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Abstract

Leptin and adiponectin are important regulators of energy metabolism and body composi-
tion. Leptin exerts cardiodepressive effects, whereas adiponectin has cardioprotective
effects, but several conflicting findings have been reported. The aim of the present study
was to assess the relationship between serum leptin and adiponectin levels and echocardio-
graphic parameters and pathophysiological states in patients with cardiovascular disease
(CVD) receiving cardiovascular surgery. A total of 128 patients (79 males, average age 69.6
years) that had surgery for CVD including coronary artery bypass graft (CABG) and valve
replacement were recruited in this study. Preoperative serum adiponectin and leptin con-
centrations were measured by enzyme-linked immunosorbent assay and compared with
preoperative echocardiographic findings. Body fat volume and skeletal muscle volume
index (SMI) were estimated using bioelectrical impedance analysis. We also measured grip
strength and gait speed. Sarcopenia was diagnosed based on the recommendations of the
Asian Working Group on Sarcopenia. Positive correlations were found between adiponectin
and brain natriuretic peptide (BNP), age, left atrial diameter (LAD), E/e’ (early-diastolic left
ventricular inflow velocity / early-diastolic mitral annular velocity), and left atrial volume index
(LAVI). Negative correlations were observed between adiponectin and body mass index
(BMI), estimated glomerular filtration rate (eGFR), triglyceride, hemoglobin, and albumin.
Serum leptin was positively correlated with BMI, total cholesterol, triglyceride, albumin, body
fat volume, and LV ejection fraction (LVEF), whereas it was negatively correlated with BNP
and echocardiographic parameters (LAD, LV mass index (LVMI), and LAVI). Multiple
regression analysis showed associations between log (leptin) and log (adiponectin) and
echocardiographic parameters after adjusting for age, sex, and BMI. Serum adiponectin
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was negatively correlated with leptin, but positively correlated with tumor necrosis factor a
(TNFa), an inflammatory cytokine. In males, serum leptin level had a positive correlation
with skeletal muscle volume and SMI. However, adiponectin had a negative correlation with
anterior mid-thigh muscle thickness, skeletal muscle volume and SMI. And, it was an inde-
pendent predictive factor in males for sarcopenia even after adjusted by age. These results
suggest that leptin and adiponectin may play a role in cardiac remodeling in CVD patients
receiving cardiovascular surgery. And, adiponectin appears to be a marker of impaired met-
abolic signaling that is linked to heart failure progression including inflammation, poor nutri-
tion, and muscle wasting in CVD patients receiving cardiovascular surgery.

Introduction

Adiponectin and leptin are well known to play important roles in regulating metabolic homeo-
stasis and are linked to several pathophysiological conditions and diseases including cardiovas-
cular disease (CVD). Adiponectin with anti-inflammatory, insulin-sensitizing, and anti-
atherogenic properties, is a cardioprotective adipokine synthesized and secreted in large quan-
tities from adipose tissue [1,2]. High levels of circulating adiponectin are known to have a
favorable effect on metabolic processes and protect against derangements that lead to obesity,
metabolic syndrome, atherosclerosis, and subsequently CVD [1-3]. In contrast, obesity is asso-
ciated with high serum leptin levels (hyperleptinemia) and low serum adiponectin levels
(hypoadiponectinemia) [4,5], and leptin has been generally thought to be a cause of many
types of CVD associated with obesity [6].

Adiponectin and leptin also play an important role in regulating cardiac function and are
linked to several cardiac pathophysiological conditions and diseases, particularly cardiac
hypertrophy and heart failure. Adiponectin induces anti-apoptotic effects, reduces fibrosis and
oxidative stress in the myocardium [7-9], and low adiponectin levels correlate with left ven-
tricular hypertrophy and diastolic dysfunction [10-13]. In contrast to the cardioprotective
effects of adiponectin, high adiponectin levels have also been reported to be associated with
increased risk of recurrent cardiovascular events [14] and mortality in patients with acute
myocardial infarction [15]. Furthermore, a paradoxical increase in circulating adiponectin lev-
els has also been reported in patients with systolic and diastolic heart failure, and higher
plasma concentrations of the hormone are associated with worse prognosis in heart failure
[16-18], and cardiovascular surgery patients [19]. As a possible mechanism, cardiac cachexia
and muscle wasting (sarcopenia) lead to increased levels of adiponectin in heart failure [20,21].

Obesity is known to be associated with larger left atrial (LA) size, left ventricular (LV) mass
and wall thickness, and diastolic dysfunction [22,23,24], and obesity increases the risk of heart
failure [25]. A few experimental studies have also reported the adverse cardiac effects of leptin
on isolated cardiomyocytes including the promotion of muscle hypertrophy [26]. On the other
hand, recent studies have shown that leptin may have cardioprotective effects [27-29]. They
reported that higher leptin was associated with lower LV mass, wall thickness, and LA size in
individuals older than 70 years of age and subjects without CVD. Experimental studies have
also reported worse cardiac function and prognosis after experimentally-induced myocardial
infarction in leptin-deficient mice [30]. In addition, Barouch et al. [31] showed that disruption
of leptin signaling contributed to cardiac hypertrophy independently of body weight. Thus,
the pathophysiological significance of leptin and adiponectin has not been clarified in patients
with CVD. We have recently described the associations of the adipokine (adiponectin and
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leptin) concentrations with epicardial fat volume in cardiovascular surgery patients [32]. How-
ever, few studies have evaluated the associations of serum leptin and adiponectin concentra-
tions with echocardiographic parameters and pathophysiological states in CVD patients
receiving cardiovascular surgery.

The aim of the present study was to clarify the pathophysiological roles of circulating serum
leptin and adiponectin in patients with cardiovascular disease (CVD) receiving cardiovascular
surgery. Here, we investigated the relationships between serum leptin and adiponectin levels
and echocardiographic findings and pathophysiological states as well as clinical laboratory
data.

Materials and methods
Participants

A total of 128 patients aged 23-89 years (69.6 + 12.6 years) undergoing cardiovascular surgery
at Dokkyo Medical Hospital were included in this study. Table 1 shows the characteristics of
the patients. Seventy-nine patients were males (62%) and 49 patients were females (38%). The
body mass index (BMI) was 23.6 + 4.1 kg/m”. The average preoperative New York Heart Asso-
ciation (NYHA) classification was 2.2 + 1.0. Most of the patients had conventional risk factors
such as hypertension (HT), diabetes (DM), hyperlipidemia (HL), current smoking, and hemo-
dialysis (HD). Table 1 also shows the number of patients classified by surgical procedures for
cardiovascular disease. The study was approved by the Ethics Committee of the Dokkyo Medi-
cal University (No. 27077), and written informed consents were obtained from all participants.
All patients had medical treatment including B-blocking agents, calcium-channel blockers,
angiotensin receptor blockers (ARB)-/-angiotensin converting enzyme inhibitors (ACEI),
diuretics, statins, and anti-diabetic drugs (Table 1).

The fasting total cholesterol (T-Chol), hemoglobin A1 (HbA1c), albumin (Alb), brain natri-
uretic peptide (BNP), low-density lipoprotein (LDL)-cholesterol (LDL-C), high density lipo-
protein (HDL)-cholesterol (HDL-C), non-HDL-C, triglycerides (TG), and estimated
glomerular filtration rate (eéGFR) were measured before the operation. The biochemical data
were analyzed using routine chemical methods in the Dokkyo Medical University Hospital
clinical laboratory. Levels of the inflammatory marker, high-sensitivity C-reactive protein
(hsCRP), were measured by a latex-enhanced nephelometric immunoassay (N Latex CRP II
and N Latex SAA, Dade Behring Ltd., Tokyo, Japan).

To measure fasting serum adiponectin, leptin, and tumor necrosis factor o (TNFa) levels,
peripheral venous blood was drawn into pyrogen-free tubes with and without EDTA on the
morning of cardiovascular surgery. For plasma, the EDTA tubes were placed on melting ice,
subsequently centrifuged with 20 min at 1500g for 10 min at 4°C. Plasma and serum were
stored in aliquots at -80°C for all enzyme-linked immunosorbent assays (ELISA).

Transthoracic echocardiography

Each patient received preoperative transthoracic echocardiography. Two-dimensional (2D)
images were recorded with an iE33 and EPICQ?7 cardiovascular ultrasound system (PHILIP,
Amsterdam, Netherlands) with a 1.7-3.4 MHz Doppler transducer. 2D echocardiography was
performed according to the recommendations of the American Society of Echocardiography.
Left atrial diameter (LAD), left ventricular end-diastolic diameter (LVDd), left ventricular
end-systolic diameter (LVDs), interventricular septal thickness (IVSth), and LV posterior wall
thickness (PWth) were measured using the parasternal long-axis view. Left ventricular mass
(LV mass, LVM) was estimated by LVDd and wall thickness (IVSth and PWth) and then
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Table 1. Patient characteristics.

