
 

 

 

 

Consumption of legumes accelerates weight loss 

accompanied  

by regulation of adiponectin and 8-epi-PGF2α  

 

 

 

 

 

A Ram Kim 

 

 

 

 

 

The Graduate School 

Yonsei University 

Department of Science for Aging 

 

 

 



 
 

 

 

 

 

Consumption of legumes accelerates weight loss 

accompanied  

by regulation of adiponectin and 8-epi-PGF2α  

 

 

 

 

A Master’s Thesis 

Submitted to the Department of Science for Aging 

and the Graduate School of Yonsei University 

in partial fulfillment of the requirements  

for the degree of Master in Science for Aging 

 

 

 

A Ram Kim 

December 2013 

 

 



 
 

 

 

 

This certifies that the master’s thesis of  

A Ram Kim is approved. 

 

 

 

 

Thesis Supervisor: Jong Ho Lee 

 

 

 

Thesis Committee Member: Seung Min Lee 

 

 

 

Thesis Committee Member: Oh Yoen Kim 

 

 

 

 

 

The Graduate School 

Yonsei University 

December 2013 



i 
 

CONTENTS 

 

 

LIST OF FIGURE ............................................................... ⅲ 

LIST OF TABLES ............................................................... ⅵ 

ABSTRACT ......................................................................... ⅴ 

 

1. Introduction ....................................................................... 1 

 

2. Subjects and Methods ....................................................... 2 

 

2.1 Subjects and study design .............................................................................. 2 

2.2 Weight loss protocol and calorie intake ......................................................... 3 

2.3 Anthropometric parameters, blood pressure, and blood collection ................ 4 

2.4 Serum glucose, insulin, lipid profiles, serum high sensitivity C-reactive 

protein, and urinary 8-epi-prostaglandin F2α ........................................................ 5 

2.5 Homeostasis-model assessment of insulin resistance and adiponectin .......... 6 

2.6 Statistical analyses .......................................................................................... 6 

 

3. Result .................................................................................. 6 



ii 
 

 

3.1 Clinical characteristics and nutrient intake before and after dietary 

intervention .......................................................................................................... 7 

3.2 Serum glucose, insulin, lipid profiles, hs-CRP, and 8-epi-PGF2α ................ 10 

3.3 Triglyceride, HOMA-IR index, and adiponectin ......................................... 12 

3.4 Correlations among changes in BMI, HDL-cholesterol, HOMA-IR index, 

and adiponectin .................................................................................................. 12 

3.5 Relationship among adiponectin, hs-CRP, 8-epi-PGF2α, anthropometric, and 

biochemical markers before and after 12-week intervention ............................. 15 

 

4. Discussion ......................................................................... 15 

 

REFERNCE ......................................................................... 19 

 

ABSTRACT(KOREAN) ..................................................... 24 

 

 

 

 

 

 

 

 



iii 
 

LIST OF FIGURE 

 

Figure 1. Effects of legume consumption on triglyceride, HOMA-IR 

index, and adiponectin before (  ) and after 12-week  (  ) dietary 

intervention ................................................................................................. 13 

 

Figure 2. Correlations between changes (difference from baseline) in 

BMI, HDL-cholesterol, HOMA-IR index, and adiponectin in 383 

subjects ........................................................................................................ 14 

 

 

 

 

 

 

 

 

 



iv 
 

LIST OF TABLES 

 

Table 1. Clinical characteristics and macronutrient indices at baseline 

and at the end of the 12-week dietary intervention period of the 

participants ................................................................................................... 8 

 

Table 2. Effects of dietary intervention on lipid profiles, glucose, insulin, 

hs-CRP, and 8-epi-PGF2α at baseline and 12-week follow-up ................ 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

Abstract 

 

Consumption of legumes accelerates weight loss  

accompanied  

by regulation of adiponectin and 8-epi-PGF2α 

 

A Ram Kim 

Department of Science for Aging 

The Graduate School 

Yonsei University 

 

Objectives: The purpose of this study was to examine the effect of legume on body 

weight in obese subject.  

Methods: Randomized controlled study of 12 weeks with 383 participants (body mass 

index ≥ 25 kg/m
2
) was enrolled for the study. The intervention program consisted of 

replacing 1/3 refined rice intake with legumes three times per day as a carbohydrate 

source in high fat diet group while low fat diet group were recommended to eat as their 

usual diet.  

Results: In high fat diet group, intake of energy and carbohydrate were lower, while 

intake of fat and protein were higher. Mean weight loss at 12 weeks was 2.87±0.21 kg 

and 0.17±0.11 kg in the high fat diet group and low fat diet group, respectively, and was 
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significantly different between groups (P<0.001). HDL-cholesterol and adiponectin were 

increased, while glucose, insulin, triglyceride, HOMA-IR index, and 8-epi-PGF2α were 

decreased at 12 weeks in the high fat diet group compared with baseline.  

Conclusion: Consumption of legumes may accelerate weight loss accompanied by 

regulation of adiponectin and 8-epi-PGF2α in obese subjects. 
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1. Introduction 

Recently, the prevalence of obesity in Korea has been increasing [1]. Obesity is a 

major risk factor for many diseases, including cardiovascular diseases, diabetes, and 

certain types of cancer, resulting in an increased risk of death [2]. 

