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A B S T R A C T

Background: Exposure to Polychlorinated biphenyls (PCBs) continues over the world through seafood consump-
tion and indoor exposure to building materials containing PCB. This study aimed to assess the relationship be-
tween plasma level of PCB congeners and lipid profile and Body Mass Index (BMI) as well.
Methods: The study population consisted of 181 Iranian adults. Data on BMI, plasma concentration of PCB con-
geners and serum level of lipid profile including Triglyceride, low-density lipoproteins and high-density lipo-
proteins, recruited from database of a project entitled “Occupational and environmental exposure to PCBs in
Iran”. Multiple linear regression analysis of associations between different quartiles of PCB congeners and various
lipid fractions and BMI have been conducted.
Results: A linear increase in average serum Triglyceride and low-density lipoproteins (LDL) levels of participants in
first, second, third and fourth quartiles of some PCB congeners was obtained. Following adjustment for age,
gender, diet and other variables, only the association between different quartiles of PCB 138, PCB 153, PCB 118
and PCB sum and TG remained statistically significant.
Conclusion: The study showed a significant positive relation between plasma PCBs concentrations and serum level
of TG in the study population with normal PCBs levels.
1. Introduction

Polychlorinated biphenyls (PCBs) are organic chlorine compounds
which have been used over the world as dielectric fluid in electrical ca-
pacitors and transformers due to their resistance to temperature and
pressure extremes [1]. PCBs congeners are identified according to the
number and position of the chlorine atoms. These compounds are resis-
tant to degeneration and their bioaccumulation in ecosystem and human
tissues resulted in continued exposure, in spite of the ban of their pro-
duction and usage since three decades ago [1, 2, 3]. Many studies have
shown that exposure to PCBs continues over the world through seafood
consumption and indoor exposure to materials containing PCB, which
have been formerly used in construction of concrete buildings [4, 5, 6].

Regarding health outcomes of PCBs, a number of studies have re-
ported that exposure to persistent, fat soluble chlorinated compounds
such as PCBs, dioxins and some pesticides is related to higher level of
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serum lipids [7, 8, 9, 10, 11, 12, 13]. This association between PCBs and
elevated Triglyceride (TG) as well as decreased high-density lipoproteins
(HDL) has been shown in different studies [8, 9, 11, 12]. There is still
uncertainty about causal relationship between these two, and whether
exposure to these compounds is the underlying cause of serum lipid
elevation or the increased serum level of PCBs is consequence of hyper-
lipidemia conversely [14]. However, significant evidences from various
studies on animals support the hypothesis that exposure to both mixtures
of PCB congeners results in enzyme induction in liver to synthesize more
lipids, causing the elevation of the levels of serum cholesterol and TG [8,
15, 16, 17, 18].

Moreover, hyperlipidemia is one of the known predisposing risk
factors of cardiovascular diseases (CVDs) with a global burden of 235000
in 2015 which has increased 5.4% since 2005 [19]. Several factors
including genetic, diet, lack of exercise, smoking and endocrine factors
result in elevated serum lipids. Also, environmental and occupational
ril 2020
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exposure to certain agents have been suggested as one of the risk factors
[20, 21, 22, 23, 24, 25]. Additionally, overweight and obesity are
increasingworldwide and lead to an important challenge in prevention of
chronic non-communicable diseases, while raised BodyMass Index (BMI)
is among the five leading risk factors of CVDs in both developed and
developing countries [26, 27].

Considering the continued PCBs exposure and its possible relation
with elevated serum concentration of TG and LDL (low-density lipopro-
teins) and low concentration of HDL (High-density lipoproteins) as a
major risk factor for CVDs on one hand [14], and increasing prevalence of
obesity as one of the metabolic syndrome components which increases
risk of type 2 diabetes on the other hand [28], this study aimed to assess
the relationship between serum level of PCB congeners and lipid profile
and BMI as well.

