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Abstract

The number of diabetics is growing every day. In addition to the main risk factors of type 2 diabetes (obesity, age
and etc.) other environmental risk factors such as persistent organic pollutants are also considered.
Dichlorodiphenyldichloroethylene is one of the persistent organic pollutants which are produced by the pesticide
DDT metabolized and its effects of type 2 diabetes are taken into consideration of many investigators.
Inconsistency in the results caused to try to achieve a detailed assessment of the effect of
dichlorodiphenyldichloroethylene on type 2 diabetes by systematic review and meta-analysis. In this review
study after a systematic review, finally 6 prospective and 7 cross-sectional studies were obtained. After
approving the heterogeneity of the studies based on random effect model, it was calculate the mean of odds ratio.
Meta-analysis of the pooled random effects of Dichlorodiphenyldichloroethylene was done with type 2 diabetes
in prospective and cross-sectional studies. In prospective studies, the highest and lowest odds ratio was 6.1
(95%CI: 1.36-27.27) and 1.01 (95%CI: 0.59-1.70) and cross-sectional studies was 5.5 (95%CI: 1.2-25.10) and
0.61 (95%CI: 0.32-1.15), respectively. In the all studies (sum of prospective and cross-sectional), in the random
effect model odds ratio was 1.52 (95%CI: 1.26-1.84) and heterogeneity was 52.1% (Pheterogencity=0-009).
Increasing concentration of Dichlorodiphenyldichloroethylene in the serum and adipose tissue increased the risk
of type 2 diabetes significantly (P<0.001). The results of this review study support the role of
dichlorodiphenyldichloroethylene as an environmental risk factor for type 2 diabetes.

Keywords: type 2 diabetes, dichlorodiphenyldichloroethylene, serum tissue, adipose tissue

