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Objective: The aim of this study was to investigate the prospective association of circulating adipocyte fatty acid-
binding protein (A-FABP) levels with the development of subclinical atherosclerosis in patients with type 2 dia-
betes in an 8-year prospective study.

Methods: A total of 170 patients with newly diagnosed type 2 diabetes were recruited in the study and 133 pa-
tients completed the follow-up of 8 years. Baseline plasma A-FABP levels were measured with enzyme-linked
immunosorbent assays. The role of A-FABP in predicting the development of subclinical atherosclerosis over

Keywords: . . . .

A-FABP 8 years was analyzed using multiple logistic regression.

Atherosclerosis Results: Of the 133 patients without subclinical atherosclerosis at baseline, a total of 100 had progressed to sub-
Biomarker clinical atherosclerosis over 8 years. Baseline A-FABP level was significantly higher in patients who had
Diabetes progressed to subclinical atherosclerosis at year 8 compared with ones who had not developed subclinical ath-
Prediction erosclerosis after adjustment for sex (15.3 [12.1-23.2] versus 13.3 [10.0-18.9] ng/ml, P = 0.021). High baseline

A-FABP level was an independent predictor for the development of subclinical atherosclerosis in patients with
type 2 diabetes (odds ratio: 16.24, P = 0.022).

Conclusions: Circulating A-FABP levels predict the development of subclinical atherosclerosis in type 2 diabetes
patients.

© 2018 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Atherosclerosis is a chronic, progressive, inflammatory disease with
subclinical stage and clinical stage. Subclinical atherosclerosis, charac-
terized by thicken of artery wall and vulnerable plaque, is regarded as
the early and asymptomatic phase of atherosclerosis; while clinical ath-
erosclerosis is defined with overt manifestations such as angina, myo-
cardial infarction, stroke and vascular death.! However, if subclinical
atherosclerosis is left untreated, it can lead to clinical atherosclerosis
which continue to be the leading causes of morbidity and mortality
worldwide.?
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Patients with diabetes are at a two-fold higher risk of developing
atherosclerosis compared with subjects without diabetes.? Therefore,
identification of reliable biomarkers for prediction and stratification of
subclinical atherosclerosis is crucial for the prevention in diabetes pa-
tients. Previous studies have identified a number of potential bio-
markers for atherosclerosis,® including high sensitivity C-reactive
protein (hsCRP), interleukin-1 (IL-1), IL-6, apolipoproteins B and A-I.
However, the clinical relevance and predictive value of these bio-
markers in macrovascular complications of type 2 diabetes shows limi-
tations and remains controversial, therefore further investigations
are needed.

Adipocyte fatty acid-binding protein (A-FABP) is a 15-kD protein
which is highly expressed in mature adipocytes and macrophages
while also detectable in serum. It has been reported that increased cir-
culating A-FABP is associated with atherosclerosis.>*® A-FABP concen-
tration was found to be an independent predictor of atherosclerosis
and the progression of carotid atherosclerosis in a population-based co-
hort design.” In both Korean and Chinese patients with coronary artery
disease, the serum A-FABP levels increased as the number of stenotic
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coronary arteries increased.®° Furthermore, observational long term
follow-up studies suggested a pathogenetic role of A-FABP in athero-
sclerotic diseases in human. Peeters et al. showed that A-FABP levels
in carotid atherosclerotic lesions were associated with unstable plaque
phenotype and an increased risk for cardiovascular events during a 3-
year follow-up in patients after carotid endarteryectomy.'® Furuhashi
et al. reported that serum A-FABP was a predictor of 7-year cardiovascu-
lar mortality in 61 patients with end-stage renal disease.!! Higher A-
FABP level was associated with 10-year cardiovascular morbidity and
mortality in patients with coronary heart disease.'? Patients with type
2 diabetes not only had a higher risk for developing atherosclerosis,
but also had elevated A-FABP levels compared to control groups, 14
One report showed that A-FABP was positively associated with higher
CVD mortality among men with type 2 diabetes in a 22-year prospective
study, '® but until now there have been no clinical studies to determine
whether circulating A-FABP could be a predictor for subclinical athero-
sclerosis in type 2 diabetes.

