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Background: Persistent organic pollutants (POPs) are toxic materials that cannot be broken down naturally and
that easily accumulate in the body. Although several studies have attempted to uncover the effects of POPs on the
endocrine and nervous systems and on cancer, few focus on the relationship between low-dose POPs and public
health. Here, we attempt to determine the relationship between the level of POPs and common gastrointestinal
symptoms, including abdominal discomfort, diarrhea, and constipation.

Methods: We recruited 121 subjects who visited Kyungpook National University Medical Center for health screen-
ing. Plasma concentrations were evaluated for 40 kinds of POPs including 17 types of polychlorinated biphenyls
(PCBs) and 23 types of organochlorine pesticides (OCP). Furthermore, the Korean version of the Rome III criteria
was used to identify gastrointestinal symptoms.

Results: Based on our results, abdominal discomfort showed an inverse relationship with several PCBs and an in-
verted U-shaped relationship with several other OCPs including pp-DDD and pp-DDT. The effects of pp-DDD and
pp-DDT on abdominal discomfort were similar to those of OCPs on obesity and metabolic syndrome.

Conclusion: Our results suggest that mild and unspecified gastrointestinal symptoms with no clear causes could be
related to POP levels.
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INTRODUCTION

Persistent organic pollutants (POPs) are toxic chemicals that accumu-
late in animals and plants through the food chain, and they do not de-
compose in the environment through photochemical, biological, and
chemical processes. The most common types of POPs are polychlori-
nated biphenyls (PCBs) and organochlorine pesticides (OCPs). PCBs
have been used frequently in electric equipment, dielectric coolants,
dielectric fluids, paints, and coating materials for over five decades. In
particular, the primary use of the chemicals was as sealants in the
doors and windows of buildings constructed from the 1950s to the
1970s. PCBs have been detected at high concentrations in the indoor
air of these buildings several decades after construction." OCPs are
commonly used worldwide because of their low cost and outstanding
insecticidal activity.” However, POPs are highly toxic substances char-
acterized by high residual properties, bioconcentration potential, and
long-distance mobility. Responsive measures have been devised
around the globe because of the increased incidence of damage to
ecosystems and human health. A total of 21 POPs were listed in the
Stockholm Convention on POPs that required regulations in 2004 and
2009. Restrictions on the use of POPs since the early 1970s have slowly
reduced the environmental load of POP compounds in a large num-
ber of places worldwide.” Despite these efforts, a recent study showed
that workers in a transformer recycling company and their family
members had highly elevated levels of PCBs in their blood” and the
association of POPs with various diseases is still being reported be-
cause of the unique properties of POPs, requiring consistent monitor-
ing.

Previous studies mainly investigated the high concentrations of
POPs and proposed an association with a wide range of symptoms®”
including acneiform eruption, dermal pigmentation, and increased
eye discharge. Recent studies have analyzed the effects of low levels of
POPs and reported that POPs at low concentrations are associated
with estrogenic activity,'” diabetes mellitus,""® endocrine diseases
such as obesity,'*'® brain and psychomotor development,'® and can-
cer.'"” However, almost no studies have investigated the association of
the intake of POPs from food with gastric problems in humans.'**”

Abdominal discomfort is one of the most common digestive symp-
toms these days. A study reported that a statistically significant de-
crease was observed in the quality of life as the severity of abdominal
discomfort increased.’® Another study demonstrated that various
types of abdominal complaints are associated with depression and
anxiety.?”) Because abdominal discomfort is a subjective symptom and
the exact cause has not been clarified, evaluation of the various causes
is crucial. A previous study suggested that a low level of PCBs in the
body is a possible cause of abdominal discomfort.??» However, this
study mainly analyzed the difference in the symptoms of groups clas-
sified according to the history of exposure to PCBs, and did not clearly
state the relationship of the subjective symptoms with different con-
centrations of PCBs. For these reasons, the aim of this study was to an-

alyze the association of POP concentrations with various gastrointesti-
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nal symptoms including abdominal discomfort, diarrhea, and consti-

pation from multiple perspectives.