Numerous data have shown an inverse relationship between the consumption of 

legumes and obesity, including cardiovascular disease (CVD) risk factors, hypertension, 

diabetes mellitus, and metabolic syndrome [3-5].
 
Alizadeh et al, have demonstrated that 

consumption of a legumes-rich hypocaloric diet for 6 weeks reduced some 

anthropometric measures such as waist, hip, triceps, biceps, subscapular, and suprailiac 

skin fold thicknesses among healthy premenopausal women with central obesity [6]. 

Several cross sectional and prospective studies have also indicated the negative 

association of legume consumption with obesity and cardiovascular diseases [7,8]. 

Besides the beneficial effects of non-soy legumes, large body of documents are available 

regarding the effects of soy consumption on controlling and preventing cardiometabolic 

risks; improving features of the metabolic syndrome following a short-term period of soy 

consumption [9,10]. Weight reducing effect of soy intake [11] and favorable effects for 

type II diabetes [12, 13] are some aspects of these beneficial effects. It has been 

confirmed by several investigations that chronic non-communicable conditions such as 

insulin resistance, diabetes, and cardiovascular disease have a close link to obesity [14]. 

Nowadays, legumes are nutritionally recognized for their high protein content as 

well as for their soluble-fiber and other bioactive compounds [15]. While the effects of 

dietary fiber on serum lipoproteins have received much attention, it is very likely that 

other bio-functional components could be involved in the cardio-protective effects 
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attributed to legumes [16]. In fact, beneficial effects on blood lipids of dietary soy protein 

are well documented and several studies have suggested that soy intake aids against 

oxidative stress by means of isoflavones, saponins, and other compounds with 

antioxidant capacity [17, 18]. 

Based on these facts, the current nutritional intervention study was designed to 

determine whether a diet enriched in legumes could accelerates weight loss accompanied 

by regulation of adiponectin and 8-epi-PGF2α
 

 

 

2. Subjects and Methods 

2.1 Subjects and study design 

Three hundred eighty-three obese subjects with a body mass index (BMI) of 25 

kg/m
2
 or higher based on Asia-Pacific guideline [19] participated in a 12-week weight 

loss program conducted by the National Leading Research Laboratory of Clinical 

Nutrigenetics/Nutrigenomics at Yonsei University and subjects were recruited at the 

health promotion center of the National Health Insurance Corporation Ilsan Hospital in 

Goyang, Korea between March 2011 and December 2012. Participants completed a 

personal health and medical history questionnaire, which served as a screening tool. 

Exclusion criteria were type 2 diabetes, CVD, psychiatric problems, thyroid disorders, 

liver or kidney disease, and/or use of any medications (antihypertensive, lipid lowering, 

antiplatelet, antidiabetic, etc.). The paper-based informed consent forms, stored in a 

document system after obtaining the necessary signatures, were used to record the intent 

and identify the will to join in the research. The Institutional Review Board of the Yonsei 
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University approved the study protocol, which was conducted in accordance with the 

Helsinki Declaration. 

 

2.2 Weight loss protocol and calorie intake 

One week before starting the 12-week intervention, the enrolled subjects were 

asked to visit the center. The subjects’ usual diet information was obtained using both a 

24-h recall method and a semi-quantitative food frequency questionnaire of which the 

validity had been previously tested [20]. We used the former to carry out analyses and the 

latter to check if the data collected by 24-h recall methods was representative of the usual 

dietary pattern. All the subjects were given written and verbal instructions by a registered 

dietitian on completion of a 3-day (2 week days and 1 weekend) dietary record every 4 

weeks. On the sheet, subjects were instructed to record the amount of foods before 

ingestion and any remaining after ingestion by weighing the foods. All participants were 

advised to continue their usual diet for a week and instructed to complete a 3-day dietary 

record as the baseline measurement, which were compared with the record obtained by 

24-h recall methods at previous visit in order to check their records. 

After a week, the weight loss intervention program started. Individualized and 

nutritionally balanced diets were planned for each subject based on their reported intakes 

and Korean Recommended Dietary Allowance (Korean RDA, Korean Nutrition Society, 

Seoul, Korea). The intervention program consisted of replacing 1/3 refined rice intake 

with legumes three times per day as a carbohydrate source in high fat diet group (HFD) 

while low fat diet group (LFD) were recommended to eat as their usual diet, and 

increased vegetable intake to at least 6 units (30–70 g/unit) per day for sufficient dietary 
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fiber intake. The subjects were assigned physical activity consisting of a regular 30-min 

walk after dinner each day, also, instructed to record their physical activity diary for 24-h 

every 4 weeks. 

To check participants’ compliance during the whole study period, the dietician 

interviewed them biweekly by telephone. They were interviewed to discern whether they 

were following the program well, including dietary intake and physical activity. During 

the study period, all participants were also encouraged to maintain their usual lifestyle 

except for the instructed diet change and the additional regular 30-min walk after dinner 

per day. Dietary energy values and nutrient content from a 3-day food records were 

calculated using the Computer Aided Nutritional analysis program (CAN-pro 2.0, Korean 

Nutrition Society, Seoul, Korea). Total energy expenditure (kcal/day) was calculated 

from activity patterns including basal metabolic rate, physical activity for 24-h [21], and 

specific dynamic action of food. Basal metabolic rate for each subject was calculated 

with the Harris–Benedict equation [22]. 