In the current study, we performed an 8-year prospective study to
evaluate the predictive effect of circulating A-FABP levels on subclinical
atherosclerosis in patients with newly diagnosed type 2 diabetes under
an intensified, targeted and multifactorial intervention comprising be-
havior modification and polypharmacologic therapy aimed at several
risk factors.

2. Subjects and methods
2.1. Patients and study design

The patients were enrolled from the Chinese National Tenth Five
Tackling Key Project which was a multicenter study.'®!” We recruited
170 patients (87 male, 83 female, average age 53.9 + 8.6 years) with
newly diagnosed type 2 diabetes from the diabetes outpatient depart-
ment of The Second Xiangya Hospital conducted from January to Octo-
ber 2002. They were further followed up for 8 years by Diabetes
Center of The Second Xiangya Hospital, Central South University. Type
2 diabetes was diagnosed according to the American Diabetes Associa-
tion criteria.'® Inclusion criteria were: (1) disease duration <1 year;
(2) age between 35 and 70 years; (3) body mass index (BMI) between
19 and 35 kg/m?; (4) without subclinical atherosclerosis; (5) no ketosis
within the first 6 months after diagnosis; (6) 4-week wash out if treated
with insulin sensitizers; (7) no treatment of antihypertensive drugs or
lipid-lowering drugs within 2 months; (8) without subclinical athero-
sclerosis by vascular ultrasound measurement. The patients were sur-
veyed on lifestyle information (smoking, physical activity, and dietary
habits), disease history, and medications by questionnaires.

The patients were followed up for 8 years and from the first begin-
ning they were assigned to undergo intensive multifactorial interven-
tion involving strict treatment goals, to be achieved through behavior
modification and a stepwise introduction of pharmacologic therapy
overseen by doctors at our center. On average, the patients were offered
individual consultations every three months during the 8-year follow-
up. The study has been carried out in accordance with the Declaration
of Helsinki (2008) of the World Medical Association, and has been ap-
proved by the Ethics Committee of The Second Xiangya Hospital, Central
South University with the approval number 2001-Research-09. All
study subjects provided written informed consent.

2.2. Intervention methods

Diabetic diet and light-to-moderate exercise were recommended.
Patients with a BMI of 25 or more were started on metformin; those
with a BMI of <25 were started on glipizide. All agents were started on
half the maximal doses. Subsequently, the dosages were adjusted to
meet the goal of glycated hemoglobin Alc (HbA1c) levels <7.0%. Dyslip-
idemia was diagnosed as having one or more of the following criteria:
(1) fasting triglyceride (TG) =21.7 mmol/L; (2) high-density

lipoprotein-cholesterol (HDL-c) <1.30 mmol/L in female and
<1.0 mmol/L in male; (3) low-density lipoprotein-cholesterol (LDL-c)
>3.4 mmol/L; (4) already on lipid-lowering drugs according to the
United States Adult Treatment Panel III.'® Antihypertensive and lipid-
lowering medication and dosages were determined according to proto-
col guidelines. The goal of blood pressure control is lower than 130/
80 mm Hg. The goal of lipid control is based on recommendations of
the United States Adult Treatment Panel III.'° Dietary, exercise, and dia-
betes education were provided to all patients following the recommen-
dations from the American Diabetes Association.?° All patients were
prescribed aspirin unless contraindicated.

2.3. Clinical and biochemical assessment

The study started from 2002. Biochemical?' and clinical** data were
obtained every three months. After at least 10 h of overnight fasting, a
venous blood specimen was collected in the morning (around 8:00),
for the assay of biochemical parameters: plasma glucose, insulin, TG,
LDL-c, HDL-c and hsCRP.?> The anthropometric measurements (body
weight, height, waist circumference, and resting blood pressure) were
carried out. Plasma glucose was measured by hexokinase method on a
Hitachi 7170 analyzer (Boehringer Mannheim, Mannheim, Germany).
Serum cholesterol, and TG levels were determined enzymatically on
the Hitachi 7170 analyzer (Boehringer Mannheim). Serum hsCRP was
measured with an immunoturbidimetric assay on the Hitachi 7170 an-
alyzer (Boehringer Mannheim). Serum insulin was assessed by chemi-
luminescence on a Bayer 180SE Automated Chemiluminescence
Systems (Bayer AG, Leverkusen, Germany). Insulin resistance (IR) was
estimated using homeostasis model assessment (HOMA) index. Serum
lipocalin-2, RBP4 and adiponectin levels were detected with ELISA kits
(Antibody and Immunoassay Services, The University of Hong Kong,
Hong Kong). Human A-FABP was measured with an enzyme-linked im-
munosorbent assays (ELISA) kit (BioVendor Laboratory Medicine, Inc.,
Modrice, Czech Republic) as reported.?4

