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ABSTRACT

The prevalence of metabolic disease type 2 dialigiesreasing. Numerous studies have to takedotwsideration
in addition to the factors such as low mobility, thition and inheritance, environmental factors suels
hexachlorobenzene in creation of type 2 diabetésréfore, it was tried in this study to obtain axaet result
regarding the association of hexachlorobenzene wjfie 2 diabetes by doing a systematic review aeth-m
analysis of the cross-sectional and prospectivdistuwhich were received till 2 March 2016. Afteaching in the
databases SID, Irandoc, Pubmed, Scopus, Ovid, Eentt8$ and Cochrane, 10 studies with 19 subgroupsew
considered in final assessment. Geometric meanectration of Hexachlorobenzene was 12.7 ng/ml ahd®6
ng/g lipids in serum and adipose tissues, respelgtiThe heterogeneity index 6#25.95% (f<50%) and £:0.075
were low and hence fixed model was used for meddysis of studies' results. The Pearson correlatioefficient
between concentrations of hexachlorobenzene imsend adipose tissue with the odds ratio of typmiabetes
were R:0.27, P value=0.57 and ¥0.25, P value=0.18, respectively. The highest kst odds ratios of type 2
diabetes was [OR:6.2 (0.6-68.1)] and [OR:0.99 (@.8)], respectively. Overall, the odds ratio fopéy2 diabetes
induced to hexachlorobenzene was OR:2.33 (1.82y2A&lue<0.001. Results of this study supportedriie of
hexachlorobenzene significantly as an environmargklfactor in type 2 diabetes (P<0.001).

Keywords. Type 2 diabetes, hexachlorobenzene, serum tiaslifggse tissue, systematic review

INTRODUCTION

High blood glucose levels due to insulin resistaand beta cells dysfunctions are caused by a miaatieease
called type 2 diabetes (T2D)[1,2]. The prevalenttpe 2 diabetes mellitus was 2.8% (171 milliom}2000 and it
is predicted to reach 4.4% (366 million) by 203D [Bhe World Health Organization (WHO) has predictiabetes
as the seventh leading cause of death by 2030 Mo, International Diabetes Federation has rembithat
approximately 592 million people (10.1%) will deoplthis disease till 2035 [5]. This increasing ttdmas been

156



Hassan Keramati et al Int J Med Res Health Sci. 2016, 5(9): 156-166

attributed to the genetic and environmental facf6rg]. Diabetes risk factors are include low iifibly obesity,
genetics, race, age, high blood pressure and higlicerides and low amounts of high-density lipmgins (HDLS)
[8,9]. Genetic and racial factors were allocately 6&b6 of the shares of type 2 diabetes [10]. Altiouow mobility
is the main cause of obesity and metabolic dysfoncbut many evidences were obtained which sugtjest
environmental factors such as Persistent OrganliotBots (POPSs) [11] are also effective in susd®ityy to type 2
diabetes mellitus [12-14]. One of POPs are orgdmnorinated pesticides including HexachlorobenzeH€R),
2,2,7,8 tetrachlorodibenzopdioxin (TCDD or dioxinpolychlorinated dibenzofurans (PCDFs), non TCDD
polychlorinated dibenzopdioxins (PCDDs), dichlomgwnyltrichloroethane (DDT),
dichlorodiphenyldichloroethylene (DDE), polychloailed biphenyls (PCBs) and dichlorodiphenyltrichéshmne
(DDD) [15]. Organochlorine pesticides disrupts erritte function [16], energy production process witipaired
glucose uptake [17,18] and dysfunction of adipod{®]. Despite use of Hexachlorobenzene (HC&B)and -
hexachlorocyclohexane and dichlorodiphenyltrichédhane has been banned in many countries suchliasitrthe
late 1990s, China 1983 [20] and US.EPA (1984),they are still used in some developing countri€d.[Due to
the high environmental resistance [22], high atrhesigc transfer [23] and heavy use in agriculture,
hexachlorobenzene enter the human body througfotiiechain [24]. Using of foods with animal origsithe main
source of human exposure to hexachlorobenzene $&ykral cross-sectional studies have shown tloeiasion of
POPs and type 2 diabetes [15, 26-28]. Also somigelirprospective studies have shown that the iseréa POPs
increased the risk of type 2 diabetes [29-31],tbatassociation of hexachlorobenzene with typeaBeates have not
been specifically studied. In some studies, hexaobkenzene has been reported as significantly @dsdcwith
type 2 diabetes [32] but in some other studiegetigeno significant associate or this associattasstically weak.
Hence, it was tried in this study to conduct anuaate evaluation of the association of serum anigosé
concentrations of hexachlorobenzene with type deates by a systematic review and meta-analysis naetdh-
regression.

MATERIALSAND METHODS

The present study was a systematic review and aralysis and meta-regression of the association of
concentration of hexachlorobenzene in the serumaaligbse tissues with type 2 diabetes. To findateducted
studies in Iran and the world, were used the dataf SID, Irandoc, Pubmed, Scopus, Ovid, Emh&ieand
Cochrane.