 

2.3 Anthropometric parameters, blood pressure, and blood collection 

Body weights and heights were unclothed and without shoes were measured in 

the morning. BMI (kilograms per square meter) was calculated from body height and 

weight. Blood pressure (BP) was measured in the left arm of seated patients with an 

automatic BP monitor (TM-2654; A&D, Tokyo, Japan) after a 20-min resting period. 

After a 12-h fast, venous blood specimens were collected in EDTA-treated or untreated 

tubes. The plasma or sera were then separated and stored at −70°C until used in further 

analysis. 
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2.4 Serum glucose, insulin, lipid profiles, serum high sensitivity C-

reactive protein, and urinary 8-epi-prostaglandin F2α 

Fasting glucose levels were measured using a glucose oxidase method with a 

Beckman Glucose Analyzer (Beckman Instruments, Irvine, CA). Insulin levels were 

measured by radioimmunoassay using commercial kits from Immuno Nucleo Corporation 

(Stillwater, MN). Fasting serum concentrations of total-cholesterol and triglycerides were 

measured using commercially available kits on a Hitachi 7150 Autoanalyzer (Hitachi Ltd., 

Tokyo, Japan). After precipitation of apoB-containing lipoproteins with dextran sulfate-

magnesium, HDL-cholesterol concentrations in the supernatants were measured 

enzymatically. LDL-cholesterol was indirectly estimated in participants with serum 

triglyceride concentrations less than 400 mg/dL using the Fridewald formula: LDL-

cholesterol= total-cholesterol-[HDL-cholesterol+(triglycerides/5)]. Free fatty acids were 

analyzed with a Hitachi 7150 Autoanalyzer (Hitachi Ltd, Tokyo, Japan). Serum high 

sensitivity C-reactive protein (hs-CRP) concentrations were measured with an Express 

PlusTM auto-analyzer (Chiron Diagnostics Co., Walpole, MA, USA) using a 

commercially available, high-sensitivity CRP-Latex(II) X2 kit (Seiken Laboratories Ltd., 

Tokyo, Japan). Urine was collected in polyethylene bottles containing 1% butylated 

hydroxytoluene after a 12-h fast. The bottles were immediately covered with aluminum 

foil and stored at −70°C until further analysis. The compound 8-epi-prostaglandin F2α (8-

epi-PGF2α) was measured using an enzyme immunoassay (BIOXYTECH urinary 8-epi-

PGF2α TM Assay kit, OXIS International Inc., Portland, OR). 
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2.5 Homeostasis-model assessment of insulin resistance and adiponectin 

Insulin resistance (IR) was calculated by the homeostasis-model assessment 

(HOMA) using the following equation: HOMA-IR=[fasting insulin (μIU/mL)×fasting 

glucose (mmol/L)] /22.5. Plasma adiponectin concentration was measured using an 

enzyme immunoassay (Human Adiponectin ELISA kit, B-Bridge International Inc., CA, 

USA). Assays were read using a Victor2 (Perkin Elmer Life Sciences, Turku, Finland) at 

450 nm and wavelength correction was set to 540 nm. 

 

2.6 Statistical analyses 

Statistical analyses were performed using SPSS ver12.0 (SPSS Inc., Chicago, IL, 

USA). The skewed variables were logarithmically-transformed for statistical analyses. 

For descriptive purposes, mean values are presented using untransformed values. Results 

are expressed as means ± standard error (SE). A two-tailed P-value of <0.05 was 

considered statistically significant. Differences in clinical variables between the HFD 

and LFD group were tested using independent t-tests. Paired t-tests were used to evaluate 

differences between baseline and 12-week follow-up levels. Pearson’s correlation 

coefficients were used to examine the relationships between variables over time. 

 

 

3. Result 

Among the enrolled subjects (n=400), 17 dropped out, 8 dropped out in HFD 

group and 9 dropped out in LFD group, by the end of the 12-week dietary intervention 

for personal reasons or poor compliance, leaving 383 subjects. 
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3.1 Clinical characteristics and nutrient intake before and after dietary 

intervention 

After 12-week follow-up in HFD group, weight (P<0.001), systolic blood 

pressure (SBP) (P=0.037), diastolic blood pressure (DBP) (P=0.001), and daily nutrient 

intake, especially, energy intake (P<0.001) and carbohydrate intake (P<0.001) were 

decreased (Table 1). However, total energy expenditure (TEE) (P<0.001), protein 

(P=0.027), fat (P<0.001), and fiber (P=0.003) intake were increased. These result 

patterns were not showed in LFD group after intervention, except, TEE (P<0.001) and 

fiber intake (P=0.037) were increased. Between HFD and LFD group, weight, BMI, 

energy intake, carbohydrate, and fat intake showed significant after 12-week follow-up 

and changed values (difference from baseline), while SBP showed significant only in 12-

week (Table 1). 
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Table 1. Clinical characteristics and macronutrient indices at baseline and 

at the end of the 12-week dietary intervention period of the 

participants 

 
High fat diet 

(n=160) 

