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Abstract

Aims Systemic metabolic impairment is the key pathophysiology of heart failure (HF) with preserved ejection fraction
(HFpEF). Fatty acid-binding protein 4 (FABP4) is highly expressed in adipocytes and secreted in response to lipolytic signals.
We hypothesized that circulating FABP4 levels would be elevated in patients with HFpEF, would correlate with cardiac struc-
tural and functional abnormalities, and could predict clinical outcomes.

Methods and results Serum FABP4 measurements and echocardiography were performed in patients with HFpEF (n = 92)
and those with coronary artery disease free of HF (n = 20). Patients were prospectively followed-up for a composite endpoint
of all-cause mortality or HF hospitalization. Compared with patients with coronary artery disease, those with HFpEF had higher
FABP4 levels [12.5 (9.1-21.0) vs. 43.5 (24.6-77.4) ng/mL, P < 0.0001]. FABP4 levels were associated with cardiac remodelling
(left ventricular mass index: r = 0.29, P = 0.002; left atrial volume index: r = 0.40, P < 0.0001), left ventricular systolic and
diastolic dysfunction (global longitudinal strain: r = —0.24, P = 0.01; E/e’ ratio: r = 0.29, P = 0.002; and N-terminal pro-
B-type natriuretic peptide: r = 0.62, P < 0.0001), and right ventricular dysfunction (tricuspid annular plane systolic
excursion: r = —0.43, P < 0.0001). During a median follow-up of 9.1 months, there were 28 primary endpoints in the
HFpEF cohort. Event-free survival was significantly decreased in patients with FABP4 levels >43.5 ng/mL than in those with
FABP4 levels <43.5 ng/mL (P = 0.003).

Conclusions Serum FABP4 levels were increased in HFpEF and were associated with cardiac remodelling and dysfunction,
and poor outcomes. Thus, FABP4 could be a potential biomarker in the complex pathophysiology of HFpEF.
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Introduction these abnormalities, such as metabolic co-morbidities,

cellular senescence, endothelial dysfunction, systemic

Approximately one-half of the patients with heart failure (HF)
have a preserved left ventricular (LV) ejection fraction
(HFpEF), and the prevalence of this syndrome is increasing
at an alarming pace in developed countries.® Recent studies
have clarified that HFpEF is a complex and heterogeneous
syndrome. Patients with HFpEF have multiple cardiac and
extracardiac abnormalities and several factors that drive

inflammation and fibrosis, and alterations in nitric oxide—
cyclic guanosine monophosphate—protein kinase G signalling
pathways.> However, the underlying mechanisms remain
unclear.

Adipose tissue is an endocrine organ that actively secretes
cytokines and adipokines, which contribute to obesity-related
metabolic and cardiovascular diseases.® Fatty acid-binding
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protein 4 (FABP4), which is also known as adipocyte fatty
acid-binding protein and adipocyte protein 2, is one of the
most abundant proteins in adipocytes and primarily acts as
an intracellular lipid chaperone.* During the last decade,
numerous human studies have shown that higher serum
FABP4 levels are observed in various immunometabolic
diseases, including type 2 diabetes, metabolic syndrome,
non-alcoholic fatty liver disease, atherosclerosis, acute
myocardial infarction, stroke, and cancer.””” Although the
associations are robust, the role of FABP4 in disease
pathogenesis remains enigmatic.

Studies using FABP4 loss-of-function or gain-of-function
models in mice showed that FABP4 induces inflammatory
cytokines, reduces myocardial contraction, induces lipid accu-
mulation in cardiomyocytes, and inhibits endothelial nitric
oxide synthase.®™*! Despite the growing number of studies
suggesting the extracellular function of FABP4 in the cardio-
vascular system, whether secreted FABP4 plays a hormonal
role remains unclear.

Fatty acid-binding protein 4 is secreted from adipocytes in
response to increased lipolytic signals that are elicited by cat-
echolamine and natriuretic peptides.*® Circulating FABP4
levels are increased during a bout of exercise in humans,
and an induction of FABP4 is highly correlated with that of
norepinephrine and work load, as assessed by cardiopulmo-
nary exercise test.'> Adrenergic hyperactivation is the hall-
mark of HF, and adipose tissue lipolysis may be profoundly
activated in HF.'* However, whether FABP4 has a potential
as a biomarker for HFpEF remains unknown.

