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ABSTRACT

Adiponectin, and leptin are adipose tissue derived hormones affecting metabolic status. This
study aimed to investigate the relationship between circulating adiponectin and leptin levels,
and cardiometabolic parameters by obesity status among healthy women without metabolic
disease. Finally 141 participants were included in the analyses and categorized into three
groups by their body mass index (kg/m?) (normal weight: 18.5 < body mass index [BMI] <
23.0, n=065; overweight: 23.0 < BMI < 25.0, n=26; obesity: 25.0 < BMI, n=50). Overweight and
obesity groups were older, and had significantly higher levels of adiposity, blood pressure,
fasting glucose, triglyceride, and high sensitivity C-reactive protein (hs-CRP), and lower
levels of high density lipoprotein (HDL)-cholesterol than normal weight group. Circulating
leptin levels, and leptin to adiponectin ratio were highest in obesity group, but circulating
adiponectin levels were not statistically different among the three groups. Circulating leptin
levels were negatively correlated with adiponectin levels, and leptin to adiponectin ratio. In
addition, leptin levels were positively correlated with waist circumference, systolic blood
pressure, insulin resistance, and hs-CRP, and negatively with HDL-cholesterol. However,
circulating adiponectin levels were negatively correlated only with waist circumference, and
hs-CRP. These patterns were retained after adjusted for confounding factors such as age,
smoking and drinking habits, menopausal status and total calorie intake. In conclusion,
circulating adiponectin and leptin levels according to obesity status were differently observed
among healthy women, and circulating leptin levels may be a more sensitive parameter for
cardiometabolic risk in healthy women.

Keywords: Cardiovascular; Obesity; Abdominal obesity; Leptin; Adiponectin

INTRODUCTION

The morbidity of obesity, and the associated diseases are continuously increasing in the
world [1]. The Korean Society for the Study of Obesity (KOSSO) reported that the prevalence
of obesity estimated by body mass index (BMI) > 25 kg/m?* among Korean adults was 35.7%
among men and 36.5% among women, and that of abdominal obesity was 23.8% among
men and 18.2% among women in 2018 [2]. Obesity, particularly abdominal obesity was
known as a main cause of chronic metabolic diseases including type 2 diabetes (T2DM),
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nonalcoholic fatty liver disease (NAFLD), cardiovascular disease (CVD), stroke and vascular
dementia etc. [3-6]. Excessive body fat accumulation can cause adipose tissue dysfunction,
and consequently leading to dysregulated excretion of adipose tissue derived hormones, and
metabolic abnormality (i.e., insulin resistance, low-grade inflammation, dyslipidemia, raised
blood pressure, etc.) [1,3]. Recently, adiponectin and leptin, known as adipokines which are
representative adipose tissue derived hormones, were reported to contribute to the risk of
obesity related metabolic disorders and disease, particularly CVD [7,8].

Leptin is composed of 167-amino acids produced mainly from adipose tissue and in low
level from other tissues (i.e., bowels, placentas, brain and skeletal muscle, etc.) [4]. It plays
an important role in the regulation of food intake, energy expenditure and metabolism,

and body weight [4,9]. Leptin is also essential regulator of pancreatic of B-cell function

such as insulin secretion, insulin gene expression, apoptosis and cell growth [9]. However,
higher circulating leptin levels were commonly observed in obese people compare with lean
individuals, which is called leptin resistance [10-12]. It was reported that chronically elevated
leptin levels in obesity reduced the sensitivity of pancreatic \xel\xba\x9e-cell receptors, and
increased insulin secretion resulting in hyperinsulinemia as well as blood pressure, thereby
accelerating pathophysiological risk of obesity and diabetes [13]. In addition, leptin may
participate in the regulation of immune response by directly producing interleukin (IL)-

6 in adipocytes and resulting in upregulation of hepatic C-reactive protein (CRP) [8,13].
Therefore, circulating leptin levels may be suggested as a useful marker for insulin resistance
(IR) and CVD risk [4,9].