METHODS

1. Subjects

This study included 121 healthy subjects who visited Kyungpook Na-
tional University Medical Center for health screening from March to
July, 2012. Subjects who had no previous psychiatric disorders or se-
vere chronic conditions, such as cancer, were included in the study,
and all subjects provided written informed consent. According to a
study on the correlation of POP concentrations with the onset of obe-
sity,'” the body mass index (BMI) of subjects were taken into consider-
ation during the recruitment process. Fifty-one subjects with BMI
>25.0 kg/m? were included in the study. All subjects were asked to
complete the survey questionnaire. The study was approved by the
Ethics Committee of the Kyungpook National University Medical Cen-
ter (KNUH 2012-02-018).

2. Physical Measurements

Weight, height, waist, hip, and thigh circumferences, the thickness of
subcutaneous fat at the triceps muscles, blood pressure, and pulse
were measured. Using the measured values, BMI (kg/m?) was calcu-
lated.

Smoking status was divided into non-smoker, former smoket, and
current smoker. Drinking status was divided into non-drinker, former
drinker, and current drinker. Drinkers were asked about their average
frequency of alcohol consumption and the mean dose of alcohol con-
sumed per drinking session in the past year prior to their visit.

3. Questionnaire

The presence of symptoms including gastrointestinal symptoms such
as diarrhea, constipation, and abdominal discomfort were evaluated
with the Korean version of the Rome III (Rome ITI-K) criteria for the di-
agnosis of irritable bowel syndrome (IBS). The Rome III-K is the trans-

23)

lated version' )

of the Rome III criteria® published by the Korean Soci-
ety of Neurogastroenterology and Motility in 2006. The Rome III crite-
ria, with a sensitivity of 80.3% and specificity of 50.0%, are relatively

useful in diagnosing functional bowel disorders in Koreans.

4. Measurement of Plasma Concentrations of Persistent
Organic Pollutants

This study examined 17 types of PCBs, namely PCB74, PCB99,
PCB105, PCB118, PCB138, PCB146, PCB153, PCB156, PCB157,
PCB164, PCB167, PCB172, PCB177, PCB178, PCB180, PCB183, and
PCB187 and 23 types of OCPs including hexachlorobenzene (HCBz),
o-HCH, B-HCH, y-HCH (Lindane), §-HCH, cis-/trans-nonachlor, hep-
tachlor, cis-/trans-heptachlor epoxide, cis-/trans-chlordane, oxychlor-
dane, aldrin, dieldrin, endrin, mirex, 4,4’-DDT, 4,4’-DDE, 4,4’-DDD,
2,4’-DDT, 2,4’-DDE, and 2,4’-DDD. The samples were preprocessed
through clean-up with a Silica-Florisil cartridge and HLB cartridge, us-
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ing solid phase extraction. For instrumental analyses, we used high

resolution gas chromatography and mass spectrometry with high res-
olution tandem MS spectrometry (JMS-800 T; JEOL, Tokyo, Japan).
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The levels of POPs were categorized into five groups using quintiles to

5. Statistical Analysis

identify the association of POP concentrations with the onset of symp-

toms. Multivariate logistic regression analysis was performed to deter-
mine the association of the quintiles of plasma POPs with gastrointes-
tinal symptoms including abdominal discomfort, diarrhea, and con-
stipation. We also conducted additional analysis using IBS diagnosis

as a dependent variable. Chi-square test for trends was used to evalu-

ate linear patterns for the effects of POP levels on abdominal symp-
toms. We used the statistical software IBM SPSS for Windows ver. 20.0

(IBM Corp., Armonk, NY, USA) and considered a P-value <0.05 as sta-

tistically significant; however, considering the small sample size, we

also commented on results with 0.05< P-value <0.1 as marginally sig-

nificant.
RESULTS

1. General Characteristics of the Subjects

The subjects consisted of 61 men and 60 women with a mean age of
49.5 years (range, 38 to 66 years). Sixty-nine subjects were current
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Female
Age ()

~ o
o
o O
A T
< =
~ S
< <
[aNENaN}
=<
[«b}
=)
=
[2]
wn
o
E o
= <
S =
[an]