Total patients (number) 128
Male / Female 79/ 49
Age, years 69.6 £ 12.6
BMI, kg/m* 23.6+ 4.1
Atrial fibrillation, number 42
NYHA 22+1.0
Risk factors, number 128
Hypertension 86
Diabetes 28
Dyslipidemia 61
Smoking 19
Hemodialysis 9
Cardiovascular surgery, number 128
CABG 29
AVR 21
MVR (MVP) with or without TVR (TAP) 24
CABG combined with valve replacement / repair (AVR, MVP,TAP) 11
AVR combined with other valve (MVP, TAP) or aortic diseases (TAR) 25
Aortic disease (TAR, TEVAR, et cetra) 11
Others 7
Drugs, number 128
B-blockers 61
Ca-blockers 42
ACE-I/ARB 72
Diuretics 62
Statin 60
Anti-diabetic drugs 25

Echocardiographic findings

LAD, mm 43.5+9.1 (116)
LVDd, mm 51.9 +10.5 (117)
LVDs, mm 36.0 +9.8 (117)
LVEF, % 57.7 + 12.6 (116)
LVMIL, g/m* 113.0 +39.0 (114)
E/€ 20.3 +11.2 (110)
LAVI, ml/m? 41.4 +26.4 (107)

The data are shown as the mean + SD or the number of patients with a certain characteristic; (number): number of

patients examined.

BMI, body mass index; NYHA, New York Heart Association; CABG, coronary artery bypass grafting; AVR, aortic

valve replacement; MVR, mitral valve replacement; MVP, mitral valve plasty; TVP, tricuspid valve plasty; TVR,

tricuspid valve replacement; TAR, total arch replacement; TEVAR, thoracic endovascular aortic repair; ACE-I,

angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; Antidiabetic drugs (i.e,. o

glucosidase inhibitor, sulfonylurea, biguanide, dipeptidyl peptidase-4 inhibitor, sodium glucose cotransporter 2
inhibitor); LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic

diameter; LVEF, ejection fraction; LVMI, left ventricular mass index; E/e’, the ratio of early-diastolic left ventricular

inflow velocity (E) to early-diastolic mitral annular velocity (e'): LAVI, left atrial volume index

https://doi.org/10.1371/journal.pone.0225008.t001
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indexed to body surface area (LVMI).
LVmass = 0.8[1.04{(LVDd + IVSth + PWth)3 — LVDd*}] + 0.6

Left ventricular end-diastolic volume (LVEDV) and end-systolic volume (LVESV) were
measured from the apical view with the biplane method. Left ventricular ejection fraction
(LVEF) was calculated using the Simpson method.

LVEF = 100(LVEDV — LVESV)/LVEDV

Doppler echocardiography was performed for detecting early and late diastolic transmitral
flow velocity and E/A was calculated. E/e” was determined by the ratio of early-diastolic left
ventricular inflow velocity (E) to early-diastolic mitral annular velocity (e’). LA volume
(LAV) was measured from the parasternal long-axis view (LA1) and the apical four-chamber
view (LA2 and LA3) with the prolate ellipse method and then indexed to body surface area
(LAVI).

LAV = n{(LA1)(LA2)(LA3)}/6

Enzyme-linked immunosorbent assay (ELISA)

Serum adiponectin level was measured by the Human Total Adiponectin/Acrp30 Quantikine
ELISA Kit (DRP300, R&D Systems, Minneapolis, MN, USA), as described previously [32,33].
The detection threshold was 0.24 ng/ml. Samples, reagents, and buffers were prepared accord-
ing to the manufacturer’s instructions. Serum leptin levels were also measured by the human
Quantikine ELISA Kit (DLPOO for leptin, R&D Systems, Minneapolis, MN, USA). The detec-
tion thresholds of leptin were 7.8 pg/ml. The serum concentration of tumor necrosis factora
(TNFa) was measured by the Human Quantikine HS ELISA Kit (HSTAOOE, R&D Systems,
Minneapolis, MN, USA), and the detection threshold was 0.022 pg/ml.

Measurements of gait speed, grip strength, and voluntary isometric
contraction

The gait speed was measured as the time needed to walk 4 m at an ordinary pace. Maximal vol-
untary isometric contraction (MVIC) of the knee extensors was measured using a digital hand-
held dynamometer (uTas MT-1, ANIMA Co., Ltd., Tokyo, Japan), as described previously
[34]. Each subject performed 2 trials, and the highest score was adopted for analysis.

Measurements of bioelectrical impedance

A multi-frequency bioelectrical impedance analyzer (BIA), InBody S10 Biospace device (Bio-
space Co, Ltd, Korea/Model JMW140) was used according to the manufacturer’s guidelines, as
described previously [34]. Thirty impedance measurements were obtained using 6 different
frequencies (1, 5, 50, 250, 500, and 1000 kHz) at the 5 following segments of the body (right
and left arms, trunk, and right and left legs). The measurements were carried out while the
subjects rested quietly in the supine position, with their elbows extended and relaxed along
their trunk. Body fat volume, body fat percentage, and skeletal muscle volume were measured.
Also, skeletal muscle mass index (SMI; appendicular skeletal muscle mass/height?, kg/m?) was
measured as the sum of lean soft tissue of the two upper limbs and two lower limbs. In this
study, sarcopenia was defined according to the Asian Working Group for Sarcopenia (AWGS)
criteria (age > 65 years; handgrip < 26 kg for males and < 18 kg for females or gait

speed < 0.8 m/sec, and SMI < 7.0 kg/m? for males and < 5.7 kg/m” for females) [35].
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Measurement of muscle thickness by ultrasound

The anterior mid-thigh muscle thickness was measured on the right leg using a real-time linear
electronic scanner with a 10.0-MHz scanning head and Ultrasound Probe (L4-12t-RS Probe,
GE Healthcare Japan) and LOGIQ e ultrasound (GE Healthcare Japan), as previously
described [34]. From the ultrasonic image, the subcutaneous adipose tissue-muscle interface
and the muscle-bone interface were identified. The perpendicular distance from the adipose
tissue-muscle interface to the muscle-bone interface was considered to represent the anterior
thigh muscle thickness (TMth). The measurement was performed twice in both the supine and
standing positions, and the average value was adopted for analysis.

Statistical analysis

Data are presented as mean value + SD. After testing for normality (Kolmogorov-Smirnov),
the comparison of means between groups was analyzed by a two-sided, unpaired Student’s t-
test in the case of normally distributed parameters or by the Mann-Whitney-U-Test in the
case of non-normally distributed parameters. Associations among parameters were evaluated
using Pearson or Spearman correlation coefficients. A receiver operating characteristic (ROC)
curve was plotted to identify the optimal cut-off level of the serum concentration of adiponec-
tin for detecting sarcopenia. Multiple linear regression analysis with serum adiponectin, leptin
concentration or echocardiographic parameters as the dependent variable was performed to
identify independent predictors (clinical laboratory data, echocardiographic parameters, or
physical data) of serum leptin, adiponectin levels, or echocardiographic parameters. Age, sex,
and BMI were employed as covariates. When the independent or dependent data were not
normally distributed, the data were logarithmically transformed to achieve a normal distribu-
tion. Logistic regression analysis was used to identify serum factors (leptin and adiponectin)
independently associated with sarcopenia. All analyses were performed using SPSS version 24
(IBM Corp., New York, USA) for Windows. A p value of < 0.05 was regarded as significant.

Results

Characteristics of the patients

The clinical characteristics and sex differences of the study patients are shown in Tables 1 and
2. The mean age of females was higher than that of males (67.3 + 13.1 years vs. 73.0 £ 10.9
years, p < 0.05). The gait speed, grip strength, knee extension strength, and SMI in females
were significantly lower than those in males, but the body fat percentage was higher in females.
The levels of HDL-C and T-Chol in females was higher than that in males (HDL-C, 49.9 + 15.3
mg/dlvs. 59.1 £ 17.7 mg/dl, p < 0.01; T-Chol, 161 + 38.4 mg/dl vs. 178 + 35.4 mg/dl, p <
0.05). The serum adiponectin level in females was significantly higher than that in males
(11.5+ 7.4 pg/mlvs. 8.3 7.1 pg/ml, p < 0.05). The serum leptin level was 4855 + 6975 pg/ml
in all of the patients. It was higher in females than in males (7865 + 9139 pg/ml vs. 2929 + 4286
pg/ml, p < 0.01). The serum TNPa level was higher in males than in females (1.31 + 0.65 pg/
mlvs. 1.12 + 0.71 pg/ml, p < 0.05).

Correlation between serum leptin and adiponectin levels and the clinical
data

The correlations between serum leptin and adiponectin concentrations and the clinical data
are shown in total patients (males and females) as shown in Table 3. The serum leptin level
was not correlated with age, whereas the serum adiponectin concentration was positively cor-
related with age (r = 0.385, p = 0.000). The serum leptin level was strongly positively correlated
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Table 2. Sex differences in various parameters.

