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Background: The levels of erythrocyte polyunsaturated fatty acids (FAs) may be associated with obesity, metabolic syndrome, and cancer. 
Thus, we investigated the association between erythrocyte n-3 and n-6 FA composition, body mass index (BMI), and biochemical profiles.
Methods: The body composition, dietary intake, and blood parameters, including serum lipid, glucose, insulin, adipokines, oxidative stress, 
and erythrocyte FA, were assessed in 66 overweight and obese women (average age, 43.4 years). We also classified the participants 
into the overweight, obese, and morbidly obese (MO) groups based on the BMI values of 23, 25, and 30 kg/m2, respectively. Erythrocyte 
FA was measured via gas chromatography.
Results: The serum glucose, triglyceride, total cholesterol, and low-density lipoprotein cholesterol levels of the participants in the 
overweight, obese, and MO groups were not significantly different. However, the serum insulin, high-density lipoprotein, cholesterol 
and leptin levels were significantly different. The erythrocyte n-6/n-3 ratios of the overweight, obese, and MO groups were 2.4, 2.5, 
and 2.8, respectively. These data were consistent with the dietary n-6/n-3 ratio findings. Moreover, the erythrocyte n-6/n-3 ratio was 
correlated with serum insulin levels.
Conclusions: As the severity of obesity increased, the levels of insulin and leptin and the ratio of dietary n-6/n-3 increased, which was 
consistent with erythrocyte FA. These results indicate that erythrocyte FA may be a predictive biomarker for the increased prevalence 
of obesity, insulin resistance, leptin resistance, and risk of developing metabolic disorders.
(J Cancer Prev 2017;22:1 82 -188)

Key Words: Obesity, Erythrocytes, Fatty acids, Insulin resistance

Received September 11, 2017, Accepted September 12, 2017

Correspondence to: Jung-Eun Yim
Department of Food and Nutrition, Changwon National University, 20 Changwondaehak-ro, Uichang-gu, Changwon 51140, Korea
Tel: +82-55-213-3517, Fax: +82-55-281-7480, E-mail: jeyim@changwon.ac.kr, ORCID: Jung-Eun Yim, http://orcid.org/0000-0001-8344-1386

Copyright © 2017 Korean Society of Cancer Prevention
cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Obesity is defined as excessive fat accumulation that may 

cause a serious health problem,1 and is commonly diagnosed 

using body mass index (BMI), a ratio of weight (kg) and height 

(m2), which are often associated with the level of body fat.2 In the 

case of Asian populations, according to the World Health 

Organization (WHO), overweight is defined as a BMI greater than 

or equal to 23 kg/m2. Obesity and severe obesity are defined as a 

BMI greater than or equal to 25 and 30 kg/m2, respectively.2 

According to the WHO, the global prevalence of obesity has nearly 

doubled between 1980 and 2014. Moreover, 39% of adults aged 18 

years and older are overweight.1 The prevalence of adult obesity 

in Korea increased from 26.0% in 1998 to 33.2% in 2015.3,4 For 

Korean women, the prevalence rate of obesity slightly decreased 

from 27.3% in 2005 to 26.0% in 2015. However, the prevalence 

rate of severe obesity increased from 2.8% in 2005 to 4.7% in 

2015.3 Obesity may be a significant risk factor for the develop-

ment of type 2 diabetes mellitus, hyperlipidemia, cardiovascular 

diseases (CVDs), cerebrovascular diseases, osteoarthritis, non-al-

coholic fatty liver disease (NAFLD), and various cancers.5,6

Several studies showed that obesity is linked to a state of 

chronic low-grade inflammation and high oxidative stress. 