Low fat diet 

(n=223 
P-value 

Male/female (%)  42.5  / 57.5 41.7 / 58.3 0.876 

Age (year) 49.4 ± 1.12 48.5 ± 0.85 0.530 

Weight (kg)        

Before 74.5 ± 0.85 74.1 ± 0.69 0.758 

After 71.6 ± 0.85
***

 74.0 ± 0.68 0.029 

Change -2.87 ± 0.21 -0.17 ± 0.11 <0.001 

Body mass index (kg/m
2
)        

Before 27.6 ± 0.21 27.4 ± 0.16 0.329 

After 26.5 ± 0.21
***

 27.3 ± 0.16 0.003 

Change -1.09 ± 0.08 -0.06 ± 0.04 <0.001 

Systolic BP (mmHg)        

Before 125.2 ± 1.30 128.6 ± 1.21 0.067 

After 122.8 ± 1.23
*
 128.3 ± 1.05 0.001 

Change -2.41 ± 1.14 -0.21 ± 0.98 0.145 

Diastolic BP (mmHg)        

Before 79.5 ± 0.85 79.9 ± 0.77 0.720 

After 76.8 ± 0.80
**

 78.6 ± 0.77 0.096 

Change -2.63 ± 0.77 -1.29 ± 0.66 0.187 
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High fat diet 

(n=160) 

Low fat diet 

(n=223 
P-value 

Total energy expenditure (kcal/d)        

Before 2218.5 ± 29.6 2192.1 ± 23.4 0.479 

After 2308.1 ± 31.2
***

 2265.3 ± 24.2
***

 0.273 

Change 89.6 ± 12.8 73.3 ± 12.3 0.366 

Estimates of daily nutrient intake        

Energy intake (kcal)        

Before 2389.5 ± 27.9 2380.0 ± 29.8 0.824 

After 2147.1 ± 39.1
***

 2333.2 ± 30.7 <0.001 

Change -242.4 ± 42.5 -52.1 ± 34.6 0.001 

Carbohydrate (%)        

Before 60.1 ± 0.47 60.6 ± 0.32 0.363 

After 57.7 ± 0.41
***

 59.9 ± 0.40 <0.001 

Change -2.35 ± 0.52 -0.69 ± 0.51 0.027 

Protein (%)        

Before 20.5 ± 0.39 20.3 ± 0.25 0.699 

After 21.5 ± 0.38
*
 21.3 ± 0.51 0.820 

Change 0.99 ± 0.44 1.03 ± 0.56 0.968 

Fat (%)        

Before 19.5 ± 0.41 19.7 ± 0.27 0.729 

After 22.0 ± 0.29
***

 19.7 ± 0.21 <0.001 

Change 2.47 ± 0.43 -0.04 ± 0.32 <0.001 

Fiber (g)        

Before
∮

 11.8 ± 0.52 12.1 ± 0.60 0.176 

After
∮

 14.5 ± 0.69
**

 14.1 ± 0.65
*
 0.120 

Change 2.77 ± 0.72 2.05 ± 0.58 0.431 

After 2147.1 ± 39.1
***

 2333.2 ± 30.7 <0.001 

Change -242.4 ± 42.5 -52.1 ± 34.6 0.001 

Means ± S.E.
∮

tested by logarithmic transformation, *P<0.05, **P<0.01, ***P<0.001 compared with baseline 

values in each diet group tested by paired t-test. P-values derived from independent t-test. 
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3.2 Serum glucose, insulin, lipid profiles, hs-CRP, and 8-epi-PGF2α 

In HFD group, glucose (P<0.001), insulin (P<0.001), and 8-epi-PGF2α (P=0.021) 

had decreased after 12-week intervention, while HDL-cholesterol (P<0.001) had 

significantly increased (Table 2). Unlike HFD group, there were no changes and 

significant differences shown in LFD group. Compared with HFD and LFD groups, 

HDL-cholesterol (P=0.003), fasting glucose (P=0.039), and insulin (P<0.001) were 

significantly different at the end of the 12-week intervention period. In addition, changed 

value of insulin (P=0.020) was significantly different between two groups, also, 8-epi-

PGF2α tended to different after 12-week intervention period (Table 2). 
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Table 2. Effects of dietary intervention on lipid profiles, glucose, insulin, 

hs-CRP, and 8-epi-PGF2α at baseline and 12-week follow-up 

 
High fat diet 

(n=160) 

Low fat diet 

(n=223) 
P-value 

LDL-cholesterol (mg/dL)        

Before
∮

 111..0 ± 2.44 114.6 ± 2.60 0.918 

After
∮

 108.0 ± 2.61 113.1 ± 2.50 0.196 

Change -2.99 ± 2.03 -1.50 ± 2.17 0.616 

HDL-cholesterol (mg/dL)        

Before
∮

 45.6 ± 0.98 43.7 ± 0.78 0.165 

After
∮

 48.1 ± 0.88
***

 44.8 ± 0.80 0.003 

Change 2.48 ± 0.76 1.55 ± 0.63 0.342 

Glucose (mg/dL)        