24.56+0.47

Female

o © o &
S @~ S
K S S ©
11 H =
N~ O N~ o
N © N
DD ™M ™M
NN ™
o
=]
=
=]
1=
= w
] ® =
B o
mea,mm
£z 553
g =wL g0
L w

69 (57.0)
32 (26.4)

Non-smoker
Ex-smoker

Alcohol

ST~
<=
QURLORGNR
D N~ W0
AN © N
(2]
e
(=}
2
=%
e
>
w
=
=
X X +
== 8
= = B
o > 25
o S
SRN &
=Z NV &
(&)

57 (47.1)
58 (47.9)
72 (59.5)

Abdominal discomfort

Constipation
Diarrhea
Past history

20 (16.5)
12(9.9)

17 (14)

Values are presented as mean=standard deviation or number (%).

Hypertension
Diabetes

Dyslipidemia
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smokers, and the others were non-smokers (N=20) or former smokers
(N=32). Ninety-two subjects were alcohol drinkers: 25 subjects con-
sumed less than 70 g/wk and the others consumed 70 g/wk or more.
The meantstandard deviation BMI score was 24.74+3.37. The number
of subjects that reported constipation, diarrhea, and abdominal dis-
comfort was 58, 72, and 57, respectively. Detailed information on the

general characteristics is provided in Table 1.

2. Adjusted Odds Ratios (95% Confidence Interval) for the
Frequency of Abdominal Discomfort, Diarrhea, and
Constipation according to Quintiles of Plasma
Concentrations of Persistent Organic Pollutants

Subjects were divided into five groups based on the quintiles of plasma
concentrations of POPs, and the odds ratios for every quintile were ob-
tained for each symptom. Logistic regression analysis adjusting for
age, sex, smoking, alcohol and BMI' was performed to identify the
correlation between the POPs and the severity of the abdominal symp-
toms. Table 2 presents the results with statistical significance.

A number of POPs showed statistical significance with gastrointesti-
nal symptoms such as abdominal discomfort, diarrhea, and constipa-
tion. In the case of abdominal discomfort, the odd ratios of the 4th
quintile decreased to 0.23-0.30, compared with those of the 1st quin-
tile of PCBs. Statistical significance was observed for PCB99 and
PCB118 (P<0.05), indicating an inverse association. In contrast, the
odd ratios of the 2nd and 3rd quintiles increased to about 5 on average,
compared with those of the 1st quintile for OCPs including pp-DDD
and pp-DDT (P<0.05), and then showed a gradually decreasing ten-
dency, indicating an inverted U-shaped association. A P for trend of
0.01 was considered statistically significant. The resulting graph repre-
sents the odds ratios for the quintiles of the plasma concentrations of
POPs that cause abdominal discomfort (Figure 1).

In the case of diarrhea, the odds ratios of the 2nd quintile were
greater than those of the 1st quintile for PCB183 (P<0.05), and a gradu-
ally decreasing tendency was observed in the odd ratios of the 4th and
5th quintiles. PCB183 had statistical significance with a P for trend of
0.04, indicating an inverted U-shaped association.

In the case of constipation, the plasma concentrations of several
PCBs were inversely associated with gastrointestinal symptoms. The
odds ratios of PCBs (PCB74, PCB146, PCB153, and PCB164) that
caused constipation decreased to 0.13-0.23 in the 3rd quintile com-
pared to the 1st quintile (all Ps<0.05), and were maintained between
approximately 0.3-0.5 in the 4th and 5th quintiles. The odds ratios of
b-HCH (OCPs), which caused constipation, decreased to 0.6 on aver-
age in the 2nd-4th quintiles compared to the 1st quintile, and were
maintained for a while. Moreover, the odds ratios decreased to 0.26 in
the 5th quintile, with statistical significance.