43



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 9, No. 2; 2017

1. Introduction

Diabetes is becoming an important public health challenge (DeFronzo, Ferrannini, Zimmet, & Alberti, 2015; Hu,
2011). From 1980 to 2004, the population have diabetes in the United States has reached from 5.8 million to 14.7
million and only in 2004; 1.4 million new diabetics were recognized (18-79 years old) (Surveillance for dental
caries, 2005). High blood sugar due to insulin resistance and beta cell dysfunctions cause a metabolic disease
named Type 2 Diabetes (T2D) (Kahn, 2003). The prevalence of T2D was 2.8% in 2000 and is forecast to reach
4.4% by 2030 (Wild, Roglic, Green, Sicree, & King, 2004). The World Health Organization (WHO) has
predicted that diabetes would be the seventh leading cause of death in 2030 that more than 80% of them live in
the countries with low to moderate income (IDF, 2011). Also, the International Diabetes Federation (IDF) has
reported that in 2013, 382 million human (8.3%) of the world’s population suffered from diabetes that 175
million of them have not been diagnosed and has predicted that almost 592 million human (10.1%) will be
affected to this disease by the year 2035 (IDF, 2011). This increasing process is assigned to the environmental
and genetic factors (Das, 2010; Cornelis, Zaitlen, Hu, Kraft, & Price, 2015). Diabetes risk factors include low
motility, obesity, genetics, race, age, hypertension, high triglycerides and low high density lipoproteins (HDL)
(Katzmarzyk, 2008; Group, 2013). Genetic factors have allocated only 6% of the share of T2D development
(Eichler, Flint, Gibson, Kong, Leal, 2010) and the role of environmental factors in causing the disease are known
(Patel, Bhattacharya, & Butte, 2010). Environmental factors are such as arsenic, persistent organic pollutants
(POPs), Bisphenol A, Phthalates and smoking (Gray, Shaw, Gagne, & Chan, 2013; Lee, Song, Steffes, &
Toscano, 2006; Thayer, Heindel, Bucher, & Gallo, 2012; Taylor, Novak, Anderson, Birnbaum, & Blystone,
2013). Persistent organic Pollutants are included: Organo-chlorinated compounds (tetrachlorodibenzopdioxin
(TCDD or dioxin), polychlorinated dibenzofurans (PCDFs), polychlorinated dibenzop-non TCDD (PCDDs),
dioxins, dichlorodiphenyldichloroethane (DDD) and (PCBs)), Bromine compounds [polybrominated diphenyl
ethers (PBDEs), polybrominated biphenyls (PBBs)], Perfluorescent compounds [perfluorooctane sulfonate
(PFOS)], perfluorooctanoic acid (PFOA), perfluorohexane sulfonate and perflorononanoic acid (Taylor et al.,
2013). Dichlorodiphenyldichloroethylene (p,p’-DDE, CAS#82413-20-5) is one of the products that are
metabolized and is created by hydrogen reduction from DDT. DDT has been widely used in homes and
agriculture as pesticides from 1940 to 1980 (Arrebola, Fernandez, Olea, Ramos, & Martin-Olmedo, 2013). This
pesticide is still used in developing countries (Wendo, 2004). Although it is a long time that the use of
organo-chlorinated pesticide is banned or limited, but due to the high resistance of the metabolized products of
these compounds such as p,p’-DDE, they are still available in different environments and cause the adverse
effects of health. Unlike p,p’-DDT that fast degradable in the environment, p,p’-DDE is resistant in environment
and easily inter and accumulate in the adipose tissue (Dorea, Cruz-Granja, Lacayo-Romero and Cuadra-Leal,
2001). The United States Environmental Protection Agency (EPA) has classified p,p’-DDE in 2B (Probable
Human Carcinogen) (U.S.EPA, 1994) and also it is observed that exposure to p,p’-DDE causes some allergies
such as interleukin-4 through changes in T cells in addition to diabetes (Bilrha, Roy, Moreau, Belles-Isles, &
Dewailly, 2003; Daniel, Huber, Bauer, Suesal, & Conradt, 2002). p,p’-DDE is in sediments and food chain
(Sunyer, Torrent, Mufioz-Ortiz, Ribas-Fit6, & Carrizo, 2005; Wallin, Di Giuseppe, Orsini, Akesson, & Forouhi,
2015; Turusov, Rakitsky, & Tomatis, 2002). The main source of human exposure to p,p’-DDE is through eating
food, particularly fish. Several cross-sectional studies have disclosed the association of POPs with T2D (Lee et
al., 2006 ; Taylor et al., 2013 ; Airaksinen, Rantakokko, Eriksson, Blomstedt, & Kajantie, 2011; Mostafalou,
2016). Some limited prospective studies have also shown that POPs increased the risk of T2D (Arrebola,
Pumarega, Gasull, Fernandez, & Martin-Olmedo, 2013; Rignell-Hydbom, Lidfeldt, Kiviranta, Rantakokko, &
Samsioe, 2009; Turyk, Anderson, Knobeloch, Imm, & Persky, 2009), but the association between p,p’-DDE and
T2D has not been specifically studied. In certain studies, p,p’-DDE is related to T2D (Airaksinen et al., 2011;
Hectors, Vanparys, Van Der Ven, Martens, & Jorens, 2011) and there is not a significant association in certain
studies (Wang, Tsai, Yang, & Guo, 2008). Therefore, we tried to perform systematic review and meta-analysis to
obtain an accurate evaluation of the association between p,p’-DDE in the serum and adipose tissue with T2D.

