
Diabetes mellitus, present 1.613  0.804-3.235 179
Body fat mass, 1% 1.028  0.985-1.073 211
Waist circumference, 1 cm 1.011  0.983-1.040 455
Fasting glucose, 1 mg/dL 1.006 0.997-1.016 77
Blood urea nitrogen, 1 mg/dL 0.994  0.905-1.024 712
Creatinine, 0.1 mg/dL 1.013  0.971-1.056 .560

Estimated glomerular filtration rate, 1 mL/min -~ 1.003  0.981-1.026 775

Analysis of data was done using the multivariable logistic regression analysis (adopted factors: diabetes
mellitus, age, body fat mass, waist circumference, systolic blood pressure, fasting glucose, blood urea
nitrogen, creatinine, estimated glomerular filtration rate, and adipocyte fatty acid-binding protein).

*P < .05 was considered statistically significant.

3.3. Log-A-FABP level is independently associated with
log-cfPWYV in nondialysis CKD patients

Data on simple and multivariable linear analyses of clinical
variables associated with logarithmically transformed cfPWV
(log-cfPWV) values are presented in Table 3. DM (r = 0.226,
P < .001), age (r = 0.387, P < .001), waist circumference
(r=0.234, P <.001), SBP (r = 0.407, P < .001), DBP (» = 0.210,
P =.001), log-glucose (r = 0.141, P = .020), log-BUN (r = 0.180,
P =.003), log-Cre (r = 0.220, P < .001), and log-A-FABP level
(r = 0.258, P < .001) were positively correlated, whereas female
gender (r = -0.123, P = .043), chronic glomerulonephritis
(r = -0.137, P = .025), and eGFR (r = -0.284, P < .001) were

negatively correlated. Multivariable forward stepwise linear
regression analysis of the factors significantly associated with
log-cfPWV values showed that female gender (f = -0.110,
P =.037), DM (B = 0.206, P < .001), age (B = 0.395, P < .001),
SBP (B = 0.252, P < .001), and log-A-FABP level (3 = 0.178,
P =.001) were independently associated with log-cfPWV values
(Table 3).

3.4. The diagnostic value of age, SBP, and A-FABP on AS

An ROC analysis was performed to assess the predicting value
of those significant variables associated with AS in patients with
nondialysis CKD (Table 4). The AUC was 0.688 for age (95%
CIL: 0.629-0.743, P < .001), 0.638 for SBP (95% CI: 0.578-
0.696, P < .001), and 0.694 for the A-FABP level (95% CI:
0.636-0.749, P < .001). Furthermore, the AUC of those vari-
ables’ combination revealed that age with SBP: 0.728 (95% CI:
0.671-0.780), age with A-AFBP: 0.753 (95% CI: 0.697-0.803),
SBP with A-AFBP: 0.715 (95% CI: 0.657-0.768), age, SBP, and
A-FABP: 0.762 (95% CI: 0.706-0.811), with all P < .001. The
AUC value of A-FABP is higher than that of age and SBP; in
addition, the combination of these variables has higher AUC
value than any single one.

4. Discussion

The primary finding of this cross-sectional study is that serum
A-FABP levels are higher in nondialysis CKD patients with AS
than in those without AS, and that A-FABP levels, in addition to
age and SBP, are an independent predictor of AS in this popula-
tion. The diagnostic power estimated by AUC at predicting AS
in nondialysis CKD patients is better in A-FABP level than age
or SBP; moreover, the diagnostic performance is even superior
in combination of all 3 significant variables. Furthermore, log-
serum-A-FABP levels are positively associated with log-cfPWV
values.
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Correlation between carotid-femoral pulse wave velocity levels and clinical variables among the 270 chronic kidney disease patients.

