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Abstract

The biological basis for investigating dichlorodiphenyltrichloroethane (DDT) exposure and breast
cancer risk stems from /n vitro and animal studies indicating that DDT has estrogenic properties.
The objective of this study was to update a meta-analysis from 2004 which found no association
between dichlorodiphenyldichloroethylene (DDE) and breast cancer. We searched PubMed and
Web of Science for studies published through June 2012 assessing DDT/DDE exposure and breast
cancer. Summary Odds Ratios (ORs) with 95% confidence intervals (Cls) were calculated for

the prevalence of breast cancer in the highest versus the lowest exposed groups for DDT and
DDE. Difference of means of exposure for cases versus controls was analyzed for DDT and
DDE. From the 500 studies screened, 46 were included in the meta-analysis. Slightly elevated,
but not statistically significant summary ORs were found for DDE (1.05; 95% CI: 0.93 — 1.18)
and DDT (1.02; 95% ClI: 0.92 — 1.13). Lipid adjusted difference of means analysis found a
significantly higher DDE concentration in cases versus controls (11.30 ng/g lipid; p = 0.01).

No other difference of means analysis found significant relationships. The existing information
does not support the hypothesis that exposure to DDT/DDE increases the risk of breast cancer in
humans.
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1. Introduction:

In the 1940s, dichlorodiphenyltrichloroethane (DDT) became the first modern synthetic
insecticide and was initially used in both military and civilian settings to combat malaria,
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typhus and other insect-borne human diseases, among other uses (ATSDR, 2002). By the
1960s, its use had become global. However, the United States Department of Agriculture
began to implement regulations on many of DDT’s uses in response to research implicating
its reduced efficacy (namely resistance in a number of insect species) and environmental
and toxicological effects (ATSDR, 2002). The U.S. banned DDT in 1972, but its use
continues in places such as Africa, in order to control malaria epidemics (ATSDR, 2002;
Lopez-Cervantes et al., 2004; Smith, 1999).

Despite its ban in many countries, DDT remains persistent in the environment and in the
food chain with a half-life of soil ranging from 2-15 years (ATSDR, 2002; Laden et al.,
1999; Snedeker, 2001). DDT and its major metabolites, dichlorodiphenyldichloroethylene
(DDE) and dichlorodiphenyldichloroethane (DDD), are lipophilic and therefore, have long
half-lives via bioaccumulation in body fat. DDT has a half-life in serum of about 10 years;
the half-life in adipose varies depending on individual fat composition and DDE has an
even longer half-life, estimated at 4.2-5.6 years on a population basis (ATSDR, 2002;
Smith, 1999). It has been suggested that DDT exposure may be associated with breast
cancer because /n vitro and animal studies have shown DDT to have estrogenic properties
(Longnecker et al., 1997). Because increased estrogen levels have been linked with breast
cancer, it is possible that exposure to DDT may increase breast cancer risk (Longnecker et
al., 1997).

In the past twenty years, a number of epidemiological studies have been conducted to
investigate the potential relationship between DDT exposure and breast cancer risk. Wolff et
al. (1993) were the first to find a positive association between exposure to DDE and breast
cancer risk. Many subsequent studies, however, failed to replicate these results (reviewed

in Lopez-Cervantes et al., 2004). The available literature presents heterogeneous study
designs, as shown by the meta-analyses conducted by Lopez-Cervantes and colleagues
(2004). For example, although the biological proxies for DDT exposure have primarily
been blood serum and breast adipose (Lopez-Cervantes et al., 2004), adipose obtained from
biopsy samples taken from the abdomen and buttocks have been used to overcome bias
associated with using benign breast disease control populations (Raaschou-Nielsen et al.,
2005; van’t Veer et al., 1997). Additionally, the methods used to control for the effect

of circulating lipids on serum concentrations of DDT and its metabolites varied across
studies (Lopez-Cervantes et al,. 2004). This lack of standardization across studies presents
a potential reason for the failure to find an association between exposure and breast cancer
risk. Two meta-analysis studies have evaluated the available literature on DDT exposure and
breast cancer risk (Laden et al., 2001a; Lopez-Cervantes et al., 2004). Since the 2004 meta-
analysis, 12 new epidemiological studies investigating the relationship between DDT/DDE
exposure and breast cancer risk were published -- including three nested case-control
studies. Here we present a systematic review and meta-analysis assessing whether the most
recent epidemiological studies support the hypothesis that DDT exposure increases the risk
of breast cancer in the female population using both OR and mean exposure as effect size
measures.