Age, years

BMI, kg/m*

NYHA

Gait speed, m/s

Grip strength, kgf

Knee extension strength, kgf
Body fat percentage, %
Skeletal muscle mass index (SMI), kg/m?
Anterior mid-thigh muscle thickness, cm
HbAlc, %

BNP, pg/ml

eGFR, ml/min/1.73 m®

Hb, g/dl

LDL-C, mg/dl

HDL-C, mg/dl

Non HDL-C, mg/dl

T-Chol, mg/dl

TG, mg/dl

Albumin (Alb), g/dl

hsCRP, mg/dl

Adiponectin, pug/ml

Leptin pg/ml

TNFa, pg/ml

*p < 0.05

Total (n=128)
69.5 (12.6)
23.7 (4.0)
2.2 (1.0)
0.92 (0.31) [92]
23.0 (8.8) [94]
21.4 (10.1) [88]
31.2 (9.1) [106]
6.4 (1.3) [104]
2.28 (0.73) [89]
6.1 (0.8)
383 (583)
60.0 (33.0)
123 (2.0)
92.2(27.6)
53.5 (16.8)
114 (31.9)
168 (38.0)
107 (63)
3.8(0.62)
0.85(1.7)
9.5(7.3)
4855 (6975)
1.23 (0.68)

Male (n = 79)
67.3 (13.1)
23.9 (4.0)
2.2(1.1)
0.98 (0.31) [55]
27.1(8.2) [56]
24.6 (10.5) [52]
27.2 (7.4) [66]
7.1 (1.1) [65]
2.37(0.78) [53]
6.2 (0.9)
377 (560)
57.0 (29.6)
124 (2.2)
89.5 (27.9)
49.9 (15.3)
111 (32.9)
161 (38.4)
106 (61)
3.8 (0.62)
0.97 (2.0)
8.3(7.1)
2929 (4286)
1.31 (0.65)

Female (n = 49)
73.0 (10.9)*
23.4(3.9)
2.1(0.9)
0.84 (0.29)" [37]
16.8 (5.4)"** [38]
16.7 (7.3)*** [36]
37.7 (7.6)"**[40]
5.4 (0.9)** [39]
2.16 (0.64) [36]
5.9 (0.7)

389 (622)
64.9 (37.7)
11.9 (1.6)
97.1 (26.8)
59.1 (17.7)**
119 (29.9)
178 (35.4)*
109 (66)
3.9(0.61)
0.64(1.2)
11.5 (7.4)*
7865 (9139)**
1.12 (0.71)*

**p < 0.01 for male vs. female. [number]; number of patients that could be evaluated. The data are shown as the

mean (SD). BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C-

reactive protein; TNFa, tumor necrosis factor o; TG, triglycerides; T-Chol, total cholesterol; HDL-C, high density

lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Hb, hemoglobin

https://doi.org/10.1371/journal.pone.0225008.t002

with BMI (r = 0.525, p = 0.000), whereas the adiponectin level was negatively correlated with
BMI (r = -0.359, p = 0.000). The concentration of leptin was negatively correlated with BNP
(r=-0.300, p = 0.002,), but the adiponectin level was strongly positively correlated with BNP
(r=0.628, p = 0.000). The leptin level was positively correlated with T-Chol (r = 0.374, p =
0.000), TG (r = 0.325, p = 0.000), LDL-C (r = 0.354, p = 0.000), and non-HDL-C (r = 0.408,

p =0.000). The concentration of adiponectin was negatively correlated with eGFR (r = -0.300,
p=0.001), and TG (r = -0.468, p = 0.000), non-HDL-C (r = -0.242, p = 0.007), and HbA1C (r =
-0.218, p = 0.017), whereas it was positively correlated with HDL-C (r = 0.221, p = 0.015). Lep-
tin was positively correlated with albumin (Alb) (r = 0.361, p = 0.000), whereas adiponectin
was negatively correlated with hemoglobin (Hb) (r = -0.276, p = 0.002), and Alb (r = -0.218.
p =0.014). Leptin did not correlated with serum TNFa level, while adiponectin had a positive
correlation with the TNFa level (r = 0.301, p = 0.001). The serum level of adiponectin was neg-
atively correlated with leptin (r = -0.207, p = 0.020), and positively correlated with TNFa, an
inflammatory cytokine (r = 0.301, p = 0.001).

The linear regression analysis with serum adiponectin levels as the dependent variable and
clinical data as independent variable were investigated in all of the patients. As shown in
Table 4, multiple regression analysis showed that log (BNP) (B = 0.294, p = 0.002), eGFR (B =
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Table 3. Correlation matrix between clinical data and serum adiponectin and leptin levels.

Leptin

r—value (p—value)

Adiponectin

r—value (p—value)

Age -0.042 (0.637) 0.385 (0.000)***
BMI 0.525 (0.000)*** -0.359 (0.000)***

BNP -0.300 (0.002)** 0.628 (0.000)***

eGFR -0.148 (0.096) -0.300 (0.001)**

T-Chol 0.374 (0.000)"** -0.060 (0.512)
TG 0.325 (0.000)*** -0.468 (0.000)***

HDL-C 0.122 (0.177) 0.221 (0.015)"

LDL-C 0.354 (0.000)"** -0.060 (0.512)
Non-HDL-C 0.408 (0.000)*** -0.242 (0.007)**

HbA1C 0.086 (0.345) -0.218 (0.017)*
Hb 0.091 (0.306) -0.276 (0.002)**

Alb 0.361 (0.000)*** -0.218 (0.014)*

hsCRP -0.112 (0.208) 0.090 (0.317)

TNFa -0.152 (0.090) 0.301 (0.001)**

Leptin - -0.207 (0.020)*

Echocardiographic parameters

LAD -0.310 (0.001)** 0.352 (0.000)***

LVDd -0.247 (0.007)** -0.078 (0.410)

LVDs -0.298 (0.001)"* 0.016 (0.864)

IVSth 0.140 (0.132) -0.124 (0.185)

PWth 0.084 (0.371) -0.078 (0.406)

LVEF 0.203 (0.029)* -0.175 (0.063)

LVM -0.206 (0.028)* -0.091 (0.388)

LVMI -0.287 (0.002)** 0.025 (0.791)
E/e -0.120 (0.210) 0.353 (0.000)***
LAVI -0460 (0.000)*** 0.538 (0.000)***

*p<0.05
**p<0.01

*** p < 0.001 LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; IVSth, intraventricular septum
thickness; PWth, posterior wall thickness; LVEF, LV ejection fraction; LVM, LV mass; LVMI, LV mass index; E/¢’, the ratio of early-diastolic left ventricular inflow

velocity (E) to early-diastolic mitral annular velocity (e’): LAVT, left atrial mass index; other abbreviations as in Table 2.

https://doi.org/10.1371/journal.pone.0225008.t003

-0.237, p = 0.005), log (TG) (B = -0.193, p = 0.044), and log (HDL-C) (B = 0.175, p = 0.038)
were the independent variables to predict log (serum adiponectin concentration) after adjust-
ing for age, sex, and BMI. On the other hand, log (Alb) (B = 0.292, p = 0.003) was the indepen-
dent variable to predict log (serum leptin concentration) after adjusting for age, sex, and BMI

(Table 5).

Table 4. Multiple linear regression analysis of serum adiponectin concentrations and the clinical data. Dependent variable: adiponectin (log).

Independent variable | BNP eGFR TG (log) HDL-C (log) Non- HbAlc Hb Albumin (log)
(log) HDL-C

B-value (p) 0.294 (0.002)** | -0.237 (0.005)* | -0.193 (0.044)* | 0.175 (0.038)* | -0.120 (0.220) | -0.146 (0.054) | -0.030 (0.763) | -0.052 (0.616)

*p <0.05

**p < 0.01 Model, adjusted by age, sex, and BMI

https://doi.org/10.1371/journal.pone.0225008.t004
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Table 5. Multiple linear regression analysis of serum leptin concentration and the clinical data. Dependent variable: leptin (log).

Independent variable BNP (log) TG (log) Non- HbA1C Hb Albumin (log)
HDL-C
B-value (p) -0.010 (0.900) 0.093 (0.290) 0.088 (0.313) 0.105 (0.144) -0.113 (0.237) 0.292 (0.003)**

**p < 0.01 Model, adjusted by age, sex, and BMI

https://doi.org/10.1371/journal.pone.0225008.t005

Correlations between serum adiponectin and leptin levels and the
echocardiographic findings

Table 3 also show the relationships between serum adiponectin and leptin levels and the echo-
cardiographic findings in all of the patients. The baseline echocardiographic data are shown in
Table 1. The serum leptin level was negatively correlated with LAD (r = -0.310, p = 0.001, S1Aa
Fig), LVDd, LVDs, LVM, and LVML. It was also negatively correlated with LAVI (r = -0.460,

p =0.000, S1Ba Fig), but not with E/e’ (r = -0.120, p = 0.210, S1Ca Fig). It was positively corre-
lated with LVEF (r = 0.203, p = 0.029). On the other hand, the serum adiponectin level was
positively correlated with LAD (r = 0.352, p = 0.000, S1Ab Fig), LAVI (r = 0.538, p = 0.000,
S1Bb Fig), and E/e’ (r = 0.353, p = 0.000, S1Cb Fig).

The linear regression analysis with serum leptin levels as the dependent variable and echo-
cardiographic data as independent variable were investigated (Table 6A). Multiple regression
analysis showed that LAD (B = -0.262, p = 0.002), and log (LVMI) (B = -0.166, p = 0.036) were
the independent variables to predict serum leptin concentration after adjusting for age, sex,
and BMI. On the other hand, the linear regression analysis with echocardiographic parameters
(LAVL, E/e’ and LVMI) as dependent variable and serum leptin and adiponectin levels as inde-
pendent variable were investigated in all of the patients. As shown in Table 6B, both leptin and
adiponectin level were the independent variable (B = -0.434, p = 0.000 for leptin, = 0.398,

p = 0.000 for adiponectin) to predict LAVT after adjusting for age, sex, and BMI. In addition,
adiponectin level was the independent variable to predict E/e’ (B = 0.245, p = 0.022)

(Table 6C), while leptin level was the independent variable to predict LVMI (B = 0.370,

p = 0.003) after adjusting for age, sex, and BMI (Table 6D).

