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Background 

• A number of toxicological and epidemiological studies 
investigated the association between exposure to 
Endocrine Active Compound  (EAC) and health outcomes, 
but a recognized and agreed methodology to evaluate the 
strength of such associations is still lacking. 

• Two recently published reports provided a general overview 
of the health effects of EACs: 

• Bergman A et al., 2013. State of the Science of Endocrine 
Disrupting Chemicals-2012. WHO 
(http://www.who.int/ceh/publications/endocrine/en/). 

• Kortenkamp A et al., 2011. State of the art assessment of 
endocrine disrupters. Final report. European Commission, 
Directorate-General for the Environment (Project Contract 
No. 070307/2009/550687/SER/D3). 
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http://www.who.int/ceh/publications/endocrine/en/


Aims of the project LRI-EMSG58  

• Aim 1: To Define a systematic evaluation scheme to 
assess the quality and reliability  of epidemiological studies 
reporting health effects related to exposure  to endocrine 
active compounds (EAC) in humans.  

 

• Aim 2: To develop a methodology to evaluate health effect 
claims identified in the epidemiological studies, and their 
relevance to EAC exposure by using experimental 
pharmacological and toxicological data, for selected 
exposure-outcome pairs. 

 



Aim 1 – Project’s team 
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Epidemiologists 

• Carlo La Vecchia  

• Eva Negri 

• Valentina Guercio 

• Rossella Bonzi 

• …various collaborators 

Toxicologists 

• Angelo Moretto 

• Francesca Metruccio 

• Luca Tosti 

• Emilio Benfenati 

• …various collaborators 



Aim 1 - quality evaluation on epidemiologic studies 
cited by: 
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Kortekamp et al, 2011 

Bergman et al, 2013 



Quality of individual studies 

Evaluation of 3 aspects 

• Risk of bias/quality of study 

• Quality of report 

• Suitability for quantitative risk assessment 

 

Evaluation made at the study level (when a study 
investigated multiple exposures/outcomes or used 
different tools to measure exposure/outcome we 
chose the best evaluation) 
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Quality of individual studies 

Includes 3 (4) types of studies: 

• Case-control studies 

• Cohort studies 

• (Randomized clinical trials - excluded because 
only very few were available on drugs – HRT - or 
phytoestrogens only) 

• Systematic reviews 

 

Excluded:  wildlife, experimental, narrative reviews, 
cross-sectional, ecological 
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Risk of bias/quality of study 

 

Tools used for evaluation 

 

• Newcastle -Ottawa for case-control studies 

• Newcastle -Ottawa for cohort studies 

• (Cochrane Risk of bias tool for RCT) 

• AMSTAR for Systematic reviews 
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Newcastle - Ottawa for case-control studies 

Selection 

1) Is the case definition adequate? 

a) yes, with independent validation * 

b) yes, e.g. record linkage or based on self reports 

c) no description 

2) Representativeness of the cases 

a) consecutive or obviously representative series of cases  * 

b) potential for selection biases or not stated 

3) Selection of Controls 

a) community controls * 

b) hospital controls 

c) no description 

4) Definition of Controls 

a) no history of disease (endpoint) * 

b) no description of source 
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Newcastle - Ottawa for cohort studies 

• Comparability 

• 1) Comparability of cohorts on the basis of the design or analysis 

• a) study controls for the most important factor * 

• b) study controls for any additional factor * 

• Outcome 

• 1) Assessment of outcome  

• a) independent blind assessment * 

• b) record linkage * 

• c) self report  

• d) no description 

• 2) Was follow-up long enough for outcomes to occur? 