Hence, we sought to examine whether circulating FABP4
levels would be elevated in patients with HFpEF and to deter-
mine whether the magnitude of elevation would correlate
with cardiac structural and functional abnormalities and
clinical outcomes in patients with HFpEF.

Methods
Study population

Patients with HFpEF [ejection fraction (EF) >45%] (HFpEF
group) who were admitted to Gunma University Hospital
between 2015 and 2018 were enrolled in this prospective
study. Given the known difficulties in diagnosing HFpEF and
to ensure the unequivocal presence of HFpEF, we ensured
that all patients in this study had been recently hospitalized
for HF that was treated with intravenous diuretics. Patients
with reduced EF (EF < 45%), valvular heart disease (greater
than moderate left-sided regurgitation and greater than mild
stenosis), unstable coronary disease or recent revasculariza-
tion, constrictive pericarditis, high-output HF, or cardiomyop-
athy were excluded. All patients who were in a compensated
state, that is, whose recent worsening HF had been resolved

with diuretics, underwent clinical history taking, blood
sampling, and resting echocardiography.

Patients free of HF who were referred for coronary angiog-
raphy for angina pectoris evaluation (n = 9) or follow-up after
percutaneous coronary intervention (n = 11) were included as
a comparator group [coronary artery disease (CAD) group,
n = 20]. The CAD group had no evidence of elevated LV filling
pressures based on echo-Doppler findings or natriuretic pep-
tide levels. Written informed consent was obtained from all
patients before study participation. This study was approved
by the Gunma University Hospital Clinical Research Review
Board. The authors had full access to the data and take
responsibility for data integrity. The investigation conforms
to the principles outlined in the Declaration of Helsinki.

Biomarker measurements

Venous blood samples were obtained from the patients after
an overnight fast. Serum haemoglobin, creatinine, glucose,
lipid profiles, and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels were measured using routine automated
laboratory procedures. Serum FABP4 levels were measured
using a commercially available enzyme-linked immunosorbent
assay kit (BioVendor R&D, Modfice, Czech Republic). As spec-
ified by the manufacturer, the lower limit of detection of
serum FABP4 was 0.05 ng/mL. The accuracy and reproducibil-
ity of the kit have been described previously. The intra-assay
and inter-assay coefficients of variation were 3.7-6.4% and
2.6-5.3%, respectively.®> Serum levels of interleukin-6 (IL-6)
and tumour necrosis factor (TNF)-a were also measured using
sandwich enzyme-linked immunoassays (R&D Systems, Min-
neapolis, MN, USA). The reported intra-assay and inter-assay
coefficients of variation were 1.6-4.2% and 3.3-6.4% for IL-6
and 2.2-3.0% and 7.3-8.4% for TNF-a, respectively.

Assessment of cardiac structure and function

Two-dimensional, M-mode, Doppler and tissue Doppler echo-
cardiography were performed within 2 days of blood sam-
pling. Echocardiographic measurements were performed
according to the American Society of Echocardiography
guidelines.™ LV systolic function was evaluated using systolic
mitral annular tissue Doppler velocity (s') and global longitudi-
nal strain (GLS). Speckle tracking analyses were performed
offline with commercially available software (EchoPAC PC,
GE, Milwaukee, WI, USA). We reported the absolute GLS
values to avoid unnecessary confusion. Moreover, LV
diastolic function was assessed using transmitral velocities
[early and late diastolic inflow velocities (E and A) and
deceleration time of the E (DecT)], early diastolic septal mitral
annular tissue velocity (e'), and E/e’ ratio. Maximum left atrial
(LA) volume was calculated using the method of discs. LA
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volume and LV mass were indexed to the body surface area.
The ratio of E/e’ and LV end-diastolic volume was determined
as non-invasive estimates of LV stiffness.'® Right ventricular
(RV) diameters were measured at end-diastole using
RV-focused views. RV systolic function was assessed by
tricuspid annular plane systolic excursion (TAPSE).

Outcome assessment

Patient follow-up was initiated on the day of blood sampling.
The primary composite endpoint of this study was the first
occurrence of all-cause mortality or HF hospitalization. HF
hospitalization was defined as dyspnoea and pulmonary
oedema on chest radiographs, requiring intravenous diuretic
treatment. Investigators obtained follow-up data from the
patient medical records, telephone interviews, and notices
of death from other hospitals.