Correlations between serum adiponectin and leptin concentrations,
physical function and the BIA findings

Table 7 shows the relationships between serum adipokine (leptin and adiponectin) levels,
physical function, and the BIA findings in both males and females. The serum leptin level was
strongly positively correlated with body fat volume and body fat percentage in both males and
females. In males, it had a positive correlation with skeletal muscle volume and SMI. On the
other hand, adiponectin had a negative correlation with anterior mid-thigh muscle thickness,
skeletal muscle volume and SMI in men, and it tended to correlate with body fat volume. In
females, it had a weak negative correlation with SMI, and it tended negatively to correlate with
skeletal muscle volume, and body fat volume.

Logistic regression analysis is used to obtain odds ratio in the presence of the explanatory
variable (serum leptin and adiponectin levels) for sarcopenia in both males and females.
Serum adiponectin level was an independent predictive factor in males (p = 0.037; odds ratio,
1.119; 95% confidence interval [CI] 1.007-1.124) for sarcopenia even after adjusted by age.
However, serum leptin level was not an independent predictor factor (p = 0.440). In females,
neither adiponectin nor leptin level was an independent predictive factor (p = 0.955 for adipo-
nectin: p = 0.405 for leptin) for sarcopenia, adjusted by age. An ROC curve was plotted to
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Table 6. Multiple linear regression analysis of the serum leptin and adiponectin concentration and the echocardiographic findings.

A) Dependent variable: leptin (log) Model 1 Model 2 Model 3 Model 4
Independent variable B-value (p) B-value (p) B-value (p) B-value (p)
LAD -0.310 (0.002)** -0.327 (0.001)** -0.306 (0.002)** -0.262 (0.002)"*
EF (log) 0.123 (0.172) 0.120 (0.184) 0.064 (0.476) -0.021 (0.792)
LVMI (log) -0.215 (0.024)* -0.213 (0.026)* -0.200 (0.030)* -0.166 (0.036)*
E/e’ (log) -0.028 (0.753) -0.014 (0.878) -0.045 (0.612) 0.010 (0.893)

B) Dependent variable: LAVI (log) Model 1 Model 2 Model 3 Model 4
Independent variable B-value (p) B-value (p) B-value (p) B-value (p)
Leptin (log) -0.382 (0.000)*** -0.379 (0.000)*** -0.424 (0.000)*** -0.434 (0.000)***
Adiponectin (log) 0.373 (0.000)*** 0.426 (0.000)*** 0.397 (0.000)*** 0.398 (0.000)***
C) Dependent variable: E/e’ (log) Model 1 Model 2 Model 3 Model 4
Independent variable B-value (p) B-value (p) B-value (p) B-value (p)
Leptin (log) -0.014 (0.878) -0.016 (0.863) -0.049 (0.637) 0.013 (0.918)
Adiponectin (log) 0.306 (0.002)"* 0.275 (0.008)"* 0.255 (0.016)" 0.245 (0.022)"
D) Dependent variable: LVMI (log) Model 1 Model 2 Model 3 Model 4
Independent variable B-value (p) B-value (p) B-value (p) B-value (p)
Leptin (log) -0.331 (0.001)** -0.327 (0.001)** -0.306 (0.003)** -0.370 (0.003)**
Adiponectin (log) -0.005 (0.956) 0.020 (0.845) 0.032 (0.758) 0.041 (0.692)

*p <0.05

**p<0.01

*** p < 0.001 Model 1, unadjusted; Model 2, adjusted by age, Model 3, adjusted by age and sex, Model 4, adjusted by age, sex, and BMI

https://doi.org/10.1371/journal.pone.0225008.t006

identify the optimal cut-off level of the serum adiponectin concentration to detect sarcopenia
in males, as shown in Fig 1. To generate the ROC curve, different adiponectin cut-off values
were used to predict sarcopenia with true positives on the vertical axis (sensitivity) and false-
positives (1-specificity) on the horizontal axis. The area under the curve (AUC) was 74.7%.
Sensitivity and specificity were 84.2%, and 64%, respectively. The optimal cut-off value was

6.2 pug/ml.

Table 7. Relationships between serum adipokine (leptin and adiponectin) levels, physical function, and the BIA

findings in both males and females.

Physical & BIA findings Leptin Males / Females Adiponectin Males / Females
r—value (p—value) r—value (p—value)
Grip strength -0.160 (0.243) / -0.128 (0.463) -0.186 (0.181) /-0.110 (0.529)

Knee extension

0.015 (0.917) / 0.251 (0.167)

-0.201 (0.165) / -0.069 (0.708)

Gait speed

-0.028 (0.842) / -0.204 (0.254)

-0.163 (0.247) / -0.072 (0.690)

Anterior mid-thigh muscle thickness

0.149 (0.293) / 0.347 (0.052)

-0.364 (0.009)xs** / -0.294 (0.102)

Skeletal muscle volume

0.271 (0.033)* / 0.025 (0.884)

-0.355 (0.005)** / -0.292 (0.084)

SMI 0.333 (0.008)** / 0.107 (0.533) -0.351 (0.006)** / -0.333 (0.047)"
Body fat volume 0.669 (0.000)***/ 0.630 (0.000)*** | -0.225 (0.084) / -0.287 (0.089)
Body fat percentage 0.620 (0.000)*** / 0.643 (0.000)*** | -0.125 (0.342) / -0.184 (0.282)
*p<0.05
*p<0.01

*** p < 0.001 SMI, skeletal muscle mass index; BIA, bioelectric impedance analyzer; other abbreviations as in

Table 2.

https://doi.org/10.1371/journal.pone.0225008.t007
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Fig 1. ROC curve to identify the optimal cut-off level of the serum concentration of adiponectin to detect sarcopenia in males. To generate
the ROC curve shown, different adiponectin cut-off values were used to predict sarcopenia with true positives on the vertical axis (sensitivity)
and false positives (1-specificity) on the horizontal axis.

https://doi.org/10.1371/journal.pone.0225008.g001

Table 8 summarizes the comparative data from patients with low adiponectin levels
(< 6.2 pg/ml, the cut-off value from the above ROC curve) and those with high adiponectin
levels (> 6.2 pg/ml). As shown in Table 8, patients with high adiponectin levels had lower
eGFR, Hb, TG, LVEEF, grip strength, knee extension strength, and SMI, compared to those
with low adiponectin levels. On the other hand, they had higher BNP, LAD, E/¢’, and LAVL
The serum concentrations of TNFa in patients with high adiponectin levels were significantly
greater than those in patients with low adiponectin levels (TNFo: 1.50 + 0.60 pg/ml vs.
1.00 + 0.42 pg/ml, p < 0.01). There were no significant differences of serum leptin level in both
groups.

Discussion

The major findings of the present study are as follows. 1) In CVD patients receiving cardiovas-
cular surgery with a mean BMI value of 23.6, the serum leptin concentration was positively
correlated with LVEF, albumin, and body fat volume as well as BMI, whereas it was negatively
correlated with BNP, and the echocardiographic parameters (LAD, LVMI, and LAVI). 2). The
serum adiponectin level was positively correlated with BNP levels, LAD, E/e’, and LAVT, but
not LVEF. Negative correlations were observed between adiponectin and BMI, Hb, and albu-
min. 3) Multiple regression analysis showed an association between leptin or adiponectin lev-
els and echocardiographic parameters after adjusting for age, sex, and BMI. 4) Serum
adiponectin was negatively correlated with leptin, but positively correlated with TNFa.. 5) In
males, serum leptin level had a positive correlation with skeletal muscle volume and SMI,
while adiponectin had a negative correlation with anterior mid-thigh muscle thickness, skeletal
muscle volume, and SMI. And, the adiponectin level was an independent predictive factor in
males for sarcopenia even after adjusted by age. These results suggest that leptin and
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Table 8. Comparison between patients with low and high adiponectin levels based on the cut-off value from the
ROC curve in males.

low adiponectin group high adiponectin group
Age 62.56 (13.55) 70.57 (12.75)"*
hsCRP, mg/dl 0.62 (1.16) 0.79 (1.65)
eGFR, ml/min/1.73m? 68.38 (23.26) 47.29 (27.03)*
Hb, g/dl 13.19 (1.78) 11.88 (2.05)**
HbAlc, % 6.19 (0.87) 6.16 (0.89)
LDL-C, mg/dl 92.13 (25.35) 91.21 (30.53)
HDL-C, mg/dl 47.37 (11.48) 52.85 (16.69)
Non-HDL-C, mg/dl 116 (29.42) 10.9.93 (36.96)
T-Chol, mg/dl 162.93 (33.3) 163.59 (44.24)
TG, mg/dl 118.4 (55.45) 93.25 (65.09)*
Alb, g/dl 3.92 (0.43) 3.71 (0.60)
BNP, pg/ml 94.3 (103.04) 610.06 (688.87)**
LAD, mm 40.84 (6.42) 49.82 (9.26)**
LVEF, % 59.05 (9.33) 50.4 (15.38)"
E/e 15.22 (6.78) 19.38 (7.08)*
LAV, ml/m? 27.50 (10.46) 84.74 (31.37)*
Grip strength, kgf 29.79 (8.87) 25.16 (7.31)*
Knee extension, kgf 26.64 (3.65) 23.17 (10.25)
Gait speed, m/s 1.01 (0.28) 0.95 (0.34)
SMI, kg/m? 7.48 (0.91) 6.82 (1.03)*
Body fat volume, kg 19.72 (8.48) 17.46 (8.16)
Body fat percentage, % 27.89 (7.87) 26.59 (7.33)
Adiponectin, pg/ml 2.86 (1.62) 11.89 (5.53)**
TNFo, pg/ml 1.00 (0.42) 1.50 (0.60)"**
Leptin 4167 (5763) 2376 (3138)

The mean along with the (SD) is shown.
*p<0.05

** p < 0.01 vs. the low adiponectin group; other abbreviations as in Table 2

https://doi.org/10.1371/journal.pone.0225008.t008

adiponectin may play a role in cardiac remodeling in CVD patients receiving cardiovascular
surgery. And, adiponectin appears to be a marker of impaired metabolic signaling that is
linked to heart failure progression including inflammation, poor nutrition, and muscle wasting
in CVD patients receiving cardiovascular surgery.

