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Abstract

Background: The rapid increase in prevalence of diabetes mellitus over the last decades warrants more attention
to the effects of environmental and occupational exposures on glucose metabolism. Our study aimed to assess the
association between the plasma levels of various congeners of polychlorinated biphenyls (PCBs) and the serum
concentration of glycated haemoglobin (HbATc).

Methods: Our study population consisted of 140 Iranian adults from seven different occupational groups and a
group of non-occupationally exposed female participants. The plasma concentration of PCBs were determined at
the laboratory of occupational toxicology at RWTH Aachen University, Germany. We considered an HbAlc
concentration of 5.7% and more as indicating a disturbed glucose metabolism. Logistic regression was used to
assess the association between quartiles of concentrations of PCB congeners and serum HbATlc.

Results: Participants with an increased HbATc value had higher plasma levels of PCB 138, 153, 180 and the PCB

HbA1c concentrations.

sum, although this association was statistically not significant. There was no significant difference between the
levels of PCB 138, 153, 180, the sum of these congeners, and PCB 118 in their quartiles when comparing with

Conclusions: For our cohort, we could not demonstrate a significant association between PCB and HbA1c
concentrations indicating a disturbance of glucose metabolism.
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Background

Diabetes mellitus (DM) is a common non-communicable
disease and a leading cause of death worldwide with more
than one million casualties in 2010 [1]. According to the
International Diabetes Federation (IDF), in 2011 366 mil-
lion cases of diabetes (8.3% adults) were reported world-
wide. In Iran the prevalence of the disease was 11.4% of
the total population in 2011, representing an increase of
about 35% since 2005 [2]. A further mean increase of
194,000 DM patients per year among the Iranian adult
population aged 20-79 years is projected [3]. In addition
to patients suffering from clinically manifest DM there is
an unknown number of individuals with glycated haemo-
globin (HbAlc) values between 5.7 and 6.4% indicating

* Correspondence: anesser@ukaachen.de

TInstitute for Occupational, Social and Environmental Medicine, University
Hospital Aachen, RWTH University Aachen, Pauwelsstr 30, D-52074 Aachen,
Germany

Full list of author information is available at the end of the article

B BMC

the status of pre-diabetes which is known to significantly
increase the risk of developing type 2 diabetes mellitus
(T2DM) and cardiovascular complications [4]. The rapidly
increasing incidence of T2DM around the world calls for
a better understanding of the role of environmental and
occupational pollutants such as the ubiquitous polychlori-
nated biphenyls (PCB) as potential additional risk factors,
along with known factors such as obesity, sedentary life
style, genetic predisposition and smoking [5-8].

PCBs are a form of halogenated organic compounds that
had been widely used as additives in hydraulic fluids, indus-
trial capacitors, transformers, and as plasticizers for expan-
sion joints until approximately three decades ago [9]. Due
to the long half-lives of certain PCB congeners, exposure to
these compounds continues through food chains, indoor
air pollution and at certain industrial plants and work-
places. In addition, occupational contact with PCB is still
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common during maintenance and de-installation of elec-
trical equipment manufactured in the past [10-12].

Recently, numerous studies assessed the association be-
tween PCB exposure and the development of diabetes and
pre-diabetes, which was confirmed with some results par-
ticularly for dioxin-like PCB congeners [12-16]. There
were also reports of a positive association between in-
creased blood glucose levels and the contamination with
non-dioxin-like higher-chlorinated PCB congeners [17-
20]. Other studies found no such association between
serum PCB and diabetes development [21]. However, re-
sults of experimental studies suggested possible mecha-
nisms linking glucose metabolism disorders and PCB
exposure. They found that certain PCB congeners may act
as endocrine disrupters [22], exacerbate insulin resistance
[23] and cause depletion of beta cells [24]. Our study pre-
sented here aimed to analyse the association between the
serum concentration of PCB and increased levels of blood
glucose indicated by the HbAlc level.