Differently from the action of leptin, adiponectin (Acrp30, AdipoQ, GBP-28) was reported to
be a positive prognostic biomarker indicating reduced risk of CVD [13,14]. It is a 244-amino
acid protein produced mainly from the adipocytes, but also expressed in other tissue such

as osteoblasts, liver parenchyma cells, myocytes, epithelial cells and placental tissue [14].
Adiponectin circulates in the blood as 3 kind forms of molecular weight (low, medium and
high), among which the form of high-molecular-weight (HMW) is known to have more
physiological function [5,14]. Circulating adiponectin was reported to be negatively correlated
with BMI and positively correlated with insulin sensitivity [4,15]. In addition, adiponectin was
well-known to have anti-atherogenic, anti-diabetic and anti-inflammatory properties [4,7].
According to Kumada et al. [16], decreased plasma levels of adiponectin were associated with
prevalence of coronary artery disease (CAD), even after adjusted for traditional CAD risk factors
including diabetes, dyslipidemia, hypertension, tabacco use and BMI in Japanese. Yamamoto
etal. [17] reported that higher levels of serum adiponectin were related to reduced risk of
T2DM in Japanese, and had a significant protective effect against the increase risk of T2DM,
independently from the deposition of subcutaneous or visceral fats.

However, there are few studies on the relationship between adipose tissue derived hormones
(leptin and adiponectin) and CVD-risk in healthy people without diagnosed diseases,
particularly in Korean adult women. Therefore, this study aimed to identify if circulating
leptin and adiponectin sensitively respond to metabolic status and can be used as early
diagnostic marker of CVD risk in Korean healthy women.
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MATERIALS AND METHODS

Study subjects and study design

Study subjects were recruited form the public advertisement. Included were Koreans adult
women (> 19 years) who had not been diagnosed with metabolic disease (i.e., stroke, cancer,
vascular disease, renal and liver failure, thyroid disease and autoimmune disease etc.).
Those who were taking antihypertensive, lipid-lowering, antidiabetic or antithrombotic
medications. After the screening, one hundred forty-one (n = 141) Korean women were
finally included in the analysis. The study purpose was explained to the subjects and written
informed consent were obtained from them. The study was approved by the Institutional
Review Board of Dong-A University (project identification code: 2-104709-AB-N-01-201603-
BR-001-10).

Dietary intake survey

The participants' usual dietary habits (2-week days and 1 weekend) were obtained through
the 24-hour recall method and semi-quantitative food frequency questionnaire with a
modification of the Korean National Health and Nutrition survey form through face-to-face
interview by registered dietitians. The nutrient contents of daily food intake were calculated
using the Computer Aided Nutritional analysis program (CAN-pro 4.0, the Korean Nutrition
Society, Seoul, Korea).

Anthropometrics and blood pressure

Anthropometrics parameters were measured in subjects with wearing light clothes and
putting off shoes. Participants were examined for height, weight, visceral fat area, total body
fat percentage and skeletal muscle percentage using an automatic body composition analyze
(N20, AIIA communication Inc., Soengnam, Korea). BMI was calculated as weight (kg)
divided by the square of the height (m?). Waist circumference was examined by measuring
tape in standing subject after normal exhalation. Systolic and diastolic blood pressure were
obtained by automatic BP monitor (HEM-7220, Omron Inc., Matsusaka state, Japan) in the
arm at the seated after 20 minutes of rest.