2. Materials and Methods
2.1 Search and Selection of Studies

A list of titles and abstracts of all articles available in databases such as Pubmed, Scopus, Ovid, Embase and ISI
Web of Science from 2015.10.03 to 2015.10.19 was prepared at first by researchers in order to determine and
select the related titles to be evaluated independently. Then, the papers related to blinding method of initial
evaluation were entered to the process independently. The main inclusion criterion of several studies to this
research is a point to the estimation of p,p’-DDE concentration in different age groups, men and women and
different concentrations and its association between the T2D. The studies that were not a part of initial researches
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or in an unrelated field with the title of T2D and review studies were excluded from this study. In the second step
using a check list of STROBE (Strengthening the Reporting of observational studies in Epidemiology) which is a
standard check list, studies were evaluated. This check list was included 43 various parts and evaluates various
aspects of methodology such as measuring methods, measuring variables, statistical analysis and aims of study.
In this check list, the minimum and maximum obtained scores were considered as 40 and 45, respectively (Von
Elm, Altman, Egger, Pocock, & Getzsche, 2007). Finally, the superior studies which had obtained the minimum
score of 40 were entered into the research and its related data were extracted for meta-analysis. At the end, the
prospective (Cohort) and cross-sectional studies which had studied their association between the concentrations
of p,p’-DDE with T2D, were evaluated accurately. There were no restrictions on the language selection because
of all the main studies were published English language. Also used to the Boolean term “AND” for combination
of the keywords.

The keywords which were used for searching, generally includes the following:

T2D (T2D) and dichlorophenyldichlorodiene (p,p-DDE), phthalates, insulin resistance and T2D, Bisphenol a and
diabetes, men and women, cross-sectional and prospective studies, serum, adult, aged, body burden, high density
lipoprotein, low density lipoprotein and diabetes, diabetes mellitus and dichlorophenyldichlorodiene, adipose
tissue and dichlorophenyldichlorodiene, chemically induced, female and male, health surveys, humans, middle
aged, digestive, polychlorinated biphenyls, toxicity, prevalence and dichlorophenyldichlorodiene, diabetes,
epidemiology, pops cholesterol, health survey, prevalent and dichlorophenyldichlorodiene, triacylglycerol,
disease association, environmental exposure, human, prevalence, priority journal, questionnaire cholesterol,
glucose and dichlorophenyldichlorodiene, lipid, T cell, pesticide and DDE, interleukin-4, DDT, DDT and
dichlorophenyldichlorodiene, accumulate, pesticides, beta-cell function, international diabetes federation, fish
consumption T2D.

2.2 Data Extraction

According to the standard method for data extraction, three independent investigators extracted and shape of the
table all data. Disagreements points about studies resolved by consensus between three investigators.
Information extracted included first author, publication year, study design, concentration of p,p-DDD in serum
and adipose tissue, sample size, odds ratio (OR), confidence interval, P value and population study.

2.3 Data Analysis and Synthesis

All statistical analysis was performed by Comprehensive Meta-Analysis V.2.2.064 software. Heterogeneity index
using the heterogeneity test between the studies was determined by using heterogeneity test. After proving the
heterogeneity of studies based on the effect random model, mean to odds ratio was calculated. Meta-analysis of
pooled random effects p,p-DDE with T2D was done in the prospective and cross-sectional studies. To search
about the heterogeneity of studies, several methods were proposed but one of the most common of them is
drawing a funnel plot (Arlington, 2008). This plot used when the number of the evaluated studies is not less than
10 (Durand, Promotion, & Management, 2008). The forest plot was used in the random model for evaluating the
significance of serum p,p’-DDE and T2D in each study. Since, the number of studies in review studies are low,
the significance level in heterogeneity test is p value<0.001 (Arlington, 2008).

3. Results

From 455 studies (Ovid (n=17), Scopus (n=73), Embase (n=9), ISI web of science (n=196) and Pubmed studies
(n=160) excluded 374 studies were duplicated records and remained 81 ones were reviewed abstract. Then,
excluded Reviews, editorials, commentaries, and case reports (n=24) animal studies and human in vitro or in
vivo studies (n=19) irrelevant exposures or outcomes (n=22). From 16 studies remained that excluded from
review; outcome was type 1 diabetes (n=2) and outcome was diabetes mortality (n=1). Finally, 6 Prospective and
7 cross-sectional studies remained for evaluation (Figure 1).