2. Material and methods

The study population consisted of 181 Iranian adults for whom
complete data on plasma concentration of 21 PCB congeners, de-
mographic information (gender, age, diet, BMI), serum level of lipid
profile (including TG, LDL and HDL) and working type was available.
The study population age ranged from 17 to 70 years. This sample
recruited from database of a project entitled “Occupational and envi-
ronmental exposure to PCBs in Iran – a multicenter study”, which is
described elsewhere [29]. The studied subjects were recruited from
workers of different occupational groups located in Tehran and sur-
rounding regions including electrical power distribution company (N ¼
30, mean age: 36.80 � 7.74), manufacturers of paint and pesticides (N
¼ 19, mean age: 41.76 � 6.94 and N ¼ 21, mean age: 35.38 � 8.76
respectively), turning and casting operations (N ¼ 20, mean age: 39.70
� 9.30), polymer plastic manufacturing (N ¼ 20, mean age: 29.90 �
5.57), professional driving (N ¼ 27, mean age: 42.52 � 9.70) and office
work (N ¼ 14, mean age: 38.01 � 11.57), as well as a number of
housewives living in the same area (N ¼ 30, mean age: 37.95 � 11.17).
Housewives that spent most of their live at home, probably had high
indoor air exposure to some background pollutants unrelated to occu-
pational exposures as the other groups.

A single interviewer collected data on their demographic information,
diet (fat rich habit and see food diet), occupational history and measured
patients' heights and weights using standardized devices. The dietary
assessment consisted of a last two-week recalls on food frequency ques-
tionnaire. The semi-quantitative food frequency questionnaire included
50 food items and for each food item, the interviewer asked about the
type of consumption frequency (daily, weekly, monthly or never). The
questionnaire was developed considering Iranian population's eating
habits.

Height was measured without shoes with a standard stadiometer. The
vertical and horizontal placement of the stadiometer was checked using
the standardized carpenters’ level. Seca medical column scale placed on
hard floor. Carpenters level was used to verify that the floor and the scale
are in horizontal position. Calibration of the device was done at the
beginning of the examination days, using the standardized weights. BMI
was calculated as weight/height2 (kg/m2).

All serum samples (obtained from approximately 5 ml venous blood)
were sent to one standard laboratory in Tehran for lipid profile mea-
surement. Plasma samples transferred with DHL mailing service to the
laboratory of the Institute of Occupational and Social Medicine at RWTH
Aachen University in Germany for determining nine non-dioxin-like (28,
52, 66, 74, 99, 101, 138, 153, 180) as well as twelve dioxin-like (77, 81,
105, 114, 118, 123, 126, 156, 157, 167, 169, 189) PCB-congeners, using
gas chromatography coupled with mass spectrometry [29].

Congeners with less than 10% of measurements values above the
Lower limit Of Detection (LOD, 0.005 μg/L) were excluded and further
investigations were applied for PCB 138, 153, 180 and 118. In this study,
the cut-off for LOD was considered 0.005 μg/L, as LOD ¼ 0.01 μg/l
plasma was not reached.
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2.1. Statistical tests

IBM SPSS Statistics 22 package was used for statistical analysis.
Variables distributions normality was checked with the Kolmogor-
ov–Smirnov test. P value less than 0.05 was considered significant for all
statistical tests.

Cut-off points of 25th, 50th and 75th percentile values were applied
to categorize the serum concentrations of PCBs. If more than 25% of the
values of congeners were below LOD, all these values were added to the
first quartile and the rest values were divided into three equal parts for
building quartiles 2–4 [30]. To assess linear dose–response relationship
association, P for trend was estimated.

Also, multiple linear regression modelling was used to evaluate as-
sociation between outcome variables (serum concentration of total
cholesterol, HDL cholesterol, LDL cholesterol, TG) and serum concen-
trations of various PCB congeners. Each regression model was adjusted
for confounders (age, sex, body mass index, diet, and working type).

2.2. Ethical considerations

All participants of the study signed the written informed consents.
Participation was voluntary and confidentiality was guaranteed through
anonymous data gathering. Indeed, this study has been approved by the
Ethics Committee at the Research Division of the Ministry of Health in
Tehran (Project number: 93-03-103-26804-144653).