Blood collection, glycemic parameters and lipid profile

After an overnight fast (> 12 hours), blood sample were collected into EDTA-treated and plain
tube. Serum sample was obtained after centrifugation at 2,000 g for 15 minutes and plasma
sample was obtained after centrifugation at 1,300 g for 15 minutes within room temperature,
and then the samples were aliquoted and stored at ~80°C until analysis. Serum fasting
glucose was measured using a glucose oxidase method with Beckman Glucose Analyzer
(Beckman Ins., Irvine, CA, USA). Hemoglobin Alc (HbAlc) was obtained with VARIANT II
Turbo HbAlc kit-2.0 (Bio-Rad, Hercules, CA, USA). Insulin and C-peptide concentrations
were measured by radioimmuno-assay with commercial kit (ImmunoNucleo Corporation,
Stillwater, MN, USA). Insulin resistance was evaluated by the Homeostatic model assessment
as follow: Homeostasis model assessment insulin resistance (HOMA-IR) = fasting insulin
(uIU/mL) x fasting glucose (mg/dL)/450 [18]. Serum concentrations of total-cholesterol
(total-C) and triglyceride (TG) were measured by Hitachi 7150 Autoanalyzer (Hitachi Ltd.,
Tokyo, Japan). After precipitation of chylomicrons with dextran sulfate magnesium, serum
concentrations of low density lipoprotein (LDL)-C and high density lipoprotein (HDL)-C in
the supernatants were measured with enzymatic method.
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Adipose tissue derived hormones

Plasma concentrations of leptin and adiponectin were meausred with commercially available
quantitiave kits from R&D System (Cat.# DLP00O, Cat.# DRP300, respectively, Minneapolis,
MN, USA) and then read in the microplate absorbance reader (Bio-Rad) according to the
manufacturer's recommended wavelengths.

Inflammatory markers

Serum concentration of high-sensitivity C-reactive protein (hs-CRP) was estimated by high
sensitivity CRP-Latex (II) X2 kit (Seiken Laboratories Ltd., Tokyo, Japan) using a ADVIA
1650 system (Bayer, Tarrytown, NY, USA). Plasma concentration of IL-6 was measured with
Human Quantikine HS ELISA kit (R&D Systems) and then read by the iMark™ microplate
absorbance reader (Bio-Rad) performing the color reacction result at 450 nm.

Liver and kidney function parameters

Serum concentrations of aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) were obtained with commercially available kits on a Hitachi 7180 Autoanalyzer
(Hitachi Ltd.) by modified International Federation of Clinical Chemistry UV method. Serum
creatinine concentration was obtained with kinetic colorimetric assay method (Jaffe) and
serum blood urea nitrogen (BUN) concentration was obtained with a kinetic UV assay. Serum
uric acid was obtained with a colorimetric assay.

Statistical analysis

All the analyses were performed using SPSS version 25.0 for Windows (SPSS Inc., Chicago,
IL, USA). Differences in baseline characteristics and biochemical parameters among
subgroups were tested by one-way analysis of variance followed with elast significant
difference (LSD) method, Student t-test or x> Skewed variables were log-transformed

and then tested. The tests were also performed after adjusted for confounder factors (i.e.

age, total calorie intake, cigarette smoking, alcohol drinking and menopausal status). The
relationship among ariables were tested by Spearman and Partial correlation analyses.
Results were presented as mean + standard error or percentage or correlation coefficient. The
p value under 0.05 were indicated as significant.

RESULTS

Baseline characteristic and biochemical parameters of study subjects
according to BMI status

Baseline characteristics and biochemical parameters of study participants according to BMI
status were presented in Table 1 (Normal weight; 18.5 < BMI < 23.0, n = 65; Overweight: 23.0
< BMI < 25.0, n = 26; Obesity: 25 kg/m? < BMI, n = 50). Compared with normal weight group,
obesity group was older and had higher blood pressure. Waist circumference, visceral fat
area and total body fat percentage were significantly highest in obesity groups among the
three BMI groups. On the other hand, skeletal muscle percentage was lower in obesity group
than in the other two groups. Proportions of metabolic syndrome and menopause were
significantly higher in obesity group than the other groups. On the other hand, proportions
of current smoker and current drink were significantly different among the three groups,

but daily energy and nutrients intake were not. Glycemic parameters including fasting levels
of glucose, HbAlc, insulin, C-peptide and HOMA-IR were higher in obesity groups than in
normal weight group. In addition, serum concentrations of triglyceride, ALT and hs-CRP
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Table 1. Baseline characteristic and biochemical parameters of study subjects according to BMI status