Thecriteria of selection and evaluating quality of studies

At first, a list of titles and abstracts of all dahle studies in databases mentioned by threearelsers (Ya.F,
Ha.K,Na.A) was developed to avoid biased investigat Related titles were examined independenéy gearch in
studies which were published between the dates BD@P16, was done. Searching was done for two svéekn

18.02.2016 to 02.03.2016, then the related werkuated initially as blind and independently werdéeead into the
research process. Similar studies were excluded.rmi&in inclusion criteria of different articles ttus study was
referring to the serum and adipose tissue Hexaghémzene and type 2 diabetes mellitus. The resemnechich
were not the primary studies or were about treatmaetermining the clinical characteristics, cladidecision
making and evaluations not related to type 2 debetellitus were excluded from the study. In theosd phase,
the abstracts of different selected studies weiduated by a researcher using Strengthening thertiep of

observational studies in epidemiology (STROBE) &hest which is a standard check list. This cheisk tontains
43 various sections and aspects of methodologwding sampling methods, measuring variables, stais
analysis and evaluates the objectives of study. [BBthis check list, the minimum and maximum sesoveere

considered as 40 and 45, respectively. Finallytdpepaper which had been obtained at least 4G gwen to the
questions of the check list were entered to théystund their data were extracted for meta-anafysisess.

To determine sensitivity of study for Publicatiore® Funnel Plot and Begg-Mazumdar test were usededl as
meta regression test which was applied to deterthimeffect of other variables on heterogeneity.[34

Data extraction

In this study, 10 papers (19 subgroups) which atneosame methodology was used in all of them anck we
performed from 2007 to 2014, were evaluated. Thyired important information to analyze data inahgdthe
information related to the topic, title and methlodly such as method of study, type, location oflgtodds ratio,
gender, concentration of HCB in serum, concentnatitb HCB in adipose tissue, confidence intervalmple
volume and confidence level were gathered.

Data synthesisand analysis

All statistical analysis was done by comprehensheta-analysis V.2.2.06 software. The statistficarid F were
calculated using Moment Base Method as an estinoditbeterogeneity. After determining the low het@oeity of
studies (f<50%) based on the fixed effect model, the measdds ratio was calculated. The pooled plot in thedf
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model was used to evaluate the significance ofafsmciation of the HCB in serum and adipose tigétletype 2
diabetes mellitus. Since the number of studiesuatrlly low in the review studies, so the significa level for the
odds ratio is P value<0.001 [35]. Using the metression method, the effects of variables includsagnple
volume, study time, concentration of HCB in theuserand adipose tissue which were supposed of a@ausin
heterogeneity in the study were studied. The ditpnite level for the covariance of studies was idened as P
value<0.05. At the end, concentrations of HCBHa serum and adipose tissue with the prevalendgpef 2
diabetes and comparison of the odds ratio of typkaBetes were calculated by SPSS 16 software gbmtent t
test) in the cross-sectional and prospective studie

RESULTS

345 studies were searched in the mentioned datdseh 179 and 166 of them were considered aeuaat and
related based on title and abstract. Then, 154&westudies, case reports, animal studies or studibsirrelevant
results were separated. Of 14 obtained studietidBes which are related to type 1 diabetes andatiyr were
excluded. Finally, 10 studies [3 prospective stsidiesubgroups) and 7 cross-sectional studiesuli§reups)] were
evaluated (Fig 1).

Record identified through database i
SID (0), Irandoc(0),
Ovid (n=16), Scopus(n=93),
Embase(n=49)S| web of science
(n=49) and PubMestudies (n=137)

Duplicate record
> removed (n=179)

\4

Title and abstracts reviewed
(n=165)

Abstracts excluded:
Reviews, editorials, commentaries, and
case reports(= 74)
Animal studies and human vitro orin vivo
studies 16 = 46)
Irrelevant exposures or outcomes=(32)

—>

y

Articles retrieved and review
(n=13)

Outcome was diabetes mortality£ 2)

Studiesexcluded
> Outcome was type 1 diabetes<(1)

\ 4

Included Studies:
Prospective: 3 (4 subgroups)
)

Cross sectional: 7 (15 subgroups,

Figure 1. Studies selection processfor meta-analysis

After the primary analysis, since the heterogengitlices including 4+25.95 (12<50%) and’40.075 were low
(Table 2) so, there is not a huge difference betvaetedies hence Fixed Effect Model was used foaraetlysis of
the studies' results’425.95 showed that 25.95% of the observed differsetween the studies indices is due to
the heterogeneity of studies.