Methods

The participants of the study were recruited among the
employees of six companies in the Tehran region, each
representing an industry with an assumedly high or low
exposure level of PCB. The employees of the companies
and the group of non-occupationally exposed housewives
had been selected according to their willingness to partici-
pate and good accessibility for setting up the collection of
samples. High exposure industries were represented by an
electrical power distribution company and manufacturers
of paint and pesticides, whereas turning and casting oper-
ations, polymer plastic manufacturing and professional
driving and office work were considered as low exposure
occupations for PCB. ,After introducing the study to the
company management and their agreement to cooperate,
all employees were informed verbally and by notice board
on the project, and invited to participate voluntarily. As
the allocation to the different professional groups was
done only afterwards on the basis of the interviews, a sys-
tematic bias by filtering the participants was largely
avoided. After excluding missing data for HbAlc or cases
with missing biomonitoring (6 samples were damaged
during transport to Germany), 140 cases remained. The
distribution among the groups is shown in Fig. 1.

A single interviewer collected all data on demographic
status, diet habits and occupational history, and measured
the participants’ height and weight using calibrated stand-
ard devices. All serum samples, obtained from approxi-
mately five ml venous blood, were analysed in the same
laboratory in Tehran for HbAlc concentrations and lipid
profiles. Plasma samples were shipped by commercial
mailing service to the occupational toxicology laboratory
of the Institute of Occupational, Social and Environmental
Medicine at RWTH Aachen University, Germany for
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determining nine non-dioxin-like (28, 52, 66, 74, 99, 101,
138, 153, 180) and 12 dioxin-like (77, 81, 105, 114, 118,
123, 126, 156, 157, 167, 169, 189) PCB congeners by using
gas chromatography coupled with mass spectrometry
(GC/MS). For a detailed description of the method we
refer to Schettgen et al. [25, 26].

Congeners concentrations of less than 10% above the
lower limit of detection (LOD) were excluded from statis-
tical analysis. Therefore, the further analyses have been
carried out for PCB 138, 153, 180 and 118. In this study
we used a LOD of 0.01 pg/l. All results below this thresh-
old were set to 0.005 pg/l. The plasma concentration of
PCBs were categorized using their quartile values. The
first quartile (25%) was used as the reference category. If
more than 25% of the values of congeners were below
LOD, all these values were added to the first quartile. The
remaining values were divided into three equal groups
forming the quartiles two to four [9]. Following current
recommendations by the American Diabetes Association,
we used the serum concentration of HbAlc (5.7% or
more) for the diagnosis of diabetes or pre-diabetes. Using
the HbAlc concentration had several advantages com-
pared with other laboratory parameters, such as fasting
plasma glucose or the oral glucose tolerance test, includ-
ing greater convenience as pre-test fasting was not re-
quired, a better pre-analytical stability, and less day-to-day
perturbations during stress and illness [27].

We categorized the participants metabolic disorders sta-
tus according to the HbAlc level, as it is more reliable
while some of them might not adhere to the restrict rec-
ommended fasting period despite prior rigorous advice.

Statistical tests

For statistical analysis we used the IBM SPSS Statistics 22
package. Comparing variable distributions with normal
distribution curve was done by using the Kolmogorov—
Smirnov test. A P-value of less than 0.05 was considered
significant for all statistical tests. Logistic regression mod-
elling was used to evaluate the association between dia-
betes, pre-diabetes and serum concentrations of PCB
congeners, as well as the other considered covariates (age,
gender, BMI and total lipid concentration). Adjusted odds
ratios (ORs) for these covariates and their corresponding
95% confidence intervals (Cls) are reported. Total serum
lipid was calculated using the short formula proposed by
Phillips: Total lipids (mg/dL)=2.27*Total cholesterol +
TG (triglycerides) + 0.623 [28]. A generalized maximum
likelihood Wald X test was used on dummy variables of
four quartiles to evaluate the differences of the average
proportion of diabetic cases across the quartiles [29].

Ethical considerations
All participants of the study gave written informed con-
sent beforehand. Participation in the study was voluntary.
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All workers (N=140)

High probability exposure occupational groups (N=70)

Pesticides (N=21)

Electrical power distribution (N=30)
Manufacturers of paint (N=19)

Low possibility exposure occupational groups (N=70)

Housewives (N=20)

Turning and casting operations (N=19)
Polymer plastic manufacturing (N=17)
Professional driving and office work (N=14)

l

189)

Place: Tehran and surrounding regions
Time: 2016 (April to June)
Exposure: PCBs Concentrations (assessed in quartiles)
e 9 non-dioxin-like (28, 52, 66, 74, 99, 101, 138, 153, 180)
« 12 dioxin-like (77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169,

l

e 4 PCBSincluded: (138, 153, 180, 118) and PCB sum

e 17 PCBs Excluded: Congeners concentrations of less than 10% above
the lower limit of detection (LOD): (28, 52, 66, 74, 99, 101, 77, 81,
105, 114, 123, 126, 156, 157, 167, 169, 189)

l

Outcome measure: HbAlc

Fig. 1 Project outline
A

Confidentiality was guaranteed through anonymous data
gathering. The study was approved by the Ethics Commit-
tee at the Research Division of the Ministry of Health in
Tehran (Project number: 93—03-103-26,804-144,653).