Variables Normal weight (n = 65) Overweight (n = 26) Obesity (n = 50) p value
Age (yr) 43.4 +1.57° 46.3 =271 51.5 +1.84° 0.005
BMI (kg/m?) 21.2 + 0.15° 93.9 + 0.13° 97.4 + 0.30° <0.001
Systolic BP (mmHg) 112.0 £1.37° 117.5 £ 2.161%° 122.4 £ 2.108* <0.001
Diastolic BP (mmHg) 792.5 +1.01° 74.9 +1.67% 77.3 +1.39* 0.015
Waist circumference (cm) 74.3 +0.77° 81.1+1.06° 90.0 +1.00° <0.001
Visceral fat (cm?) 64.9 £ 4.31° 90.0 + 6.18° 122.4 + 4.14* <0.001
Total body fat (%) 98.0 + 0.99° 33.2+1.30° 38.0 + 0.82° <0.001
Skeletal muscle (%) 38.2 + 0.58% 37.2 +1.82* 33.5+0.51° <0.001
Proportion
Current smoker (%) 4.6 4.0 4.3 0.984
Current drinker (%) 70.3 53.8 50.0 0.070
Menopause (%) 35.4 42.3 62.0 0.016
Metabolic syndrome (%) 3.1 0.0 34.0 <0.001
Energy and nutrients intake
TCI (kcal/day) 1,700.4 + 53.2 1,827.7 £ 101.5 1,637.2 = 67.4 0.239
Carbohydrate (% of TCI) 57.6 £1.09 59.1+1.81 58.9 +1.65 0.716
Fat (% of TCI) 25.3 £0.96 24.5 +1.61 23.1+1.20 0.353
Protein (% of TCI) 17.2 £ 0.50 16.4 = 0.45 18.1+0.70 0.231
Fasting glucose (mg/dL)* 86.4 +1.58° 91.8 + 3.04® 96.7 +2.88% 0.003
HbA1lc (%)* 5.36 + 0.07° 5.51 + 0.12®® 5.60 = 0.06* 0.033
Insulin (pIU/mL) 7.35 +1.00° 10.60 = 0.06% 13.53 +1.95% 0.023
C-peptide (ng/mL)* 1.65 + 0.15° 2.34 + 0.37° 2.74 + 0.99° 0.004
HOMA-IR* 1.61+ 0.24° 9.57 + 0.77%° 3.57 £ 0.72* <0.001
Triglyceride (mg/dL)” 83.1+6.49° 76.0 = 6.34° 122.8 + 8.60% <0.001
HDL cholesterol (mg/dL) 66.1+1.83* 62.0 +2.10% 57.3+1.91° 0.003
LDL cholesterol (mg/dL)* 118.0 + 3.94 126.2 = 6.63 126.7 + 4.46 0.260
Total cholesterol (mg/dL)* 192.4 +3.90 194.7 = 7.91 197.0 + 4.98 0.825
AST (U/L) 22.0 +1.02° 29.7 +1.87% 25.5 +1.46% 0.121
ALT (U/L) 17.3 £1.09° 18.3 +1.89° 26.5 +2.64* 0.001
Creatinine (mg/dL) 0.72 = 0.02 0.76 + 0.04 0.74 + 0.03 0.616
BUN (mg/dL) 13.2 + 0.41 14.4 + 0.98 14.5 + 0.78 0.230
Uric acid (mg/dL) 4.45+ 013" 472 + 0.24% 4.94 + 0.4 0.055
hs-CRP (mg/dL)* 0.43 £ 0.08° 0.50 + 0.07° 1.93 + 0.78° <0.001
IL-6 (pg/mL)* 119 + 0.26% 0.98 + 0.29° 1.44 + 0.32° 0.093

Data are presented as mean = standard error.

BMI, body mass index; Normal weight, BMI 18.5-22.99; Overweight, BMI 23.0-24.99; Obesity, BMI > 25; BP, blood
pressure; TCI, total calorie intake; HbAlc, hemoglobin Alc; HOMA-IR, homeostatic model assessment for insulin
resistance; HDL cholesterol, high density lipoprotein cholesterol; LDL-cholesterol, low density lipoprotein
cholesterol; AST, aspartate amino transferase; ALT, alanine amino transferase; BUN, blood urea nitrogen; hs-CRP,
high-sensitivity C-reactive protein; IL-6, interleukin-6.