Leptin is a well-known cytokine for regulating body weight, and serum leptin levels directly
correlate with body fat volume [36]. As shown previously [32], in the present study there were
significant positive correlations between the serum concentration of leptin and the following
metabolic risk factors: T-Chol, TG, LDL-C, non-HDL-C, BMI, body fat mass, and body fat
percentage. In general, obesity is known to be associated with an increase in LA size, LVM,
wall thickness, diastolic dysfunction [22,23,24], and subsequently an increased risk of heart
failure [25]. However, this is somewhat opposite to the present study. The present study
showed a significant inverse association of serum leptin concentration with LAD, LVMI, and
LAV in patients with CVD receiving cardiovascular surgery. Multiple regression analysis also
showed that LAD and log (LVMI) were the independent variables to predict serum leptin con-
centration after adjusting for age, sex, and BMI. On the other hand, the leptin levels were the
independent variable to predict LAVI, and LVMI after adjusting for age, sex, and BMI. And, a
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significant positive correlation was observed between the serum leptin level and LVEF, but not
E/e’. Furthermore, a negative correlation was observed between the serum leptin level and the
plasma BNP level, a marker of heart failure severity, in contrast to the relationship between the
serum adiponectin concentration and the plasma BNP level. These findings suggest that leptin
favorably influences cardiac structure and function in our CVD patients, which is compatible
with previous studies [27,29,37]. They reported that higher leptin was associated with lower
LV mass, wall thickness, and LAD size in individuals older than 70 years of age, and general
community-based patients without known cardiac disease. These contradictory findings on
leptin may be partly explained by leptin resistance due to obesity, which is generally known to
be associated with an increase of LAD, LVM, wall thickness, and diastolic dysfunction
[22,23,24]. That is, as obesity increases, the likelihood of desensitization of the leptin receptor
increases [38]. The BMI in our studies was within normal limits (23.6 + 3.8 kg/mz). Thus, the
present study provides the first evidence showing that leptin may be a cardioprotective adipo-
kine that reduces cardiac remodeling in non-obese CVD patients receiving cardiovascular sur-
gery. Thus, lower leptin levels may be associated with the loss of the protective effects of this
adipokine, as reported in patients with heart failure [39]. However, the further studies using a
large number of patients are required to clarify this possibility in cardiovascular surgery
patients.

In this study, serum adiponectin levels showed a significant positive correlation with age,
but negative correlations were observed between adiponectin and BMI, eGFR, and TG. In
addition, there was a positive correlation between serum adiponectin levels and BNP and
HDL-C in our study. The association of serum adiponectin level with NYHA class and BNP
levels has been reported in chronic heart failure (CHF) [16,17,20,32]. This confirms the signifi-
cance of the circulating adiponectin level as a prognostic marker in patients with CHF. The
positive relationship between BNP and adiponectin may be explained by a previous study that
showed that natriuretic peptides enhance the production of adiponectin in human adipocytes
in patients with CHF [40]. Recognition that natriuretic peptides stimulate adiponectin secre-
tion provides a mechanism linking elevated adiponectin levels to more pronounced cardiac
dysfunction and a poorer prognosis [41]. Previous studies have also reported that serum adi-
ponectin levels were correlated with cardiac geometry and function. Some studies showed that
the serum adiponectin level was elevated and inversely associated with LVEF in elderly men
[42], but other studies failed to confirm this [43,44]. In addition, Unno et al. [45] reported that
adiponectin levels were positively associated with diastolic dysfunction in patients with hyper-
trophic cardiomyopathy. In the present study, no significant association was found between
adiponectin concentrations and LVEF, but adiponectin concentrations were significantly posi-
tively correlated with LAD, LAVI, and E/e’, a marker of diastolic dysfunction. And, the adipo-
nectin level was the independent variable to predict LAVI, and E/e’ after adjusting for age, sex,
and BMI, in contrast with leptin. This is somewhat consistent with a previous study [43] that
showed a positive correlation of circulatory adiponectin concentrations with E/E’, and LAVT,
but not LVEF in systolic heart failure patients. Thus, the present study showed that adiponec-
tin plays an essential role in cardiac dysfunction and may serve as a link to heart failure pro-
gression in CVD patients receiving cardiovascular surgery.

Cardiac cachexia and muscle wasting (sarcopenia) have been reported to lead to increased
levels of adiponectin in heart failure [17,20,21]. Elevation of circulating adiponectin levels has
also been reported as a marker of weakened skeletal muscle force [46-48], decreased muscle
fiber size [49], sarcopenia, and cachexia [50-52]. The present study showed that leptin had a
positive correlation with skeletal muscle volume and SMI in men. On the other hand, adipo-
nectin had a negative correlation with anterior mid-thigh muscle thickness, skeletal muscle
and SMI. In females, it had a weak negative correlation with SMI. The circulating adiponectin
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Fig 2. A putative role of leptin and adiponectin in CVD patients receiving cardiovascular surgery. Illustration summarizing the major findings described
in the present study. Adiponectin has metabolic benefits, while leptin has metabolic risks. On the other hand, both adiponectin and leptin play a role in cardiac
remodeling. Leptin appears to be associated with lower LV mass, and LA size. In contrast, adiponectin may involve diastolic dysfunction, and appears to be a
marker of impaired metabolic signaling that is linked to heart failure progression including malnutrition, inflammation, and muscle wasting (cachexia,
sarcopenia), especially in males, in contrast to leptin associating with well-nutrition and elevated muscle mass.

https://doi.org/10.1371/journal.pone.0225008.9002

level was also inversely correlated with BMI, a well-known marker of malnutrition, and nutri-
tional factors (Hb, albumin), suggesting that adiponectin may play a role in the pathogenesis
of cachexia or sarcopenia, especially in males [17,20,21]. In addition, an ROC curve was con-
structed to determine the ability of adiponectin to predict sarcopenia. The AUC was 74.7%
with a cut-off value of 6.2 ug/ml. This is quite similar to the results of Harada et al. [51] who
did ROC curve analysis and found that the optimal cut-off value of adiponectin to detect sarco-
penia in CVD patients (males and females) including cardiovascular surgery was 5.62 pg/ml.
Their cut-off value was similar to the value in our study that evaluated CVD patients receiving
cardiovascular surgery. In addition, the present study showed that there were positive correla-
tions of adiponectin, but not leptin, with TNFa, an inflammatory cytokine, suggesting the
involvement of inflammation. Furthermore, patients with a high adiponectin level (> 6.2 pg/
ml) had lower Hb, LVEF, grip strength, knee extension strength, anterior mid-thigh muscle
thickness, and SMI, compared to those with a low adiponectin level (< 6.2 ug/ml, the cut-off
value of the ROC curve). On the other hand, the patients with a high adiponectin level had
greater BNP, LAD, E/e’, and LAVI, compared to those with a low adiponectin level. The serum
concentration of TNFa in patients with a high adiponectin level was significantly greater than
in those with a low adiponectin level. The present study also showed that the circulating adipo-
nectin level was inversely correlated with nutritional factors (Hb, albumin). In contrast, a posi-
tive association between serum leptin levels and albumin was observed, suggesting that
elevated serum leptin levels, but not adiponectin, are associated with good nutritional status.
This is compatible with previous studies showing that leptin is a biological marker for
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evaluating malnutrition [53,54]. Thus, it is likely that adiponectin plays an essential role in
impaired metabolic signaling that is linked to heart failure progression including inflamma-
tion, muscle wasting, and poor nutrition in CVD patients receiving cardiovascular surgery, in
contrast with leptin.

Some limitations of our study need consideration. First, because it was a cross-sectional
study, the results did not imply causality. Second, the study had a small number of CVD
patients undergoing different types of cardiovascular surgery and there were no CVD patients
without surgery. Therefore, our findings are not necessarily applicable to the general popula-
tion of CVD patients. In addition, most of the subjects had medical treatment. The use of
drugs such as p-blockers [55], ACE-I, and ARB might have affected serum adipokine levels
and metabolic profiles. Therefore, further detailed analyses in a larger number of CVD patients
are required to clarify the pathophysiological significance of leptin and adiponectin.

In conclusion, we have shown that leptin and adiponectin may play a role in cardiac remod-
eling in CVD patients receiving cardiovascular surgery. And, adiponectin appears to be a
marker of impaired metabolic signaling that is linked to heart failure progression including
inflammation, poor nutrition, and muscle wasting in CVD patients receiving cardiovascular
surgery as illustrated in Fig 2. In addition, leptin and adiponectin may be a useful biomarker
for the operative risk in CVD patients receiving cardiovascular surgery, but the further studies
are needed to clarify this possibility.

Supporting information

S1 Fig. Correlations between serum leptin and adiponectin levels and the echocardio-
graphic findings. Relationships between the echocardiographic findings (LAD (A), LAVI (B),
E/e’(C)) and serum leptin (Aa, Ba, Ca) and adiponectin levels (Ab, Bb, Cb) *P<0.05, **P<0.01,
***P<0.001.