Moreover, this condition causes increased levels of pro-infla-

mmatory cytokines, such as TNF- and interleukin-6 (IL-6), that 

induce insulin resistance.7 The level of leptin, an adipocytokine, 
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is usually elevated in patients who are obese. It also plays a key 

role in mediating a pro-inflammatory state. Furthermore, 

increased levels of pro-inflammatory cytokine may induce 

oxidative stress.8 Reactive oxygen species (ROS), which are 

contributors of oxidative stress, may be related to the 

pathogenesis of obesity-related metabolic and CVDs, including 

endothelial dysfunction and atherosclerosis.9 Thus, the suppre-

ssion of inflammation could be useful in improving insulin 

resistance and oxidative stress in individuals who are obese.

Overweight or obesity is significantly associated with an 

increased risk of developing several cancers and cancer-related 

mortality.10,11 Numerous studies have shown that a high BMI is 

associated with a slightly increased risk for breast and endome-

trium cancer in postmenopausal women.10,11 A 5 kg/m2 increase 

in BMI was associated with a 12% increase in breast cancer risk.10 

Among postmenopausal women, those who are obese have a 20% 

to 40% increase in the risk of developing breast cancer compared 

with those who have normal weight.10 Obesity is thought to play 

a variety of roles in the pathogenesis of colorectal cancer, for 

example, its association with insulin.12,13 

Essential fatty acids (FAs) have an important function in 

complex metabolic reactions in the body.14 A low dietary ratio of 

n-6/n-3 polyunsaturated fatty acid (PUFA) has been 

recommended to reduce the formation of pro-inflammatory 

eicosanoids from synthetized n-6 PUFA and increase the 

production of anti-inflammatory mediators from synthetized n-3 

PUFA.14 Wall et al.15 reported that the reduction in the dietary 

ratio of n-6/n-3 FA may lower the incidence rate of numerous 

chronic diseases that involve inflammatory processes, which 

include CVDs, inflammatory bowel diseases, cancers, and 

rheumatoid arthritis. 

Numerous studies showed that a balanced n-6/n-3 ratio is 

important for the health and the prevention and management of 

obesity-related problems, including metabolic disorders.16-18 A 

high level of n-6/n-3 in the umbilical cord blood erythrocyte 

membrane phospholipids was associated with a high subscapular 

skin-fold thickness and obesity at 3 years of age.16 The result of a 

prospective study showed that erythrocyte n-6 FA may be 

positively associated with obesity, and n-3 FA may also be 

inversely associated with weight gain in women who initially had 

normal weight.17 Colorectal cancer patients also showed a signi-

ficantly lower mean percentage of n-3 PUFAs than the controls.18 

These findings were reflected in the high ratio of n-6-/n-3 PUFA 

observed in obese and cancer patients. Therefore, the PUFA 

composition of the erythrocyte membrane and the biochemical 

indicators of obesity can be significant parameters in preventing 

metabolic diseases and cancer.

However, the correlation between obese Korean women and 

erythrocyte PUFA is not fully understood. Therefore, the 

associations between erythrocyte membrane FA composition and 

obesity were investigated.

MATERIALS AND METHODS
1. Participants

Sixty-six overweight or obese women were recruited. The 

mean age of the participants was 43.4 years. The informed 

consent and clinical data, including information on sex, age, 

height, weight, body composition, dietary intake, and blood 

analysis results, were obtained from the participants. The study 

was approved by the Institutional Review Board of Kyung Hee 

Medical Center (KMC IRB 1304-03-C1). The participants were 

divided into 3 groups according to their BMI. The number of total 

participants was 66, of which 21 were included in the overweight 

group (BMI, ＞ 23 kg/m2), 36 in the obese group (BMI, ＞ 25 

kg/m2), and 9 in the morbidly obese (MO) group (BMI, ＞ 30 

kg/m2).

2. Anthropometric analysis

Anthropometric measurements of all the participants were 

obtained. Height and weight were recorded to the nearest 0.1 cm 

and 0.1 kg, respectively, using an automatic height and weight 

scale. BMI was calculated by dividing weight (kg) by height 

squared (m2). Body fat mass (BFM) and percent BFM (%BFM) were 

measured via bioimpedance analysis (InBody 3.0; Biospace, 

Seoul, Korea). Systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) were measured after a 20 minutes rest using an 

automatic blood pressure monitor (TM-2654; A&D, Tokyo, Japan). 