*Tested after log-transformation. Tested by one-way analysis of variance with least significant difference method
or ¢ test. p < 0.05 indicates significant differences among the values for the same variance. Sharing the same
alphabet indicates no significant difference among the value.

were significantly higher, but serum HDL-C concentration was lower in obesity group than
normal weight group.

Circulating levels of leptin, adiponectin and leptin to adiponectin ratio
according to BMI status

Figure 1 present circulating levels of leptin, adiponectin and leptin/adiponectin according

to BMI status (Normal weight, n = 65; Overweight, n = 26; Obesity, n = 50) before and after
adjustment for age, total calorie intake, cigarette smoking, alcohol drinking and menopausal
status. Circulating leptin level was significantly higher in overweight and obesity groups

than in normal weight group (140.8 + 21.0 pg/mL in normal weight group, 262.4 + 62.9 pg/
mL in overweight group and 329.9 + 39.3 pg/mL in obesity group) (p, < 0.001, p; < 0.001).
Circulating adiponectin seemed lower in overweight and obesity group than in normal weight
group, but it does not reach statistical significance (5.18 + 0.57 pg/mL in normal weight
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Figure 1. Circulating levels of leptin (A), adiponectin (B) and leptin to adiponectin ratio (C) according to obesity status.

Means = standard error. Tested after log-transformation. Tested by one-way analysis of variance with LSD and general linear model with LSD adjusted for
confounding factors (age, total calorie intake, cigarette smoking, alcohol drinking, and menopausal status); p,: unadjusted p value, p;: p value adjusted
for confounding factors; p value < 0.05 indicates significant difference in the value among three groups; Sharing the same alphabet indicates no significant
difference among the value.

Normal weight, BMI 18.5-22.99; Overweight, BMI 23.0-24.99; Obesity, BMI > 25; LSD, least significant difference.

group, 3.66 = 0.60 ug/mL in overweight group and 4.33 + 0.55 pg/mL in obesity group) (p, =
0.395, p; = 0.267). Circulating leptin/adiponectin ratio was significantly higher in overweight
and obesity groups than in normal weight group (78.2 + 15.7 in normal weight group, 180.9 +
56.0 in overweight group, 205.5 + 42.5 in obesity group) (p, = 0.001, p; = 0.002).

Correlations among circulating levels of leptin and adiponectin, and
anthropometric and biochemical parameters

Table 2 presents relationship among circulating levels of leptin and adiponectin, leptin/
adiponectin and anthropometric and biochemical parameters. Circulating levels of
adiponectin and leptin, and leptin/adiponectin were significantly inter-correlated in each

Table 2. Relationships among circulating levels of leptin and adiponectin, and anthropometric & biochemical

parameters

Variables Leptin (pg/mL) Adiponectin (pg/mL) L/A ratio
Adiponectin (ug/mL) -0.335"* - -
L/A ratio 0.832% -0.7871* -
Age (yr) -0.187* 0.089 -0.189*
BMI (kg/m?) 0.454% -0.104 0.349%
SBP (mmHg) 0.109 0.07 0.016
DBP (mmHg) 0.124 0.024 0.054
Waist circumference (cm) 0.459% -0.179" 0.382%
Visceral fat (cm?) 0.246" 0.081 0.094
Body fat (%) 0.446% -0.051 0.320%
Skeletal muscle (%) -0.377* 0.091 -0.301%
Fasting glucose (mg/dL) 0.070 0.101 0.001
HbATC (%) -0.031 o081t -0.125
C-peptide (ng/mL) 0.164 0.080 0.091
HOMA-IR 0.974* 0.061 0.160
Triglyceride (mg/dL) 0.081 0.066 0.027
HDL cholesterol (mg/dL) -0.158 0.062 -0.152
LDL cholesterol (mg/dL) -0.020 0.008 -0.002
Total cholesterol (mg/dL) -0.040 0.015 -0.025
hs-CRP (mg/dL) 0.489% -0.1841 0.403*
IL-6 (pg/mL) 0.176" -0.162 0.203"

L/A ratio, leptin/adiponectin ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HbAlc, hemoglobin-Alc; HOMA-IR, homeostatic model-assessment for insulin resistance; HDL
cholesterol, high density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol; hs-CRP,
high-sensitivity C-reactive protein; IL-6, interleukin-6.