24. Vascular ultrasound measurement

Intima-media thickness is a marker of subclinical atherosclerosis at
the level of carotid arteries. The intima-media thickness (IMT) of com-
mon carotid, femoral and common iliac arteries on the right side were
evaluated by high-resolution B-mode ultrasound (128XP/10 system;
Acuson, Mountain View, California, USA). The measurements of IMT
were made at the site of greatest thickness. Plaque was defined as hav-
ing an IMT >1.3 mm or a focal protrusion into the lumen with a thick-
ness of at least 50% more than the adjacent intima-media complex.
Subclinical atherosclerosis was defined as having an IMT >1.0 mm
and/or plaque on one or more of the three arteries without any clinical
manifestations.®-2°

2.5. Statistical analysis

All statistical analyses were performed with Statistical Package for
Social Science Version 16.0 (SPSS 16.0, Inc., Chicago, IL). Data were
expressed as mean 4 SD or median with interquartile range as appro-
priate. Data that were not normally distributed, as determined using
Kolmogorov-Smirnov test, were naturally logarithmically transformed
before analysis. Correlations between A-FABP and biochemical variables
were analyzed with Pearson correlation or partial correlation as appro-
priate. Data comparisons between groups were performed using x?
tests for categorical variables and independent-samples t-test or univar-
iate general linear model as indicated for continuous variables. Multiple
logistic regression analysis was done to determine independent predic-
tors of the development of subclinical atherosclerosis, and included
baseline variables those were significantly different between patients
with and without subclinical atherosclerosis and were biologically likely
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to be related with atherosclerotic status. Two-sided P values < 0.05 were
considered significant.

3. Results
3.1. Plasma A-FABP and clinical parameters at baseline

Pearson correlation analysis was performed to identify the associa-
tion of plasma A-FABP levels with various clinical and biochemical pa-
rameters in type 2 diabetes subjects (n = 133). At baseline, plasma A-
FABP correlated positively with BMI, fasting insulin, HOMA-IR and
hsCRP. After adjustment for sex and age, plasma A-FABP correlated pos-
itively with BMI, waist circumference, waist hip ratio, fasting insulin,
HOMA-IR and hsCRP. Consistent with our previous reports,>*>°
women had higher plasma A-FABP levels: 19.9 [13.9-31.8] versus 12.9
[9.8-16.5] ng/ml in men; P < 0.001 (Table 1).

3.2. Plasma A-FABP was a predictor for the development of subclinical ath-
erosclerosis in type 2 diabetes over 8 years

None of the 170 newly-diagnosed patients with diabetes had sub-
clinical atherosclerosis at baseline. Among them, 133 patients com-
pleted the follow-up assessment at year 8. The main reasons for being
lost to follow-up included withdrawal of consent, emigration, changes
of address, disability and death. There were no significant differences
in any baseline parameters between the patients who finished final
visit and those who did not.

During the 8-year follow-up, a total of 100 type 2 diabetes patients
(75.2%) had developed subclinical atherosclerosis. Unexpectedly, only
baseline age, sex and plasma A-FABP were found to be different be-
tween the group with subclinical atherosclerosis and the one without
at year 8. Baseline A-FABP concentration was significantly higher in
type 2 diabetes patients who developed subclinical atherosclerosis
than those who did not develop subclinical atherosclerosis at year 8
after adjustment for sex (15.3 [12.1-23.2] versus 13.3 [10.0-18.9]
ng/ml, P = 0.021, Table 2).