The total number of people in 10 studies was 5%$fe that the geometric mean and HCB concentratidineir
serum and adipose tissue were 12.7 ng/ml and 64g7g lipids, respectively. In some studies, HCBt umas
different therefore after making the units idertidche mean was calculated. The maximum and mininaaiehs
ratios were related to Son et al study [OR=6.2-@Bf)] and Codru et al study [OR=0.99 (0.3-2.@4lfle 1). The
total odds ratios in the cross-sectional and prosge studies were OR=2.12 (1.7-2.63), P value<D.@0d
OR=3.35 (1.83-6.11), P value<0.001 respectivelygamntrally OR=2.33 (1.82-2.74), P value<0.001 @ig
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Table 2. Overall results of meta-analysis odds ratio diabetes mellitus type 2 induced by HCB

Heter ogeneity
Model Meanoddsratio Z-value P-value P-value |° t2
Fixed 2.23 7.66 <0.000 0.14 25.95 0.075

Despite the low heterogeneity, the effective vdeaim heterogeneity of studies was identified by timeta-

regression model. So, the covariance of the stodgtion, study time, HCB concentration in the adgdissue,
HCB concentration in the serum, type of study amthde volume were entered to the meta-regressialysia in

moment base. Since in most studies, a detailecktho@an was not done between the genders men and nyaue
entering the covariance of gender was neglected.

Type of Study First name Statistics for each study Odds ratio and 95% CI

Odds

ratio Lower Upper Z-Value P-Value
Cross-Sectional Gasull et al 1.70 098 294 1.89 0.06 1
Cross-Sectional Gasull et al 1.90 1.02 3.55 2.01 0.04 —_—l
Cross-Sectional Gasull et al 1.60 0.72 3.58 1.14 0.25 —_—
Cross-Sectional Arrebola et al 230 0.68 7.75 134 0.18
Cross-Sectional Arrebola et al 5.27 1.61 17.25 275 0.01 _—
Cross-Sectional Al-Othman etal 3.00 1.22 735 240 0.02 _——
Cross-Sectional Al-Othman etal 4.30 2.16 8.55 4.16 0.00 ——
Cross-Sectional Ukropec et al 1.25 0.64 244 066 0.51 _T
Cross-Sectional Codru et al 250 091 6.87 1.78 0.08 —_—
Cross-Sectional Codru et al 480 1.68 13.73 293 0.00 —_—
Cross-Sectional Codru et al 0.90 031 265 -0.19 0.85 _
Cross-Sectional Codru et al 450 1.41 1438 254 0.01 _
Cross-Sectional Cox et al 1.30 0.70 241 0.83 0.40 U ——
Cross-Sectional Son et al 6.20 0.58 66.05 1.51 0.13
Cross-Sectional Son et al 6.10 1.01 3690 197 0.05
Cross-Sectional 212 1.70 2.63 6.73 0.00 ‘
Prospective Leeetal 2.10 0.61 7.22 1.18 0.24 '
Prospective Wu et al 3.73 1.05 13.28 2.03 0.04 _
Prospective Wu et al 346 1.02 11.72 199 0.05 _——
Prospective Burns et al 437 1.44 1327 2.60 0.01 —_—
Prospective 3.35 1.83 6.11 393 0.00
Overall 223 182 2.74 7.67 0.00 O

Figure 2.forest plot of oddsratio diabetes mellitustype 2 in the prospective and cross sectional study
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TABLE 1. Cross-sectional and prospective studies of Hexachlor obenzene and type 2 diabetesrisk

First Year Type OR 95% ClI Number | Concentrati Serum/ L ocation Gender Outcome R
Author study samples on Lipids ef
1.70 1.00 3.00 0.510 Serum
-1.193 Concentrations of p;fDDT, p,p-DDE andB-HCH were not associated with diabetes or predasbet
ng/ml Spain Male and | Increasing concentrations of PCBs and HCB weretipesi associated with diabetes and prediabete
Gasull et 2012 Cross- | 1.90 1.00 3.40 360 1.194 Serum (Catalonia) Female [3
al Sectio -2.610 5]
nal ng/ml
1.60 0.70 3.50 >2.61 ng/m Serunm
Lee et al 2011 Prospe 2.10 0.60 7.10 725 Not Serum Sweden Male and Exposure to some POPs substantially increaseafiskure type 2 diabetes in an elderly population. [3
ctive mentioned Female 6]
2013 Cross-| 2.30 0.68 7.73 7.37-30.07 Lipids A statistically significant interaction was obsedvgetween p,p 0-DDE and body mass index, suchtibat | [2
Sectio ng/g lipid risk of diabetes increased with tertiles of expesura linear manner in non-obese subjects buinribie 9]
nal Spain Male and | obese, in whom an inverted U-shape pattern wasaixse
Arrebola 2013 Cross-| 2.27 1.62 | 17.14] 386 > 30.07 Lipids (Southern) Female
etal Sectio ng/g lipid
nal
3.73 1.05 13.30 1095 34.1 ng/m Female [3
Wu et al 2012 Prospe | 3.46 1.02 11.70] 41.6 ng/ml| Serum Usa Support an association between POP exposure amikhef T2D 7]
ctive
3.00 1.20 7.20 60 8.8 ng/ml Serun; Male Diabetes associated with HCH pesticide exfgoand proposes possible hormonal pathways worthy [3
Cross- | 3.30 1.90 7.60 76 8.8 ng/ml Serunj Saudis Femalg of further investigation 8]
Al- 2014 Sectio Arabic
Othman nal
etal
Cross- | 1.86 1.17 3.57 410 1364-17927 Lipids Slovakia Male and| Interestingly, unlike PCBs, DDT and DDE, increas®¢els of HCB an@-HCH seemed not to be [3
Ukropec 2010 Sectio In ng/g lipid Female associated with increased prevalence of diabetes. 9]
etal nal (mean:9.17
ng/g lipid)
2.50 0.90 6.80 12.1+ 6.5 Lipids [4
ng/g lipid 0]
4.80 1.70 13.90 12.1+6.5| Lipids
352 ng/g lipid American Male and | Elevated serum PCBs, DDE, and HCB were positivefoaiated with diabetes after controlling for
Codru et 2007 Cross- 0.9 0.30 2.60 0.08 +0.04] Serum (Mohawk) Female potential confounders, whereas a negative associatas observed for mirex.
al Sectio ppb
nal 4.5 1.4 14.3 0.08 +0.04| Serum
ppb
Cox et al 2007 Cross{ 1.3 0.7 24 1303 1.63 ppb Serun Mexico Male ahdHigher serum levels of certain organochlorine jpéits may be associated with increased prevaleince | [4
Sectio Female diabetes. Additional studies with more extensiveichl assessment are needed to confirm this astsmei | 1]
nal
Cross- 6.2 0.60 68.10 149.3+92.8( Serum Low-dose background exposure to OC pesticides wasgly associated with prevalent type 2 diabetes|i [4
Sectio pa/g Koreans even though absolute concentrations of €flgides were no higher 2]
Son et al 2010 nal 80 South Korea| Male and | than in other populations. Asians may be more qudie to adverse effects of OC pesticides thaemwoth
Cross- | 1.90 0.30 | 10.00 24.2+13.0 Lipids Female | races
Sectio ng/g lipid
nal
Burns et 2014 Prospe| 4.37 1.44 13.28] 602 770 ng/g| Lipids Russian Male and| Higher hexachlorobenzene (tertile 3 vs. tertilevap associated with higher odds of IR in modelsstdd | [4
al ctive lipid Female | for BMI (odds ratio = 4.37, 95% confidence intervhi4, 13.28) 3]
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Type and time of study did not have a significdfée on heterogeneity of studies (p value>0.0%)tha difference