• a) yes (select an adequate follow up period for outcome of interest) * 

• b) no 

• 3) Adequacy of follow up of cohorts 

• a) complete follow up - all subjects accounted for *  

• b) subjects lost to follow up unlikely to introduce bias - small number lost , or description 
provided of those lost * 

• c) follow up rate < ____% (select an adequate %) and no description of those lost 

• d) no statement 
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AMSTAR for systematic reviews 

1. Was an ‘a priori’ design provided? 

2. Was there duplicate study selection and data extraction?  

3. Was a comprehensive literature search performed? 

4. Was the status of publication (i.e. grey literature) used as an inclusion criterion? 

5. Was a list of studies (included and excluded) provided? 

6. Were the characteristics of the included studies provided? 

7. Was the scientific quality of the included studies assessed and documented? 

8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 

9. Were the methods used to combine the findings of studies appropriate? 

10. Was the likelihood of publication bias assessed? 

11. Was the conflict of interest stated? 

 

Answers: Yes/No/Can’t answer/Not applicable 
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Quality of report – guidelines for reporting 
(only, no tools for evaluation) 



Quality of report 

The Strobe statement is a set of 22 
recommendations aimed at those who have 
to write a report of an observational study 
(case-control/cohort) 

From Strobe we derived a 15 item tool to 
evaluate the quality of the report of case-
control and cohort studies. 
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Quality of report 

The PRISMA report is a set of 27 
recommendations aimed at those who 
have to write a report of systematic 
review. 

From PRISMA we derived a 20 item tool 
to evaluate the quality of the report of 
systematic reviews. 
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Suitability for quantitative risk assessment 
(case-control and cohort studies) 
 



Vlaanderen et al, 2008 
17 



Vlaanderen et al, 2008 

Tier 1 -  Included if all answers are 

YES 
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Chemical quality evaluation 

Papers have been assessed to evaluate if the 
information about the real exposure was credible. 

We (Dr. Benfenati) considered the following steps 
for each paper: 

·   Quality of the analytical methodology (GS-MS, 
GC-ECD, ICP-MS, etc,) 

·   Correctness of the matrix to evaluate Endocrine 
Disruption and associated effects (urine, serum, 
etc.) 
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Database of epidemiologic studies 

We created a simple and easy-to-use database with MS 
Access, including the following sections: 
 

• Bibliographic reference and study design 

• Study characteristics 

• Classification of exposure and description of exposure assessment 
method 

• Classification of outcome 

• Quality of individual studies 

• Quality of report 

• Suitability for quantitative risk assessment of observational studies 

• The DB is itself a deliverable of the project, and 
can be easily be used in other circumstances.  

 
20 



Database example: bibliography & study 
design/characteristics 
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Database example: exposure & outcome 
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Database example: quality/risk of bias evaluation 
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Database example: report quality and suitability for 
QRA 
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Summary of evaluated studies 



Conclusions on quality evaluation 

• Lack of validated tools to evaluate quality of epidemiologic 
studies 

• The exclusion of study designs less suitable to assess 
causality (e.g. cross-sectional, ecologic) limited the number 
of available studies 

• The overall quality of studies is not optimal. 

• If only high quality studies are considered the available 
information is approximately halved 

• Only 60-70% of studies is suitable for QRA (including 
average quality ones) 

• Not all studies cited show a clear unfavourable association 

• Completeness of quotations needs to be evaluated 
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Conclusions on quality evaluation 

Given the variable quality of epidemiological studies 
and the heterogeneity of results in several instances, 
only well conducted systematic (non narrative) reviews 
on each specific topic can provide a clear evaluation of 
the epidemiologic evidence.  

They need to examine the whole epidemiologic 
literature, considering its strength and weaknesses, 
and applying, whenever possible, appropriate methods 
to establish quantitative dose-response relations. 
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Aim 2. Methodology to combine epidemiological and 
toxicological evidence for selected exposure-outcome 
pairs 

On the basis of both epidemiological and toxicological 
considerations, we developed criteria for selecting 8 EAC-
health outcome pairs to be evaluated in depth.  

 

For each exposure-outcome pair: 
 

• Relevant toxicological studies were identified by an extensive literature 
search.  

• The quality of toxicological studies was assessed using the criteria 
outlined by Klimisch et al. 1997.  

• A database for toxicological studies was also developed   

• A systematic review of the epidemiological evidence was independently 
conducted.  