Log-cfPWV(m/s)

Simple linear regression

Multivariable linear regression

Variables r Pvalue Beta Adjusted R? change Pvalue
Female -0.123 .043* -0.110 0.009 .037*
Diabetes mellitus 0.226 <.001* 0.206 0.051 <.001*
Hypertension 0.069 .256 - - -
Glomerulonephritis -0.137 .025* - - -
Age (years) 0.387 <.001* 0.395 0.147 <.001*
Height (cm) -0.019 753 - - -
Body weight (kg) 0.081 .186 - - -
Body mass index (kg/m?) 0.101 .096 - - -
Waist circumference (cm) 0.234 <.001* - - -
Body fat mass (%) 0.114 .062 - - -
SBP (mmHg) 0.407 <.001* 0.252 0.071 <.001*
DBP (mmHg) 0.210 .001* - - -
Log-TCH (mg/dL) -0.114 .062 - - -
Log-Triglyceride (mg/dL) 0.062 310 - - -
Log-LDL-C(mg/dL) -0.111 .068 - - -
Log-Glucose (mg/dL) 0.141 .020* - - -
Log-BUN (mg/dL) 0.180 .003* - - -
Log-Creatinine (mg/dL) 0.220 <.001* - - -
eGFR (mL/min) —-0.284 <.001* - - -
Log-A-FABP (ng/mL) 0.258 <.001* 0.178 0.021 .001*

Data of carotid—femoral pulse wave velocity, TCH, triglyceride, LDL-C, glucose, BUN, creatinine, and A-FABP levels showed skewed distribution and therefore were log-transformed before analysis.
Analysis of data was done using the univariable linear regression analyses or multivariable stepwise linear regression analysis (adapted factors were female, diabetes mellitus, glomerulonephritis, age, waist

circumference, SBP, DBP, log- Glucose, log-BUN, log-Creatinine, GFR, and log-A-FABP).

A-FABP = adipocyte fatty acid-binding protein, BUN = blood urea nitrogen, ¢fPWV = carotid—femoral pulse wave velocity, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, LDL-C

= low-density lipoprotein cholesterol, SBP = systolic blood pressure, TCH = total cholesterol.
*P <.05 was considered statistically significant.

The diagnostic value of age, systolic blood pressure, and
adipocyte fatty acid-binding protein on aortic stiffness among
270 chronic kidney disease patients.

Variables AUC (95% CI) Pvalue
Age,y 0.688 (0.629-0.743) <.001*
SBP 0.638 (0.578-0.696) <.001*
A-FABP 0.694 (0.636-0.749) <.001*
Age+SBP 0.728 (0.671-0.780) <.001*
Age+A-FABP 0.753 (0.697-0.803) <.001*
SBP+A-FABP 0.715 (0.657-0.768) <.001*
Age+SBP+A-FABP 0.762 (0.706-0.811) <.001*

A-FABP = adipocyte fatty acid-binding protein, AUC = area under the curve, Cl = confidence
interval, SBP = systolic blood pressure.
*The AUC was significantly different from 0.500.

Aortic stiffening is associated with aging and many diseases
such as DM, atherosclerosis, and CKD may accelerate this pro-
cess.["1211 Collagen and elastin are the 2 main scaffolding pro-
teins that contribute to the stability, resilience, and compliance of
the vascular wall, and inflammation often causes dysregulation
of collagen and elastin, including overproduction of abnormal
collagen and/or reduced levels of normal elastin, which further
contribute to vascular stiffness.!!! Thus, aging and high SBP are
risk factors that are logically expected to accelerate develop-
ment of AS, as seen in our cohort of nondialysis CKD patients.

Multivariable stepwise linear regression analysis identi-
fied older age and higher SBP to be independently associated
with log-cfPWV values, and if AS is categorized as a surrogate
marker of coronary artery disease, knowledge on the harbingers
of AS would be valuable. Serum A-FABP has been extensively
evaluated as a biomarker of atherosclerotic diseases in the gen-
eral and geriatric populations and among those with risk factors

of atherosclerotic disease such as DM, hypertension, meta-
bolic syndrome, obesity, and CVD.5714151 Additionally, serum
A-FABP levels are a marker of atherosclerosis and a predictor
of cardiovascular mortality in ESRD patients,® and our results
in nondialysis CKD patients concur with those from previous
studies in other populations where higher serum A-FABP was
seen in individuals with AS.