Before
∮

 97.4 ± 1.82 99.3 ± 1.78 0.531 

After
∮

 93.8 ± 2.65
***

 97.9 ± 1.99 0.039 

Change -3.59 ± 1.94 -1.41 ± 1.63 0.388 

Insulin (uIU/mL)        

Before
∮

 11.8 ± 0.54 10.8 ± 0.36 0.446 

After
∮

 9.17 ± 1.07
***

 10.6 ± 0.52 <0.001 

Change -2.58 ± 0.96 -0.17 ± 0.53 0.020 

Free fatty acid (uEq/L)        

Before
∮

 532.4 ± 1.8.0 524.9 ± 17.3 0.572 

After
∮

 507.5 ± 20.1 503.0 ± 16.3 0.952 

Change -24.8 ± 18.8 -21.9 ± 17.7 0.911 
1
hs-CRP (mg/dL)        

Before
∮

 1.97 ± 0.08 2.09 ± 0.09 0.707 

After
∮

 1.89 ± 0.09 2.09 ± 0.11 0.854 

Change -0.19 ± 0.07 0.00 ± 0.10 0.132 

8-epi-PGF2α (pg/mg creatinine)        

Before
∮

 1330.5 ± 81.9 1346.4 ± 66.7 0.504 

After
∮

 1216.6 ± 80.7
*
 1299.2 ± 65.5 0.077 

Change -56.3 ± 75.7 -36.7 ± 65.9 0.844 

 

Means ± S.E.∮tested by logarithmic transformation, *P<0.05, **P<0.01, ***P<0.001 compared with baseline 

values in each diet group tested by paired t-test. P-values derived from independent t-test. 1hs-CRP = high 
sensitivity C-reactive protein. 
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3.3 Triglyceride, HOMA-IR index, and adiponectin 

Triglyceride (P<0.001) and HOMA-IR index (P<0.001) significantly decreased, 

and adiponectin (P<0.001) increased at the end of the 12-week follow-up in HFD group, 

while LFD group had not shown any differences after dietary intervention (Figure 1). 

Between HFD and LFD group, HOMA-IR index was significantly different at follow-up 

(P<0.001) and difference from baseline (P=0.016), as similar as adiponectin change was 

significantly different at follow-up (P<0.001) and difference from baseline (P<0.001). In 

case of triglyceride, only at the end of the 12-week follow-up tended to different between 

two groups (Figure 1). 

 

3.4 Correlations among changes in BMI, HDL-cholesterol, HOMA-IR 

index, and adiponectin 

In total 383 subjects, changes in BMI and HDL-cholesterol (r=-0.146, P=0.004), 

and changes in BMI and adiponectin negatively correlated (r=-0.314, P<0.001) in a 

linear manner (Figure 2). Changes in BMI positively correlated with changes HOMA-IR 

index (r=0.154, P=0.003). In HFD group, only changes in BMI negatively correlated 

with changes adiponectin (r=-0.271, P=0.003). In case of LFD group, changes BMI and 

HDL-cholesterol negatively correlated (r=-0.161, P=0.016), while changes BMI tended 

positively correlated with changes HOMA-IR index and negatively correlated with 

changes adiponectin (Figure 2). 
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Figure 1. Effects of legume consumption on triglyceride, HOMA-IR index, and adiponectin before (    ) and after 12-week  

(    ) dietary intervention  

Means ± S.E., 
 §

Tested by log-transformed. 
* 
P<0.001 compared to baseline values in each group tested by paired t-test. P-values 

derived from independent t-test. P′: after adjusting for baseline value. 
‡
P<0.001 compared between two groups at 12-week follow-up 

and 
†
P<0.05, 

††
P<0.001 compared between two groups at changed values tested by independent t-test.  
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Figure 2. Correlations between changes (difference from baseline) in BMI, HDL-cholesterol, HOMA-IR index, and 

adiponectin in 383 subjects 

r: Pearson’s correlation coefficients in total subjects. r1: correlation coefficients in HFD group. r2: correlation coefficients in LFD 
group.  
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3.5 Relationship among adiponectin, hs-CRP, 8-epi-PGF2α, 

anthropometric, and biochemical markers before and after 12-week 

intervention 

All subjects in baseline, though adiponectin negatively correlated with weight 

(r=-0.150, P=0.009), triglyceride (r=-0.202, P<0.001), glucose (r=-0.140, P=0.015), 

insulin (r=-0.115, P=0.048), HOMA-IR index (r=-0.150, P=0.010), and hs-CRP (r=-

0.129, P=0.026), positively correlated with HDL-cholesterol (r=0.162, P<0.001) and 

LDL-cholesterol (r=0.162, P=0.005). At the end of the 12-week intervention period, 

adiponectin negatively correlated with triglyceride (r=-0.349, P<0.001), HDL-cholesterol 

(r=0.189, P=0.042), insulin (r=-0.236, P=0.012), and HOMA-IR (r=-0.215, P=0.022) in 

HFD group. However, in LFD group, adiponectin negatively correlated with triglyceride 

and glucose (r=-0.193, P=0.029; r=0.204, P=0.021, respectively), and positively 

correlated with HDL-cholesterol (r=0.352, P<0.001) after follow-up. In case of hs-CRP, 

insulin (r=0.191, P=0.019), HOMA-IR (r=0.199, P=0.015), and 8-epi-PGF2α (r=0.431, 

P<0.001) were positively correlated, and positively tended to correlated with triglyceride 

in HFD group at 12-week period. These result patterns were shown in LFD group as 

similar as HFD group after intervention. Furthermore, 8-epi-PGF2α was positively 

correlated with glucose, insulin, and HOMA-IR (r=0.264, P=0.002; r=0.219, P=0.010; 

r=0.264, P=0.002, respectively) in HFD group at the end of the 12-week intervention, 

also, these relationships were shown in LFD group likewise HFD group. 