Regul Toxicol Pharmacol. Author manuscript; available in PMC 2024 August 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ingber et al. Page 3

2. Methods:

2.1 Study Selection:

PubMed and Web of Science databases were searched through June 2012 for
English-language publications. The following keywords search strategy were used:
{"breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All
Fields]) OR "breast neoplasms"[All Fields] OR ("breast"[All Fields] AND "cancer"[All
Fields]) OR "breast cancer"[All Fields] Or "mammary glands, human"[MeSH

Terms] OR { ("mammary"[All Fields] AND "glands"[All Fields] AND "human"[All
Fields]) OR "human mammary glands"[All Fields] OR ("mammary"[All Fields] AND
"gland"[All Fields]) OR "mammary gland"[All Fields] And ("ddt"[MeSH Terms]}

OR "ddt"[All Fields] OR "dichlorodiphenyltrichloroethane"[All Fields] or (1[All

Fields] AND 1-dichloro-2[All Fields] AND 2-bis[All Fields]) AND 4-chlorophenyl[All
Fields] AND ("ethylene"[Supplementary Concept] OR "ethylene"[All Fields] OR
"ethylenes"[MeSH Terms] OR "ethylenes"[All Fields])} or {dde[All Fields] OR dimic[All
Fields] OR ("dimethylaminonaphthalene-5-sulfonaminoethylmethylamine"[Supplementary
Concept] OR "dimethylaminonaphthalene-5-sulfonaminoethylmethylamine"[All Fields]
OR "ddns"[All Fields]) OR (("ddt"[MeSH Terms] OR "ddt"[All Fields]) AND
dehydrochloride[All Fields]) OR ("dichlorodiphenyl dichloroethylene"[MeSH Terms] OR
("dichlorodiphenyl"[All Fields] AND "dichloroethylene"[All Fields]) OR "dichlorodiphenyl
dichloroethylene"[All Fields] OR "dichlorodiphenyldichloroethylene"[All Fields]) OR
"dichlorodiphenyl dichloroethene"[All Fields]}

References cited in the selected articles were also reviewed for potentially eligible studies.
Studies were a priori excluded according to the following criteria: 1) commentary; 2)
contained duplicate data (e.g. used the same data/cohort as a study already included in the
pool of eligible studies); 3) did not have date on the control group; 4) did not have exposure
data; 5) did not have breast cancer risk data or that the risk could not be calculated based on
the data available. Also, we excluded studies that were not published in English.

The a priori eligibility criteria of the studies to be included in the analyses are the following:
(i) the paper must examine a correlation between breast cancer and DDT/DDE exposure;
and (ii) the study must have primary human data (e.g. no animal studies, review papers, etc.)

2.2 Data Extraction:

The following data was extracted for each study: Study authors, publication year, country of
study, study years, study design, sample type, mean exposure level and standard deviation,
OR and corresponding 95% ClI, and any factors used for adjustment of mean exposure levels
and/or odds ratios. All data were extracted independently by two authors (F.S. and S.1.).