Statistical analysis

Data are reported as mean (standard deviation), median
(inter-quartile range), or number (%), unless otherwise
specified. Between-group differences were compared using
an unpaired t-test, Wilcoxon rank-sum test, or Xz test, as

Table 1 Baseline characteristics

appropriate. Pearson’s or Spearman’s correlation coefficient
was used to assess relationships between two variables of
interest, as appropriate. Event-free rates were assessed using
Kaplan—Meier curve analysis, and the prognostic value was
determined using Cox proportional hazards models, in which
non-normally distributed data were log transformed. Given
the limited number of events, the independence and robust-
ness of FABP4 were assessed using progressive models. All
tests were two sided, with P values <0.05 considered statis-
tically significant. All analyses were performed using JMP
14.0.0 (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

Age was similar between the HFpEF and CAD groups (Table 1).
Compared with patients in the CAD group, those in the HFpEF
group were predominantly female and anaemic and had a
higher prevalence of atrial fibrillation (AF). The prevalence of
dyslipidaemia and CAD was lower in the HFpEF group. In
striking contrast to Western HFpEF populations, overweight/
obesity was rare (23%) in the HFpEF population in our study,
which is consistent with the findings from a recent Asian

CAD (n = 20) HFpEF (n = 92) P value
Age (years) 703 £ 7.8 73.0 £ 12.8 0.4
Female, n (%) 6 (30) 54 (59) 0.02
Body surface area (mz) 1.65 = 0.20 1.50 = 0.20 0.003
Body mass index (kg/mz) 22.7 £ 3.5 22.3 + 3.6 0.7
Overweight/obesity, n (%) 4(20)/1 (5) 19 (21)/2 (2) 0.8
NYHA Class I/II/Ill, n (%) — 48 (52)/36 (39)/8 (9) —
Co-morbidities
Diabetes mellitus, n (%) 7 (35) 25 (27) 0.5
Hypertension, n (%) 14 (70) 66 (72) 0.9
Dyslipidaemia, n (%) 13 (65) 32 (36) 0.02
Atrial fibrillation, n (%) 2 (10) 42 (47) 0.003
Coronary artery disease, n (%) 19 (95) 30 (34) <0.0001
Medications
ACEI or ARB, n (%) 9 (45) 47 (52) 0.6
Beta-blocker, n (%) 7 (35) 43 (47) 0.3
Loop diuretic, n (%) 0 (0) 68 (77) <0.0001
Aldosterone blocker, n (%) 0 (0) 45 (51) <0.0001
Any diuretic, n (%) 0 (0) 74 (80) <0.0001
Laboratories
Haemoglobin (g/dL) 13.2 1.7 11.5+2.0 0.0006
Glucose (mg/dL) 106.0 (87.5-137.8) 112.5 (96.0-164.8) 0.5
eGFR (mL/min/1.73 mz) 68.9 = 15.1 534 = 31.5 0.04
LDL cholesterol (mg/dL) 109.6 + 31.8 91.8 +£ 31.2 0.03
HDL cholesterol (mg/dL) 48.6 + 12.7 46.7 + 15.8 0.6
Triglyceride (mg/dL) 103.0 (82.5-140.0) 92.0 (66.0-132.0) 0.3
Interleukin-6 (pg/mL) 2.8 (2.2-4.3) 17.4 (9.3-27.6) <0.0001
TNF-a (pg/mL) 6.3 (4.9-8.0) 14.2 (10.3-27.5) <0.0001
NT-proBNP (pg/mL) 193.5 (103.0-303.3) 1395.0 (756.3-3640.0) <0.0001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; eGFR, estimated glomer-
ular filtration rate; HDL, high-density lipoprotein; HFpEF, heart failure with preserved ejection fraction; LDL, low-density lipoprotein; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; TNF, tumour necrosis factor.

Data are mean =+ standard deviation, median (inter-quartile range), or n (%).
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HFpEF registry.” Compared with patients with CAD, those
with HFpEF were more frequently treated with loop diuretics
and aldosterone blockers. Low-density lipoprotein cholesterol
and estimated glomerular filtration rate were lower, and IL-6,
TNF-0, and NT-proBNP levels were higher in the HFpEF group
than in the CAD group.