45



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 9, No. 2; 2017

Literature search in
by ovid (n=17), scopus(n=73),
embase(n=9), ISI web of science
(n=196) and pubmed studies (n=160)

Duplicate records
removed (n=374)

———>
Abstracts
reviewed (n=81)

Abstracts excluded:
Reviews, editorials, commentaries, and
case reports (n = 24)
Animal studies and human in vitro or in vivo
studies (n =19)
Irrelevant exposures or outcomes (n = 22)

|

y
[ Articles retrieved and reviewed

(n=16)

Studies excluded:
Outcome was type 1 diabetes (n = 2)
Outcome was diabetes mortality (n = 1)

Included Studies:

Prospective: 6
Cross sectional: 7

Figure 1. The results of research in databases of Ovid, Scopus, Embase, ISI Web of Science, Pubmed using the
research strategy

In prospective studies, the maximum and minimum odds ratio was for Philibert et al. and Wu et al. (BCS) studies
and in cross-sectional studies was for Rignell-Hydbom et al. (>7 years) and Silverstone et al. (men), respectively.

Mean of odds ratio and heterogeneity was for the all studies OR=1.64; 95%CI (1.22-2.20); Iz=52.1%;
Pheterogeneity=0.009). Mean of odds ratio for the prospective studies (OR=1.64; 95%CI (1.22-2.20); Iz=46.1%;
Pheterogencity=0.063)  was less than cross-sectional studies (OR=1.47; 95%CI (1.13-1.90); 12=47.2%;
Pheterogencity=0-022), respectively (Table 1).

Table 1. Characteristics of studies included in the systemic review and meta-analysis

Type of study  First author Study population Date  OR, (95% CI)
Larebeke et al. (Diabetes) 1.67 (1.25-2.24)
i 775 adults men aged 50-65 years 2015
Larel?§ke et al. (Diabetes or related g y 1.42 (1.15-1.75)
condition)
Turyk et al. (2.3-5.3 ng/g lipid 5.50 (1.2-25.1
i ( ge p .) 515 Fish consumers 2009 ( )
Turyk et al. (5.4-49.2 ng/g lipid) 7.10 (1.6-31.9)
,E Wu et al. (NHL) 1095 women who were free of 1.08 (0.36-3.22)
é Wit et al. (BCS diabetes at blood draw in 2012 1.01(0.59-1.69
2 uetal. (BCS) 1989-1990 01(0.59-1.69)
A 287 participants who
did not have diagnosed diabetes
Turyk et a and did not use thyroid and 2015 2.08 (1.01-4.29)
steroid hormone medications at
the 2004-2005
Philibert et al. 101 participants reported diabetes 2009  6.11(1.37-27.3)
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(fish consumers)
Airaksinen et al. 1988 Participants in the Helsinki 2011  0.88 (0.18-4.35)

Silverstone et al.

i i 0.61(0.32-1.15
(men) 774 Anniston Community, adult > 2012 ( )
18 years
Silverstone et al. (women) 1.42 (1.03-1.95)
Gasull et al. (43375-91090 Ilg/g llpld) 886 Catalan Health Interview 2012 0.8 (04-17)
Gasull et al. (>910.90 ng/g lipid) Survey in Catalonia 0.9 (0.4-1.8)
Arrebola et al. (127.33-266.91 ng/g lipid) . 1.66 (0.53-5.18)
o 386 adults from Southern Spain 2013
Arrebola et al. (>266.91 ng/g lipid) 2.93 (1.01-8.47)
Té Rignell-Hydbom et al. (<lyears) 0.90 (0.57-1.4)
g ngnell-Hydborn et al. (>3 years) 371women, age 50-59 years, 2009 1.50 (08-28)
Q
2 Rignell-Hydbom et al. (>5 years) from the Southern part of Sweden 2.50 (0.97-6.4)
é Rignell-Hydbom et al. (>7 years) 5.50 (1.2-25)
© Codru et al. (Medium tertile) 352 adults, >30 years of age 1.60 (0.5-4.8)
. . [adult Native-American 2007
Codru et al. (Highest tertile) (Mohawk) population] 2.40 (0.7-8.3)
Cox et al. (39.10-58.60 ng/g lipid) 1303 Mexican Americans 20-74 2.43 (1-5.7)
. years of age from the Hispanic 2007
Cox et al. (>58.6 ng/g lipid) Health 2.63 (1.2-5.8)

Participants A total of 2,047
Ukropec et al. individuals (835 men, 1212 2010 1.86(1.17-2.95)
women; age range 21-75 years

4. Discussion

Meta-analysis of data showed that p,p-DDE in serum and adipose tissue was significant positive association
between the T2D.