Waist circumference (WC) and hip circumference (HC) were 

measured with a flexible measuring tape. WC was measured at 

the middle in the costal inferior border and iliac crest. HC was 

measured at the widest point of the hip. Waist-to-hip ratio (WHR) 

was calculated by dividing WC by HC.

3. Dietary intake assessment

A clinically trained nutritionist was tasked to keep and 

complete a 3-day food record of all the participants using food 

models (two days during weekdays and one day during the 

weekend). After collecting data on food intake, the data are 

usually converted into nutrient intake profiles, generally by using 

a computer-aided nutritional analysis program (CAN-Pro ver. 5.0; 

Korean Nutrition Society, Seoul, Korea).
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Table 2. Dietary intakes of overweight, obese, and morbidly obese Korean women

Variable
Group

Overweight (n = 21) Obese (n = 36) Morbidly obese (n = 9)

Energy (kcal) 1,642.90 ± 356.96 1,592.15 ± 599.40 1,352.10 ± 492.86
CHO : Fat : Pro 58 : 26 : 16 60 : 25 : 15 62 : 23 : 14
Fiber (g) 18.81 ± 5.30 18.80 ± 7.33 18.07 ± 7.85
Cholesterol (mg) 269.28 ± 101.59 249.28 ± 167.73 235.98 ± 44.23
P : M : S 0.9 : 1.2 : 1.0 1.0 : 1.4 : 1.0 1.3 : 1.4 : 1.0
PUFA n-6 : n-3 6.1 : 1.0 8.2 : 1.0 11.5 : 1.0

Values are presented as mean ± SD or ratio. The groups classified the participants into the overweight, obese, and morbidly obese groups 
based on the body mass index values of 23, 25, and 30 kg/m2, respectively. CHO, carbohydrate; Pro, protein; P : M : S, polyunsaturated 
fatty acid : monounsaturated fatty acid : saturated fatty acid; PUFA, polyunsaturated fatty acid. 

Table 1. Anthropometric parameters of overweight, obese, and 
morbidly obese Korean women

Variable

Group

Overweight 
(n = 21)

Obese 
(n = 36)

Morbidly obese
(n = 9)

Age (yr)  43.76 ± 8.83  43.36 ± 9.70  42.44 ± 11.92
Weight (kg)  60.48 ± 3.83a  68.38 ± 6.37b  79.47 ± 7.82c

Height (cm) 159.60 ± 5.62 159.36 ± 6.02 158.53 ± 4.00
BMI (kg/m2)  23.73 ± 0.59a  26.89 ± 1.60b  31.58 ± 2.51c

BFM (kg)  19.70 ± 1.56a  24.92 ± 4.04b  33.96 ± 5.30c

%BFM  32.66 ± 2.72a  36.96 ± 3.27b  42.69 ± 4.34c

WC (cm)  84.67 ± 4.63a  91.54 ± 5.32b  92.87 ± 5.98b

HC (cm)  96.60 ± 3.02a 100.92 ± 4.66b 108.76 ± 5.61c

W/H ratio   0.88 ± 0.05a   0.91 ± 0.05b   0.92 ± 0.05b

SBP (mmHg) 111.33 ± 10.55 115.94 ± 13.99 113.11 ± 8.68
DBP (mmHg)  67.67 ± 7.35  73.22 ± 9.54  70.67 ± 8.59

Values are presented as mean ± SD. Means in the same row not 
sharing a common letter are significantly different at P ＜ 0.05. The 
groups classified the participants into the overweight, obese, and 
morbidly obese groups based on the BMI values of 23, 25, and 30 
kg/m2, respectively. BMI, body mass index; BFM, body fat mass; 
%BFM, percent BFM; WC, waist circumference; HC, hip circum-
ference; W/H ratio, waist and hip circumference ratio; SBP, systolic 
blood pressure; DBP, diastolic blood pressure. 