 

 

4. Discussion 
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According to Korea Health Statistics 2011: Korea National Health and Nutrition 

Examination Survey (KNHANES V-2), populations who live in cities consume 

approximately 19.6% of total calorie from fat. Based on this fact, likewise, our results 

showed significantly different between HFD and LFD group after 12-week intervention 

(22.0±0.29 vs. 19.7±0.21). 

This present study suggests that 12 weeks of legume enriched-diet may be helpful 

to control body weight and blood pressure in obese people. We found that subjects who 

intake legume enriched-diet had significant reductions in body weight and BMI after 12 

weeks of the intervention. On the other hand, the significant differences were not 

observed in the control group who intake usual diet with increased vegetable.  

Our results are partly in accordance with several nutritional intervention studies, 

which reported that high legume intakes were associated with lower BMI, compared with 

low legume intakes [23]. Papanikolaou and Fulgoni [24] reported association between 

bean consumption with dietary quality and obesity risk in over 8000 adult participants in 

the NHANES 1999–2002 using data from a single, multiple pass, 24-h dietary recall. 

They found that individuals who had consumed a variety of beans or baked beans 

presented significantly low body weight compared with those who had not consumed 

beans. In addition, the odds of being obese (BMI >30kg/m
2
) was significantly lower in 

variety bean and baked bean consumers, compared with nonconsumers (odds ratio=0.78 

and 0.77, respectively). In a recent study, Venn et al. showed a rather different result. 

This have shown that incorporation of pulses and whole grain foods into a weight loss 

program resulted in an important reduction in waist circumference, compared with the 

group consuming a control diet, although no difference in weight loss was noted between 
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groups [25]. 

Adiponectin was identified as an adipocytokine in the human adipose tissue cDNA 

library. Yannakoulia et al. have noted that whole grain intake has been associated with 

high adiponectin levels. In a cross-sectional study of 220 apparently healthy adult 

Mediterranean women, it has been shown that adherence to a dietary pattern 

characterized by high intake of legumes, whole grain cereals and low-fat dairy products, 

as well as low intake of refined cereals, was significantly and positively associated with 

adiponectin levels, after controlling potential confounders [26]. Adiponectin has 

antiatherosclerotic and antidiabetic properties in experimental studies, and its blood 

levels are low in obesity, diabetes, cardiovascular diseases, and metabolic syndrome. 

Several studies have reported that weight reduction in massively obese subjects is 

associated with a rise in serum adiponectin concentration [27-29]. The present study 

demonstrated that reduction in BMI correlated with rise in adiponectin at obese subject. 

Our results showed that the plasma adiponectin levels were negatively correlated with 

body weight, HOMA-IR, and hs-CRP, and positively correlated with HDL-choelsterol, 

which is same as previous studies [30-32]. Based on our analysis, HFD group had 

significantly decreases in HOMA-IR and significant increases in adiponectin levels after 

12-week intervention. These data suggest that larger amount of weight loss could be 

affect increases plasma adiponectin, which may mediate the activation of insulin and 

glucose metabolism. 

To further assess the effect of the dietary intervention on oxidative stress, urinary 

excretion of 8-epi-PGF2α was measured since it is a widely accepted indicator of overall 

lipid peroxidation [33-35]. This marker decreased after the intervention, specifically in 
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response to the legume enriched diet group. In conclusion, a nutritional intervention 

based upon a diet enriched in legumes showed effects by mitigating oxidative stress. This 

outcome appeared in addition to the recognized beneficial effect associated to weight 

loss. 

There is a limitation in this study, which is dietary intake was based on self-reports 

obtained from weighed food. However, measurement errors from self-reported dietary 

intake and lifestyle variable have been shown to be relatively small [36]. Despite this 

limitation, therefore, our data suggest that legumes enriched diet may help control body 

weight in overweight and obese subjects with associated of adiponectin and 8-epi-PGF2α. 

Also, increases in plasma adiponectin induced by larger amount of weight loss may be 

related to greater activation of insulin resistance. Further studies, including larger clinical 

studies with subjects who are extremely obese and have been obese for longer periods of 

time, are needed to confirm the beneficial effects of legume on weight reduction. 