Recent studies have proposed several mechanisms to explain
how A-FABP can influence metabolic status and to describe its
association with vascular dysfunction through direct and indi-
rect effects on adipose—vascular interactions. The first of these
involves the activation of A-FABP in response to inflammation
due to ER stress via the nuclear factor kappa B (NF-xB) and
c-Jun NH2-terminal kinase (JNK) pathways. This direct effect
is thought to be responsible for the pathological progression of
vasculopathy and lipotoxicity due to enhanced adipocyte insu-
lin resistance./'®'”) The second mechanism, characterized in mice
deficient in apolipoprotein E and A-FABP, is based on a marked
reduction in atherosclerotic lesions along the aorta, which was
substantiated by the observation that pharmacological inhibition
of A-FABP protected the animals against atherosclerotic plaque
formation.!''”I Taken together, these results indicate that A-FABP
itself may have proatherogenic activity. Third, an in vitro study
revealed that A-FABP causes endothelial dysfunction due to inhi-
bition of endothelial nitric oxide synthase by A-FABP-induced
suppression of insulin receptor substrate 1 and Akt expression.2”!
Additionally, chronic low-grade inflammation could result in
inhibition of basal NO synthesis, which would lead to endothe-
lial dysfunction, smooth muscle cell proliferation, and changes
in the composition of the extracellular matrix.*!! Vascular cal-
cification is also promoted by higher expression of osteoblast
markers, inflammation-induced osteogenic phenotype in smooth
muscle cells, and downregulation of fetuin-A, an inhibitor of vas-
cular calcification.?”! Moreover, the indirect effects of high serum
A-FABP that are associated with adipose—vascular interaction
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also correlate with factors that predict greater risk of CVD and
mortality, such as obesity, hypertension, insulin resistance, LDL-
C, metabolic syndrome, and type 2 DM.['52 Thus, these mecha-
nisms lend support to the clinical evidence that A-FABP levels are
positively associated with volume of coronary plaques?**! and
also explain our finding that A-FABP has a positive correlation
with AS in nondialysis CKD patients.

cfPWV is the gold standard parameter for evaluating AS
and arterial function, and is an established prognostic marker
of CVD and all-cause mortality.?>*”! A systematic review and
meta-analysis has reported a 15% increase in cardiovascular
mortality and all-cause mortality for every 1 m/s elevation
in aortic PWV.?¢ Previous studies have revealed that higher
cfPWV values are related to the presence of multiple risk fac-
tors, such as age, elevated SBP, and diabetes in CKD patients,
along with cross-talk between CVD and A-FABP.[2#2528-30]
Importantly, our results in nondialysis CKD patients are in
agreement with these results as we show that serum log-A-
FABP levels are positively associated with log-cfPWV values
in this population.

We show that DM is one of the factors that is independently
associated with log-cfPWYV, which is in agreement with the fact
that hyperglycemia can change the composition of the arterial
wall and contribute to its stiffness, in addition to its effect on
atherogenesis.®!! Mechanistically, hyperglycemia damages the
interstitial layer of the arterial wall through the generation of
advanced glycated end products that result from nonenzymatic
glycation of proteins.!!! Chronic hyperglycemia and hyperinsu-
linemia also activate the renin-angiotensin-aldosterone system,
which results in wall hypertrophy and fibrosis due to overex-
pression of the angiotensin type I receptor in vascular tissue.%?

There are several limitations to our study. First, the cross-sec-
tional design could only prove an association between serum
A-FABP and AS in nondialysis CKD patients and future long-
term prospective studies are needed to establish causality, if any.
Second, our nondialysis CKD patients came from a single medi-
cal center in Taiwan, who may not be sufficiently representative
of other population or ethnicities.

5. Conclusion

We found that the serum A-FABP level was positively correlated
with AS in nondialysis CKD patients. Serum log-A-FABP val-
ues, elevated SBP, old age, and DM were positively associated,
while female gender was negatively associated with log-cfPWV
in these patients. Serum A-FABP represents a potentially useful
predictive marker of AS in nondialysis CKD patients.
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