in HCB concentration in adipose tissue and serunmgyslocation and number of samples were signifiyan
effective on heterogeneity of studies (Table 3)inBeeverse of the funnel chart, logarithmic pootédhe studies
odds ratios were not significant and on top of filnenel. Begg-Mazumdar test (p value=0.058) showegbrzeral

lack of biases in studies (Fig 3).

DISCUSSION

The meta-analysis results of 10 studies with lowetmgeneity (<50%) in fixed model showed that an increase
concentrations of HCB in the serum and adiposeaugisacreased the risk of type 2 diabetes signiflga(p
value<0.001).

M eta-Analysisand M eta-Regression

Pearson correlation coefficient between the comagah of HCB in adipose tissue and serum withdtids ratio of
type 2 diabetes was?®0.27, P value<0.57 and’®0.25, P value<0.18, respectively. Due to the diffiee in the
selected studies such as sample volume, concemrafi HCB, study location and etc., a significargaRon
correlation coefficient was not achieved but witle increase in concentration of HCB in the adipissue and
serum, the risk of type 2 diabetes was increasigg4(Fb).

2,00
1.78

1.56 O

1.34

O 0

112
0.90

Log odds ratio

0.68
0.46
0.24

v=3141x- 144
R=0.25

0.02

-0.20 O

-4.07 0.91 5.89 1088 1586  20.84 2582 3080 3579  40.77 4575

Concentration of HCB in the serum (ng/ml)

Figure 4. Correlation on HCB in the serum with log oddsratio type 2 diabetes
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Concentration of HCB in the lipids (ng/g lipids)

Log odds ratio

Figure5. Correlation on HCB in the lipids with log oddsratio type 2 diabetes

Concentration of HCB in the adipose tissue andrsedate study, number samples and location studyeta-
regression analysis were known as the significactbfs of heterogeneity creation (Table 3).
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Table 3. Meta-regression analysis of Covariancein the studies

Crude Adjusted
Covariance Coefficient P value Coefficient P value
Date study 0.71 0.12 2.1 0.39
Concentration in serum 0.24 0.032 0.92 0.015
Concentration in lipids 0.048 0.043 14 0.011
Type study 0.41 0.24 2.6 0.7
Number samples -0.004 0.001 -0.064 0.001
Location study 0.038 0.029 0.069 0.014

Despite the lack of significant difference betwettie prevalence of type 2 diabetes in cross-sedtiand
prospective studies (p value=0.62), because of moedit of prospective studies, they were separatesheta-
analysis. The mean of odds ratio in cross-sectiandlprospective studies were observed as 2.12G03%3-2.63)
and 3.35 (95%CI 1.83-6.11), respectively (Fig 2gspite the prevalence of type 2 diabetes was gotfisiantly
increased from 2007 to 2014%R.014, P value=0.06), but the studies showeddbeat time, the prevalence of type
2 diabetes was significantly increased due to obsiiig nutrition, decreased mobility and increasedrenmental
pollutants [3,44]. One of the lack of significanicethe increased prevalence of type 2 diabetesbeathe short
range of studies years.