Results

Table 1 shows the demographic characteristics and
metabolic key values of the 140 examined participants,
of which 83% were males. The age range lay between 20
and 71 years (mean 38.6, SD +10.38 years). Mean and
median BMI were 26.41 and 26.34 kg/m® respectively
and thus falling into the “overweight” category (BMI be-
tween 25 and 30 kg/m?) [30]. Of the 140 participants, 77
(55%) were classified as being diabetic or pre-diabetic,
and were also older than the participants with normal
HbAlc values (P=0.002). In addition, they had higher
values of PCB 138, 153, 180 and the PCB sum, although
this was not statistically significant.

The mean plasma concentrations of PCB 138, 153,
180, 118 and the PCB sum, as well as their 25th, 50th
and 75th percentiles, subdivided in two groups (HbAlc >
5.7% and < 5.7%) are shown in Table 2.

The relationship between the concentrations of PCB 138,
153, 180, the PCB sum, and PCB 118 in different quartiles
and according to blood glucose status is shown in Table 3.
The first quartile was used as the reference group. The third
quartiles of the values for PCB 138 and 153 were significantly
increased (P=0.01) compared to the reference group. Re-
garding the relationship in other quartiles, only PCB 153 in
the second quartile and PCB 180 in the fourth quartile
showed statistically significant differences in both glucose
status groups (P=0.03 and 0.01 respectively). The highest
ORs were found for the third quartiles of PCB153 and
PCB138 (OR =351 and 344, respectively). As there was no
difference of the categorized HbAlc levels among the PCB
118 quartiles, and a large number of participants fell into the
first quartile, the same analysis with dichotomous PCB 118
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Table 1 Demographic and metabolic characteristics of the two blood glucose status groups, as determined by HbA1c level

Total Metabolic disorder Without Metabolic disorder P value
(N=140) (HbA1C25.7) (N=77) (HbA1C < 5.7) (N=63)
Gender N (%)
Male 116 (82.9) 62 (534) 54 (46.6) 042
Female 24 (17.1) 15 (62.5) 9 (37.5)
Age [Year] Mean (Sd) 3861 (10.38) 41.04 (11.04) 3563 (87) 0002
BMI Mean [Kg/Mz] (Sd) 2641 (3.76) 2652 (3.62) 26.26 (3.96) 0.69
HbA1c Mean [%] (Sd) 5.86 (1.12) 6.28 (1.35) 5.34(0.27) <0001
FBS Mean [Mg/D1] (Sd) 99.90 (37.02) 10631 (47.89) 92.27 (13.52) 003
Total Lipid Mean [Mg/DI] (Sd) 577.09 (16291) 583.70 (151.26) 569.09 (176.90) 030

BMI Body Mass Index, HbATc glycated hemoglobin, FBG Fasting Blood Glucose
*Statistically significant relation (P value < 0.05)

values (LOD 0.005 as cut off) was performed. This analysis
showed that 20 (55.6%) participants with a PCB 118 level
above LOD had also an increased HbAlc level of 5.7% or
more, compared to 57 (54.8%) in the other group with no
detected PCB 118 (P =0.94, OR = 1.03 CI 95%: 0.48-2.21).

The relationship between PCB levels and indications
of a disturbed of blood glucose is shown in Table 4. In
the logistic regression, adjusted for age, gender, BMI and
total lipid concentrations, none of the pairwise differ-
ences between the first quartile and the remaining 2nd,
3rd and 4th quartiles reached statistical significance.