2.3 Statistical Analysis:

Summary odds ratio and 95% confidence intervals were estimated by comparing the number
of breast cancer patients whose blood DDT/DDE concentrations fell in the highest range
versus the number of patients whose samples had the lowest concentrations. ORs were
pooled based on random-effects (where all studies estimate an average of a distribution of
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true effect size) modeling. Cut points for the different concentration groups varied from
study to study. Thus, the highest versus the lowest exposure groups were determined based
on the specifications within each study. We stratified according to menopausal status to look
for potential differences in breast cancer risk among cases diagnosed with pre-menopausal
versus post-menopausal breast cancer. The literature suggests that there is a difference
between pre-menopausal and post-menopausal breast cancer due to difference in lifetime
exposure to estrogen. Research done by the Collaborative Group on Hormonal Factors in
Breast Cancer (2012) found that premenopausal women had a greater risk of breast cancer
than postmenopausal women of similar age.

For the difference of means analysis, effect size was calculated by the difference between
the mean DDT/DDE exposure of the breast cancer cases and the control group (comparison
group without breast cancer). Each mean difference was weighted according to the inverse
of its variance, and the average was taken (weighted mean difference, or WMD). The
WMD in each study was pooled using a random-effects model. Results are given with 95%
confidence intervals. Data were analyzed using the Comprehensive Meta-Analysis (CMA)
software, version 2.

Between-study heterogeneity in the results of the studies was assessed using a chi-square
test and the /2 measure of inconsistency based on both fixed- and random-effects modeling.
Significant heterogeneity was defined as a chi-square test p-value < 0.1. /2 takes values
between 0% and 100% with higher values denoting a greater degree of heterogeneity (#

= 0-25%: no heterogeneity; /= 25-50%: moderate heterogeneity; /= 50-75%: large
heterogeneity; and /2= 75-100%: extreme heterogeneity) (Higgens et al., 2003). When
heterogeneity was moderate to extreme, we stratified our analysis by study design (case-
control versus nested case-control), by control group (hospital-based versus population-
based), and by sample type (blood serum versus adipose tissue). In addition to stratification
analyses, we conducted also meta-regression analyses against the above covariates as a
comparison measure of heterogeneity.

Case control design study assesses DDT body burdens at or shortly before the time of
breast cancer diagnosis. The clinical diagnosis of cancer is different than the time when
cancer began to develop, and this is particularly relevant for cancers that exhibit a long
latency. Furthermore, the biological monitoring of DDT presents its own potential for
epidemiological bias since serum levels can also be influenced by factors that relate directly
to the outcome of interest such as weight change. The weight loss experienced by cancer
patients in advanced stages will mobilize the DDT/DDE stored in the adipose tissues and
thus increase the serum levels. This potential bias may be overcome with the use of a
nested case-control study design. A nested case-control study depends on the pre-existence
of a cohort that has been followed over time. The cohort is assembled in such a way that
information on exposure is collected on all subjects at baseline before the occurrence of the
disease occurrence, such as blood sample taken and stored. When a case of the outcome

of interest is identified, samples of the cohort who have not developed the outcome by that
time are selected as controls. The advantage of the nested case-control design is that the
most appropriate control group is chosen from members of the same cohort who have not
developed the outcome at the time that they are chosen.
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Publication bias was assessed using the methods proposed by Begg and Mazumdar (1994)
and by Egger et al. (1997). All p-values are two-tailed.

3 Results:

3.1 Study Results:

The initial search yielded 627 studies, 127 of which were duplicates. Of the 500 remaining
studies screened based on title and abstract, we excluded 369 because they did not contain
all of the search query terms pertaining to DDT/DDE and breast cancer. Thus leaving

131 studies for full-text screening. (Figure 1). The eligibility process excluded 80 studies,
leaving 51 studies for the exclusion process. All 51 of these studies were suitable for
qualitative synthesis. Table 1 presents the studies excluded from the meta-analyses — either
based on whether the weighted mean difference or the OR was the effect size, or both, ,
leaving 46 studies for meta-analyses as detailed in Table 2 and Table 3. . Thirty-one of
these studies contained enough information to be included in the difference of means
analysis. Forty of the studies contained enough information for inclusion in the odds ratio
meta-analysis.