Environmental and genetic differences

Although the World Health Organization (WHO) hasaanced, the prevalence of type 2 diabetes doekawet a
significant difference between men and women ineg&nand only is higher in men lower than 60 yeddsand
women upper than 65 years old [45]. But the gerdifferences between man and woman have made wames
sensitive to organochlorine pesticides [46]. Fidste to the higher body fat and then, accumulatiomore HCB
and secondly, HCB could disrupt estrogenic actiotyvomen and following that, glucose metabolisi][OPs
such as organochlorine pesticides cause diabetesigth different mechanisms. The most important fafsé
mechanisms include altered gene transcriptiond lipetabolism, insulin production, changes in imsglignaling
pathway [48] and altered glucose transport [49h tle other hand, consumption of contaminated fwadsed by
environmental pollution increased concentratiotH@B in the body and would be followed by an incee@s the
prevalence of type 2 diabetes.

It should be noted that the exposure rate hasetidinig role in the increased prevalence of typ@aBeaies because
some studies showed that concentration of PORsasip,p-DDE were higher in serum and adiposedssefimen
than women due to the more exposure [50].

In Glynn et al study, the concentrations of orgdnmadine pesticides were measured in 205 women wdm h
consumed contaminated fish. The results showedhbanean concentration of HCB in 7 women with diab (85
ng/g lipid; 95% CI 66-109) was significantly highttan 198 women without diabetes (60 ng/g lipidy®6I 58-63)
(p value=0.008) [51].

In Verhulst et al prospective study among motherd their children (n=138) in Flanders of Belgiumomvere
exposed to environmental pollutants of hexachlonabae, dichlorodiphenyldichloroethylene (DDE), divlke
compounds and polychlorinated biphenyls (PCBs), Bitween children’s with DDE and PCBs especiallpagn
children’s with mothers who smoker, a positive anghificant association was observed. Althoughigaicant
association was not observed between HCB with BiMthis study, but some of POPs cause an increasdipose
tissue production through genetic changes (damagthd gene). Increased adipose tissue accumulafiEm
provides the condition for more POPs accumulatios t these compounds accumulate more in adipssgeti Of
course, Verhulst et al study was the first reseandhis regard and more research are requirecetoomducted in
this field [52].

Comparison studies

In contrast to our study, the results of Ukropecaktstudy showed that unlike HCB afidHCH, increasing
concentration of DDT, PCBs and DDE in lipid increabke prevalence of pre-diabetes and type 2 dishé&g
course, it was mentioned in this study that HCBB§1.95%ClI :1.7-2.9) an@-HCH (1.97, 95%CI 1.28-3.04)
adopted to the age, sex and BMI thduintile, pre-diabetes and type 2 diabetes werdirsies more in 1th quintile
[39].

Also, in Cox et al study which was among 1303 pedmm Mexican America aged 20 to 74 from 1982984, a

significant positive relationship was not obserbetiveen HCB and the prevalence of type 2 diabstd&reported)
[41].
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Lee et al study, the prevalence of type 2 diab@t€® cases and 90 controls showed that theretia sanificant
association of HCB and type 2 diabetes [53] or agno®5 residents in Uppsala, Sweden that 36 casdmbétes
were diagnosed after 5 years following-up, butgai§icant positive association of was no obseretiveen HCB
and type 2 diabetes (self-reported) [36].

The results of Arrebola et al study showed that ikenl HCB, increased concentration of p,p-
dichlorodiphenyldichloroethylene [OR: 3.6 (0.8-1)7.3and p-hexachlorocyclohexane [OR: 3.3 (1.0-10.4)
Jprevalence of type 2 diabetes was significanttreéased [29].

Unlike Ukropec et al study, in Cordu et al studyzBisimilar to PCBs and DDE had a significant gesitwith
symptoms of diabetes (serum fasting glucose vall@smg/dl and/or use of antidiabetic medication).

One of the reasons of significant association oBHE Codru et al study higher concentration of HOR.1+6.5
ng/g lipid) compared to Ukropec et al study (9.47grlipid) [40].

A significant positive association was observedveein concentration HCB in the serum with type Delas in a
group of 1095 women (48 cases of diabetes and 0d#ols) in Wu et al study like Glynn et al stu@ince in
Glynn et al and Wu et al studies, was measuredectration of HCB in the adipose tissue and serwspesetively,
the comparison between HCB concentrations was erdopned [51].

In Burns et al study, concentration of HCB was meas in 318 Russian boys (8-9 years of pre pubadal at
baseline; 10-13 years of pubertal age at follow Ojere is a significant positive association ofic@ntration of
HCB and the risk of insulin resistance (OR 4.37%9&I 1.44-13.28). The important point is that cartcation
HCB in the adipose tissue was very higher in Batal study compared to the other studies (770 ligi). This
difference in concentration due to the differencautritional pattern of residents especially ctahls or a source
of contamination in the environment [43].

