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Abstract Persistent organic pollutants (POPs) are endo-

crine-disrupting chemicals associated with metabolic syn-

drome and type 2 diabetes. In humans, little is known about

their potential role on obesity. Adiponectin augments the

effects of insulin on glucose homeostasis. The expression of

adiponectin is reduced in obesity, insulin resistance, and

type 2 diabetes. The aim of this study is to reveal whether

accumulation of the POPs, especially polychlorinated

biphenyls (PCBs), is associated with serum levels of

adiponectin in Koreans. This cross-sectional study includes

98 Koreans (49 men and 49 women). Serum levels of marker

PCBs (PCB 28, 52, 101, 138, 153, and 180) were measured

by Agilent 7890GC-micro-ECD (Gas chromatography-

micro-electron capture detector). Total adiponectin levels

were quantified by enzyme-linked immunosorbent assay.

We defined high (CMedian) and low (\Median) body mass

index (BMI) groups by using median value of BMI (24.6 kg/

m2 for men; 23.0 kg/m2 for women). PCB28, PCB138, and

PCB153 were significantly negatively associated with

adiponectin levels (b-coefficients = -0.00741 for PCB28;

-0.00438 for PCB138; -0.00406 for PCB153). When we

divided subjects by sex, PCB28 and PCB153 were inversely

associated with adiponectin in women. In the high BMI

group (CMedian), PCB153 showed the significant negative

associations with adiponectin levels (P \ 0.05). However,

these associations were not seen in the low BMI group. In

conclusion, we found negative associations between PCBs

and adiponectin. This cross-sectional study could provide

support for the hypothesis that POPs exposure might con-

tribute to type 2 diabetes as well as obesity.
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Introduction

Persistent organic pollutants (POPs), widespread environ-

mental contaminants, are currently considered as a global

problem [1]. Persistent organic pollutants (POPs), such as

organochlorine pesticides and polychlorinated biphenyls

(PCBs), may be particularly interesting to many because

the exposure of POPs are strongly linked to type 2 diabetes

and insulin resistance, which are highly correlated to

obesity is believed to play a critical role [1–3].

Despite the ban on the use of POPs in the United States

and Europe, their stability, resistance to degradation, and

lipophilicity have led to significant bioaccumulation in

most compartments of the ecosystem and human tissues

[4–7]. In adipose tissue, many POPs are known to have

endocrine-disrupting potency [8].

Adiponectin, a hormone produced by adipocytes [9],

augments the effects of insulin on glucose homeostasis.

Adiponectin expression is reduced in obesity [10], insulin

resistance [11], and type 2 diabetes [12]. Adiponectin was

suggested as a strong predictor of diabetes [13].

Recent studies demonstrated that PCBs increased the

risk of obesity [14, 15], but there have been only a few

studies showing the relationship between adiponectin and

PCBs, especially the non-dioxin-like PCB congeners. One
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study showed that PCB153 could downregulate adiponec-

tin in Western obese subjects [8]. However, studies on

Asian are very difficult to find.

Therefore, in this study, we investigated whether the

accumulation of POPs, especially PCBs, is associated with

the serum levels of adiponectin in Korean men and women.

Methods

Study subjects

This study was designed as a cross-sectional study selecting

100 Koreans (men: 50, women: 50) from the Korean cancer

prevention study-II (KCPS-II). KCPS-II included 185,331

individuals who visited eight health promotion centers

nationwide from April 2004 to December 2011. A detailed

description of the KCPS-II study design was published

elsewhere [16, 17]. Of these, only 44,795 have adiponectin

measurements. We only selected subjects aged 50–59 years

who have adiponectin measurements because POPs con-

centrations depend on age [15]. We also excluded 1,721

participants who were missing anthropometric measure-

ments (weight, height, body mass index (BMI), waist cir-

cumstance (WC), systolic blood pressure, diastolic blood

pressure, total cholesterol, alanine aminotransferase, aspar-

tate aminotransferase, high-density lipoprotein cholesterol

(HDL-C), triglyceride, and carcinoembryonic antigen) and

self-reported questionnaire information (age, smoking sta-

tus, and alcohol consumption) [16].