3.2 DDE and Breast Cancer:

Overall, the summary odds ratio evaluating the risk of breast cancer from DDE exposure
was slightly elevated but not statistically significant (OR = 1.04; 95% CI: 0.94 — 1.15)
(Figure 2 and Table 4). There was no publication bias among the studies (Begg p-value =
0.09, Egger’s p-value = 0.14) and heterogeneity was moderate (/= 31.14). To resolve this
moderate heterogeneity, the results were stratified by study design and tissue sample. The
OR for the nested case control studies was 0.90 (95% CI: 0.75 — 1.08). Further stratification
of the nested case control by tissue type did not yield significant results (adipose tissue OR
=0.70, 95% CI: 0.45 - 1.08; and blood serum OR = 0.95, 95% Cl: 0.78 — 1.17). The OR
for case control studies was found not significant (OR = 1.11; 95% CI: 0.98 — 1.25), and
stratification by tissue sample indicates no association (Table 4) Interestingly, stratification
by blood serum case-control studies showed a statistically significant higher odds of having
breast cancer in the highest exposed group compared to the lowest (OR = 1.15; 95% ClI: 1.01
—1.39). One potential explanation for this significant outcome is that case-control studies
exhibited higher heterogeneity than the nested case-control studies. Heterogeneity analyses
using meta-regression with random effects yielded null log-likelihood ratio p-values as well
as low t2values also indicating that there was moderate heterogeneity (Table 5).

For the DDE and breast cancer difference of means meta-analysis, results were stratified

by whether or not the study was lipid adjusted or not. In the studies that reported exposure
levels unadjusted for lipids, the differences of means between cases and controls was null
(0.45 ng/mL, SE = 0.85, p = 0.60) (Table 6). Heterogeneity was high in these studies, even
after stratifying for design, control population, and difference of means rank. There was not
a publication bias reported in these studies (Begg p-value = 0.83, Egger’s p-value = 0.58).
For the lipid adjusted studies, there was a statistically significant higher DDE concentration
in cases compared to controls (110.30 ng/g lipid, SE = 44.94, p = 0.01) (Table 6).
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3.2.1 DDE and Menopausal Status Analysis: Stratification based on menopausal
status found no statistically significant higher breast cancer risk for either pre- (OR = 1.165,
95% CI: 0.98 — 1.48) or post-menopausal (OR =1.23, 95% CI: 0.94 — 1.61) stratification
(Figure 3). We also found no heterogeneity (/= 0.00) for both pre- and post-menopausal
stratification. We did not find any publication bias (Begg’s p-value — 0.44, Egger’s p-value =
0.43).

3.3 DDT and Breast Cancer:

Overall, the summary odds ratio for DDT exposure and breast cancer was slightly elevated
but not statistically significant (OR = 1.02, 95% CI: 0.92 — 1.13) (Table 4). There was

no publication bias found (Begg’s = 0.23; Egger’s = 0.12); however, there was high
heterogeneity (/= 64.49). Stratification by study design yielded similarly null results
(Nested case control OR = 0.85, 95% CI: 0.56 — 1.28; Case Control OR = 0.99, 95%

Cl: 0.99 - 1.00). And further stratification by tissue sample type yielded comparable
results. This stratification by study design and tissue sample showed that the high level of
heterogeneity we observed was solely due to the Nested Case Control studies (Case Control
F =0.00; Nested Case Control /= 70.76). .

Similarly to the DDE and breast cancer difference of means meta-analysis, results for DDT
and breast cancer difference of means analysis were stratified by whether or not the study
was lipid adjusted or not. In the studies that reported exposure levels unadjusted for lipids,
the differences of means between cases and controls was null (0.45 ng/mL, SE = 0.37, p
=0.23) (Table 6). In the lipid adjusted DDT studies, there was no difference in exposure
between the cases and controls (—=0.09 ng/g lipid, SE = 0.08, p = 0.28) (Table 6).