Tested by Spearman correlation analysis, *correlation coefficient (unadjusted), Tp < 0.05, ¥p < 0.01.
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other. Plasma leptin levels were positively correlated with obesity-related parameters (BMI:

r = 0.454, waist circumference: r = 0.452, visceral fat area: r = 0.246, body fat percentage: r =
0.446), HOMA-IR (r = 0.274) and inflammatory markers (hs-CRP: r = 0.489, IL-6: r = 0.170),
and negatively correlated with age (r = -0.187) and skeletal muscle percentage (r = —0.377).
Plasma adiponectin levels were negatively correlated with cardiovascular risk factors such as
waist circumference (r = -0.179) and hs-CRP (r = -0.184) and positively correlate with HbAlc.
Leptin/adiponectin was also positively correlated with obesity-related parameters (BMI: r
=0.342, waist circumference: r = 0.382, body fat percentage: r = 0.320) and inflammatory
markers (hs-CRP: r = 0.403, IL-6: r = 0.203) and negatively correlated with age (r = -0.182)
and skeletal muscle percentage (r = -0.301).

Relationships among circulating levels of leptin and adiponectin, and major
cardiovascular related risk factors after adjustments

Figure 2 shows the relationship among circulating levels of leptin, and adiponectin, leptin/
adiponectin, and cardiovascular risk factors after adjustment for age, total calorie intake,
current smoking, current drinking and menopausal status. Plasma leptin levels were positively
correlated with waist circumference (r = 0.466), systolic blood pressure (r = 0.203) and hs-CRP
(r=0.444), and negatively correlated with HDL-cholesterol (r = -0.183). Plasma adiponectin
levels were only correlated with waist circumference (r = -0.247) and hs-CRP (r = 0.212). In
addition, leptin/adiponectin ratio showed significant relationships with waist circumference (r
=0.363), hs-CRP (r = 0.293), and HDL-cholesterol (r = -0.192). On the other hand, circulating
levels of leptin and adiponectin and leptin/adiponectin ratio were not significantly correlated
with the levels of diastolic blood pressure, fasting glucose, HbAlc and triglyceride.

Leptin, mainly produced in adipose tissue regulates body weight by regulating food

intake and energy expenditure, and acts as the main hormone of energy homeostasis and
neuroendocrine function [5]. Inhibition of appetite by leptin is mainly mediated by both
pro-opiomelanocortin-containing neurons and neuropeptide Y-containing neurons in the
hypothalamus [19]. Leptin receptors called Ob receptors were expressed in hypothalamus
and other tissues such as pituitary gland, kidney, lung, and land liver [20]. Leptin receptor
has six isoforms such as Ob-Ra, Ob-Rb, Ob-Rc, Ob-Rd, Ob-Re and Ob-Rf [9]. Ob-Rb

is a main receptor found in hypothalamus, and mediates insulin secretion and most of
leptin signals [4,9]. Ob-Ra acts as a leptin transporter, and Ob-Re is the soluble form of
transmembrane leptin receptor [4]. It was reported that slightly increased circulating leptin
levels reduced body weight by suppressing the appetite, whereas the increased circulating
leptin levels observed in obese people did not control appetite [21]. Circulating leptin levels
were positively related to BMI, and total body fat mass and percentage, which indicates