Discussion

In this study we investigated 140 participants categorized
in two groups according to their HbA1lc level, either indi-
cating a disturbed glucose metabolism or showing normal
values of less than 5.7%. For our cohort we could not find
a significant association between plasma PCB levels and
HbA1c values. As expected, age as one of the other tested
co-variables, had the strongest effect on HbAlc. We have

also found that the PCB-burden of our study population
was lower in comparison with similar study groups [31].
The high number of male participants in this study
was due to the fact that the study population originated
from an occupational health investigation among
workers from industrial workplaces. In Iran the majority
of the working population particularly in the manufac-
turing and power industry is male. In view of the overall
low PCB burden, however, an influence of gender on the
results can be denied, especially since the regression has
been adjusted for gender. Published results of a study
among the American native population suggested that
the strongest association with diabetes was due to the
lower-chlorinated PCB congeners, which are less persist-
ent in the human body [32]. In our study group, for
none of the low chlorinated PCB congeners more than
10% of the measured plasma values lay above the LOD.
Therefore we had to exclude the results for these conge-
ners, which had probably the strongest effect on glucose
metabolism, from further analysis. This together with
the small sample size and the limited overall PCB

Table 2 Distribution of PCB 138, 153, 180, sum, and 118 in two blood glucose status groups, determined by HbA1c level

Total Metabolic disorder (HbA1C = 5.7) Without Metabolic disorder (HbA1C < 5.7)

(N=140) (N=77) (N=63)

PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB

138 153 180 sum 118 138 153 180 sum 118 138 153 180 sum 118

g/l [ug/N [ug/ fwg/N [ue/N [pg/l [ug/N [uo/ll [pg/ll [ug/l [pg/l] [ug/N [ug/N [ug/N [ug/N
Mean 0026 0038 0027 0107 0009 0029 0043 0032 0120 0009 0023 0.032 0.020 0.090 0.010
SD 0.03 0.03 0.03 0.08 0.01 0.03 0.04 0.03 0.10 0.01 0.02 0.03 0.02 0.07 0.01
Minimum 0.005 0005 0005 0030 0005 0005 0005 0005 0030 0005 0.005 0.005 0.005 0.030 0.005
Percentile 25 0005 0016 0005 0050 0005 0008 0020 0005 0058 0005 0.005 0014 0.005 0.039 0.005
Median 0020 0032 0017 0082 0005 0023 0034 0021 0.09 0.005 0014 0.027 0014 0.070 0.005
Percentile 75 0036 0053 0039 0140 0009 0037 0053 0047 0156 0011 0.033 0.051 0.033 0.132 0.006
Maximum 0171 0170 0173 0450 0109 0171 0170 0173 0450 0068 0.154 0.151 0.069 0.393 0.109

There was no statistically significant difference of the PCB congener levels between the two groups
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Table 3 The relationship between level of PCB 138, 153, 180, sum, and 118 in different quartiles and blood glucose status (divided
into 2 groups considering HBATc =5.7% as cut-off), considering the first quartile as the reference group (unadjusted ORs)

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4
PCB138 N (HbA1c = 5.7%) 47 (19) 31 (18) 30 (21) 32 (19)

OR (Cl) 1.0 (Ref) 204 (0.81-5.12) 344 (130-9.11) 2.15 (0.86-5.38)
P value - 013 001" 0.10

PCB153 N (HbA1c = 5.7%) 34 (12) 36 (22) 35 (23) 35 (20)

OR (Cl) 1.0 (Ref) 2.88 (1.09-7.61) 3.51 (1.30-9.46) 244 (0.93-6.45)
P value - 003 001 007

PCB180 N (HbA1c = 5.7%) 51 (23) 30 (18) 29 (14) 30 (22)

OR (Cl) 1.0 (Ref) 1.83 (0.73-4.56) 1.14 (046-2.83) 3.35(1.26-891)
P value - 019 078 001"

PCB sum? N (HbATc = 5.7%) 36 (15) 34 (20) 35 (20) 35 (22)

OR (Cl) 1.0 (Ref) 2 (0.77-5.18) 1.87 (0.73-4.79) 2.37 (091-6.15)
P value - 0.15 0.19 0.07

PCB118 N (HbA1c = 5.7%) 104 (57) 12 (6) 12 (7) 12 (7)

OR (Cl) 1.0 (Ref) 0.82 (0.25-2.73) 1.15 (0.34-3.87) 1.15 (0.34-3.87)
P value - 0.75 0.82 0.82

?Calculated as sum of PCB 28 + 52 + 101 + 138 + 153 + 180 according to the German PCB-guideline [37, 38]

*Statistically significant relation (P value < 0.05)

burden may explain the discrepancy between our results
and other cross sectional studies showing a strong
dose-response relationship between serum concentra-
tions of PCB 153 and diabetes [17, 31]. We can still say
that these findings are not contradicting our results, al-
though the dose response relationship lost statistical sig-
nificance after adjustment for the co-variables age,
gender, BMI and serum total lipid in the regression
model. Considering the strong influence of age on the
plasma levels of higher chlorinated PCBs [25], the re-
duced observed relationship in the statistical model may
be contributed primarily to the effect of age.