19 
 

REFERENCE 

1. Bae NK, Kwon IS, Cho YC. Ten Year Change of Body Mass Index in Korean: 

1997~2007. Korean J Obes 2009;18:24-30 

2. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW Jr. Body-mass index and 

mortality in a prospective cohort of U.S. adults. N Engl J Med 1999;341:1097-1105 

3. Winham DM, Hutchins AM. Baked bean consumption reduces serum cholesterol in 

hypercholesterolemic adults. Nutr Res 2007;27:380-386 

4. Villegas R, Gao YT, Yang G, Li HL, Elasy TA, Zheng W, Shu XO. Legume and soy 

food intake and the incidence of type 2 diabetes in the Shanghai Women's Health 

Study. Am J Clin Nutr 2008;87:162-167 

5. Hosseinpour-Niazi S, Mirmiran P, Amiri Z, Hosseini-Esfahani F, Shakeri N, Azizi F. 

Legume intake is inversely associated with metabolic syndrome in adults. Arch Iran 

Med 2012;15:538-544 

6. Alizadeh M, Daneghian S, Ghaffari A, Ostadrahimi A, Safaeiyan A, Estakhri R, 

Gargari BP. The effect of hypocaloric diet enriched in legumes with or without L- 

arginine and selenium on anthropometric measures in central obese women. J Res 

Med Sci 2011;15:331-343 

7. Stoll G, Bendszus M. Inflammation and atherosclerosis: novel insights into plaque 

formation and destabilization. Stroke 2006; 37:1923-1932 

8. Cushman M, Arnold AM, Psaty BM, Manolio TA, Kuller LH, Burke GL, Polak JF, 

Tracy RP. C-reactive protein and the 10-year incidence of coronary heart disease in 

older men and women: the cardiovascular health study. Circulation 2005;112:25-31 

9. Azadbakht L, Esmaillzadeh A. Soy and cardio-metabolic abnormalities: an update. J 



20 
 

Res Med Sci 2008;13:88-96 

10. Azadbakht L, Esmaillzadeh A. A cross-over trial on soy intake and serum leptin 

levels in women with metabolic syndrome. J Res Med Sci 2010;15:317-323 

11. Jang EH, Moon JS, Ko JH, Ahn CW, Lee HH, Shin JK, Park CS, Kang JH. Novel 

black soy peptides with antiobesity effects: activation of leptin-like signaling and 

AMP-activated protein kinase. Int J Obes (Lond) 2008;32:1161-1170. 

12. Azadbakht L, Esmaillzadeh A. Soy-protein consumption and kidney-related 

biomarkers among type 2 diabetics: a crossover, randomized clinical trial. J Ren 

Nutr 2009;19:479-486 

13. Azadbakht L, Atabak S, Esmaillzadeh A. Soy protein intake, cardiorenal indices, and 

C-reactive protein in type 2 diabetes with nephropathy: a longitudinal randomized 

clinical trial. Diabetes Care 2008;31:648-654 

14. Dixon JB. The effect of obesity on health outcomes. Mol Cell Endocrinol 

2010;316:104-108 

15. Messina MJ. Legumes and soybeans: Overview of their nutritional profiles and 

health effects. Am J Clin Nutr 1999;70:439-450 

16. Anderson JW, Major AW. Pulses and lipaemia, short- and long- term effect: 

Potential in the prevention of cardiovascular disease. Br J Nutr 2002;88:263-271 

17. Jenkins DJ, Kendall CW, Vidgen E, Vuksan V, Jackson CJ, Augustin LS, Lee B, 

Garsetti M, Agarwal S, Rao AV, Cagampang GB, Fulgoni V 3rd. Effect of soy-based 

breakfast cereal on blood lipids and oxidized low-density lipoprotein. Metabolism 

2000;49:1496-1500 

18. Wiseman H, O’Reilly JD, Adlercreutz H, Mallet AI, Bowey EA, Rowland IR, 



21 
 

Sanders TA. Isoflavone phytoestrogens consumed in soy decrease F(2)-isoprostane 

concentrations and increase resistance of low-density lipoprotein to oxidation in 

humans. Am J Clin Nutr 2000;72:395-400 

19. WHO Expert Consultation. Appropriate body-mass index for Asian populations and 

its implications for policy and intervention strategies. Lancet 2004;363:157-163 

20. Shim JS, Oh KW, Suh I, Kim MY, Sohn CY, Lee EJ, Nam CM. A study on validity 

of a semi-quantitative food frequency questionnaire for Korean adults. Kor J 

community Nutr 2002;7:484-494 

21. Christian JL, Greger JL. 1994. Energy sources and uses. In Nutrition for Living. 4th 

ed. Benjamin/Cummings Publishing Co., Redwood City, CA. 242-266 

22. Butte NF, Caballero B. 2006. Energy needs: assessment and requirements. In 

Modern Nutrition In Health And Disease. 10th ed. Shils ME, Shike M, Ross AC, 

Cousins RJ, (ed). Lippincott Williams & Wilkins, Philadelphia, PA. 136-148 

23. Darmadi-Blackberry I, Wahlqvist ML, Kouris-Blazos A, Steen B, Lukito W, Horie Y, 

Horie K. Legumes: the most important dietary predictor of survival in older people 

of different ethnicities. Asia Pac J Clin Nutr 2004;13:217-220 

24. Papanikolaou Y, Fulgoni VL III. Bean consumption is associated with greater 

nutrient intake, reduced systolic blood pressure, lower body weight, and a smaller 

waist circumference in adults: results from the National Health and Nutrition 

Examination Survey 1999–2002. J Am Coll Nutr 2008;27:569-576. 