4. Biochemical analysis

Blood samples were collected after a 10-hour overnight fast 

and centrifuged at 1,500 ×g for 15 minutes to separate the 

serum, which was stored at −70oC until analysis. Serum samples 

were analyzed for glucose, triglyceride (TG), total cholesterol (TC), 

low-density lipoprotein (LDL) cholesterol, high-density 

lipoprotein (HDL) cholesterol, alanine transaminase (ALT), and 

aspartate transaminase (AST) levels using enzymatic methods 

with commercial kits (Asan Pharmaceutical Co., Seoul, Korea). 

Serum insulin was measured using the Coat-A-Count Insulin Kit 

(Diagnostic Products Co., Los Angeles, CA, USA). Serum ROS 

levels were determined using the OxiSelect Intracellular ROS 

Assay kit (Cell Biolabs Inc., San Diego, CA, USA). Serum TNF- and 

leptin levels were measured using the ELISA kits (Enzo Life 

Sciences, Inc. Farmingdale, NY, USA) and human leptin 

radioimmunoassay kit (Linco Research, St Louis, MO, USA), 

respectively. Erythrocyte FAs were measured with solvent 

extraction and gas-liquid chromatography.19

5. Statistical analysis

Statistical analyses were performed using the IBM SPSS 

Statistics for Windows ver. 21.0 (IBM Co., Armonk, NY, USA). The 

measuring variables were presented as mean ± SD. The 

differences among the three groups were evaluated via one-way 

ANOVA along with a post-hoc Tukey’s test, and a P-value ＜ 0.05 

was considered statistically significant.

RESULTS
1. General characteristics

Anthropometrics parameters are presented in Table 1. Body 

weight, BMI, BFM, %BFM, and HC of the obese group were 

significantly higher than those of the overweight group. The body 

composition of the MO group were remarkably higher than that 

of the obese group. The WC and WHR of the obese and MO groups 

were significantly higher than those of the overweight group. 

However, no significant difference was observed between the WC 

and WHR of the obese and MO groups. The height, SBP, and DBP 

of the three groups were not significantly different as well.

2. Dietary intake assessment

Data on daily energy and nutrient intake are presented in 

Table 2. The caloric intake of the overweight group was higher 

than that of the obese and MO groups. However, no significant 

difference was observed among the three groups. In the MO 
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Table 4. Levels of ROS and adipokines of overweight, obese, and 
morbidly obese Korean women

Variable

Group

Overweight
(n = 21)

Obese
(n = 36)

Morbidly obese
(n = 9)

ROS (nM) 147.02 ± 18.63 157.69 ± 34.54 160.95 ± 28.78
Leptin (ng/mL)  12.71 ± 6.23a  17.35 ± 8.60b  28.34 ± 11.72c

TNF- (pg/mL) 199.26 ± 19.65 200.07 ± 18.87 212.28 ± 26.53

Values are presented as mean ± SD. Means in the same row not 
sharing a common letter are significantly different at P ＜ 0.05. The 
groups classified the participants into the overweight, obese, and 
morbidly obese groups based on the body mass index values of 23, 
25, and 30 kg/m2, respectively. ROS, reactive oxygen species. 

Table 3. Biochemical parameters of overweight, obese, and mor-
bidly obese Korean women

Variable

Group

Overweight
(n = 21)

Obese
(n = 36)

Morbidly obese
(n = 9)

Glucose (mg/dL)  93.67 ± 10.75  95.17 ± 9.04  96.67 ± 7.58
Insulin (U/mL)   6.84 ± 4.38a   7.56 ± 4.17b  10.96 ± 3.67c

TG (mg/dL)  92.29 ± 32.06 121.74 ± 49.75 102.89 ± 45.54
TC (mg/dL) 190.24 ± 39.24 190.28 ± 28.38 188.44 ± 39.25
LDL-C (mg/dL) 117.29 ± 36.54 116.19 ± 25.68 124.11 ± 37.61
HDL-C (mg/dL)  60.29 ± 12.88a  51.86 ± 11.20b  49.22 ± 9.87c