that leptin excessively produced in obese status, and may cause leptin resistance, thereby
inducing the impairment of metabolic regulation [13,19]. Similarly, in this study, circulating
leptin levels were higher in people with higher levels of body weight, BMI, visceral fat area
and body fat percentage. In addition, the levels of BPs, and glycemic and inflammation
markers were significantly higher in overweight and particularly obese people than in
normal weight people. Previous study demonstrating the role of leptin in obesity shows that
higher circulating leptin levels were important for body weight loss [22,23]. In the obesity
study using genetic rodent models such as Zucker fatty (fa/fa) rat and diabetic (db/db) mice,
genetically induced abnormalities in leptin receptor increased central leptin resistance
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Figure 2. Adjusted correlations between adipose derived hormones and major cardiovascular related risk factors.
HDL cholesterol, high-density lipoprotein cholesterol; L/A ratio, leptin/adiponectin ratio; SBP, systolic blood-pressure.
Tested by Partial correlation analysis. *Tested after log-transformation. r: correlation coefficient (adjusted for age,
total calorie intake, current smoking, current drink and menopausal status), fp < 0.05, *p < 0.01.

[19]. Human leptin gene mutation (OB and DBU genes) also lead to obesity [13,21]. Many
studies indicate that leptin plays an important role in chronic inflammation regulation.
Increased circulating leptin levels observed in obesity is associated with low-grade systemic
inflammation, and circulating leptin has been suggested to be a parameter for cardiovascular
risk [13,24]. Lieb et al. [24] mentioned that circulating leptin was strongly associated with
CVD and incidence of congestive heart failure in their study performed in 818 subjects.
Chronically increased leptin levels in obesity people caused the reduced responsiveness of
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pancreatic B-cell receptor, and increased insulin secretion [4]. According to Uslu et al. [25],
insulin and circulating leptin were closely correlated with T2DM patients and circulating
leptin levels were positively correlated with the levels of TG, glucose and systolic BP, and
negatively correlated with HDL-C levels. These results are partly in accordance with the
present study results. In the current study, circulating leptin levels were positively correlated
with obesity related parameters including BMI, waist circumference visceral fat area and body
fat percentage, HOMA-IR and inflammation markers, and negatively correlated with age and
skeletal muscle percentage. After adjusted for confusion factors, circulating leptin levels were
correlated with waist circumference, systolic BP and hs-CRP concentration, and negatively
correlated with HDL-C. However, no significant relationship was observed between leptin
levels and glucose metabolism parameters such as fasting glucose, and HbAlc. It may be due
to that study subjects were not diagnosed for T2DM, and had relatively normal ranged fasting
glucose levels.

Circulating adiponectin, mainly secreted from adipose tissue, was found in low levels
among obese people compared with normal weight people, and positively associated

with insulin sensitivity, and negatively with T2DM and metabolic syndrome [14,15,26].
Circulating concentrations of total and HMW adiponectin were found low in obesity and
increased after weight loss [27]. Adiponectin has protective roles against pathogenesis of
cardiometabolic disease [13]. As mentioned above, the form of adiponectin is distinguished
by molecular weight (low-molecular-weight (LMW): homotrimers and hexamer, HMW:
multimers, and globular adiponectin) and are recognized by adiponectin receptors (AdipoR1
and AdipoR2) [14]. AdipoR1 expressed in the skeletal muscle mainly recognizes globular
adiponectin which was found very low levels in bloods, whereas AdipoR2 expressed in

the liver mainly recognizes LMW and HMW [14]. In addition, the receptors, T-cadherin as
well as AdipoR1, AdipoR2 lead to anti-inflammatory effect. The activation of AdipoR1 and
AdipoR2 promotes fatty acid oxidation in hepatic and skeletal muscle, promotes lactate
production and cellular glucose uptake, and inhibits hepatic glucogenesis, inflammation
and oxidative stress [7,14,15]. Activation of T-cadherin has protective effect against oxidative
stress in vascular endothelial cells [7]. Adiponectin suppressed the expression of adhesion
molecules in endothelial cells, and increased nitric oxide suppressed smooth muscle cell
proliferation [7,8]. It also inhibited the differentiation of monocytes into macrophages

and the formation of foam cells, and secretion of TNF-a by macrophages [13]. In obesity
and T2DM, the expression of AdipoR1 and AdipoR2 was found significantly decreased,