3. Discussion:

The results of this meta-analysis showed that the most recent body of literature does not
support a relationship between DDT/DDE and breast cancer risk. We found that those
exposed to the highest levels of DDT and DDE compared to those exposed to the lowest
levels had a slightly elevated but not statistically significant risk of breast cancer (DDE
Summary OR = 1.04, 95% CI: 0.94 — 1.15; DDT Summary OR = 1.02, 95% CI: 0.92 —
1.13). Although breast cancer patients had slightly elevated levels of DDE, the null summary
OR does not indicate that DDE exposure is associated with breast cancer risk.

Overall, we observed moderate to high levels of heterogeneity among the mean exposure
data even after stratification by study design and sample type. For example, even after
stratifying by type of control group, tissue type and difference of means rank, the high
degree of heterogeneity of the case control studies that presented mean lipid unadjusted
DDE serum concentrations could not be resolved. One possible explanation for the
heterogeneity among the mean exposure studies data is the fact that mean exposure
represents a crude effect measure that is unadjusted for other confounders, such as exposure
level and genetic markers for breast cancer. The moderate heterogeneity observed in the OR
studies could be attributed to the large variety of adjustment factors. We found a lack of
standardization with regard to the combination of factors accounted for in the adjustment of
the crude OR among the studies used in this meta-analysis.
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The quality of chemical exposure assessment may be a cause of heterogeneity. There were
differences on specificity and sensitivity in the methodology used to assess DDE or DDT
level in tissues. These factors may affect the results of the difference of means analyses

by creating between-study heterogeneity by influencing the differences between the highest
versus lowest exposure groups. However, the quality of the exposure assessments would
have a minor impact on the pooled OR analyses, since this is a unit-less measure (ratio)
comparing highest vs. lowest exposure group in the same cohort, and therefore enables
comparison across studies.

Despite the fact that the most common methodological approach used in the studies
included in this meta-analysis was the case control design, which has the disadvantage that
DDT/DDE tissue levels at diagnosis may be considerably different than those at the time of
cancer onset, we found little indication that the study design was related to the conflicting
results in the studies analyzed. Our results support the notion that the nested case-control
design, which depends on the pre-existence of a cohort that has been followed over time,

is the preferred method when looking for a causal relationship between exposure and
disease risk because these studies generally showed lower levels of heterogeneity than the
case-control studies. However, both study designs showed low to moderate heterogeneity,
supporting the idea that the study type did not affect our results. Additionally, we found
only limited evidence that sample type may affect results. Stratifying the OR analysis for
DDE and breast cancer by blood serum samples within the case control studies yielded a
statistically significant association between DDE and breast cancer (OR = 1.15, 95% CI:
1.01-1.32). However, there was high heterogeneity among these studies indicating that there
may be other factors affecting these results.

The inconsistency found among the epidemiological studies included in our meta-analysis
could be due to confounders that distort the relationship between DDT/DDE exposure and
breast cancer risk. Many of the studies adjusted for common variables (i.e. age, BMI,
family history of breast cancer, etc.) (Table 2 and 3). However, not many of the studies
adjusted for breast feeding and diet, both of which have been related to DDT/DDE body
burden (Bradman et al., 2007). Lactation has been shown to help eliminate body levels

of DDT/DDE in addition to helping decrease the risk of breast cancer. It is known that
DDT/DDE remains in the food chain despite its ban, thus exposure through diet is a
common problem (Laden et al., 1999; Snedecker, 2001). If studies do not account for
these confounding variables, then the results may be skewed. Because we stratified our
analysis and found generally low heterogeneity among our results, this lack of control for
these variables does not seem to be significant. However, this is not enough to dismiss the
possibility of differences among studies being explained by confounding variables.