AST (U/L)  24.67 ± 8.38  21.28 ± 8.55  20.44 ± 5.20
ALT (U/L)  17.81 ± 12.01  17.81 ± 11.75  16.67 ± 8.05

Values are presented as mean ± SD. Means in the same row not 
sharing a common letter are significantly different at P ＜ 0.05. The 
groups classified the participants into the overweight, obese, and 
morbidly obese groups based on the body mass index values of 23, 
25, and 30 kg/m2, respectively. TG, triglyceride; TC, total cholesterol; 
LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lip-
oprotein-cholesterol; AST, aspartate transaminase; ALT, alanine 
transaminase. 

Table 5. Fatty acid profiles of erythrocyte membranes in over-
weight, obese, and morbidly obese Korean women

Variable

Group

Overweight
(n = 21)

Obese
(n = 36)

Morbidly obese
(n = 9)

SAT (%) 40.84 ± 0.88 41.15 ± 1.18 42.49 ± 4.28
MONO (%) 14.49 ± 0.87 14.94 ± 0.94 14.59 ± 0.98
PUFA (%) 43.68 ± 1.46 42.98 ± 1.72 41.84 ± 4.85
PUFA n-6 (%) 30.84 ± 2.21 30.46 ± 2.36 30.66 ± 3.66
PUFA n-3 (%) 12.84 ± 1.74 12.52 ± 2.13 11.19 ± 2.00
n-6/n-3 2.46 ± 0.50a 2.53 ± 0.63a 2.80 ± 0.48b

Values are presented as mean ± SD. Means in the same row not 
sharing a common letter are significantly different at P ＜ 0.05. The 
groups classified the participants into the overweight, obese, and 
morbidly obese groups based on the body mass index values of 23, 
25, and 30 kg/m2, respectively. SAT, saturated fatty acid; MONO, 
monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; PUFA 
n-6, omega-6 polyunsaturated fatty acids; PUFA n-3, omega-3 poly-
unsaturated fatty acids. 

group, the amount of carbohydrate intake was high but the 

difference was not significant. In the overweight group, the 

amount of fat, fiber, and cholesterol intake was also high, but not 

significant. The ratio of PUFA : monounsaturated FA : saturated 

FA and PUFA n-6/n-3 in the MO group was the highest among the 

three groups.

3. Glycemic indices and lipid profiles

The parameters of the glycemic indices and lipid profiles are 

shown in Table 3. Serum glucose levels of the overweight, obese, 

and MO groups were not significantly different. However, the 

serum insulin levels of the obese and MO groups were 

significantly higher than those of the overweight group. Serum 

TG, TC, and LDL cholesterol levels did not significantly differ 

among the three groups. Although the serum lipid levels did not 

significantly differ among the three groups, the HDL cholesterol 

level of the MO group was the highest, while that of the 

overweight group was the lowest. In addition, the obese group 

had an intermediate HDL cholesterol level. Serum AST and ALT 

activities were not significantly different among the three groups.

4. Reactive oxygen species and adipocytokines

The parameters of oxidative stress and adipocytokines are 

presented in Table 4. The ROS and TNF- levels were very similar 

among the three groups. The serum leptin level of the MO group 

was the highest, followed by that of the obese group and then that 

of the overweight group.

5. Polyunsaturated fatty acid composition of the 
erythrocyte membranes

The FA profiles of the erythrocyte membranes are summarized 

in Table 5. No significant difference was observed among the 

saturated FA, monounsaturated FA, PUFA, PUFA n-6, and PUFA 

n-3 values of the three groups. Total PUFA, PUFA n-6, and PUFA n-3 

of the MO group tended to decrease. However, the difference was 

not significant. As the severity of obesity increases, the n-6/n-3 

ratio of the erythrocyte membrane also increases, whereas the 

total PUFA, PUFA n-6, and PUFA n-3 of the MO group tends to 

decrease. Moreover, the erythrocyte n-6/n-3 ratio was correlated 

with serum insulin levels (Fig. 1).
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Figure 1. Correlation of polyunsaturated fatty acid n-6/n-3 with se-
rum insulin.