that is, altered expression of the receptors might reduce adiponectin sensitivity, leading to
aggravating hyperinsulinemia [27]. Previous studies reported that low adiponectin levels are
independently related with development of metabolic syndrome and hypertension [27,28].
Abu-Farha et al. [28] reported that adiponectin was negatively correlated with CVD risk
factors including BMI, waist circumference, SBP, glucose metabolism parameters, HOMA-
IR and TG, but positively correlated with HDL-C and hs-CRP has positively correlation

with most of CVD risk. According to von Eynatten et al. [29] circulating adiponectin was
not associated with inflammation parameters, including IL-6, CRP, leukocyte count, but
significantly associated with HDL-C (positively), and triglyceride and the ratio of total
cholesterol to HDL-C (negatively). Conversely, Goropashnaya et al. [30] reported that
circulating adiponectin levels were not significantly different among sex, age and BMI, but
strongly related to HDL-C, waist circumference, insulin and TG. In our study, circulating
adiponectin levels were negatively correlated with waist circumference, and hs-CRP levels,
but did not significantly differ according to obesity status categorized by BMI level, these
patterns were retained after the adjustment. The discrepancy with previous results may be
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due to subject characteristics. In most of previous studies adiponectin levels were measured
among people with much higher BMI including diagnosed disease such as T2DM. On the
other hand, this present study included Korean women without diagnosed disease, and used
the definition of obesity announced by the KOSSO (BMI > 25 kg/m?). In addition, humans and
animal studies showed that caloric restriction diet improved adiponectin gene expression,
and 10 to 20% weight reduction in obesity significantly improved the adiponectin expression
in white adipose tissue as well as in circulating [31]. Also, sufficient intake of linoleic acid
(C18:2 ®-6) increased circulating adiponectin, leading to improving insulin resistance [32].
Therefore, the relationship between adiponectin in circulation as well as adipose tissue, and
nutrients are precisely further studied.

Leptin and adiponectin showed converse effects on glucose and adipose tissue metabolism,
since circulating leptin/adiponectin rather than leptin and adiponectin alone, has been
suggested as a better evaluation marker for cardiometabolic risk [12,33]. In a cohort study,
circulating leptin/adiponectin was a better predictive parameter than circulating adiponectin
alone for the regression of metabolic syndrome in Korean (men p = 0.024, women p =
0.019) [34]. In addition, Jung et al. [35] reported that circulating adiponectin levels had
relationship only with HDL-C, body weight and HOMA-IR, whereas adiponectin/leptin

had strong relationships with cardiometabolic risk including obesity related parameters,
lipid parameters, insulin and HOMA-IR in Korean healthy male. The present study also
showed similarly results that leptin/adiponectin was higher in higher BMI groups among
the study subjects. Also, leptin/adiponectin ratio had positively relationship with BMI,
waist circumference, body fat percentage, hs-CRP levels and inflammation parameters,
negatively relationship with age and skeletal muscle percentage, and correlated with waist
circumference, HDL-C, and hs-CRP levels after the adjustment.

Increased circulating adiponectin levels were sometimes found in subjects with several
diseases [36-38]. In patients diagnosed with nephrotic syndrome, circulating adiponectin
concentration was significantly increased and has relationship with proteinuria. However,
the mechanism observed in renal failure has not been clearly identified yet and it is still
controversial [36,37]. Beatty et al. [38] also reported that higher circulating adiponectin
concentration was found in patients with stable ischemic heart disease (IHD) and suggest
possibility that adiponectin was increased as a compensatory response to IHD.

The limitations of our study are that definition of obesity based on BMI was different from
that applied to Western people and the sample size of subjects is relatively small. Thus,
further studies are needed to include more seriously obese people (BMI > 30 kg/m?) with
metabolic abnormality, and expend the study subject numbers. Despite the study limitations,
circulating leptin levels and leptin/adiponectin ratio were correlated with obesity and obesity
related cardiometabolic risk. In the further study, it will provide a basement for nutrition
guideline for prevention and management of obesity and CVD based on adipose tissue
derived hormonal status.
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