3. Results

Excluding participants that were on any lipid lowering medication
which might have obscured the results, 181 out of 200 participants were
included in the study. Table 1 shows the demographic characteristics and
main metabolic values of the examined participants. The study popula-
tion ranged from 17 to 70 years in age (mean 37.27, SD: � 10.03 years),
and 78.5 percent of them were male. According to eating habits of the
participants, low seafood and low fat rich diet were prominent (65.2%
and 56.9% respectively). In addition, 38.7% of them had sedentary
working types. Near 60% of the study population had BMI greater than
25 kg/m2and were categorized in overweight and obese groups. The
average plasma TG and LDL cholesterol were 152.02 � 94.45 mg/dl and
108.50� 29.33 mg/dl respectively. The male participants had mean HDL
level of 45.15� 8.58 mg/dl and the women hadmean HDL level of 54.91
� 11.57 mg/dl.

Table 2 shows a linear increase in average serum TG level of partic-
ipants in first, second, third and fourth quartiles of PCB138, PCB153,
PCB180, PCB sum and PCB 118 (P trend<0.001). The highest increase of
TG level reached in fourth quartile for all of PCB congeners. According to
the results of Table 2, LDL cholesterol level showed a linear increase from
1st to 4th quartiles of PCB138, PCB153, PCB180 and PCB sum, which was
statistically significant for PCB 138 and PCB sum (p trend 0.03 and 0.04
respectively). Additionally, the highest increase of HDL cholesterol level
was observed in the second quartile of PCB138, PCB180, PCB 118, PCB
sum and the first quartile of PCB153. Furthermore, a linear increase in
the mean BMI of participants along with the first, second, third and
fourth quartiles of PCB138, PCB153 and PCB sum (p trend 0.02, 0.10 and
0.05 respectively) was observed.

Table 3 shows the linear regression model for the relationship be-
tween PCB quartiles and lipid profile and BMI. Following adjustment for
age, gender, BMI, fat rich diet and working type (active or sedentary),
only the association between different quartiles of PCB 138, PCB 153,
PCB 118 and PCB sum and TG remained statistically significant.

4. Discussion

In this study, TG level of participants in different quartiles of PCB138,
PCB153, PCB sum and PCB118 showed a statistically significant linear
increase. This finding is consistent with conclusion of some previous



Table 1. Demographic characteristics and metabolic values of the study popu-
lation (N ¼ 181).

Characteristic Grouping Number (%)

Gender Male 142 (78.5)

Female 39 (21.5)

Fat rich diet High 78 (43.1)

Low 103 (56.9)

Sea food diet High 63 (34.8)

Low 118 (65.2)

Working Type Sedentary 70 (38.7)

Active 111 (61.3)

Variable Mean Standard Deviation

Age 37.27 10.03

Triglycerides 152.02 94.45

LDL Cholesterol 108.50 29.33

HDL Cholesterol (Male) 45.15 8.58

HDL Cholesterol (Female) 54.91 11.57

BMI 26.29 3.86
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studies [7, 8, 9, 13, 31]. A study on residents of Anniston found that PCB
concentrations (including PCB 138, PCB 153 and PCB 180) are positively
correlated with total cholesterol and TG levels, but not with LDL, HDL
levels, while the strongest associations were for three, four or at least
eight substituted chlorines PCBs [14]. However, in this study, we
excluded results of these PCB congeners from further investigations
analysis since less than 10% of measurements values reached the LOD.
Another study on US population showed an inverted U shaped associa-
tion of PCB 138, PCB 153, PCB 170, PCB 180 and PCB 187 with meta-
bolic syndrome, waist circumference and TG, which was most strongly
for TG [13]. However, Lee et al did not demonstrate linear increase of TG
levels in different quartiles of PCB 138, PCB 153, PCB 180 and PCB 118 in
their study. Whilst, they showed HDL decrease from first to second
quartile and increase from second to fourth quartile [31]. Likewise, in
our study, a linear decrease was not seen in HDL levels. Although the
Table 2. Mean and Standard deviation of TG, LDL, HDL and BMI according to quarti

PCB Congers Quartiles Number Mean (SD) TG

PCB 138 Quartile 1 N ¼ 53 111.15 (51.43)

Quartile 2 N ¼ 40 128.95 (41.54)