4.1 Meta-Analysis

In Wu et al. study is as ’=36.8% (Pheterogencity=0.161) although heterogeneity in Wu et al. study has a less
compared to our study, but this heterogeneity was not significant (Wu et al., 2012). Since we try to investigate
more and newer studies in our research, it was expected to have differences in our results compared to other
review articles. Overall heterogeneity was (12:52%, Pheterogeneit: 0.009) in the range of 30-60% hence was
moderate class heterogeneity (Higgins and Green, 2008). Since in most review studies, the number of evaluated
studies was low; so to compensate the low power, significance level for odds ratio and relative risk of p
value<0.001 are considered (Schwarzer, Carpenter, & Riicker, 2015). Although against the cross-sectional
studies, I” was not significant in prospective studies, but generally it can be said that the evaluated studies have a
significant and moderate heterogeneity.
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Study name Statistics for each study 0Odds ratio and 95% CI

Odds Lower Upper

ratioc  limit limit Z-Value p-Value R:::;:
Lazrebeke (Diabetes) 1.670 1248 2235 3447 0001 _.__ 9.45
Larebeke (Diabetes or related condition) 1420 1151 1.752 3274 0.001 _._ 1064
Airaksinen 0.880 0.179 4326 -0.157 0.875 123
Silverstone (Male) 0.610 0322 115 -1.516 0130 B <o
Silverstone (Female) 1420 1032 1954 2153 0.031 _._ 0.03
Arrebola  (127.33-266.91 ng'p) 1660 03531 5190 0871 0383 = 219
Arrebola  (>266.91 ng'p) 2930 1.012 8485 1.982 0.048 - 245
Turvk (2353 ngg 5500 1203 25154 2.198 0.028 133
Turyk (5.4-49 2 ng/e) 7100 1.550 31.703 2.567 0.010 o 137
Rignell (<lyears) 0500 0574 1410 -0460 0.646 + 716
Rignell (>3 years) 1500 0.802 2806 1.269 0.205 — 514
Rignell (>3 years) 2500 0873 6422 1.504 0.057 = 295
Rignell (=7 years) 5500 1205 25104 2201 0.028 L34
Wu (NEL) 1.080 0361 3230 0.138 0.890 234
Wu (BCS) 1.010 0597 1709 0.037 0970 ; 6.20
Codm (Medium tertile) 1.600 0516 4957 0.815 0.415 = 293
Codru (Highest tertile) 2400 0657 8264 1388 0.165 = Lol
Cox (39.10-38.60 ng’s) 2430 1018 5802 2000 0046 - 13
Cox (>38.6 ng'g) 2630 1196 5782 2406 0.016 = -
Turyk 2080 1.009 4287 1.985 0.047 430
Ukropec 1860 1171 29353 2.630 0.009 : 6.99
Philibert 6110 1369 27275 237 0.018 B 137
Gasull (4337591090 ng/s) 0800 0388 1649 -0605 0545 - 20
Gasull (> 210.90 ng'g) 0500 0414 1956 -0.266 0.790 = 291
Random 1527 1.268 1.840 4.463 0.000 ’
0.1 0.2 0.5 1 2 5 10

Figure 2. Forest plot of odds ratio of the T2D in the all studies

In general, the highest and lowest weight percentage was for Larebeke et al. study (diabetes or related condition)
and Airaksinen et al. study, respectively (Figure 2). In prospective studies, the highest and lowest weight
percentage was for Larebeke et al. study (diabetes or related condition) and Airaksinen et al. study, respectively
(Figure 3) and in cross-sectional studies, Silverstone et al. (women) and Rignell-Hydbom (>7 years) (Figure 4).
Difference in weight percentage was induced by difference in confidence interval and the difference in
confidence interval is due to the difference in type of study, number of population and concentration of
p,p’-DDE (Egger, Davey-Smith, & Altman, 2008). Due to the reverse funnel plot in both prospective and
cross-sectional studies, publication bias has not been conducted in the all studies (Begg-Mazumdar test, p
value=0.31) (Rothstein, Sutton, & Borenstein, 2006).