Independent predictors for the development of subclinical athero-
sclerosis were identified using a multiple logistic regression model in-
cluding age, sex, BMI, smoking status, fasting insulin, glucose level,
presence of hypertension, presence of dyslipidemia and A-FABP
(Model 1, Table 3). As shown in Table 3, after adjustment for sex, age
and other factors, baseline A-FABP was a significant independent pre-
dictor for the development of subclinical atherosclerosis (OR: 16.29;

Table 1
Pearson correlations of baseline plasma A-FABP with various clinical and biochemical pa-
rameters in Type 2 diabetes patients (n = 133).

Parameters A-FABP

r P ™ PP
Age 0.078 NS
Sex 0.441 <0.001
BMI 0.299 <0.001 0418 <0.001
Waist circumference 0.170 NS 0414 <0.001
Waist hip ratio 0.020 NS 0.284 0.001
Systolic blood pressure 0.132 NS 0.106 NS
Diastolic blood pressure 0.052 NS 0.095 NS
Fasting glucose 0.005 NS —0.006 NS
Triglycerides® 0.051 NS 0.162 NS
HDL cholesterol 0.089 NS —0.095 NS
LDL cholesterol 0.129 NS 0.121 NS
Fasting insulin® 0.197 0.023 0.211 0.016
HOMA-IR? 0.171 0.048 0.175 0.047
hsCRP? 0.331 <0.001 0.243 0.005

r indicates Pearson correlation coefficient; A-FABP, adipocyte fatty acid-binding protein;
BMI, body mass index; HDL cholesterol, high-density lipoprotein cholesterol; LDL-choles-
terol, low-density lipoprotein cholesterol; hsCRP, high sensitivity C-reactive protein.

2 Log transformed before analysis.

b Adjusted for sex and age.

Table 2
Baseline clinical parameters of type 2 diabetes patients who had or had not developed sub-
clinical atherosclerosis at year 8.

Parameters subAS Non-subAS P
(n = 100) (n=33)
Age (yr) 549 4+ 85 503 £+ 7.7 0.012
Sex (M/F) 61/39 12/21 0.014
Smoking status (Ever/Never) 42/58 8/25 NS
BMI (kg/m?) 242 4+ 26 244 +£ 29 NS
Waist circumference (cm)
Men 89.6 + 85 883 + 52 NSP
Women 83.2 +£ 6.9 82.8 + 84
Systolic blood pressure 119 + 164 115 + 171 NS
(mm Hg)
Diastolic blood pressure 77 £ 9.6 76 + 11.1 NS
(mm Hg)
Fasting glucose (mmol/L) 71 +£22 74+ 1.7 NS
Fasting Insulin (mIU/L)? 14.0 (9.0-19.0) 13.0(9.0-18.0) NS
HOMA-IR* 4.1 (2.7-7.3) 4.0 (2.7-5.6) NS
Triglycerides (mmol/L)* 1.7 (1.1-2.9) 1.7 (1.2-2.6) NS
LDL cholesterol (mmol/L) 30+ 08 30+ 12 NS
HDL cholesterol (mmol/L) 1.3+ 03 14+ 03 NS
hsCRP (mg/L)* 1.7 (0.5-3.9) 1.1 (0.5-2.3) NS
A-FABP (pg/L)?
Men 15.1(10.8-31.2) 11.2(8.9-13.9) 0.021°
Women 21.1 (17.0-32.4) 13.2(10.0-17.5)
Adiponection (mg/L)?
Men 3.7 (2.6-5.7) 2.6 (2.0-4.7) NS
Women 5.3 (3.8-9.3) 5.0 (4.3-6.7)
RBP4 (mg/L)? 22.6 (19.9-25.9) 21.9 (20.1-24.8) NS
Lipocalin-2 (ug/L)? 75.9 90.2 (61.4-141.1) NS

(48.9-165.5)

subAS, subclinical atherosclerosis; M, male; F, female; BMI, body mass index; HDL choles-
terol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cho-
lesterol; hsCRP, high sensitivity C-reactive protein; A-FABP, adipocyte fatty acid-binding
protein; RBP4, retinol-binding protein 4.

@ Log transformed before analysis.

b Sex-adjusted.