Quartile 3 N ¼ 45 161.24 (88.25)

Quartile 4 N ¼ 43 213.67 (135.78)

P trend < 0.001

PCB 153 Quartile 1 N ¼ 45 108.16 (47.02)

Quartile 2 N ¼ 48 148.15 (79.84)

Quartile 3 N ¼ 46 141.50 (64.16)

Quartile 4 N ¼ 42 214.88 (136.38)

P trend < 0.001

PCB 180 Quartile 1 N ¼ 55 122.29 (70.04)

Quartile 2 N ¼ 36 128.09 (44.97)

Quartile 3 N ¼ 48 166.94 (115.96)

Quartile 4 N ¼ 42 193.86 (108.00)

P trend < 0.001

PCB Sum Quartile 1 N ¼ 46 108.02 (49.18)

Quartile 2 N ¼ 46 147.36 (73.85)

Quartile 3 N ¼ 47 160.36 (115.25)

Quartile 4 N ¼ 42 195.88 (106.25)

P trend < 0.001

PCB 118 Quartile 1 N ¼ 135 137.08 (76.37)

Quartile 2 N ¼ 15 172.14 (60.50)

Quartile 3 N ¼ 17 176.18 (80.71)

Quartile 4 N ¼ 14 246.64 (194.60)

P trend 0. < 0.001
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participants in first and second quartile groups of PCB 138, PCB 153, PCB
180, PCB sum and PCB 118 had higher HDL level comparing to the third
and fourth quartiles.

In the current study, we observed a linear increase in mean BMI from
1st to 4th quartiles of PCB138, and PCB sum, but the significance of this
association disappeared after adjustment for age, sex, diet and type of
working (sedentary or active). This finding was aligned with a previous
study which found no statistically significant association between BMI
and serum concentration of PCB138, PCB 153, PCB 180 and PCB sum
[32]. While Lee et al. reported the highest increase of BMI in the 2nd

quartile of PCB 153 and PCB 180, in the current study the individuals in
the 3rd and 4th quartiles of PCB 153 and PCB 180 had higher but not
statistically significant BMI mean [31].

Although recent epidemiologic data suggested positive association
between PCB concentration and type 2 diabetes and metabolic syndrome
[13, 33, 34, 35], many studies have shown a negative correlation be-
tween BMI (as a key factor in metabolic syndrome and as a known risk
factor for development of insulin resistance and diabetes) and PCB con-
centration [3, 36]. A Belgian cohort study showed as BMI increased, PCB
153, PCB 170, PCB 180 and PCB sum level decreased significantly. These
findings might be explained by the fact that PCBs as lipophilic com-
pounds are preferably stored in adipose tissue, and consequently appear
with lower levels in serum [2]. This suggests that measurement of serum
concentration of PCBs may not provide accurate estimate of body burden
of these compounds [37].

Globally, CVD is one of the leading causes of death [19]. Several el-
ements including type 2 diabetes, hypertension, obesity, sedentary life
style are CVD's known risk factors [38] as well as Environmental pol-
lutants such as PCB that can contribute to developing CVD directly or
indirectly via promotion of associated risk factors. Therefore, identifying
and assessment of these modifiable factors is imperious [14]. According
to some previous studies, the only common property of PCB congeners
that predicts dyslipidemia is their long persistency in body that increases
by number of chlorines. In addition, it is stated that long time exposure to
low dose of PCBs is required to disturb the lipid metabolism by POPs [31,
les of PCBs.

Mean (SD) LDL Mean (SD) HDL Mean (SD) BMI

103.54 (33.20) 47.98 (9.68) 25.39 (3.53)

104.84 (25.18) 50.66 (10.92) 26.26 (3.99)

109.91 (26.70) 44.79 (7.36) 26.31 (4.46)

116.10 (29.29) 45.90 (11.62) 27.40 (3.23)

0.03 0.07 0.02

104.38 (35.25) 49.02 (11.09) 25.69 (3.57)

106.23 (24.02) 47.46 (9.71) 26.06 (3.93)

108.50 (28.77) 46.73 (8.87) 26.44 (4.61)