Cardiac structure and function

Systolic, diastolic, and mean blood pressures and heart rate
were similar between the two groups (Table 2). The HFpEF
group had larger LV end-diastolic volume and mass indices
than the CAD group. The LVEF, s, and GLS were significantly
lower in the HFpEF group, suggesting impaired LV contractile
function. Moreover, compared with the patients with CAD,
those with HFpEF displayed an impaired LV diastolic function,
with higher mitral E-wave and E/e’ ratio and larger LA volume
index. RV mid-diameter was larger, and RV systolic function
based on TAPSE was lower in patients with HFpEF than in those
with CAD.

Fatty acid-binding protein 4 levels in heart failure
with preserved ejection fraction and their
correlations with clinical and echocardiographic
markers

Overall, FABP4 levels tended to be higher in women than in
men [40.4 (23.4-75.3) vs. 27.3 (13.5-70.3) ng/mL, P = 0.07]

Table 2 Cardiac structure and function

and were significantly higher in patients with AF than in those
without [62.5 (30.3-85.7) vs. 26.2 (14.4-46.8) ng/mL,
P < 0.0001]. Compared with patients with CAD, those
with HFpEF showed significantly higher FABP4 levels [12.5
(9.1-21.0) vs. 43.5 (24.6-77.4) ng/mL, P < 0.0001; Figure 1].
FAPB4 levels remained significantly higher in HFpEF than in
CAD after adjusting for sex, AF, diuretics use, LVEF,
haemoglobin levels, and renal function (estimated glomerular
filtration rate) (P = 0.0009).

Fatty acid-binding protein 4 levels were highly correlated
with IL-6 (r = 0.79, P < 0.0001) and TNF-a levels (r = 0.67,
P < 0.0001; Figure 2). Serum FABP4 levels were also corre-
lated with greater LV mass index (r = 0.29, P = 0.002), higher
tricuspid regurgitation velocity (r = 0.33, P = 0.002) and E/e’
ratio (r = 0.29, P = 0.002), and larger LA volume index
(r = 0.40, P < 0.0001; Figure 3A). Moreover, higher FABP4
levels were correlated with NT-proBNP levels (r = 0.62,
P < 0.0001; Figure 3B) and increased LV stiffness (r = 0.30,
P = 0.006). These results consistently suggest an association
between FABP4 and LV diastolic dysfunction. By contrast,
FABP4 levels were unrelated to LV systolic function as
assessed by EF (P > 0.1), although they were related to s’
(r=-—0.19, P = 0.04) and GLS (r = —0.24, P = 0.01). The asso-
ciation between FABP4 levels and LV diastolic function also
remained significant in patients with HFpEF only (LV mass in-
dex, r = 0.21; LA volume index, r = 0.21; LV stiffness, r = 0.30;
and NT-proBNP, r = 0.50; all P < 0.05). Patients with HFpEF
with FABP4 > 150 ng/mL (n = 12) exhibited more severe ab-
normalities in diastolic function, with a trend towards larger

CAD (n = 20) HFpEF (n = 92) P value
Haemodynamics
Systolic BP (mmHg) 120.8 + 15.7 126.1 = 22.0 0.3
Diastolic BP (mmHg) 67.2 = 8.1 67.1 +12.9 1.0
Mean BP (mmHg) 85.0 + 8.5 86.8 + 14.2 0.6
Heart rate (b.p.m.) 70.5 £ 129 74.0 = 14.8 0.3
LV structure and function
LV end-diastolic volume index (mL/m?) 43.1 £ 15.0 61.4 = 20.3 0.004
LV mass index (g/mz) 89.1 + 16.4 108.9 + 30.4 0.006
LV ejection fraction (%) 65.6 £ 6.9 57.8 £ 9.4 0.0007
LV global longitudinal strain (%) 205+ 4.4 13.9+44 <0.0001
Diastolic function
Mitral E wave (cm/s) 62.6 = 16.0 87.5 £ 29.0 0.0003
Mitral A wave (cm/s) 82.5 + 20.3 83.0 + 26.2 0.9
Deceleration time (ms) 259.1 + 65.1 207.0 = 68.9 0.003
Mitral annular e’ (cm/s) 52 +1.1 52 +1.7 0.9
s' velocity (cm/s) 6.7 1.3 54+16 0.002
E/e’ ratio 11.4 (9.7-14.3) 17.6 (12.9-22.7) <0.0001
LA volume index (ml/m?) 249 =97 54.6 * 26.7 <0.0001
TR velocity (m/s) 21 +04 2.6 £05 0.0008
RV structure and function
RV basal diameter (mm) 33.0+6.3 35.8 + 6.9 0.1
RV mid-diameter (mm) 24.0 £ 4.5 279 £ 6.1 0.007
RV long diameter (mm) 63.4+59 62.2 + 8.3 0.5
TAPSE (mm) 22.2 + 3.2 16.4 £ 4.9 0.0005