Studies have shown that fish consumption especialhich are living in contaminated water increased
organochlorine pesticides such as HCB in serumaaifabse tissue as well as the risk of type 2 dedjgl,54-56].

In a community-based health interview survey whiegdis conducted by Gasull et al among 886 particgpamt
Catalonia of Spain, the concentration of HCB semiprediabetes (202 cases) and diabetes (143 oaseshigher
than other groups. Odds ratios for patients wittdjabetes and diabetes were 2.1 (95% CI 1.0-4d13&h(95% CI
1.3-8.1), respectively. The risk of diabetes inhbgtoups with increased concentration of HCB wasificantly
higher [35].

In another community-based health interview surwdych was conducted by Son et al in 40 cases of ®p
diabetes and 40 controls in Uljin County of Soutbréa, the results showed that by the increasedectnation of
HCB in serum and adipose tissue, the risk of typ@Betes was significantly increased (p value=0[43].

Limitations of the study

The limitations of this study include time limitatis of date studies (2002 to 2016), language limitgexcept the
published studies in English and Persian languatg®) of separation between women and men in sefretudies,
using small groups (low number of samples), presariche other organochlorine pesticides in adigsseie and
serum and not to mention the heritance and geneffiests of humans on the prevalence of type 2edexh

CONCLUSION

The results of the systematic review and meta-aislgnd meta-regression of 10 selected studies élifflerent
countries showed that the prevalence of type 2etéabincreased significantly with concentratiorH&B in the
serum and adipose tissue (P value<0.001). Thetsesiuthis study supports HCB as a risk factorypkt2 diabetes
mellitus.

Acknowledgment
Semnan University of Medical Sciences, ResearcheCef Environmental Health Engineering funded tieisearch
(Code:A-10-268-5,18/07/2016).
REFERENCES
[1] Prevention CfDC. National diabetes fact sheet:omali estimates and general information on diabateb

prediabetes in the United States, 2011. Atlanta; G& Department of Health and Human Services, Ceriter
Disease Control and Prevention; 2011. 2012.

163



Hassan Keramati et al Int J Med Res Health Sci. 2016, 5(9): 156-166

[2] Kahn S. The relative contributions of insulin résige and beta-cell dysfunction to the pathophggipbf type

2 diabetes. Diabetologia. 2003;46(1):3-19.

[31Wild S, Roglic G, Green A, Sicree R, King H. Glolmakvalence of diabetes estimates for the year 20@0
projections for 2030. Diabetes care. 2004;27(5)7153.

[4] World Health Organization (WHO). Diabetes. 2013.

[5] Federation ID. IDF diabetes atlas: Internationalligites Federation, Executive Office; 2011.

[6] Das UN. Obesity: genes, brain, gut, and environmgatrition. 2010;26(5):459-73.

[7] Cornelis MC, Zaitlen N, Hu FB, Kraft P, Price ALe@etic and environmental components of family histo
type 2 diabetes. Human genetics. 2015;134(2):259-67

[8] Katzmarzyk PT. Obesity and physical activity amdévopriginal Canadians. Obesity. 2008;16(1):184-90.

[9] Group LAR. Cardiovascular effects of intensive difge intervention in type 2 diabetes. The New Engl
journal of medicine. 2013;369(2):145.

[10]Eichler EE, Flint J, Gibson G, Kong A, Leal SM, MealH, et al. Missing heritability and strategiesfinding

the underlying causes of complex disease. NatuvéeRe Genetics. 2010;11(6):446-50.

[11]Patel CJ, Bhattacharya J, Butte AJ. An environmgde association study (EWAS) on type 2 diabetes
mellitus. PloS one. 2010;5(5):e10746.

[12]Everett CJ, Thompson OM. Associations of dioxingiafs and dioxin-like PCBs with diabetes and pre-
diabetes: Is the toxic equivalency approach uséakronmental research. 2012;118:107-11.

[13]Thayer KA, Heindel JJ, Bucher JR, Gallo MA. Rolearfvironmental chemicals in diabetes and obesity: a
National Toxicology Program workshop review. Enwvineental health perspectives. 2012;120(6):779.

[14]Kuo C-C, Moon K, Thayer KA, Navas-Acien A. Enviroemtal chemicals and type 2 diabetes: an updated
systematic review of the epidemiologic evidencerrént diabetes reports. 2013;13(6):831-49.

[15]Taylor KW, Novak RF, Anderson HA, Birnbaum LS, Bigse C, DeVito M, et al. Evaluation of the
association between persistent organic pollutaR®Rs) and diabetes in epidemiological studies: t#onma
toxicology program workshop review. Environmentahlth perspectives. 2013;121(7):774-83.

[16]Casals-Casas C, Desvergne B. Endocrine disrugtora: endocrine to metabolic disruption. Annual sawviof
physiology. 2011;73:135-62.

[17]Zhang J, Zhang J, Liu R, Gan J, Liu J, Liu W. EndeeDisrupting Effects of Pesticides through Ifdéeence
with Human Glucocorticoid Receptor. Environmentiéace & technology. 2015;50(1):435-43.