Recently, there has been increasing indications that the age at which one is exposed to
chemicals such as DDT may play a direct role in one’s risk for a disease. Organotins, such
as tributylin, are a good example of this. There has been much evidence suggesting that
exposure to organotins /7 utero can act as a causative agent for obesity in adulthood through
epigenetic changes that alter transcription in the adipogenesis pathway (Griin et al., 2006).
Because of this perceived mechanism, more research has begun to investigate how chemical
exposure at different ages can differentially affect disease progression and expression. Cohn
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et al. (2007) reported that exposure to DDT before the age of 14 significantly increased

the likelihood of developing breast cancer. They looked at a cohort of individuals who had
blood samples drawn when DDT was still used in the United States (1959-1967), ensuring
that the exposure level would be high among all of the individuals. They found a significant
increase in the level of DDT within the cases of their cohort (those who developed breast
cancer) as compared to their age-matched controls; however, this significance was found to
be derived primarily from the group of cases who were younger than 14 at the time of the
highest DDT exposure. This suggested that age at exposure to DDT has a direct effect on the
prevalence of breast cancer within a population, providing further evidence that effects from
environmental exposure may be influenced by the stage of development during exposure.

In a review paper, Cohn (2003) notes that DDT and DDE can cross into the placenta during
pregnancy, thus representing a potential mechanism for fetal exposure. Moreover, a number
of studies support the hypothesis that breast cancer may have fetal origins. For instance,
higher birth weight and exposure to synthetic estrogen /in utero appear to be associated with
an increased risk of breast cancer (Michels & Xue, 2006; Palmer et al., 2006). However,
fetal characteristics such as birth weight are indirect measures of the relationship between
in utero development, hormonal exposures and breast cancer risk; furthermore, these studies
are unable to pinpoint specific developmental events during which exposures to hormones,
organochlorine pesticides, and other estrogenic substances may initiate future breast cancer
development (Troisi et al., 2007). This represents a significant gap in our understanding

of disease progression related to age at time of exposure and supports the need for more
research to be done within this area.

The idea that exposure during specific developmental windows may affect the prevalence
of a given outcome is further supported by the relationship between DDT/DDE exposure
and age at menarche. Ouyang et al. (2005) used a cross sectional study of 466 women in
China to show that women exposed to the highest quartile of DDT/DDE had a statistically
significant lower age at the time of menarche than those exposed to the lowest quartile. This
study is important to note because DDT was not banned in China until 1984; the women

in this study were 21-34 years of age at the time of blood sample collections in 1998.
Therefore, these women were exposed to high levels of DDT from birth for between 7 and
21 years when DDT was being used as well as exposure to remnants of the chemical after
the ban since DDT is persistent in the environment. Furthermore, it has been shown that

an earlier age of menarche statistically increases the risk of breast cancer (Collaborative
Group on Hormonal Factors, 2012). This supports the idea that early exposure /n utero and
during childhood and adolescence to DDT/DDE and other environmental toxins may lead
to an increased risk of disease by acting to affect normal developmental stages. Because

not many of the studies incorporated into our meta-analysis controlled for age of menarche,
there may have been an understatement on the risk of exposure due to confounding. Future
studies should make attempts to control for this factor as well as the age of exposure in order
to take into consideration the mass of new information relating developmental stage during
exposure and the potential for an increased risk of adult-onset diseases.

A limitation of the OR pooled analyses is that the chemical blood burden range defining the
lowest referent group, as well as the highest level group, is different across the studies. This
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is based on the time the study was conducted, and reflects, also, the policies regulating the
use of the chemicals: for example, the level of exposure to DDT has dramatically decreased
in US since the use of DDT was banned. However, the high and low group are based on the
exposure level of the investigated cohort, and since the OR are unit-less measure, the pooled
OR across the studies still has its merit.

Another potential limiting factor of this study is that it does not rule out the possibility that
exposure to mixtures of DDT and other organochlorine pesticides and common chemicals
with estrogenic properties may pose an increased breast cancer risk. Some recent /n vitro
studies suggest that interactions between these chemicals, endogenous and/or exogenous
hormones, and their ligands and receptors may lead to homeostatic changes in hormonal
concentrations in mammary tissue that can induce malignant conversion of cells (Aube
etal., 2011; Valeron et al., 2009). While our systematic review yielded some studies
evaluating breast cancer risk associated with exposures to other chemicals such as PCBs,
HCB, beta-HCH, Dieldrin, and trans-nonachlor, they failed to examine the breast cancer risk
associated with these combined chemical exposures. For example, in their population-based
retrospective study, Boada et al. (2012) found that 24.3% of their breast cancer patient blood
samples contained a mixture of aldrin, DDE and DDD not found in healthy subjects, but

the breast cancer risk associated with exposure to the mixture was not calculated. Thus, the
relationship between breast cancer and mixtures of pesticides and other chemical mixtures
represents an important area in need of further investigation.