A wave, late diastolic mitral inflow velocity; BP, blood pressure; CAD, coronary artery disease; E wave, early diastolic mitral inflow velocity;
', early diastolic mitral annular tissue velocity; HFpEF, heart failure with preserved ejection fraction; LA, left atrial; LV, left ventricular; RV,
right ventricular; s', systolic mitral annular tissue velocity; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
Data are mean = standard deviation or median (inter-quartile range).
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Figure 1 Comparison of fatty acid-binding protein 4 (FABP4) levels be-
tween heart failure with preserved ejection fraction (HFpEF) and coro-
nary artery disease (CAD) groups. Compared with patients with CAD,
those with HFpEF had higher FABP4 levels. Even after adjustment for
sex, atrial fibrillation, diuretics use, left ventricular ejection fraction,
haemoglobin levels, and renal function, the association remained signifi-
cant (P = 0.0009). Red closed circle indicates men with HFpEF; red open
circle, women with HFpEF; black closed square, men with CAD; and black
open square, women with CAD.
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350- .
_, 3004 o
£ 250 °
m o
S 200- XS
. )
5 1501 °
2 .
0 100 000:29:::)."
50- . —conBEogata oo
Sooe® Wwoo Coatad
0 “El!ﬁjﬂlln 'o?u“

CAD HFpEF

LV mass index (124.4 + 42.9 vs. 106.6 + 27.7 g/m?, P = 0.06)
and LA volume index (68.1 + 38.3 vs. 52.6 + 24.2 mL/m?,
P = 0.06), and significantly higher NT-proBNP levels [7050.0
(1540.0-15375.0) vs. 1260.0 (647.5-3332.5) pg/mL,
P = 0.002]. Higher FABP4 levels were also correlated with
lower TAPSE (r = —0.43, P < 0.0001).

Prognostic impact of fatty acid-binding protein 4
in heart failure with preserved ejection fraction

The status of four patients who declined to participate dur-
ing the follow-up (n = 1) or were lost to follow-up (n = 3)
was unknown. In the remaining 88 patients with HFpEF,
there were 28 primary endpoints (6 all-cause mortality and
22 HF hospitalizations) over a median follow-up of
9.1 months (inter-quartile range 1.3-26.0). Compared with
the patients with HFpEF with FABP4 levels below the median
value (<43.5 ng/mL), those with FABP4 levels above the me-
dian value (>43.5 ng/mL) had a higher prevalence of AF and
renal dysfunction, and higher NT-proBNP, IL-6, and TNF-a
levels, with a tendency towards larger LA volume index
(Supporting Information, Table S1); nevertheless, age, sex,
body mass index, other co-morbidities, and the use of neu-
rohormonal blockers were similar. Moreover, Kaplan—-Meier
analyses showed that event-free survival was significantly
decreased in patients with FABP4 levels >43.5 ng/mL than
in those with FABP4 levels <43.5 ng/mL (log-rank
P = 0.003; Figure 4). In an unadjusted Cox hazard model, el-
evated FABP4 levels were associated with a two-fold in-
creased risk of worsened outcomes (hazard ratio per 1
unit = 2.16, 95% confidence interval, 1.32—-3.51; P = 0.002).
FABP4 remained an independent predictor in each multivar-
iable Cox model (Table 3).