25. Venn BJ, Perry T, Green TJ, Skeaff CM, Aitken W, Moore NJ. The effect of 

increasing consumption of pulses and whole-grains in obese people: a randomized 

controlled trial. J Am Coll Nutr 2010;29:365-372 



22 
 

26. Yannakoulia M, Yiannakouris N, Melistas L, Kontogianni MD, Malagaris I, 

Mantzoros CS. A dietary pattern characterized by high consumption of whole-grain 

cereals and low-fat dairy products and low consumption of refined cereals is 

positively associated with plasma adiponectin levels in healthy women. Metabolism 

2008;57:824-830 

27. Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y, Iwahashi H, 

Kuriyama H, Ouchi N, Maeda K, Nishida M, Kihara S, Sakai N, Nakajima T, 

Hasegawa K, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita S, Hanafusa T, 

Matsuzawa Y. Plasma concentrations of a novel, adipose-specific protein, 

adiponectin, in type 2 diabetic patients. Arterioscler Thromb Vasc Biol 

2000;20:1595-1599 

28. Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL, Chen CL, Tai 

TY, Chuang LM. Weight reduction increases plasma levels of an adipose-derived 

anti-inflammatory protein, adiponectin. J Clin Endocrinol Metab 2001;86:3815-

3819 

29. Ng TW, Watts GF, Barrett PH, Rye KA, Chan DC. Effect of weight loss on LDL and 

HDL kinetics in the metabolic syndrome: associations with changes in plasma 

retinol-binding protein-4 and adiponectin levels. Diabetes Care 2007;30: 2945-2950 

30. Bacci S, Menzaghi C, Ercolino T, Ma X, Rauseo A, Salvemini L, Vigna C, Fanelli R, 

Di Mario U, Doria A, Trischitta V. The +276 G/T single nucleotide polymorphism of 

the adiponectin gene is associated with coronary artery disease in type 2 diabetic 

patients. Diabetes Care 2004;27:2015- 2020 

31. Menzaghi C, Ercolino T, Di Paola R, Berg AH, Warram JH, Scherer PE, Trischitta V, 



23 
 

Doria A. A haplotype at the adiponectin locus is associated with obesity and other 

features of the insulin resistance syndrome. Diabetes 2002;51:2306-2312 

32. Huang KC, Lue BH, Yen RF, Shen CG, Ho SR, Tai TY, Yang WS. Plasma 

adiponectin levels and metabolic factors in nondiabetic adolescents. Obes Res 

2004;12:119-124 

33. Halliwell B, Whiteman M. Measuring reactive species and oxidative damage in vivo 

and in cell culture: How should you do it and what do the results mean? Br J 

Pharmacol 2004;142:231-255 

34. Milne GL, Musiek ES, Morrow JD. F2-isoprostanes as markers of oxidative stress 

in vivo: An overview. Biomarkers 2005;10:10-23 

35. Morrow JD. The isoprostanes-unique products of arachidonate peroxidation: Their 

role as mediators of oxidant stress. Curr Pharm Des 2006;12:895-902 

36. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. 

Reproducibility and validity of an expanded self-administered semiquantitative food 

frequency questionnaire among male health professionals. Am J Epidemiol 

1992;135:1114-1126 

 

 

 

 

 

 

 

 

 



24 
 

국문요약 

 

두류섭취가 

adiponectin과 8-epi-PGF2α 조절을 동반한 

체중감소 촉진에 미치는 영향 

 

 

목적: 본 연구의 목적은 두류섭취가 비만환자의 체중에 미치는 영향을 

평가하는 것이다. 

방법: 체질량지수가 25kg/m
2
이상인 383 명의 비만인 사람을 대상으로 

실시되었다. 12 주 동안 실험군은 매일 세끼의 식사를 콩밥(매 식사 시 

1/3 의 흰쌀을 콩으로 대체)을 섭취하고, 대조군은 평소 식사를 유지하였다. 

두 군 모두 식이섬유를 충분히 섭취하게 하고, 저녁 식사 후 30 분간 걷도록 

지시하였다.  

결과: 두류를 섭취한 군에서는 열량과 탄수화물의 섭취가 감소하였고, 

지방과 단백질 섭취는 증가하였다. 12 주 동안 두류를 섭취한 군은 

2.87±0.21 kg, 두류를 섭취하지 않은 군은 0.17±0.11 kg 의 체중감소를 

나타내며, 유의한 차이를 보였다. (P<0.001) 12 주 후 두류를 섭취한 군은 

HDL 콜레스테롤, adiponectin 이 증가하였고, glucose, 인슐린, 중성지방, 

HOMA-IR index, 8-epi-PGF2α는 감소하는 것으로 나타났다. 

결론: 두류의 섭취는 adiponectin 과 8-epi-PGF2α 조절을 통해 비만환자의 

체중감소를 촉진시키는 것으로 나타났다. 

 

핵심 되는 말: 비만, 체중, 두류섭취, adiponectin, 8-epi-PGF2α 