• Quality evaluation was performed as described before 

 



Tox Database example: study data table 
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Tox Database example: study data table 
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Use of the Epid-Tox Framework 
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Epid-Tox Framework – Steps 1 and 2 
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Step 3 – Weight of evidence evaluation 

• Evidence of an effect in toxicology 

• MoA analysis to determine human 
relevance 

• MoA relevant → high plausibility 

• MoA not relevant → low plausibility 

• Evidence of an effect in epidemiology 

• Guidelines for causal association 
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Step 4 – Assign a scalable conclusion 

• Scaling of strength for both evaluations 

begins at the center of the scale 

• In both cases, the evaluation should be 

explicit and quantitative 

• Need to separate absence of evidence 
from evidence of no effect 
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Step 5 - Determine placement in a causal 
relationship grid 



Scheme of Epid-Tox Framework 
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PFOA, PFOS and birth weight (BrthW) 

• Perfluorooctanoic acid (PFOA) and  

perfluorooctane sulfonic acid (PFOS) have been 

used since the 1950s in a wide variety of industrial 

and consumer applications, due to their water- and 

lipid-repellent properties 
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Literature sesarch for epidemiology 

38 
BW, birth weight; LWB, low birth weight;  
SGA, small for gestational age  



PFOA and BirthW in humans 
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PFOA and BirthW in humans 
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Variation of weight at birth after in utero 
exposure to  PFOA in rodents 

Weight decrese is generally observed at doses over 1mg/kg with appreciable 
falls at highest doses 

TOPI 
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PFOS and BirthW in humans 

42 



PFOS and BirthW in humans 
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Rat, Mice PFOS oral exposure and 
body weight/fetal weight 
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Conclusions PFOA-PFOS 

• The epidemiological and toxicological evidence 
suggests that PFOA and PFOS interfere with 
intrauterine growth and elicit a decrease in BirthW 
in humans and rodents.  

• However, the effect in animals is evident at 
extrapolated serum concentrations 102-103 times 
higher than those observed in humans.  

• Thus, toxicological evidence supports 
epidemiological one qualitatively, but not 
quantitatively.  

• Pharmacokinetic differences between species 
hamper comparison of rodent and human data.  
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PFOA and BW 
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Phtalates AND cryptorchidism/hypospadias 
AND ano-genital distance (AGD) 

• In vivo results in rodents are consistent 
regarding AGD and testicular 
testosterone levels. 

•  Dose response curve compatible with 
a non monotonic shape.  



Phtalates AND cryptorchidism/hypospadias 
AND ano-genital distance 

• The small size of epidemiologic studies 
on hypospadias and cryptorchidism, 
coupled with the high number of 
investigated compounds/metabolites, 
and the use of different biological 
matrices hampers conclusion on an 
association between exposure and 
outcome. 



Phtalates AND cryptorchidism/hypospadias 
AND ano-genital distance (AGD) 

• There is an inverse association between 
phtalates exposure in utero (mainly DEHP) 
and AGD, in humans and rodents, although 
the threshold effect found in rodents needs 
further investigation in humans. 

•  A clearer definition of the differences in 
toxicokinetic between mice, rats and 
humans would allow a quantitavive 
comparison between rodents and humans. 



Hexachlorocyclohexanes (HCCH) and 
hormone-related cancers 

• Toxicological studies did not show  increased risk  
of hormonal cancers in α,β,δ,γ-HCCH exposed 
animals  

• Some studies found effects on mechanisms 
involved in carcinogenesis, such as the ability of α- 
and δ- HCCH isomers to interact with the human 
androgen receptor in vitro as antagonist (prostate 
cancer), of β- and γ-HCCH to increase 
angiogenesis on mammary gland cells in vitro, and 
of γ-HCCH to interfere with testicular steroido 
genesis both in vitro and in vivo. 



Hexachlorocyclohexanes (HCCH) and 
hormone-related cancers 

• Epidemiologic studies found inconsistent results 
for breast cancer in relation to various HCCH 
isomers.  

• The 5 studies investigating testicular cancer found 
no consistent associations. 

• For prostate cancer, most studies reported 
significant positive association with β- and γ-
HCCH.  

• Few studies were available for other hormone-
related cancers.  



Possible developments 
 

 

• Testing the Epid-Tox framework in other 
circumstances 

• Compare it with other proposed frameworks 

• Try to better formalize the «scalable 
conclusion» in the Epid-Tox framework 
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THANK YOU 
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