Sensitivity analysis

We performed a sensitivity analysis excluding patients with
HFpEF with EF of 45-49% (n = 11). FABP4 levels remained

Figure 2 Correlation of fatty acid-binding protein 4 (FABP4) levels with (A) interleukin-6 (IL-6) and (B) tumour necrosis factor-a. (TNF-a)). FABP4 levels

were correlated with IL-6 and TNF-a.
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Figure 3 Fatty acid-binding protein 4 (FABP4) levels, left atrial (LA) size, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels. Increases in
FABP4 levels were correlated with (A) larger LA volume index and (B) higher NT-proBNP levels. Other abbreviations as in Figure 1.
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Figure 4 Kaplan—Meier curve analysis for predicting a composite outcome. Compared with patients with HFpEF with FABP4 levels below the median
value (<43.5 ng/mL), those with higher FABP4 levels (>43.5 ng/mL) had an increased risk of a composite endpoint of all-cause mortality or hospital-

ization due to heart failure. Abbreviations as in Figure 1.
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higher in patients with HFpEF with EF > 50% than in those P < 0.0001), GLS (r = —0.31, P = 0.002), and TAPSE

with CAD [46.7 (25.8-78.6) vs. 12.5 (9.1-21.0) ng/mL,
P < 0.0001]. Consistent with the findings from the primary
analyses, FABP4 levels were correlated with LV mass index
(r =0.30, P = 0.002), LA volume index (r = 0.35, P = 0.0004),
E/e' ratio (r = 0.27, P = 0.006), NT-proBNP (r = 0.65,

(r=—0.43, P < 0.0001). In addition, event-free survival was
significantly lower in patients with FABP4 levels above the
median value (>46.7 ng/mL) than in those with FABP4 levels
below the median value (<46.7 ng/mL) (log-rank P = 0.009;
Supporting Information, Figure SI1).

ESC Heart Failure 2020; 7: 4256-4266
DOI: 10.1002/ehf2.13071



4262 T. Harada et al.

Table 3 Multivariable Cox regression analyses for predicting the primary outcome

HR (95% CI)? P value
Age + AF adjusted 2.16 (1.26-3.71) 0.005
Age + haemoglobin adjusted 2.05 (1.21-3.46) 0.007
Age + Ln eGFR adjusted 1.82 (1.07-3.07) 0.03
Age + Ln LA volume index adjusted 2.14 (1.30-3.51) 0.003
Age + Ln NT-proBNP adjusted 1.89 (1.11-3.25) 0.02
Haemoglobin + Ln eGFR adjusted 1.83 (1.05-3.16) 0.03
Haemoglobin + Ln NT-proBNP adjusted 1.91 (1.05-3.53) 0.04
Ln eGFR + Ln NT-proBNP adjusted 1.80 (1.04-3.16) 0.04

AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; LA, left atrial; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
#Hazard ratios (HRs) and 95% confidential intervals (Cls) for Ln FABP4 per 1 unit increase.

Figure 5 Conceptual model linking lipolysis, left ventricular (LV) systolic and diastolic dysfunctions, and poor outcome in HFpEF. Systemic inflammation
and metabolic stress may enhance -adrenergic-mediated lipolysis in HFpEF, which in turn leads to an elevation in FABP4 levels. The increase in FABP4
may directly worsen LV diastolic and systolic functions, thereby contributing to poor clinical outcomes. Conversely, heart failure-related sympathetic ner-
vous system (SNS) activation may lead to catecholamine-induced lipolysis, or possibly both exacerbate each other. fxn, function; and other abbreviations
as in Figure 1.

Is FABP4 reflective of lipolysis and
SNS activation related to HF?

1B-adrenergic-mediated lipolysis

LN 1Systemic inflammation
TMetabolic stress

|LV diastolic fxn
|LV systolic fxn

1 Adverse events

Does FABP4 directly worsen LV
systolic and diastolic function and
subsequent clinical outcomes?

biomarker for excessive lipolysis, which may be linked to
the specific pathophysiology of HFpEF (Figure 5).