(TIF)

Acknowledgments

We would like to thank cardiovascular surgery doctors and staffs for taking blood samples. We
would also like to thank Mr. Satoshi Katayanagi for assistance with statistical analysis, and for
the review and approval of the data.

Author Contributions

Data curation: Ikuko Shibasaki, Hironaga Ogawa, Yuusuke Takei, Shigeru Toyoda, Shichiro
Abe.

Formal analysis: Tatsuya Sawaguchi, Toshiaki Nakajima.
Funding acquisition: Toshiaki Nakajima.
Investigation: Toshiaki Nakajima.

Methodology: Tatsuya Sawaguchi, Akiko Haruyama, Takaaki Hasegawa, Takafumi Nakajima,
Hiroyuki Kaneda, Takuo Arikawa, Syotaro Obi, Masashi Sakuma.

Project administration: Toshiaki Nakajima.

Supervision: Fumitaka Nakamura, Hirotsugu Fukuda, Teruo Inoue.
Writing - original draft: Tatsuya Sawaguchi, Toshiaki Nakajima.
Writing - review & editing: Toshiaki Nakajima.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225008 November 8, 2019 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225008.s001
https://doi.org/10.1371/journal.pone.0225008

@ PLOS|ONE

Serum adiponectin and leptin concentrations in cardiovascular surgery patients

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Hopkins TA, Ouchi N, Shibata R, Walsh K. Adiponectin actions in the cardiovascular system.Cardio-
vasc Res. 2007 Apr 1; 74(1):11-18. Epub 2006 Oct 20. https://doi.org/10.1016/j.cardiores.2006.10.009
PMID: 17140553

Marinou K, Tousoulis D, Antonopoulos AS, Stefanadi E, Stefanadis C. Obesity and cardiovascular dis-
ease: from pathophysiology to risk stratification. Int J Cardiol. 2010 Jan 7; 138(1):3-8. https://doi.org/
10.1016/j.iicard.2009.03.135 PMID: 19398137

Stofkova A. Leptin and adiponectin: from energy and metabolic dysbalance to inflammation and autoim-
munity. Endocr Regul. 2009 Oct; 43(4):157—168. Review PMID: 19908934

Friedman JM, Halaas JL. Leptin and the regulation of body weight in mammals. Nature. 1998 Oct 22;
395(6704):763-770. Review. https://doi.org/10.1038/27376 PMID: 9796811

Lee JH, Reed DR, Price RA. Leptin resistance is associated with extreme obesity and aggregates in
families. Int J Obes Relat Metab Disord. 2001 Oct; 25(10):1471-1473. https://doi.org/10.1038/sj.ijo.
0801736 PMID: 11673768

Maresca F, Di Palma V, Bevilacqua M, Uccello G, Taglialatela V, Giaquinto A, et al. Esposito G, Tri-
marco B, Cirillo P. Adipokines, vascular wall, and cardiovascular disease: a focused overview of the
role of adipokines in the pathophysiology of cardiovascular disease. Angiology. 2015 Jan; 66(1):8—24.
https://doi.org/10.1177/0003319713520463 PMID: 24535638

Kadowaki T, Yamauchi T. Adiponectin and adiponectin receptors. Endocr Rev. 2005 May; 26(3):439—
451. Review. https://doi.org/10.1210/er.2005-0005 PMID: 15897298

Taol, GaoE, Jiao X, Yuan Y, Li S, Christopher TA, et al. Adiponectin cardioprotection after myocardial
ischemia/reperfusion involves the reduction of oxidative/nitrative stress Circulation. 2007 Mar 20; 115
(11):1408-1416. Epub 2007 Mar 5. https://doi.org/10.1161/CIRCULATIONAHA.106.666941 PMID:
17339545

Hui X, Lam KS, Vanhoutte PM, Xu A. Adiponectin and cardiovascular health: an update. Br J Pharma-
col. 2012 Feb; 165(3):574-590. https://doi.org/10.1111/j.1476-5381.2011.01395.x PMID: 21457225

Hong SJ, Park CG, Seo HS, Oh DJ, Ro YM. Associations among plasma adiponectin, hypertension, left
ventricular diastolic function and left ventricular mass index. Blood Press. 2004; 13(4):236—-242. PMID:
15581338

Keren G, Roth A. Circulating adiponectin concentrations in patients with congestive heart failure. Heart.
2006 Oct; 92(10):1420-1424. https://doi.org/10.1136/hrt.2005.083345 PMID: 16621874

Mitsuhashi H, Yatsuya H, Tamakoshi K, Matsushita K, Otsuka R, Wada K, et al. Adiponectin level and
left ventricular hypertrophy in Japanese men. Hypertension. 2007 Jun; 49(6):1448-1454. https://doi.
org/10.1161/HYPERTENSIONAHA.106.079509 PMID: 17420337

Fontes-Carvalho R, Pimenta J, Bettencourt P, Leite-Moreira A, Azevedo A. Association between
plasma leptin and adiponectin levels and diastolic function in the general population. Expert Opin Ther
Targets. 2015; 19(10):1283—-1291. https://doi.org/10.1517/14728222.2015.1019468 PMID: 25787844

Wilson SR, Sabatine MS, Wiviott SD, Ray KK, De Lemos JA, Zhou S, et al. Assessment of adiponectin
and the risk of recurrent cardiovascular events in patients presenting with an acute coronary syndrome:
observations from the Pravastatin Or atorVastatin Evaluation and Infection Trial-Thrombolysis in Myo-
cardial Infarction 22 (PROVE IT-TIMI 22). Am Heart J. 2011 Jun; 161(6):1147—1155. https://doi.org/10.
1016/j.ahj.2011.02.014 PMID: 21641362

Lindberg S, Pedersen SH, Magelvang R, Bjerre M, Frystyk J, Flyvbjerg A, et al. Usefulness of adiponec-
tin as a predictor of all cause mortality in patients with ST-segment elevation myocardial infarction
treated with primary percutaneous coronary intervention. Am J Cardiol. 2012 Feb 15; 109(4):492—496.
https://doi.org/10.1016/j.amjcard.2011.09.041 PMID: 22105783

George J, Patal S, Wexler D, Sharabi Y, Peleg E, Kamari Y, et al. Circulating adiponectin concentra-
tions in patients with congestive heart failure. Heart. 2006 Oct; 92(10):1420—1424. Epub 2006 Apr
https://doi.org/10.1136/hrt.2005.083345 PMID: 16621874

Haugen E, Furukawa Y, Isic A, Fu M. Increased adiponectin level in parallel with increased NT-pro BNP
in patients with severe heart failure in the elderly: A hospital cohort study. Int J Cardiol. 2008 Apr 10;
125(2):216—-219. https://doi.org/10.1016/j.ijicard.2007.12.002 PMID: 18234365

Bobbert P, Scheibenbogen C, Jenke A, Kania G, Wilk S, Krohn S, et al. Adiponectin expression in
patients with inflammatory cardiomyopathy indicates favorable outcome and inflammation control. Eur
Heart J. 2011 May; 32(9):1134—1147. https://doi.org/10.1093/eurheartj/ehq498 PMID: 21278397

Mikkelsen MM, Hansen TK, Gjedsted J, Andersen NH, Christensen TD, Hjortdal VE, et al. Insulin resis-
tance, adiponectin and adverse outcomes following elective cardiac surgery: a prospective follow-up
study. J Cardiothorac Surg. 2010 Dec 14; 5:129. hitps://doi.org/10.1186/1749-8090-5-129 PMID:
21156037

PLOS ONE | https://doi.org/10.1371/journal.pone.0225008 November 8, 2019 16/18


https://doi.org/10.1016/j.cardiores.2006.10.009
http://www.ncbi.nlm.nih.gov/pubmed/17140553
https://doi.org/10.1016/j.ijcard.2009.03.135
https://doi.org/10.1016/j.ijcard.2009.03.135
http://www.ncbi.nlm.nih.gov/pubmed/19398137
http://www.ncbi.nlm.nih.gov/pubmed/19908934
https://doi.org/10.1038/27376
http://www.ncbi.nlm.nih.gov/pubmed/9796811
https://doi.org/10.1038/sj.ijo.0801736
https://doi.org/10.1038/sj.ijo.0801736
http://www.ncbi.nlm.nih.gov/pubmed/11673768
https://doi.org/10.1177/0003319713520463
http://www.ncbi.nlm.nih.gov/pubmed/24535638
https://doi.org/10.1210/er.2005-0005
http://www.ncbi.nlm.nih.gov/pubmed/15897298
https://doi.org/10.1161/CIRCULATIONAHA.106.666941
http://www.ncbi.nlm.nih.gov/pubmed/17339545
https://doi.org/10.1111/j.1476-5381.2011.01395.x
http://www.ncbi.nlm.nih.gov/pubmed/21457225
http://www.ncbi.nlm.nih.gov/pubmed/15581338
https://doi.org/10.1136/hrt.2005.083345
http://www.ncbi.nlm.nih.gov/pubmed/16621874
https://doi.org/10.1161/HYPERTENSIONAHA.106.079509
https://doi.org/10.1161/HYPERTENSIONAHA.106.079509
http://www.ncbi.nlm.nih.gov/pubmed/17420337
https://doi.org/10.1517/14728222.2015.1019468
http://www.ncbi.nlm.nih.gov/pubmed/25787844
https://doi.org/10.1016/j.ahj.2011.02.014
https://doi.org/10.1016/j.ahj.2011.02.014
http://www.ncbi.nlm.nih.gov/pubmed/21641362
https://doi.org/10.1016/j.amjcard.2011.09.041
http://www.ncbi.nlm.nih.gov/pubmed/22105783
https://doi.org/10.1136/hrt.2005.083345
http://www.ncbi.nlm.nih.gov/pubmed/16621874
https://doi.org/10.1016/j.ijcard.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/18234365
https://doi.org/10.1093/eurheartj/ehq498
http://www.ncbi.nlm.nih.gov/pubmed/21278397
https://doi.org/10.1186/1749-8090-5-129
http://www.ncbi.nlm.nih.gov/pubmed/21156037
https://doi.org/10.1371/journal.pone.0225008