The results of our meta-analysis do not support an association between DDT and DDE
exposure and the risk of breast cancer. Although we cannot completely rule out a very small
effect from exposure, based on previous findings in similarly conducted meta-analyses as
well as the high number of studies that we were able to analyze, we believe that this study
further confirms the evidence against a relationship between DDT and breast cancer risk.
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Table 4 —

Overall ORs for Breast Cancer Risk and DDT/DDE levels

Page 25

Publication bias
tests (p-value)

No of Heterogeneity Begg
Studies included Studies OR (95% CI)  y2testp-value 12(%) (corrected) Egger
All DDE 38 1.04 (0.94-1.15) 0.020 31.72 0.09 0.14
Case Control 27 1.11(0.98-1.23) 0.025  38.26 0.23 0.06
Adipose Tissue 7 0.89(0.65-1.22) 0.090 5251
Blood Serum 20 1.15(1.01-1.32) 0.022  34.68
Nested Case Control 11 0.90 (0.75-1.08) 0.015 12.21 0.016  0.008
Adipose Tissue 1 0.7 (0.45-1.08) 0.00 0.00
Blood Serum 10 0.95(0.78-1.17) 0.006 0.00
AllDDT 18 1.02(0.92-1.13) 0.384  64.49 0.23 0.12
Case Control 12 0.99 (0.99-1.00) 0.00 0.00 0.37 0.26
Adipose Tissue 3 1.04(0.92-1.17) 0.00 0.00
Blood Serum 9 0.99(0.99-1.00) 0.00 0.00
Nested Case Control 6 0.85(0.56-1.28) 0.325 70.76 0.35 0.26
Adipose Tissue 1 0.60(0.33-1.10) 0.00 0.00
Blood Plasma 1 0.99(0.47-2.08) 0.00 0.00
Blood Serum 4 1.38(0.59-3.25) 0325 70.76
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Table 5 —

DDE Meta-Regression with Random Effects - Estimates of Hetereogeneity Based on OR Effect Sizes

Between-study

Covariate variance (t?) LLR" df p(LLR*)
Study Design 0.1183 242713 1 NA
Study Date 0.1183 242741 1 NA
Tissue Type 0.1183 27965 1 NA
Control Type 0.1182 139292 1 NA
Design + Study Date + Tissue + Control ~ 0.0923 384457 1 NA

*
LLR = log-likelihood ratio
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Table 6 —

Overall Difference of Means Values for Breast Cancer Risk and DDE/DDT exposure

Publication bias
tests (p-value)

Noof  Diff of Means Heterogeneity Begg
Studies Included Studies (SE) p-value x?testp-value 12(%) (corrected) Egger
All DDE
Lipid Adjusted 13 110.30 (42.94) 0.01 0.092  89.32 0.012 0.09
Adipose Tissue 5 332.34(195.02) 0.09 0.249  88.89
Blood Serum 8 98.99 (44.02) 0.03 0.045 85.24
Lipid Unadjusted 14 0.45 (0.85) 0.6 0.080  85.68 0.28 0.33
Case Control 11 0.31 (0.98) 0.75 0.096  87.15
Nested Case Control 3 0.86 (1.71) 0.62 0.049  79.26
All DDT
Lipid Adjusted 7 -0.09 (0.08) 0.28 205870.69  96.20 0.50 0.08
Adipose Tissue 1 -0.18 (0.25) 0.48 421989.24  95.26
Blood Serum 6 -0.08 (0.08) 0.37 788499  56.76
Lipid Unadjusted 4 0.45 (0.37) 0.23 609.35  94.28 0.15 0.29
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