Discussion

This study provides evidence of the associations of higher se-

rum FABP4 levels with cardiac remodelling and dysfunction
and with adverse clinical outcomes in patients with HFpEF.
Given that FABP4 secretion from adipocytes is profoundly
stimulated through lipolysis pathways, the results of our
study indicate that serum FABP4 may be a potential

Elevation in fatty acid-binding protein 4 levels in
heart failure with preserved ejection fraction

Fatty acid-binding protein 4 is highly expressed in adipose tis-
sue and plays an important role as an intracellular lipid
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chaperone that mediates lipid metabolism.* Increasing evi-
dence indicates that FABP4 is actively released from adipose
tissue in response to several metabolic stresses.® Numerous
studies have shown that FABP4 levels are independently asso-
ciated with increased risk of cardiovascular diseases and poor
prognosis following stroke.>® In addition, Liu et al. reported el-
evated FABP4 levels in a mixed cohort of patients with HFpEF
and HF with reduced EF (HFrEF) compared with patients with-
out HF.*® In our study, despite the similar prevalence of meta-
bolic co-morbidities, such as hypertension, diabetes, and
obesity between the HFpEF and CAD groups and lower CAD
prevalence in the former, patients with HFpEF showed higher
FABP4 levels than those with CAD. Even after adjusting for sex,
AF, and renal function, which are known to influence serum
FABP4 levels, 22! as well as other confounders, FABP4 levels
remained higher in HFpEF than in CAD.

We have recently found that FABP4 levels are rapidly in-
creased at the onset of acute myocardial infarction and dur-
ing an acute bout of exercise on a cycle ergometer.””** Our
in vitro data also showed that FABP4 was released from adi-
pocytes through a [s-adrenergic receptor-mediated
mechanism.” These findings suggest that FABP4 secretion
from adipocytes is attributed to 3-adrenergic-mediated lipol-
ysis. Moreover, a previous study reported that patients with
HFpEF have a sympathetic—parasympathetic imbalance with
reduced heart rate variability compared with HF-free
patients? and that increased activation of sympathetic nerve
traffic and B-adrenergic system plays a role in the pathophys-
iology of HFpEF.23 Although the mechanisms of FABP4 eleva-
tion in HFpEF remain speculative, these observations suggest
that the increased lipolysis through excessive sympathetic
nerve activation induces FABP4 secretion from adipocytes.
In addition, our data showing a highly significant association
between FABP4 levels and inflammation markers (IL-6 and
TNF-a) also suggest that systemic inflammation may contrib-
ute to FABP4 elevation.

The obesity prevalence in our HFpEF population was much
lower than that in Western HFpEF populations, which is con-
sistent with the findings from a recent Asian HFpEF registry.*’
FABP4 secretion may be determined by adiposity and sympa-
thetic nervous activation.®® Our data indicate that sympa-
thetic nervous activation could increase FABP4 secretion
possibly by lipolytic signal even in non-obese patients. None-
theless, further study is needed to determine the exact mech-
anisms of the increase in FABP4 level, and our results should
be confirmed in Western populations.

Correlation of fatty acid-binding protein 4 levels
with echocardiographic parameters

Heart failure with preserved ejection fraction is character-
ized as a heterogeneous syndrome with multiple cardiac
and extracardiac abnormalities, and LV diastolic dysfunction

plays a fundamental, overarching role in the pathophysiol-
ogy of HFpEF.2* Previous studies of patients with obesity
showed a correlation between FABP4 levels and diastolic
function indices.>>?® In our study, FABP4 levels were con-
sistently associated with diastolic dysfunction markers, in-
cluding LA volume index, E/e’ ratio, LV mass index, and
LV diastolic stiffness. We further demonstrated that eleva-
tions in FABP4 level are associated with higher NT-proBNP
levels.

Although the LVEF is preserved in HFpEF (by definition),
patients with HFpEF characteristically display depressed LV
systolic function based on strain or tissue Doppler imaging.>’
Impaired LV systolic function in HFpEF is associated with an
increased risk of adverse outcomes.?® Similar to the studies
in the general population and in patients with HFrEF,2>%°
FABP4 levels were unrelated to LVEF in our study. Neverthe-
less, we demonstrated a significant inverse correlation be-
tween FABP4 and s' as well as GLS. Moreover, an
experimental study reported that FABP4 directly suppresses
cardiomyocyte contraction.’ FABP4 has also been shown to
induce inflammatory cytokines, promote myocardial triglycer-
ide accumulation, and impair endothelial nitric oxide syn-
thase activity.®#*%*! Our data and those in previous studies
indicate that FABP4 could directly worsen LV systolic and dia-
stolic functions in patients with HFpEF. In the current study,
RV function was depressed in patients with HFpEF compared
with controls, and FABP4 levels were associated with the se-
verity of RV dysfunction (i.e. TAPSE). This also suggests that
FABP4 could play a potential role in developing RV dysfunc-
tion in HFpEF.