However, in subsequent analysis using the diagnosis of IBS as a de-
pendent variable, there was no significant association between the
levels of POPs and the frequency of IBS diagnosis (all Ps>0.05).
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DISCUSSION

Gastrointestinal symptoms including abdominal discomfort, diarrhea,
and constipation were found to be statistically significantly correlated
with a number of POPs examined in this study. Abdominal discomfort
had an inverted U-shaped association with OCPs including pp-DDD
and pp-DDT. This association is similar to the association identified
between POPs and obesity as well as metabolic syndrome in previous
investigations.'*'**® Even though BMI was modified to reduce the ef-
fects of obesity and metabolic syndrome, similar association patterns
for POPs were observed with other diseases including obesity. Based
on these previous results, the plasma concentrations of some POPs
were anticipated to be associated with abdominal discomfort.

In a previous study on the relationship between the degree of expo-
sure to POPs and gastric complaints, no significant difference was
found in subjects working in buildings exposed to POPs when the se-
verity of gastric complaints was compared with that of the control
group.?? Although the number of POPs included in this study is
small,* the outcomes are predicted to be drawn from the non-linear
association proposed in a previous study with subjects under low-dose
exposure to POPs.

This investigation provides stronger evidence than previous studies
by comparing the plasma concentrations of various POPs with the se-
verity of abdominal discomfort. For abdominal discomfort, greater
odds ratios for OCPs were found in lower plasma concentrations
(quintile 2 and quintile 4) than in higher plasma concentrations (quin-
tile 4 and quintile 5). Taking into consideration the fact that gastroin-
testinal symptoms can influence the absorption of substances into the
body, the outcome could be interpreted with reverse causality. Thus,
higher absorption could be attributed to a higher concentration of
POPs in an asymptotic case with abdominal discomfort, while lower
absorption could be attributed to a lower concentration of POPs be-
cause of reduced gastrointestinal function. Lower POP levels are be-
lieved to be due to limited gastrointestinal absorption with constant
abdominal discomfort. Therefore, the association with plasma POP
concentrations should be considered in cases of mild abdominal dis-
comfort with unknown causes.

This study has several limitations. The sample size was relatively
small, and subjects were recruited from one general hospital. There-
fore, our results cannot be generalized beyond the study samples. Ad-
ditional studies with a larger sample group are crucial to further inves-
tigate the associations of plasma concentrations of POPs with subdi-
vided symptoms. In addition, our cross-sectional design cannot con-
firm causality between abdominal symptoms and POP levels.

Although there are some limitations, this study has the following
merits. Functional gastrointestinal disease including IBS is one of the
leading disorders associated with abdominal discomfort, diarrhea,
and constipation. The exact cause of this common gastrointestinal dis-
ease has not yet been clarified. So far, functional gastrointestinal disor-
ders are known to mainly occur due to individual factors including
stress,” food,?” individual lifestyle habits, and body constitution from
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Figure 1. Effects of several persistent organic pollutants on abdominal discomfort. Although none of the PCBs showed any significant trends (A-D), pp-DDD and pp-DDT have
a significant inverted U-shaped relationship (E, F). (A) PCB99; (B) PCB118; (C) PCB138; (D) PCB146; (E) pp-DDD; (F) pp-DDT. In pp-DDD and pp-DDT analysis, groups Q2 and
Q3 reported higher abdominal discomforts than group Q1. Reference group is Q1 in the analysis. PCB, polychlorinated biphenyl. *P<0.05. P<0.1.

a clinical perspective. In addition, this study suggests that these com-
mon gastrointestinal symptoms can be associated with environmental
factors such as POPs, in addition to individual factors. The findings of
this study are anticipated to contribute to the creation of a healthier
environment through policy change that prohibits the use of environ-
mental pollutants. Moreover, this study suggests that an appropriate
approach for diseases from a social perspective be taken beyond the

individual symptom-oriented diagnostic approach.

In conclusion, some POPs had a statistically significant association
with gastrointestinal symptoms including abdominal discomfort, diar-
rhea, and constipation. OCPs had an inverted U-shaped relationship,
similar to the results of previous studies. Therefore, the concentrations
of POPs should be considered when determining the association of

gastrointestinal symptoms with unknown causes such as mild ab-
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dominal discomfort. Our results indicate that clinicians should be

concerned with environmental issues including the use of POPs,
which is closely linked to public health.
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