The final sampling frame consisted of 6,186 participants

(men: 4,147, women: 2,040). Due to the high cost of PCB

analysis, we could not include more than 100 subjects. To

meet statistical representativeness, we randomly selected

100 participants (women: 50) when measuring the PCBs

concentration. Two participants who had outlying values

for PCB concentration (C300 ng/g lipids) were not inclu-

ded in the analyses. Our final study subject consisted of 98

participants. A written consent form was signed by all

participants, and the Institutional Review Board of Yonsei

University approved the study protocol.

Chemistry and anthropometric measurements

Serum, separated from peripheral venous blood, was

obtained from each participant after 12-h of fasting, and

then was stored at -70 �C until it was further analyzed.

We measured fasting blood glucose, total cholesterol, tri-

glyceride, HDL-C, low-density lipoprotein cholesterol, and

adiponectin. For anthropometric measurements, WC was

measured by wrapping the measuring tape around the

exposed waists midway between the lower rib and the iliac

crest. Weight and height were measured while participants

were wearing light clothing. BMI was calculated as weight

(kg) divided by the square of their height in meters (m2).

Both systolic and diastolic blood pressures were mea-

sured after a 15-min rest. Each participant was interviewed

using a structured questionnaire which was validated in

previous studies [16–18]. We collected information on

smoking and alcohol consumption as well as demographic

characteristics such as age, sex, past history of clinical

diseases, etc. Cigarette smoking was classified into never

smokers, ex-smokers, and current smokers. Alcohol con-

sumption was categorized by nondrinkers and current

drinkers. The quality control of data was maintained in

accordance with the procedures of the Korean Association

of Laboratory Quality Control.

Adiponectin measurements

Adiponectin levels were measured via ELISA (Mesdia Co.,

Ltd., Seoul, Korea). Intra- and inter-assay variances for

adiponectin ranged from 6.3 to 7.4 % and 4.5 to 8.6 %,

respectively [17]. Quality control of data was in accordance

with the procedure of the Korean Association of Labora-

tory Quality Control [18].

Table 1 General characteristics of study subjects

Men

(N = 49)

Women

(N = 49)

Mean ± SD Mean ± SD

Age (years) 53.61 ± 2.50 53.06 ± 3.00

BMI (kg/m2) 24.54 ± 2.06 23.04 ± 2.08

Systolic blood pressure

(mmHg)

122.61 ± 12.24 115.67 ± 12.42

Diastolic blood pressure

(mmHg)

78.39 ± 10.39 73.92 ± 8.42

Fasting blood sugar (mg/dL) 94.47 ± 13.07 90.57 ± 10.94

Cholesterol (mg/dL) 199.04 ± 32.91 203.27 ± 45.76

Triglyceride (mg/dL) 138.06 ± 82.34 121.49 ± 74.65

HDL cholesterol (mg/dL) 50.76 ± 11.02 60.47 ± 15.22

LDL cholesterol (mg/dL) 124.71 ± 29.61 118.65 ± 39.34

ln(adiponectin) (lg/mL) 1.51 ± 0.48 1.86 ± 0.47

% %

Smoking status

Non-smoker 18.37 91.84

Ex-smoker 59.18 2.04

Current smoker 22.45 6.12

Data are Mean ± SD

BMI body mass index, HDL high-density lipoprotein, LDL low-den-

sity lipoprotein, SD standard deviation
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Determination of POPs

The six European Union marker PCBs (PCB 28, 52, 101,

138, 153, and 180) were taken into account in the esti-

mation of the PCB concentration present in samples :

PCB28 (2,4,40-trichlorobiphenyl), PCB52 (2,20,5,50-tetra-

chlorobiphenyl), PCB101 (2,20,4,5,50-pentachlorobiphe-

nyl), PCB138 (2,203,4,40,50-hexachlorobiphenyl), PCB153

(2,204,40,5,50-hexachlorobiphenyl), and PCB180 (2.20,3,4,

40,5,50-heptachlorobiphenyl) [19]. The analytical method

was based on the method described by Lu–Lu Cao et al.

[20] and was used with minor modifications for low serum

volumes (B1 mL). Serum samples were analyzed by Gas

chromatography with micro-electron capture detection

(Agilent 7890 Series, Palo Alto, CA, USA). The lower

limit for the analyzed PCBs was detected as, 0.05 lg/L.