DISCUSSION

The increasing severity of obesity has become a major public 

health concern worldwide. Obesity is associated with a variety of 

diseases, including insulin resistance, diabetes mellitus, CVDs, 

dyslipidemia, NAFLD, and cancers.20 We investigated the asso-

ciation between biochemical parameters of obesity and FA 

compositions of the erythrocyte membrane in obese Korean 

women. The anthropometric parameters, dietary intake, blood 

metabolic profiles, and FA compositions of the erythrocyte 

membrane were measured. Results showed that body weight, 

BMI, BFM, %BFM, and HC of the MO group were the highest 

among the three groups. However, no significant difference was 

observed between the WC measurement and WHR of the obese 

and MO groups. 

In the 2015 Korea National Health and Nutrition Examination 

Survey (KNHANES),21 the mean caloric intake of women was 

1,768 kcal. However, the intake of the overweight, obese, and MO 

groups was lower in the present study (1,642.90 ± 356.96 kcal, 

1,592.15 ± 599.40, and 1,352.10 ± 492.86 kcal, respectively). 

When the carbohydrate (C), fat (F), and protein (P) intake was 

compared based on the 2015 KNHANES, the ratio was 63.7 : 

21.8 : 14.5. In this study, the average daily intake of C, F, and P 

ratio of the overweight, obese, and MO groups was 58 : 26 : 16, 

60 : 25 : 15, and 62 : 23 : 14, respectively. These data showed the 

low consumption of C and P and the high consumption of F of 

the study participants compared to those of Korean adults. Based 

on the PUFA n-6/n-3 ratio, the ratio of these FAs should be close to 

4 : 1 to 5 : 1 and must not exceed 10 : 1.22 In this study, the dietary 

ratios of n-6/n-3 PUFAs of the overweight, obese, and MO groups 

were 6.1 : 1.0, 8.2 : 1.0, and 11.5 : 1.0, respectively. 

The composition of PUFA in the serum and erythrocyte 

phospholipids, which depends on endogenous metabolism 

controlled by genetic polymorphisms and dietary intake, is an 

important factor for health maintenance and prevention of 

metabolic diseases.14 An imbalance in the ratio of n-6/n-3 PUFAs 

causes prothrombotic and pro-inflammatory effects, which 

contribute to the development of atherosclerosis and obesity.22 

Eicosanoids obtained from arachidonic acid (C20 : 4 n-6, AA) have 

been associated with tumor promotion and progression. Eicosa-

pentaenoic acid (20 : 5 n-3, EPA) and docosahexaenoic acid (22 : 6 

n-3, DHA) are also potent angiogenesis inhibitors, which suppress 

the production of angiogenic mediators, such as VEGF, 

platelet-derived growth factor, COX-2, NF-B, and nitric oxide.23 

Thus, a balanced consumption of n-6/n-3 is crucial for the health 

and maintenance of normal ratio through diet control for an 

effective treatment of obesity and its complications.

The serum insulin levels of the MO group were significantly 

higher than those of the overweight and obese groups. The serum 

HDL cholesterol level of the MO group was significantly lower 

than that of the overweight and obese groups. However, no 

significant difference was observed among the three groups. 