95% confidence interval (CI): 1.50-176.68; P = 0.022), together with
age (P =0.012) and sex (P < 0.001). If baseline fasting glucose was re-
placed by 2-h glucose (Model 2) or HbA1c (Model 3) in the model, A-
FABP entered the models as well, serving as independent predictors
for the development of subclinical atherosclerosis (P = 0.035 and
P = 0.021, respectively).

4. Discussion

In this long-term prospective study, we provided the first clinical evi-
dence demonstrating that plasma A-FABP levels were independently re-
lated to the development of subclinical atherosclerosis in type 2 diabetes.
We performed a longitudinal study to assess the predictive value of plasma
A-FABP for future subclinical atherosclerosis during an 8-year follow-up.
Baseline plasma A-FABP levels were significantly increased in patients
who suffered from subclinical atherosclerosis 8 years later. Multiple logistic
regression analysis revealed that baseline A-FABP was a predictor for the
development of subclinical atherosclerosis in type 2 diabetes, and the pre-
dictive value of A-FABP was independent of age, sex, BMI, and other classi-
cal cardiovascular risk factors. It should be noted that our patients were
given intensive intervention for 8 years, which provided a relatively stable
metabolic environment that the effects of many other risk factors were ex-
cluded. More importantly, the presence of such a stable metabolic environ-
ment further underlined the strong capacity of A-FABP for prediction of
subclinical atherosclerosis, even in treatment populations.

A-FABP is now established as a key pro-inflammatory molecule that
links obesity, diabetes and atherosclerosis.>*~> A-FABP was initially iden-
tified as an intracellular lipid-binding protein abundantly present in
adipocytes.>* The expression of A-FABP is also detectable in
macrophages.®> A-FABP can bind to various saturated and unsaturated
fatty acids to facilitate their intracellular transport. Earlier studies on A-
FABP have been focused on its role in regulating glucose and lipid
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Table 3
Baseline predictors of the development of subclinical atherosclerosis in type 2 diabetes over 8 years, examined using multiple logistic regression.
Parameters Model 1 Model 2 Model 3
OR (95%Cl) P OR (95%CI) P OR (95%Cl) P
Age 1.08 (1.02-1.14) 0.012 1.08 (1.02-1.15) 0.008 1.08 (1.02-1.14) 0.011
Sex (female) 0.15 (0.04-0.66) 0.012 0.18 (0.04-0.79) 0.023 0.16 (0.04-0.68) 0.014
BMI 0.88 (0.72-1.07) 0.198 0.87 (0.71-1.07) 0.175 0.87 (0.71-1.07) 0.194
Smoking status 1.07 (0.25-4.54) 0.926 1.27 (0.29-5.58) 0.756 1.09 (0.26-4.63) 0.908
Fasting insulin® 1.00 (0.14-7.33) 0.997 1.03 (0.14-7.58) 0.979 0.94 (0.13-6.92) 0.955
Fasting glucose 0.93 (0.76-1.14) 0.491 - - - -
2-h glucose - - 0.99 (0.79-1.24) 0.923 - -
HbA1c - - - - 1.07 (0.88-1.30) 0.487
Presence of hypertension 0.93 (0.29-2.99) 0.908 0.95 (0.30-3.06) 0.934 0.90 (0.28-2.89) 0.865
Presence of dyslipidemia 1.23 (0.43-3.55) 0.701 1.23 (0.42-3.61) 0.710 1.17 (0.40-3.42) 0.781
A-FABP? 16.24 (1.50-176.06) 0.022 12.88 (1.20-137.92) 0.035 16.21 (1.53-172.20) 0.021

Multiple logistic regression models: 1. Model 1 included age, sex, BMI, smoking status, fasting insulin, fasting glucose, presence of hypertension, presence of dyslipidemia and A-FABP. 2.
Model 2 replaced fasting glucose by 2-h glucose. 3. Model 3 replaced fasting glucose by HbA1c. A-FABP remained a significant independent predictor for the development of subclinical

atherosclerosis in all three models.
¢ Log transformed before analysis.