In 2010, Lee et al. showed a non-linear U-shaped rela-
tion between high chlorinated PCBs and diabetes risk
[16]. Their separate analysis of the different PCB conge-
ners indicated that the blood concentrations of PCB 74,
118 and 126 (dioxin like PCBs) as well as PCB 138, 153,
170, 180 and 187 (non-dioxin like PCBs) were associated
with signs of the metabolic syndrome. This association
was much stronger between lower concentrations than
higher background concentrations [16], which was ex-
plained by the role of PCB as an endocrine disrupter.
High-dose exposure may lead to down-regulation of re-
ceptors as the dose further increases [33]. This finding

Table 4 Logistic regression, model adjusted for sex, age, BM|, total lipid assessing the relationship between level of PCB 138, 153,
180, sum, and 118 in different quartiles and blood glucose status (divided into 2 groups considering HBATc =5.7% as cut-off),

considering the first quartile as the reference group

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 Wald x2 p-value

PCB138 Exp (B) 10 152 244 112 0.34
P Value - 044 0.09 0.85

PCB153 Exp (B) 1.0 245 2.55 1.00 0.12
P Value - 0.09 0.08 1

PCB180 Exp (B) 1.0 123 0.72 1.66 0.53
P Value - 0.69 0.53 0.39

PCB sum?® Exp (B) 10 1.38 125 093 0.87
P Value - 0.54 0.68 091

PCB118 Exp (B) 1.0 0.62 087 047 0.73
P Value - 048 0.82 032

®Calculated as sum of PCB 28 + 52 + 101 + 138 + 153 + 180 according to the German PCB-guideline [37, 38]
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may warrant the conclusion that exposure to low doses of
PCB can be at least as harmful as to higher doses [34, 35].
However, in the present study, we could not investigate
low chlorinated congeners, such as PCB 74 and 126, since
less than 10% of the studied population had serum con-
centrations above the LOD. Although the analysis of PCB
138 and 153 showed some effect on the glucose metabol-
ism in the second and third quartiles, this association did
not reach a statistically significant level.

The results of our study did not demonstrate any asso-
ciation between the serum values of PCB 118 and the
PCB sum on the one hand and the risk of developing a
disturbed glucose metabolism on the other, which is in-
consistent with previous studies [16, 36]. A large
Japanese study demonstrated a significantly higher
prevalence of DM at the third and fourth quartiles of di-
oxin like PCBs [13]. That may be due to the fact that
PCBs plasma levels of the Iranian population are gener-
ally low. We must however also keep in mind that we
could not analyse the association of all dioxin like PCBs
as mentioned formerly.

This study’s major strength was the use of HbAlc ra-
ther than e.g. fasting blood glucose as an indicator of an
unbalanced glucose metabolism or manifest diabetes.
The assessment of a specific additional effect of raised
PCB levels on the glucose metabolism was further vali-
dated in our participants by controlling for other im-
portant risk factors. Another important strength was the
inclusion of different occupational groups with a wide
range of assumed PCB-exposure risks, together with the
housewives as a non-occupationally exposed reference
group and possibly indicating the background exposure
of a typical urban population. This was an advantage
over previous studies on PCB only assessing subjects
with known high exposures to various pollutants in oc-
cupational settings, and thus avoiding a selection bias.

Due to the cross sectional design of our study and the
anonymity of all participants, only one contact could be
made to collect blood samples and record demographic
data. Therefore it was not possible to assess incidence
and changes over time in exposed and non-exposed sub-
groups. The low overall levels of dioxin-like PCBs, ex-
cept for PCB 118, made it impossible to assess their
association with increased glucose levels and diabetes.
Our attempt to consider the effect of each PCB con-
gener separately, rather than building groups of similar
types, hampered significant results.

Conclusion

For our study cohort of male industrial workers and
not-occupationally exposed housewives we could not
demonstrate a significant effect of different PCB conge-
ners on the concentration of HbAlc.
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