[18]Yau ET, Mennear JH. The inhibitoty effect of DDT awsulin secretion in mice. Toxicology and applied
pharmacology. 1977;39(1):81-8.

[19]La Merrill M, Emond C, Kim MJ, Antignac J-P, Le Riz B, Clément K, et al. Toxicological function of
adipose tissue: focus on persistent organic paoitst&Environmental Health Perspectives (Onlinel32021(2):162.
[20]Li Y, Cai D, Shan Z, Zhu Z. Gridded usage invergsrbf technical hexachlorocyclohexane and lindame f
China with 1/6 latitude by 1/4 longitude resolutiofrchives of Environmental Contamination and Talgy.
2001;41(3):261-6.

[21]Wendo C. Uganda considers DDT to protect homes fr@ifaria. The Lancet. 2004;363(9418):1376.

[22] Safety IPoC, Programme UNE, Organisation IL, Orgamdon WH. Hexachlorobenzene: Health and Safety
Guide: World Health Organization; 1998.

[23]Bernes C. Persistent Organic Pollutants. A Swedislv of an International Problem. Swedish Enviromitaé
Protection Agency, Monitor 16, Stockholm, Swed&BIN 91-620-1189-8, 1998.

[24] Vijgen J, Abhilash P, Li YF, Lal R, Forter M, Tord, et al. Hexachlorocyclohexane (HCH) as newkbiam
Convention POPs—a global perspective on the managewf Lindane and its waste isomers. Environmental
Science and Pollution Research. 2011;18(2):152-62.

[25]Ahlborg UG, Lipworth L, Titus-Ernstoff L, Hsieh C;Glanberg A, Baron J, et al. Organochlorine compisun
in relation to breast cancer, endometrial cancexjy @ndometriosis: an assessment of the biological a
epidemiological evidence. Critical Reviews in Talmgy. 1995;25(6):463-531.

[26]Airaksinen R, Rantakokko P, Eriksson JG, BlomstedKajantie E, Kiviranta H. Association betweeneyd
diabetes and exposure to persistent organic poteit®iabetes Care. 2011;34(9):1972-9.

[27]Lee D-H, Lee I-K, Song K, Steffes M, Toscano W, BaBA, et al. A strong dose-response relation betwe
serum concentrations of persistent organic poltstand diabetes results from the National HealthExamination
Survey 1999-2002. Diabetes Care. 2006;29(7):1638-44

[28] Mostafalou S. Persistent Organic Pollutants andc€on Over the Link with Insulin Resistance Related
Metabolic Diseases. 2016.

[29] Arrebola JP, Pumarega J, Gasull M, Fernandez MREtiM@&Imedo P, Molina-Molina JM, et al. Adiposedise
concentrations of persistent organic pollutants prealence of type 2 diabetes in adults from SeuttSpain.
Environmental research. 2013;122:31-7.

[30]Rignell-Hydbom A, Lidfeldt J, Kiviranta H, Rantakiked P, Samsioe G, Agardh C-D, et al. Exposure tp'p,
DDE: a risk factor for type 2 diabetes. PloS ord)24(10):e7503.

164



Hassan Keramati et al Int J Med Res Health Sci. 2016, 5(9): 156-166

[31] Turyk M, Anderson H, Knobeloch L, Imm P, Persky@tganochlorine exposure and incidence of diabetes i
cohort of Great Lakes sport fish consumers. Envifealth Perspect. 2009;117(7):1076-82.

[32]Van Larebeke N, Sioen I, Den Hond E, Nelen V, VanMieroop E, Nawrot T, et al. Internal exposure to
organochlorine pollutants and cadmium and selfitelohealth status: A prospective study. Intermeigournal of
hygiene and environmental health. 2015;218(2):232-4

[33]Von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsels Vandenbroucke JP, et al. The Strengthening the
Reporting of Observational Studies in Epidemiold§#ROBE) statement: guidelines for reporting obatonal
studies. Preventive medicine. 2007;45(4):247-51.

[34]Research JHLBMGSSWS, University JCVC, Arlington VRUSystematic Reviews and Meta-Analysis:
Oxford University Press, USA; 2008.

[35]Gasull M, Pumarega J, Téllez-Plaza M, Castell Ggs3erras R, Lee DH, et al. Blood concentrations of
persistent organic pollutants and prediabetes aaidetes in the general population of Catalonia.if®mmental
science & technology. 2012;46(14):7799-810.

[36]Lee D-H, Lind PM, Jacobs DR, Salihovic S, van Bawl Lind L. Polychlorinated Biphenyls and
Organochlorine Pesticides in Plasma Predict Devatop of Type 2 Diabetes in the Elderly The Prodpect
Investigation of the Vasculature in Uppsala Sen{Bi¥US) study. Diabetes Care. 2011;34(8):1778-84.

[37]Wu H, Bertrand KA, Choi AL, Hu FB, Laden F, GranajeP, et al. Persistent organic pollutants and &pe
diabetes: a prospective analysis in the nursedthhstudy and meta-analysis. Environmental hea#fsjpectives.
2012;121(2):153-61.