The studies showed that POPs concentration is decreasing in the environment (Rignell-Hydbom et al., 2009), but
it should be noted that firstly, POPs increased the risk of diabetes in obese human by accumulation in adipose
tissue (Lee et al., 2006) and secondly, many of old POPs such as PCBs or DDT and the new ones such as
brominated flame-retardants, perfluorinated compounds, phthalates and bisphenol a have the nature of endocrine
destruction creates a hormone imbalance (Rasier, Toppari, Parent, & Bourguignon, 2006).
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Study name Statistics for each study _Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Larebeke ~ (Diabetes) 1.670  1.248 2236 3.446 0.001 -.- 25.16
Larebeke (Diabetes or related condition)  1.420 1151 1.752 3274  0.001 .- 28.61
Airaksinen 0.880 0.179 4.326  -0.157 0.875 3.07
Turyk (23-53 ng/g) 5500 1203 25154 2198  0.028 —_—— 333
Turyk 2.080 1.009 4.287 1.985 0.047 el 11.00
Turyk (5.4-492ng/g) 7.100 1.590 31.703 2.567 0.010 3.43
Wu (NHL) 1.080 0.361 3.230 0.138 0.890 5.88
Wu (BCS) 1.010 0.597 1.709 0.037 0.970 —;— 16.09
Philibert 6.110 1369 27275 2371 0.018 L 3.43
Random 1.646 1.229  2.205 3.339 0.001 q

0.1 0.2 0.5 1 2 5 10

Figure 3. Forest plot of odds ratio of the T2D in prospective studies

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

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Silverstone (Male) 0.610 0.322 1.156 -1.515 0.130 — 8.13
Silverstone (Female) 1420 1.032 1954 2154 0.031 - 13.04
Arrebola  (12733-266511ng'2) 1.660 0.531 5.190 0.871 0.383 - 3.89
Arrebola  (>26691ng) 3930 1012 8485 1.982 0.048 o 431
Riguell  (Styears) 0.900 0.574 1410 -0.460 0.646 —— 10.89
Riguell - (3 years) 1.500 0.802 2.806 1.269 0.205 —_ 8.30
Rignell ey 2500 0.973 6.422 1904 0.057 0 511
Rignell (-7 years) 5500 1.20525.104 2201 0.028 —— 244
Codru  (Medumterile) 1600 0.516 4.957 0815 0415 0 3.93
Codru  (Hishesttenle)  2.400 0.697 8.264 1.388 0.165 O 3.43
Cox (39.10-58.60ng/2) 2430 1.018 5.802 2.000 0.046 I 5.70
Cox (58 6ng) 2630 1.196 5782 2.406 0.016 . 6.45
Ukropec (992436 ng'e) 1.860 1.171 2.953 2.630 0.009 —— 10.68
Gasull  @n7s90%0 088 pgop 0388 1.649 -0.605 0.545 —t— - 7.13
Gasull  Con0singy) 0.900 0.414 1.956 -0.266 0.790 6.57
Random 1.473 1.139 1.905 2.947 0.003 1‘

0.1 0.2 0.5 1 2 5 10

Figure 4. Forest plot of odds ratio of the T2D in cross-sectional studies

4.2 Comparison Studies

In Larebeke et al. study against women, the incidence of diabetes in men had a positive significant association
between p,p’-DDE concentration (p value<0.001). Although other POPs such as PCB-118 and HCB caused the
increase in the incidence of T2D in men and women, but was no significant association between p,p’-DDE
concentration and diabetes in women (p>0.52) (Van Larebeke et al., 2015). With increasing the concentration of
p,p’-DDE in both studies, the risk of T2D was also increased.