Statistical analysis

As POPs are predominantly carried in the lipid component

of the blood, lipid-adjusted concentrations (ng/g lipid) have

been used in epidemiological studies [21]. Lipid-adjusted

concentrations (ng/g lipids) were calculated using the for-

mula proposed by Bernert et al. [22]. In this study, we

additionally conducted analyses using non-lipid-adjusted

concentrations (POPs concentrations in lg/L are not divi-

ded by lipids). We used the median value of BMI

(24.57 kg/m2 for men; 23.02 kg/m2 for women) to define

high (CMedian) and low (\Median) BMI groups.

Due to POPs concentrations were not normally distrib-

uted, non-parametric tests were used: Wilcoxon’s test for

comparison of high and low BMI groups and Spearman’s

test for correlation of variables. Regression analyses were

also conducted to display the association between adipo-

nectin and PCB concentrations. Natural logarithms of the

adiponectin data, having normal distribution, were used for

the analyses. All analyses were performed using SAS sta-

tistical software, version 9.2 (SAS Institute Inc., Cary, NC)

and STATA 11.0 (Stata Corporation, College Station,

Texas, USA). Statistical power analyses were conducted

using G*Power 3.1.7 [23, 24]. Null hypothesis of no dif-

ference was rejected if P values were less than 0.05.

Results

The basic characteristics of study subjects are depicted in

Table 1. The average ln (adiponectin levels) was 1.51 lg/

mL in men and 1.86 lg/mL in women. Men had a higher

BMI than women.

Table 2 Concentrations of investigated polychlorinated concentration by BMI group

Body mass index

Low (\Median) N = 50 High (CMedian) N = 48

Detection rate (%) Median (Q1;Q3) Median (Q1;Q3) P value

Non-lipid-adjusted concentrations

PCB28 (lg/L)b 95 0.07 (0.06;0.10) 0.09 (0.07;0.13) 0.0057

PCB52 (lg/L) 100 0.39 (0.27;0.57) 0.44 (0.31;0.58) 0.5294

PCB101 (lg/L) 44 0.06 (0.03;0.08) 0.05 (0.03;0.07) 0.5197

PCB138 (lg/L) 100 0.17 (0.13;0.23) 0.19 (0.11;0.31) 0.3555

PCB153 (lg/L) 100 0.20 (0.12;0.24) 0.20 (0.13;0.31) 0.3977

PCB180 (lg/L) 100 0.10 (0.06;0.14) 0.10 (0.07;0.13) 0.8478

Sum of PCB (lg/L)a 1.02 (0.86;1.37) 1.33 (0.92;1.51) 0.1249

Lipid-adjusted concentrations

PCB28 (ng/g lipid) 95 13.47 (7.95;21.55) 16.92 (8.85;23.46) 0.2907

PCB52 (ng/g lipid) 100 71.195 (51.16;117.56) 79.52 (42.16;118.26) 0.8870

PCB101 (ng/g lipid) 44 9.67 (4.74;17.78) 6.82 (3.80;16.87) 0.4587

PCB138 (ng/g lipid) 100 30.50 (21.80;43.30) 35.71 (14.50;59.22) 0.7817

PCB153 (ng/g lipid) 100 36.22 (21.51;52.11) 33.28 (18.31;63.39) 0.9688

PCB180 (ng/g lipid) 100 15.87 (10.49;28.18) 17.95 (8.81;25.91) 0.5294

Sum of PCBs (ng/g lipid)b 179.49 (139.73;268.39) 224.23 (128.86;342.75) 0.7820

Data are medians (value of first quartile; third quartile). Statistical analysis was performed using a Wilcoxon’s test. The median of BMI was

24.57 kg/m2 for men and 23.02 kg/m2 for women

PCB polychlorinated biphenyl, Q1 value of first quartile, Q3 value of third quartile
a Sum of non-lipid-adjusted concentrations of six PCBs (PCB28 ? PCB52 ? PCB101 ? PCB138 ? PCB153 ? PCB180)
b Sum of lipid-adjusted concentrations of six PCBs (PCB28 ? PCB52 ? PCB101 ? PCB138 ? PCB153 ? PCB180)
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Table 2 shows the concentrations of POPs by BMI

group. There was a significant difference in PCB28 (lg/L)

between two BMI groups (P = 0.0057). After adjusting for

age, sex, and BMI, significant inverse correlations of

PCB153 (ng/g lipid) with adiponectin levels were found in

high BMI group (P = 0.0310, Table 3). PCB138 (ng/g

lipid) and PCB180 (ng/g lipid) also showed a negative

correlation with borderline P value (P \ 0.1, Table 3).

However, those associations disappeared in the low BMI

group (Table 3).