[38]AlI-Othman A, Yakout S, Abd-Alrahman SH, Al-DaghriMN Strong Associations Between the Pesticide
Hexachlorocyclohexane and Type 2 Diabetes in SAddits. International journal of environmental rasgh and
public health. 2014;11(9):8984-95.

[39]Ukropec J, Radikova Z, Huckova M, Koska J, KocarSAbokova E, et al. High prevalence of prediabaes
diabetes in a population exposed to high levenodrganochlorine cocktail. Diabetologia. 2010;58%9-906.
[40]Codru N, Schymura MJ, Negoita S, Environment ATIR#j R, Carpenter DO. Diabetes in relation to serum
levels of polychlorinated biphenyls and chlorinateekticides in adult Native Americans. Environméemialth
perspectives. 2007:1442-7.

[41]Cox S, Niskar AS, Narayan KV, Marcus M. Prevalenok self-reported diabetes and exposure to
organochlorine pesticides among Mexican Americafispanic health and nutrition examination surve982-
1984. Environmental health perspectives. 2007:15247-

[42]Son H-K, Kim S-A, Kang J-H, Chang Y-S, Park S-K,eL8-K, et al. Strong associations between low-dose
organochlorine pesticides and type 2 diabetes me&dcEnvironment international. 2010;36(5):410-4.

[43]Burns JS, Williams PL, Korrick SA, Hauser R, Semey), Revich B, et al. Association between chlddgda
pesticides in the serum of prepubertal Russian logslongitudinal biomarkers of metabolic functidkmerican
journal of epidemiology. 2014;180(9):909-19.

[44]King H, Aubert RE, Herman WH. Global burden of ditds, 1995-2025: prevalence, numerical estimatels, a
projections. Diabetes care. 1998;21(9):1414-31.

[45]Organization WH. Screening for type 2 diabetesorepf a World Health Organization and Internationa
Diabetes Federation meeting. 2003.

[46]Song Y, Chou EL, Baecker A, You NCY, Song Y, SuneQal. Endocrinalisrupting chemicals, risk of type 2
diabetes, and diabeteslated metabolic traits: A systematic review aretasanalysis. Journal of diabetes. 2015.
[47]Silverstone AE, Rosenbaum PF, Weinstock RS, Ba8Ml Foushee HR, Shelton C, et al. Polychlorinated
biphenyl (PCB) exposure and diabetes: results fittanAnniston Community Health Survey. Environmeihizdlth
perspectives. 2012;120(5).

[48]Marchand A, Tomkiewicz C, Marchandeau J-P, BoiieBarouki R, Garlatti M. 2, 3, 7, 8-Tetrachloroéitzo-
p-dioxin induces insulin-like growth factor bindipgotein-1 gene expression and counteracts thetimeggffect of
insulin. Molecular pharmacology. 2005;67(2):444-52.

[49]Tonack S, Kind K, Thompson JG, Wobus AM, FischeiSBntos AN. Dioxin affects glucose transport via th
arylhydrocarbon receptor signal cascade in pluepbt embryonic carcinoma cells. Endocrinology.
2007;148(12):5902-12.

[50]Azandjeme CS, Delisle H, Fayomi B, Ayotte P, Djrdfp Houinato D, et al. High serum organochlorine
pesticide concentrations in diabetics of a cottmdpcing area of the Benin Republic (West Afridajvironment
international. 2014;69:1-8.

[51]Glynn AW, Granath F, Aune M, Atuma S, Darnerud FEJerselius R, et al. Organochlorines in Swedish
women: determinants of serum concentrations. Enmiental Health Perspectives. 2003;111(3):349.

[52]Verhulst SL, Nelen V, Den Hond E, Koppen G, BeumskeéC, Vael C, et al. Intrauterine exposure to
environmental pollutants and body mass index dutimgfirst 3 years of life. Environmental healthrgaectives.
2009;117(1):122. doi: http://dx.doi.org/10.1289/€1890003.

165



Hassan Keramati et al Int J Med Res Health Sci. 2016, 5(9): 156-166

[53]Lee D-H, Steffes MW, Sjodin A, Jones RS, Needham lacobs DR. Low dose of some persistent organic
pollutants predicts type 2 diabetes: a nested castol study. Environmental health perspectives.
2010;118(9):1235-42.

[54]Agency for Toxic Substances and Disease RegistiyS(2R). Toxicological Profile for 4,4-DDT, 4,4-DDE,
and 4,4-DDD. Public Health Service, U.S. Departnwdrifealth and Human Services, Atlanta, GA. . 1994.
[55]Turyk M, Fantuzzi G, Persky V, Freels S, LambertifapPini M, et al. Persistent organic pollutantdan
biomarkers of diabetes risk in a cohort of Greakdsasport caught fish consumers. Environmentalarebse
2015;140:335-44.

[56]Yu YX, Zhang SH, Huang NB, Li JL, Pang YP, Zhang ,X&t al. Polybrominated diphenyl ethers and
polychlorinated biphenyls in freshwater fish fromifiu Lake, China: their levels and the factors thélience
biomagnification. Environmental Toxicology and Chstry. 2012;31(3):542-9.

166