However, a previous report from the Cardiovascular
Health Study showed that circulating FABP4 levels are not
associated with incident HFpEF (EF > 55%).3° We could not
determine whether FABP4 acts as an adipokine mediating
the worsening of systolic and diastolic functions or whether
FABP4 is a surrogate marker of lipolysis and sympathetic
nervous system activation related to systolic and diastolic
dysfunctions (Figure 5). Thus, further research is warranted
to explore the underlying mechanisms.

Prognostic impact of fatty acid-binding protein 4
in heart failure with preserved ejection fraction

In this study, higher FABP4 levels were associated with an
increased risk of adverse outcomes (all-cause mortality or
HF hospitalization) in HFpEF and remained independently
associated with the outcomes in each multivariable model.
These findings are consistent with those of recent two re-
ports investigating multiple plasma markers for the risk
stratification of HFpEF, in which FABP4 was a highly signifi-
cant predictor of poor outcome.3*? In addition, our find-
ings also support the conclusion drawn from a network
analysis enriched by knowledge-based interaction, which
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identified the inflammatory process as the pathway specifi-
cally related to HFpEF.3® Nevertheless, further studies are
required to determine whether FABP4 drives poor
outcomes possibly through alterations in LV systolic
and diastolic functions or is reflective of the severity of li-
polysis induced by adrenergic hyperactivation in patients
with HFpEF.

Clinical implications

No proven treatment to improve the outcomes in patients
with HFpEF has been established. Phenotypic heterogeneity
has been recognized as a primary cause of clinical trial failures
in HFPEF** there is an unmet need to categorize different
phenotypes within the broader spectrum of HFpEF into
pathophysiologically homogenous groups.>> Based on the
data in our study, we propose that FABP4 could be a
biomarker that represents an HFpEF phenotype of increased
adipose tissue lipolysis. Further study is needed to examine
whether circulating FABP4-guided therapy could reduce
adipose tissue lipolysis and thus improve the outcome in
patients with HFpEF.

Limitations

This was a single-centre study from a tertiary referral cen-
tre; thus, inherent flaws related to selection and referral
bias exist. The sample size was small, which could bias
the results. All participants were Japanese, and the obesity
prevalence was much lower in our study population than in
the Western population. Thus, our results should be con-
firmed in Western populations before further extrapolation.
The control group was not normal as they were referred
for coronary angiography and, thus, had a higher preva-
lence of CAD as well as systemic hypertension, which could
bias the results. However, the fact that the control popula-
tion was more diseased than a truly normal healthy control
population only biases our data towards the null. In addi-
tion, CAD and hypertension are established risk factors for
developing HFpEF syndrome; thus, our control population
may be considered as Stage B HFpEF. We believe that the
inclusion of CAD in the correlation analyses added insights
into the continuous relationships between FABP4 and car-
diac structure and function across the spectrum of the
HFpEF syndrome. Moreover, we did not measure the
markers of sympathetic nervous activation, such as circulat-
ing or urinary catecholamines. The limited number of
events did not allow us to perform a single multivariable
Cox hazard model, including multiple variables.
Although we evaluated the robustness of FABP4 using mul-
tiple Cox proportional hazard models to avoid overfitting,
the independent predictive value may be overestimated in

such models. Thus, our results should be confirmed in a
larger external cohort. Finally, a comparison of the
relationship of FABP4 and LV structure and function
between HFpEF and HFrEF would be interesting and may
provide insights into the pathophysiological difference
between the two HF phenotypes; however, our study
focused on the pathophysiological significance of FABP4 in
patients with HFpEF.

Conclusions

Patients with HFpEF exhibited elevated circulating FABP4
levels, and the magnitude of the increase was associated
with cardiac remodelling, LV systolic and diastolic dysfunc-
tions, and RV dysfunction. Higher FABP4 levels were also
associated with poor clinical outcomes independent of
established prognostic markers. Hence, FABP4 may serve
as a potential biomarker in the complex pathophysiology
of HFpEF.
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