@ PLOS|ONE

Serum adiponectin and leptin concentrations in cardiovascular surgery patients

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

McEntegart MB, Awede B, Petrie MC, Sattar N, Dunn FG, MacFarlane NG, et al. Increase in serum adi-
ponectin concentration in patients with heart failure and cachexia: relationship with leptin, other cyto-
kines, and B-type natriuretic peptide. Eur Heart J. 2007 Apr; 28(7):829-835. https://doi.org/10.1093/
eurheartj/ehm033 PMID: 17403719

von Haehling S, Lainscak M, Springer J, Anker SD. Cardiac cachexia: a systematic overview. Pharma-
col Ther. 2009 Mar; 121(3):227-252. https://doi.org/10.1016/j.pharmthera.2008.09.009 PMID:
19061914

Abel ED, Litwin SE, Sweeney G. Cardiac remodeling in obesity. Physiol Rev. 2008 Apr; 88(2):389—419.
https://doi.org/10.1152/physrev.00017.2007 PMID: 18391168

Lauer MS, Anderson KM, Kannel WB, Levy D. The impact of obesity on left ventricular mass and geom-
etry. The Framingham Heart Study. JAMA. 1991 Jul 10; 266(2):231-236. PMID: 1829117

Fischer M, Baessler A, Hense HW, Hengstenberg C, Muscholl M, Holmer S, et al. Prevalence of left
ventricular diastolic dysfunction in the community. Results from a Doppler echocardiographic-based
survey of a population sample. Eur Heart J. 2003 Feb; 24(4):320-328. https://doi.org/10.1016/s0195-
668x(02)00428-1 PMID: 12581679

Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG, et al. Obesity and the risk of
heart failure. N Engl J Med. 2002 Aug 1; 347(5):305-313. https://doi.org/10.1056/NEJM0a020245
PMID: 12151467

Rajapurohitam V, Gan XT, Kirshenbaum LA, Karmazyn M. The obesity-associated peptide leptin
induces hypertrophy in neonatal rat ventricular myocytes. Circ Res. 2003 Aug 22; 93(4):277-279.
https://doi.org/10.1161/01.RES.0000089255.37804.72 PMID: 12893740

Lieb W, Sullivan LM, Aragam J, Harris TB, Roubenoff R, Benjamin EJ, et al. Relation of serum leptin
with cardiac mass and left atrial dimension in individuals >70 years of age. Am J Cardiol. 2009 Aug 15;
104(4):602—605. https://doi.org/10.1016/j.amjcard.2009.04.026 PMID: 19660619

Martin SS, Blaha MJ, Muse ED, Qasim AN, Reilly MP, Blumenthal RS, et al. Leptin and incident cardio-
vascular disease: the Multi-ethnic Study of Atherosclerosis (MESA). Atherosclerosis. 2015 Mar; 239
(1):67—72. https://doi.org/10.1016/j.atherosclerosis.2014.12.033 PMID: 25574859

Sharma S, Colangelo LA, Allison MA, Lima JA, Ambale-Venkatesh B, Kishi S, et al. Association of
serum leptin with future left ventricular structure and function: The Multi-Ethnic Study of Atherosclerosis
(MESA). Int J Cardiol. 2015 Aug 15; 193:64-68. https://doi.org/10.1016/}.ijcard.2015.05.068 PMID:
26005181

McGaffin KR, Sun CK, Rager JJ, Romano LC, Zou B, Mathier MA, et al. Leptin signalling reduces the
severity of cardiac dysfunction and remodelling after chronic ischaemic injury. Cardiovasc Res. 2008
Jan; 77(1):54-63. Epub 2007 Sep 20. https://doi.org/10.1093/cvr/cvm023 PMID: 18006469

Barouch LA, Berkowitz DE, Harrison RW, O’Donnell CP, Hare JM. Disruption of leptin signaling contrib-
utes to cardiac hypertrophy independently of body weight in mice. Circulation. 2003 Aug 12; 108
(6):754—759. Epub 2003 Jul https://doi.org/10.1161/01.CIR.0000083716.82622.FD PMID: 12885755

Kaneda H, Nakajima T, Haruyama A, Shibasaki |, Hasegawa T, Sawaguchi T, et al. Association of
serum concentrations of irisin and the adipokines adiponectin and leptin with epicardial fat in cardiovas-
cular surgery patients. PLoS One. 2018 Aug 2; 13(8):e0201499. https://doi.org/10.1371/journal.pone.
0201499 PMID: 30071056

Sawaguchi T, Nakajima T, Hasegawa T, Shibasaki I, Kaneda H, Obi S, et al. Serum adiponectin and
TNFa concentrations are closely associated with epicardial adipose tissue fatty acid profiles in patients
undergoing cardiovascular surgery. Int J Cardiol Heart Vasc. 2017 Nov 28; 18:86—95. https://doi.org/10.
1016/j.iicha.2017.11.004 PMID: 29750183

Yasuda T, Nakajima T, Sawaguchi T, Nozawa N, Arakawa T, Takahashi R, et al. Short Physical Perfor-
mance Battery for cardiovascular disease inpatients: implications for critical factors and sarcopenia. Sci
Rep. 2017 Dec 12; 7(1):17425. https://doi.org/10.1038/s41598-017-17814-z PMID: 29234165

Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al. Sarcopenia in Asia: consen-
sus report of the Asian Working Group for Sarcopenia. J Am Med Dir Assoc. 2014 Feb; 15(2):95-101.
https://doi.org/10.1016/j.jamda.2013.11.025 PMID: 24461239

Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce MR, et al. Serum immunore-
active-leptin concentrations in normal-weight and obese humans. N Engl J Med. 1996 Feb 1; 334
(5):292—-295. https://doi.org/10.1056/NEJM199602013340503 PMID: 8532024

Allison MA, Bluemke DA, McClelland R, Cushman M, Criqui MH, Polak JF, et al. Relation of leptin to left
ventricular hypertrophy (from the Multi-Ethnic Study of Atherosclerosis). Am J Cardiol. 2013 Sep 1; 112
(5):726—730. https://doi.org/10.1016/j.amjcard.2013.04.053 PMID: 23711806

Meier U, Gressner AM. Endocrine regulation of energy metabolism: review of pathobiochemical and
clinical chemical aspects of leptin, ghrelin, adiponectin, and resistin. Clin Chem. 2004 Sep; 50(9):1511—
1525. Epub 2004 Jul 20. Review. https://doi.org/10.1373/clinchem.2004.032482 PMID: 15265818

PLOS ONE | https://doi.org/10.1371/journal.pone.0225008 November 8, 2019 17/18


https://doi.org/10.1093/eurheartj/ehm033
https://doi.org/10.1093/eurheartj/ehm033
http://www.ncbi.nlm.nih.gov/pubmed/17403719
https://doi.org/10.1016/j.pharmthera.2008.09.009
http://www.ncbi.nlm.nih.gov/pubmed/19061914
https://doi.org/10.1152/physrev.00017.2007
http://www.ncbi.nlm.nih.gov/pubmed/18391168
http://www.ncbi.nlm.nih.gov/pubmed/1829117
https://doi.org/10.1016/s0195-668x(02)00428-1
https://doi.org/10.1016/s0195-668x(02)00428-1
http://www.ncbi.nlm.nih.gov/pubmed/12581679
https://doi.org/10.1056/NEJMoa020245
http://www.ncbi.nlm.nih.gov/pubmed/12151467
https://doi.org/10.1161/01.RES.0000089255.37804.72
http://www.ncbi.nlm.nih.gov/pubmed/12893740
https://doi.org/10.1016/j.amjcard.2009.04.026
http://www.ncbi.nlm.nih.gov/pubmed/19660619
https://doi.org/10.1016/j.atherosclerosis.2014.12.033
http://www.ncbi.nlm.nih.gov/pubmed/25574859
https://doi.org/10.1016/j.ijcard.2015.05.068
http://www.ncbi.nlm.nih.gov/pubmed/26005181
https://doi.org/10.1093/cvr/cvm023
http://www.ncbi.nlm.nih.gov/pubmed/18006469
https://doi.org/10.1161/01.CIR.0000083716.82622.FD
http://www.ncbi.nlm.nih.gov/pubmed/12885755
https://doi.org/10.1371/journal.pone.0201499
https://doi.org/10.1371/journal.pone.0201499
http://www.ncbi.nlm.nih.gov/pubmed/30071056
https://doi.org/10.1016/j.ijcha.2017.11.004
https://doi.org/10.1016/j.ijcha.2017.11.004
http://www.ncbi.nlm.nih.gov/pubmed/29750183
https://doi.org/10.1038/s41598-017-17814-z
http://www.ncbi.nlm.nih.gov/pubmed/29234165
https://doi.org/10.1016/j.jamda.2013.11.025
http://www.ncbi.nlm.nih.gov/pubmed/24461239
https://doi.org/10.1056/NEJM199602013340503
http://www.ncbi.nlm.nih.gov/pubmed/8532024
https://doi.org/10.1016/j.amjcard.2013.04.053
http://www.ncbi.nlm.nih.gov/pubmed/23711806
https://doi.org/10.1373/clinchem.2004.032482
http://www.ncbi.nlm.nih.gov/pubmed/15265818
https://doi.org/10.1371/journal.pone.0225008