metabolism. Nevertheless, the most striking phenotypic change observed
was the remarkable resistance to atherosclerosis in the animal model of
apolipoprotein E (apoE)-deficient mice with A-FABP deficiency.>®
Targeted disruption of the A-FABP gene caused approximately 88% reduc-
tion of atherosclerotic lesion throughout aorta in apolipoprotein E deficient
(apoE—/—) mice.>® This A-FABP deficiency-mediated protection against
atherogenesis persisted even when the animals were kept on a hypercho-
lesterolemic Western diet.” Furthermore, when mice were challenged
with a high-fat atherogenic diet for 1 year, the survival rates of apoE—/—
mice null for A-FABP were 67% higher than those of apoE—/— control
mice, primarily due to the increased stability of atherosclerotic plaques.>®
Treatment of apoE—/— mice with A-FABP selective inhibitor
BMS309403 led to approximately 50% less atherosclerotic lesions in the
aorta compared to the vehicle-treated group,® suggesting that the phar-
macological inhibition of A-FABP might represent an effective therapeutic
strategy for treatment of atherosclerosis. These results suggest that A-FABP
is a major mediator of atherosclerotic in mice. In humans, A-FABP is
expressed in monocytes on PPARgamma activation,>® and oxidized LDL
has been shown to induce A-FABP expression in human THP-1 macro-
phage cell lines.*° Furthermore, a genetic variant at A-FABP locus with re-
duction in A-FABP expression reduced the risk for cardiovascular disease
and type 2 diabetes in a population genetic study.*' Circulating A-FABP
was found to be significantly associated with a greater risk of atheroscle-
rotic diseases in several clinical studies. Agardh et al. collected endarterec-
tomy samples from patients undergoing surgery for symptomatic and
asymptomatic carotid stenosis prospectively and found out expression of
A-FABP was increased at the mRNA level in unstable plaques.*? Further in-
vestigations carried out by Furuhashi et al. showed localization of A-FABP
to macrophage population via immunohistochemical analyses of endarter-
ectomy samples; subsequently they proved that A-FABP locally produced
by epicardial/perivascular fat and macrophages in vascular plaques con-
tributed to the development of coronary athersosclerosis.**> These results
suggest that A-FABP may play a causative role in the development of ath-
erosclerotic diseases in humans, serving as a key factor connecting vascular
and cellular lipid accumulation to inflammation.

The relationship of A-FABP with metabolic disease has been well
demonstrated in preclinical* and several clinical studies, which might
partly explain the impact of A-FABP on subclinical atherosclerosis. Xu
et al. demonstrated that A-FABP levels were not only associated with in-
sulin resistance, adiposity, dyslipidemia and glucose tolerance parame-
ters, but also predicted the development of the metabolic syndrome and
type 2 diabetes in 5-year and 10-year prospective studies.'*-?42> [n
agreement with these findings, we found that BMI, waist circumference,
waist hip ratio, fasting insulin, HOMA-IR and hsCRP were associated
with A-FABP after adjustment for sex and age.

However, our study has some limitations. Firstly, this study only in-
cluded subjects with type 2 diabetes. Even though we evaluated the

predictive effect of plasma A-FABP for subclinical atherosclerosis, the
predictive effect in the general population should be further studied in
population-based studies. Secondly, due to the relatively low number
of the specimens, the cut-off point of plasma A-FABP as a predictor is
still unclear in the present study, which should be determined in a
larger cohort. Thirdly, ultrasound can assess only the structural changes
in arteries, but not the vascular inflammatory status or qualitative as-
sessment. Therefore, fluorodeoxyglucose positron emission tomogra-
phy and virtual histology-intravascular ultrasound may provide more
precise data on the vascular inflammation and plaque components.

5. Conclusion

In summary, our study found that type 2 diabetes patients who devel-
oped subclinical atherosclerosis 8 years later had higher baseline circulat-
ing A-FABP levels, and demonstrated that circulating A-FABP could serve
as an independent predictor for the development of subclinical athero-
sclerosis in type 2 diabetes patients. Our data, in conjunction with previ-
ous animal and clinical studies, supports an important role of A-FABP in
the development of atherosclerosis in the context of type 2 diabetes.
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BMI body mass index

HbAlc  hemoglobin Alc
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IR insulin resistance
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IMT intima-media thickness

apoE apolipoprotein E
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