115.02 (27.75) 45.40 (10.46) 27.01 (3.11)

0.10 0.10 0.10

104.71 (33.12) 46.69 (7.96) 25.74 (3.45)

105.46 (26.22) 52.21 (11.34) 25.54 (4.15)

107.33 (29.64) 45.33 (10.79) 26.98 (4.26)

116.56 (25.16) 46.32 (9.87) 26.85 (3.53)

0.06 0.23 0.06

102.76 (33.93) 46.88 (8.55) 25.41 (3.52)

106.95 (26.22) 51.55 (11.79) 26.13 (4.12)

108.44 (28.86) 44.33 (7.63) 26.69 (4.32)

116.05 (26.83) 46.47 (11.04) 26.96 (3.26)

0.04 0.10 0.05

108.29 (28.32) 47.78 (9.84) 25.80 (3.90)

114.08 (33.80) 48.46 (12.45) 27.34 (3.73)

103.06 (31.13) 43.37 (10.39) 28.13 (3.58)

111.92 (33.92) 45.23 (9.00) 27.58 (2.93)

0.99 0.18 0.08



Table 3. Results of multiple linear regression analysis of associations between different quartiles of PCB congeners and various lipid fractions and BMI (n ¼ 181).

Variable in Model TGa LDa HDb BMIc

B P value B P value B P value B P value

PCB 138 quartiles 44.98 0.001* 3.21 0.50 -2.01 0.17 0.64 0.27

PCB 153 quartiles 30.14 0.04* 1.98 0.71 -1.27 0.43 -0.41 0.53

PCB 180 quartiles 20.64 0.09 0.02 0.10 0.12 0.93 0.04 0.94

PCB Sum quartiles 65.82 0.006* 1.78 0.84 3.32 0.22 -0.02 0.99

PCB 118 quartiles 20.10 0.005* 2.45 0.36 -1.22 0.14 0.62 0.053

Model R square 0.31 0.06 0.25 0.13

*Statistically significant relationship (p < 0.05).
a TG & LDL adjusted for Age, Gender, BMI, Fat rich diet, Working Type (Active or Sedentary).
b HDL adjusted for Age, Gender, BMI, Fat rich diet, Working Type (Active or Sedentary) and Seafood diet.
c BMI adjusted for Age, Gender, Fat rich diet, Working Type (Active or Sedentary).
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39]. Iranian population, even those who are employed by high-risk jobs,
have relatively low level of PCBs [29] and this provides further support to
this hypothesis.

Efforts to prevent CVD have prominently focused on correcting dys-
lipidemia, because it is modifiable by life style changes and drug thera-
pies [40, 41]. In addition, it is important to find the methods of
minimizing the toxicity of environmental pollutants such as PCBs [37].
According to recent studies, healthy life style and a diet rich in antioxi-
dants can be helpful in reducing toxicity of PCB [42, 43, 44].

4.1. Strengths and weaknesses

Selecting the study population from different occupational groups
with a wide range of assumed PCB-exposure risks was the major strength
of the current study. This led to reduction of selection bias compared to
some previous studies on PCB only assessing subjects with known high
exposures to various pollutants in occupational settings. Moreover, we
excluded individuals on lipid lowering medication and adjusted results
for the important confounders.

However, we performed a single measurement of PCBs level and the
cross sectional design of the study does not support causality assessment,
while small sample size may limit the power of the study as well. The
other limitation of the study is that dioxin like PCB congeners except for
PCB 118 could only be detected in a small number of the studied popu-
lation and were excluded from further investigations analysis. Further-
more, none of the low chlorinated PCBs in our study group, had more
than 10% of measurements serum values laid above the LOD andwewere
not able to investigate their effect on lipid profile and BMI.

5. Conclusion

The study showed a significant positive relation between PCBs levels
and serum TG in the study population with normal PCBs levels.

Plasma concentration of PCB congeners were significantly associated
with elevated levels of TG but not LDL and HDL after adjustment for age,
sex and BMI. This finding is consistent with the hypothesis that higher
levels of POPs resulted in elevation of serum lipids as one known risk
factor of cardiovascular diseases.
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