Insulin resistance is an underlying major pathophysiologic 

process in the development of metabolic disorders among obese 

patients.24 Excess fat in the body decreases insulin sensitivity 

and, thus, increases the symptoms associated with insulin resi-

stance.25

The major cause of metabolic diseases that are associated with 

excessive body fat is dyslipidemia,26 which is characterized by 

increased TG, free fatty acid (FFA), and LDL cholesterol levels and 

decreased HDL cholesterol levels.27,28 The decrease in HDL 

cholesterol levels is linked to the increased risk of developing 

coronary artery diseases.24 Our study showed that the HDL 

cholesterol level of the MO group was the highest among the 

three groups, whereas the serum TG and TC levels did not 

significantly differ among the three groups. The serum LDL levels 

of the MO group tended to slightly increase. However, no 

significant difference was observed. Data on TC and LDL 

cholesterol were in accordance of those of previous studies that 

show the correlation between serum leptin levels and fat mass in 

Korean women.29

An increase in the amount of fat in the body, particularly 

visceral fat, induces the secretion of secretes FFA, adipocy-

tokines, such as leptin and adiponectin, and pro-inflammatory 

cytokines, such as TNF- and IL-6.30 The size of the visceral 

adipocyte is associated with systemic insulin resistance and 

increased expression of cytokines by the immune cells in the 
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tissues.31 Thus, the increase in the amount of visceral fat in the 

body and the secretion of cytokines that impair insulin signaling 

may significantly contribute to systemic insulin resistance. 

Adipose tissue does not only store TGs but also produces 

adipokines,32 which induce the production of ROS, causing 

oxidative stress.9

Leptin, which is produced by adipocytes, regulates food intake, 

body weight, and energy expenditure.33 In obese individuals, 

leptin signaling is reduced, leading to hyperleptinemia and leptin 

resistance.34 Hyperleptinemia itself can contribute to the develo-

pment of leptin resistance by downregulating the cellular 

response to leptin.35 Chen et al.’s study36 showed that serum 

leptin level of lean Chinese women (BMI, ＜ 25 kg/m2) was 7.85 ± 

3.60 ng/mL, whereas that of obese women (BMI, ≥ 25 kg/m2) was 

16.59 ± 6.92 ng/mL. In this study, the serum leptin levels of the 

MO group were significantly higher (28.34 ± 11.72 ng/mL) 

compared to those of the overweight group (12.71 ± 6.23 ng/mL) 

and obese group (17.35 ± 8.60 ng/mL), which was consistent with 

the results of a previous study. 

In this study, the higher severity of obesity increased the 

n-6/n-3 ratio of the erythrocyte membrane. Erythrocytes have a 

longer half-life compared to other blood components and better 

reflect the long-term dietary intake of FA than serum levels.37 The 

data on the n-6/n-3 ratio of erythrocytes tended to have a similar 

dietary n-6/n-3 ratio. In addition, a positive correlation was 

observed between serum insulin and n-6/n-3 ratio of the 

erythrocyte membrane in Korean obese women. In the case of 

obese children, the EPA levels in the erythrocyte membrane of the 

obese group was lower compared to those of the control group.38 

Kuriki et al.39 showed that the decreased and increased risks for 

colorectal cancer are related to PUFA and SFA compositions of the 

erythrocyte membranes, respectively. Colorectal cancer patients 

also showed a significantly lower mean percentage of n-3 PUFAs 

than the controls.18 The total n-3 PUFAs in the plasma of patients 

with type 2 diabetes mellitus who had abnormal lipid levels was 

lower, and the n-6/n-3 ratio was higher compared to those of 

healthy participants.32 The low levels of n-3 in the plasma and 

erythrocytes were observed in patients with pancreatic, lung, and 

prostate cancer and non-Hodgkin lymphoma.40-42 Thus, the 

erythrocyte membrane n-6/n-3 PUFA ratio may be a predictive 

biomarker of the increasing severity of obesity and metabolic 

disorders. 

In summary, as the severity of obesity increased, corres-

ponding increases in insulin and leptin levels as well as dietary 

n-6/n-3 ratio were observed; whereas, HDL cholesterol levels 

were decreased. These data were consistent with erythrocyte FA 

findings. Moreover, erythrocyte FA may be a biomarker of 

metabolic diseases that are associated with obesity. 
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