In regression analyses of lipid-adjusted PCBs concen-

trations and adiponectin levels, both PCB28, PCB138 and

PCB153 were significantly negatively associated with

adiponectin levels. When we divided subjects by sex,

PCB28 and PCB153 were significantly inversely associated

with adiponectin levels in women only. The sum of six

PCBs concentrations showed negative association with

adiponectin with borderline P value (P = 0.0598)

(Table 4).

In high BMI group, the significant, negative correlations

between adiponectin levels and lipid- adjusted PCBs

(PCB138, PCB153) were confirmed by regression analysis

(PCB138: P = 0.0149, R2 = 0.1220; PCB153: P = 0.0059,

R2 = 0.1535, Fig. 1). However, negative correlations

between adiponectin and PCBs were not seen in the low BMI

group (PCB138: P = 0.3425, R2 = 0.0188; PCB153:

P = 0.4004, R2 = 0.0148, Fig. 1). These results were similar

Table 3 The correlations between polychlorinated biphenyls and ln

(adiponectin levels)

Body mass index

Low (\Median)

N = 50

High (CMedian)

N = 48

r P value r P value

Non-lipid-adjusted

concentrations

PCB28 (lg/L)a -0.19227 0.4597 0.18763 0.5031

PCB52 (lg/L) -0.01444 0.9561 -0.13285 0.6369

PCB101 (lg/L) 0.39947 0.1005 -0.30637 0.2163

PCB138 (lg/L) -0.26353 0.3068 -0.32458 0.2379

PCB153 (lg/L) -0.14099 0.5894 -0.40001 0.1396

PCB180 (lg/L) -0.00057 0.9983 -0.21167 0.4489

Sum of PCB (lg/L)b 0.02279 0.9285 -0.35534 0.1479

Lipid-adjusted

concentrations

PCB28 (ng/g lipid) -0.02156 0.8895 -0.23511 0.1291

PCB52 (ng/g lipid) -0.12600 0.3987 -0.16201 0.2877

PCB101 (ng/g lipid) 0.34282 0.1637 -0.26960 0.2643

PCB138 (ng/g lipid) -0.13784 0.3555 -0.25507 0.0908

PCB153 (ng/g lipid) -0.13897 0.3515 -0.32192 0.0310

PCB180 (ng/g lipid) -0.02543 0.8653 -0.27341 0.0692

Sum of PCBs (ng/g

lipid)c
-0.15028 0.5517 -0.31553 0.2021

Statistical analysis was performed using a Spearman’s test

Adjusted for: age, sex, BMI. The median of BMI was 24.57 kg/m2 for

men and 23.02 kg/m2 for women

PCB polychlorinated biphenyl
a The mean concentrations of the two groups are significantly dif-

ferent with P value = 0.0075
b Sum of non-lipid-adjusted concentrations of six PCBs

(PCB28 ? PCB52 ? PCB101 ? PCB138 ? PCB153 ? PCB180)
c Sum of lipid-adjusted concentrations of six PCBs (PCB28 ?

PCB52 ? PCB101 ? PCB138 ? PCB153 ? PCB180). Natural log-

arithms of the adiponectin data, having normal distribution, were used

for the analyses

Table 4 Regression analyses: associations between each lipid-

adjusted polychlorinated biphenyl and ln (adiponectin levels)

b-Coefficients P value

PCB28

Men 0.00439 0.5136

Women -0.01089 0.0026

Totala -0.00741 0.0218

PCB52

Men -0.00043 0.7604

Women -0.00086 0.4858

Totala -0.00095 0.2999

PCB101

Men 0.00627 0.5669

Women -0.00108 0.9486

Totala 0.00224 0.7891

PCB138

Men -0.00382 0.1708

Women -0.00466 0.0737

Totala -0.00438 0.0186

PCB153

Men -0.00151 0.5700

Women -0.00565 0.0240

Totala -0.00406 0.0221

PCB180

Men -0.00386 0.4471

Women -0.00173 0.6507

Totala -0.00333 0.2562

Sum of PCBsb

Men -0.00076 0.3407

Women -0.00305 0.1077

Totala -0.00137 0.0598

Adjusted for: age, BMI
a Additionally adjusted for sex
b Sum of lipid-adjusted concentrations of six PCBs (PCB28 ?