In Turyk et al. (2015), the concentration of Ln-p,p-DD (2 ng/g lipid) was assessed by some diabetes biomarkers
such as C-reactive protein (CRP), adiponectin and Gamma-glutamyl transpeptidase (GGT) in fish consumers.
The results showed that risk of diabetes is significantly increased by increasing p,p’-DDE (Table 1). Geometric
mean of In p,p’-DDE concentration in men (2.19 ng/g lipid) was more than women (1.39 ng/g lipid), so higher
increase in p,p’-DDE in men was due to more eating fish (11% more) (Turyk et al., 2015). In a study by
Azandjeme et al. in the area of Borgou at north of Benin among the residents in linen production area, the
concentration of p,p’-DDE in men and women was 6.68 and 6.08 In ng/g lipid, respectively that women have
less concentration than men similar to Turyk et al. study (Azandjeme, Delisle, Fayomi, Ayotte, & Djrolo, 2014).
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Higher concentration of p,p’-DDE in men was due to more work of men and their more exposure compared to
the women. On one hand, hard work causes more eating and will be followed by more absorption of p,p’-DDE.

In Turyk et al. study (2009) on fish consumers in great sport lake, it was determined that unlike PCB-118 and
total PCBs, the concentration of p,p’-DDE had a positive significant association between T2D. The increase in
concentration of p,p’-DDE cause an increase in the risk of diabetes (Table 1). As Turyk et al. (2015) and
Azandjeme et al. studies in the range concentration of p,p’-DDE of 2.3-5.3 ng/g lipid, the risk of T2D in men
(OR=6.8) was more than women (OR=3.9). In the present study, the concentration of p,p-DDE was much lower
than other studies and there was a question that how low concentration of p,p’-DDE could create an almost equal
risk of diabetes in other studies (Turyk et al., 2009).

Wau et al. study showed that the increase in concentration of p,p’-DDE cannot significantly increase the risk of
T2D in both groups of women with Non Hodgkin Lymphoma (P=0.86) and Breast Cancer Study (P=0.98) (Wu
et al., 2012) similar to Larebeke et al. study that HCB increased the risk of T2D significantly (Van Larebeke et
al., 2015).

In RignellHydbom et al. study and after 7 years from the baseline examination, the increase in concentration
p,p’-DDE [OR=5.5 (1.2-25)] and PCB-153 [OR=1.6 (0.6-4)] increased the risk of T2D (Rignell-Hydbom et al.,
2009). It is while Wu et al. has cited wrong in his article that RignellHydbom et al. has said that only p,p’-DDE
increases the risk of T2D (Wu et al., 2012). Serum concentrations after 7 years from the baseline examination
were 5680+£6160 (pg/ml) and 3890+3770 (pg/ml) in case and control groups respectively that had a higher
difference between case and control compared to the last years (case more than control). Thus, it is expected that
risk of T2D increases.

High OR in RignellHydbom et al. study compared to certain studies except fish consumers (Turyk et al., 2009;
Philibert et al., 2009) due to the effect of other variables such as obesity, sex and etc.

In Gasull et al. study, concentration of p,p-DDE has no significant association between diabetes, but PCBs and
HCB (like Larebeke et al. study and Wu et al. study) increased the risk of diabetes significantly. It is while the
geometric mean concentration of p,p’-DDE was in the range of Turyk et al., but their results were different from
each other (Gasull et al., 2012).

Codru et al. study showed that against the chemical material of Mirex, the increase in concentration of p,p’-DDE
increased the risk of T2D significantly. Also, similar to Gasull et al. study, high HCB increased the risk of
diabetes significantly. The concentration mean of In p,p’-DDE (6.26+6.23 ng/g lipid) was more than Turyk et al.
(2015) study and like this study, the risk of T2D was significantly increased (Codru et al., 2007). Langer et al.
study showed that in the areas with high concentrations of PCB, p,p’-DDE and HCB, impaired fasting glucose
was higher other areas (Langer, Koc¢an, Tajtakova, Petrik, & Chovancova, 2007). Also Cox et al. study like Lee
et al. study showed that concentration of p,p’-DDE in obese human is much more than slim human. On the other
hand, concentration of p,p’-DDE has a significant association between T2D. The mean of concentration of
p,p’-DDE (28.09 ng/g lipid) in this study was several times more than Codru et al., Turyk et al. (2015) and
Azandjeme et al. (Cox, Niskar, Narayan, & Marcus, 2007).