@ PLOS|ONE

Serum adiponectin and leptin concentrations in cardiovascular surgery patients

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Wojciechowska C, Jache¢ W, Romuk E, Nowalany-Kozielska E, Tomasik A, Sieminska L. The effect of
BMI, serum leptin, and adiponectin levels on prognosis in patients with non-ischaemic dilated cardiomy-
opathy. Endokrynol Pol. 2017; 68(1):26—34. https://doi.org/10.5603/EP.2017.0005 PMID: 28255978

Tsukamoto O, Fujita M, Kato M, Yamazaki S, Asano Y, Ogai A, et al. Natriuretic peptides enhance the
production of adiponectin in human adipocytes and in patients with chronic heart failure. J Am Coll Car-
diol. 2009 Jun 2; 53(22):2070-2077. https://doi.org/10.1016/j.jacc.2009.02.038 PMID: 19477358

Antonopoulos AS, Margaritis M, Coutinho P, Digby J, Patel R, Psarros C, et al. Reciprocal effects of
systemic inflammation and brain natriuretic peptide on adiponectin biosynthesis in adipose tissue of
patients with ischemic heart disease. Arterioscler Thromb Vasc Biol. 2014 Sep; 34(9):2151-2159.
https://doi.org/10.1161/ATVBAHA.114.303828 PMID: 25060790

Gustafsson S, Lind L, Zethelius B, Venge P, Flyvbjerg A, Séderberg S, et al. Adiponectin and cardiac
geometry and function in elderly: results from two community-based cohort studies. Eur J Endocrinol.
2010 Mar; 162(3):543-550. https://doi.org/10.1530/EJE-09-1006 PMID: 20008076

Won H, Kang SM, Shin MJ, Oh J, Hong N, Park S, et al. Plasma adiponectin concentration and its asso-
ciation with metabolic syndrome in patients with heart failure. Yonsei Med J. 2012 Jan; 53(1):91-98.
https://doi.org/10.3349/ymj.2012.53.1.91 PMID: 22187237

Baltraniené V, Bironaité D, Kazukauskiené |, Bogomolovas J, Vitkus D, Ru¢inskas K, et al. The Role of
Serum Adiponectin for Outcome Prediction in Patients with Dilated Cardiomyopathy and Advanced
Heart Failure. Biomed Res Int. 2017; 2017:3818292. https://doi.org/10.1155/2017/3818292 Epub 2017
Nov 26. https://doi.org/10.1155/2017/3818292 PMID: 29318144

Unno K, Shibata R, 1zawa H, Hirashiki A, Murase Y, Yamada T, et al. Adiponectin acts as a positive indi-
cator of left ventricular diastolic dysfunction in patients with hypertrophic cardiomyopathy. Heart. 2010
Mar; 96(5):357-361. https://doi.org/10.1136/hrt.2009.172320 PMID: 19648128

Loncar G, Bozic B, von Haehling S, Diingen HD, Prodanovic N, Lainscak M, et al. Association of adipo-
nectin with peripheral muscle status in elderly patients with heart failure. Eur J Intern Med. 2013 Dec; 24
(8):818-823. https://doi.org/10.1016/j.ejim.2013.09.011 PMID: 24095654

Huang C, Niu K, Momma H, Kobayashi Y, Guan L, Nagatomi R. Inverse association between circulating
adiponectin levels and skeletal muscle strength in Japanese men and women. Nutr Metab Cardiovasc
Dis. 2014 Jan; 24(1):42—49. https://doi.org/10.1016/j.numecd.2013.03.006 PMID: 23786825

Karvonen-Gutierrez CA, Zheng H, Mancuso P, Harlow SD. Higher Leptin and Adiponectin Concentra-
tions Predict Poorer Performance-based Physical Functioning in Midlife Women: the Michigan Study of
Women’s Health Across the Nation. J Gerontol A Biol Sci Med Sci. 2016 Apr; 71(4):508-514. https://
doi.org/10.1093/gerona/glv123 PMID: 26302979

Pisto P, Santaniemi M, Turpeinen JP, Ukkola O, Keséniemi YA. Adiponectin concentration in plasma is
associated with muscle fiber size in healthy middle-aged men. Scand J Clin Lab Invest. 2012 Sep; 72
(5):395—-402. https://doi.org/10.3109/00365513.2012.687759 PMID: 22900744

Kung T, Szabd T, Springer J, Doehner W, Anker SD, von Haehling S. Cachexia in heart disease: high-
lights from the ESC 2010. J Cachexia Sarcopenia Muscle. 2011 Mar; 2(1):63-69. https://doi.org/10.
1007/s13539-011-0020-z PMID: 21475672

Harada H, Kai H, Shibata R, Niiyama H, Nishiyama Y, Murohara T, et al. New diagnostic index for sar-
copenia in patients with cardiovascular diseases. PLoS One. 2017 May 18; 12(5):e0178123. eCollec-
tion 2017. https://doi.org/10.1371/journal.pone.0178123 PMID: 28542531

Araujo JP, Lourenco P, Rocha-Goncalves F, Ferrera A, Bettencourt P. Adiponectin is increased in car-
diac cachexia irrespectively of body mass index. Eur J Fail. 2019; 11: 567-572. https://doi.org/10.1093/
eurjhf/hfp046 PMID: 19359328

Bouillanne O, Golmard JL, Coussieu C, Noél M, Durand D, Piette F, et al. Leptin a new biological marker
for evaluating malnutrition in elderly patients. Eur J Clin Nutr. 2007 May; 61(5):647—654. https://doi.org/
10.1038/sj.ejcn.1602572 PMID: 17151588

Amirkalali B, Sharifi F, Fakhrzadeh H, Mirarefein M, Ghaderpanahi M, Badamchizadeh Z, et al. Low
serum leptin serves as a biomarker of malnutrition in elderly patients. Nutr Res. 2010 May; 30(5):314—
319. https://doi.org/10.1016/j.nutres.2010.05.002 PMID: 20579523

Yamaiji M, Tsutamoto T, Tanaka T, Kawahara C, Nishiyama K, Yamamoto T, et al. Effect of carvedilol
on plasma adiponectin concentration in patients with chronic heart failure. Circ J. 2009 Jun; 73
(6):1067-1073. https://doi.org/10.1253/circj.cj-08-1026 PMID: 19367012

PLOS ONE | https://doi.org/10.1371/journal.pone.0225008 November 8, 2019 18/18


https://doi.org/10.5603/EP.2017.0005
http://www.ncbi.nlm.nih.gov/pubmed/28255978
https://doi.org/10.1016/j.jacc.2009.02.038
http://www.ncbi.nlm.nih.gov/pubmed/19477358
https://doi.org/10.1161/ATVBAHA.114.303828
http://www.ncbi.nlm.nih.gov/pubmed/25060790
https://doi.org/10.1530/EJE-09-1006
http://www.ncbi.nlm.nih.gov/pubmed/20008076
https://doi.org/10.3349/ymj.2012.53.1.91
http://www.ncbi.nlm.nih.gov/pubmed/22187237
https://doi.org/10.1155/2017/3818292
https://doi.org/10.1155/2017/3818292
http://www.ncbi.nlm.nih.gov/pubmed/29318144
https://doi.org/10.1136/hrt.2009.172320
http://www.ncbi.nlm.nih.gov/pubmed/19648128
https://doi.org/10.1016/j.ejim.2013.09.011
http://www.ncbi.nlm.nih.gov/pubmed/24095654
https://doi.org/10.1016/j.numecd.2013.03.006
http://www.ncbi.nlm.nih.gov/pubmed/23786825
https://doi.org/10.1093/gerona/glv123
https://doi.org/10.1093/gerona/glv123
http://www.ncbi.nlm.nih.gov/pubmed/26302979
https://doi.org/10.3109/00365513.2012.687759
http://www.ncbi.nlm.nih.gov/pubmed/22900744
https://doi.org/10.1007/s13539-011-0020-z
https://doi.org/10.1007/s13539-011-0020-z
http://www.ncbi.nlm.nih.gov/pubmed/21475672
https://doi.org/10.1371/journal.pone.0178123
http://www.ncbi.nlm.nih.gov/pubmed/28542531
https://doi.org/10.1093/eurjhf/hfp046
https://doi.org/10.1093/eurjhf/hfp046
http://www.ncbi.nlm.nih.gov/pubmed/19359328
https://doi.org/10.1038/sj.ejcn.1602572
https://doi.org/10.1038/sj.ejcn.1602572
http://www.ncbi.nlm.nih.gov/pubmed/17151588
https://doi.org/10.1016/j.nutres.2010.05.002
http://www.ncbi.nlm.nih.gov/pubmed/20579523
https://doi.org/10.1253/circj.cj-08-1026
http://www.ncbi.nlm.nih.gov/pubmed/19367012
https://doi.org/10.1371/journal.pone.0225008