PCB52 ? PCB101 ? PCB138 ? PCB153 ? PCB180). Natural log-

arithms of the adiponectin data, having normal distribution, were used

for the analyses
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in additional analyses which used non-lipid-adjusted con-

centrations (data not shown).

Discussion

In this study, we found negative correlations between

adiponectin and concentrations of PCBs in Koreans. These

correlations were not apparent in lean subjects. To the best

of our knowledge, this is the first study that explores the

association between the concentrations of non-dioxin-like

PCBs and adiponectin level in human.

In previous studies, inverse association between dioxin-

like PCBs, especially 2,3,7,8-tetrachlorodibenzo-p-dioxin

[25] and PCB 77 [26], and adiponectin was found. In vitro

study suggested that exposure to the organochlorine com-

pounds, especially p,p0-dichlorodiphenyldichloroethylene

(DDE), increased the release of adiponectin from mature

adipocytes [27]. However, there were a few prior studies

on the association between adiponectin and non-dioxin-like

PCBs. A study of Czech Republic showed a negative

correlation between total adiponectin levels and PCB

153 serum levels in obese patients (BMI [ 30 kg/m2).

The parameters of the described regression model equal

Fig. 1 Negative correlations

between adiponectin and lipid-

adjusted polychlorinated

biphenyls determined by body

mass index (BMI) level. Low

BMI group is composed of

subjects with BMI lower than

median values; high BMI group

is composed of subjects with

BMI higher than median values.

The median of BMI was

24.57 kg/m2 for men and

23.02 kg/m2 for women. Each

graph in the figure illustrates

one of the two independent

variables: a lipid-adjusted

PCB138, b lipid-adjusted

PCB153
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r = -2.567, a = 9.2 (P \ 0.003, R2 = 0.332), which are

consistent with our study (r = -0.006, a = 1.8 (P \
0.006, R2 = 0.154)).

As non-dioxin-like PCBs, both PCB 138 and PCB 153

display little or no binding affinity for aryl hydrocarbon

receptor, and those are considered to be a partial androgen

antagonist [28]. Because of their androgen antagonistic

property, they could give different results by sex. According

to our result, PCB28 and PCB153 were not significantly and

inversely associated with adiponectin in men (b-coeffi-

cients = -0.00151, P = 0.5700) but in women (b-coeffi-

cients = -0.00565, P = 0.0240) (Table 4).

Our results may suggest suppression of adiponectin by

PCB28, PCB138, and PCB 153 in obese patients. This may

explain the association of POPs with type 2 diabetes [29–

31]. It has been suggested that diabetes may be promoted

by an immunotoxic effect of POPs via their binding with

estrogenic receptors [32]. This mechanism would induce a

chronic low-grade inflammation process, a decreased

mitochondrial function, a fatty acid oxidation, and an

increase lipolysis, which are all related to the insulin

resistance syndrome [33, 34]. The changes in insulin sen-

sitivity achieved in insulin resistant populations may be

strongly associated with the changes in adiponectin [35].

Unlike the previous studies, we provided information

about the association between various non-dioxin-like

PCBs and adiponectin. Moreover, we also confirmed the

findings from the Western studies in an Asian group.

This study has the following limitations: (i) This is a

cross-sectional study; (ii) We could not offer information

about dioxin-like PCBs because we only measured the

concentration of 6 marker PCBs which belong to non-

dioxin-like PCBs; and (iii) We used small number of par-

ticipants to analyze PCBs concentration. However, our data

included both adiponectin and POPs measurements, which

are not commonly available in many studies. Moreover, the

power of the study was not limited as statistical power

(1 - type II error) equaled 0.87 even after stratified by

gender.

In conclusion, we found negative associations of PCBs

with adiponectin. These associations were different between

men and women. Even, if we cannot exclude the possibility

of a reversed causality, our preliminary results support for

the hypothesis that POPs, endocrine-disrupting chemicals,

might contribute to type 2 diabetes. Certainly, the results

may be the good basis for further research on this topic.

Although non-dioxin-like PCBs act through a series of

toxicity pathways and elicit a wide range of effects on

cancer, neurotoxicity, and endocrine disruption, there were

not many studies assessing the toxicity of non-dioxin-like

PCBs. Further studies are necessary to confirm the associ-

ation of non-dioxin-like PCBs with obesity-related diseases

to describe their harmful effects. Biological studies are also

necessary to clarify the mechanism that describes how POPs

down-regulate adiponectin level in human.
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