In Philibert et al. study, the mean of concentration of p,p’-DDE was 7.16 ng/g lipid in fish consumers which was
more than the other studies and Turyk et al. (2009) (fish consumers). There was a significant and positive
association between fish consuming and incidence of diabetes, so it has a low weight percentage in forest plot
(Figure 3). Since the concentration of p,p’-DDE in this study is high, the risk of T2D in this study is also higher
than other studies except Turyk et al. (2009). The odds ratio in Philibert et al. and Turyk et al. 2009 studies is
more than other prospective and cross-sectional studies (Figure 3). One of the causes of this difference is fish
consumption in the studied groups. Fish can store a lot of POPs in its tissue (Yu, Zhang, Huang, Li, & Pang,
2012).

In Arrebola et al. study, the geometric mean of In p,p’-DDE concentration in diabetics is 5.49 ng/g lipid. The risk
of T2D increased by increasing p,p’-DDE concentration like other studies. It should be noted that in this study,
only p,p’-DDE in adipose tissue had a significant association between T2D in the random and fixed models
(Arrebola et al., 2013).

Airaksinen et al. study like RignellHydbom et al. study showed that the increase in p,p’-DDE and PCB-153
concentrations cause an in increase in the incidence of T2D, significantly (Airaksinen et al., 2011). Against the
studies of Turyk et al. 2015 and Azandjeme et al. in Airaksinen et al. study, p,p’-DDE concentration had no
significant difference between men (600£18 ng/g lipid) and women (610+16 ng/g lipid) (p=0.64). Since eating is
the main entrance way of POPs to the body (Fernandez-Gonzalez, Yebra-Pimentel, Martinez-Carballo, &
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Simal-Gandara, 2015), so it can be said that type of food and its amount to use has been the same for men and
women in this study. Against the studies of Turyke et al. (2009) and Azandjeme et al. in Silverstone et al. study,
the risk of T2D due to PCBs and p,p’-DDE in women were more than men. The increased risk of T2D with
p,p’-DDE in women and men were significant and insignificant, respectively. The higher risk of diabetes in
women is due to more body fat and following that more accumulation of POPs in women’s bodies, at first.
Secondly, POPs is effective in estrogenic activity of women and following that glucose metabolism (Silverstone
et al., 2012). But amount of exposure has the basic role in the increase concentration of p,p’-DDE, as some
studies showed that concentration of p,p’-DDE in men has been more than women.

POPs induce diabetes through different mechanisms. The most important of these mechanisms include altered
gene transcription, lipid metabolism, insulin production, changes in the insulin signaling pathway (Marchand,
Tomkiewicz, Marchandeau, Boitier, & Barouki, 2005) and altered glucose transport (Tonack, Kind, Thompson,
Wobus, & Fischer, 2007). It should be noted that each above mentioned mechanisms can be done in men and
women. Ukropec et al. study showed that the increase in PCBs and p,p’-DDE increased the risk of T2D
significantly. The range of In p,p’-DDE for p,p’-DDE was 6.08-8.76 ng/g lipid. Against the studies of Langer et
al., Gasull et al., Codru et al., Wu et al. and Larebeke, in Ukropec et al. study no significant association between
HCB concentration and T2D was not observed. This difference in the results due to the lack of consideration of
variables such as age, sex and BMI or low concentration of HCB (Ukropec et al., 2010).

4.3 Limitations of the Study

There are limitations in this study. First, bias may exist for published data; non-English except Persian language
studies were not included. Second, range time research was between 2000 and 2016.

5. Conclusions

Systematic review and Meta-analysis showed that p,p’-DDE in the serum and adipose tissue increased the risk of
T2D significantly (P<0.001). Results of this study, supports the role of p,p’-DDE as an environmental risk factor
for T2D.
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