
Table 1 Overview of Guidance Systems for the Quality Evaluation of Human Studies 

Guidance Criteria IRIS RoB• CHAT• STROBE 
Money et 
al. (2013)" 

Navisatlon 
Guldeb·• 

Studv Objectives Report Report 
Studv Design and Setting (e.g., Date. Location) Report Report Report 
Participant Characteristics 
(e.g .. Age, Race, Sex, Eligibility Criteria) 

Report Report Report' 

Study Size Report Report Report 
Sufficient so that estimates not subject to high Y/N 
Imprecision 

Consistent Recruiting Methods Score 
Studv Power Analysis Report 
Bllndlng 

Participants Score Score 
Outcome assessors Score Score Score 

Participation Rate/Attrition Report Report 
Attrition similar across groups Sc:ore Score 
Loss to follow·UP minimized Score Score Y/N 
Potential for selection bias Discuss 

Inclusion/Exclusion Criteria Report 
Comparison Groups Report Report 

Similar to cases/exposed Score Score 
Statistical Methods Score Score Report 

Aopropriate techniques Y/W 
Data Sources Report 
Data Measurement Methods Report Report Report 
Sources or Blas and Confoundlng Discuss Discuss Report 
How Confounding and Blas Addressed Report, 

Score 
Report, 
Score 

Report Score 

Co·exoosures controlled for Score Score 
Possibility for bias reduced through design° Y/N• 

Exposure Characterization 
Exposure levels and unit of measurement Report Report Report 
Measurement sensitive and aootied consistently Score Score Score 
Exposure assessment made Independent of Y/N 
outcome• 

Validated Outcome Assessment Methods Score Score Report Y/N 
Outcome assessed Independent of exposure status Y/N 
Potential for outcome misclassification Discuss 

Adherence to Study Protocol Score Score 
Study Results Report RellOrt Report Report Re13ort 

Detailed results, adjusted & unadjusted analyses Report Report ReDort Report 
Results of sensitivity or other analyses Report 
All measured outcomes reported Score Score Score 

Limitations Report Report 
Interpretation Report 

Unambiguous interpretation' Y/N 
Generalizablfitv Discuss Report 
Funding Source/COi Statement Report Report Report Score 
"Other" Bias Score 

Notes 
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COJ =Co~~!~~~f:l~_tfi~i~:lR..IS RoB =l~tegrated Rlsk:t~Jo$atlon s~~te!'i' :R.tsk or Blas; OHAT =The Office of Health Assessment 
and Translatlonr(Part of the National Tolllcolocv Program);_STROBE'•· Strengthening the Reporting of Observational Studies In 
Epldemlology., •·· · ·· 
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questions In' the 11RIS RoB framework); Report • Reporting Requirement; Score =Scored for category based on the extent 
that tssuu.were ;id~ressei:i; Y/N:= Crlterii ·Fulfllled (l.e.;,!'Yes" or "No~)!,
Sources· · ·•• ·~ 

IRIS Roi .=i:is'EPA'(iol3; 2014). 
OHAT~:NTP (i0l3a.b)~ · 
STROBE i:'van e1ri\'er'a1. {zoo~a-ei.i 
Navlption'<iJ1'de·;,,·Ko~stas et al. 1io14.'2013); wooCin.ii'f and Sutto1f[20l4); Johnson et al. (2014), lam et al. (20141. 

• Indicates a criteria (or system) that is speclftally stated as a risk of.bifs consideration. All the ctlterla In tha IRIS, OHAT, ind 
Navlgatl~ff~.illd~1PPJ~Ch~! ~·re con~td!f.ed risk o(b~S:'~~'i;ies. '·lJle:o]ly '1!xception Is the "Generall1ablllty" criteria for IRIS. 
which Is discussed In the context or study quality In US EPA's original guidance document (US EPA, 2013). 
(a) The qualify.ciiteril'below are spedflc io Monev ii'?I: (20131; ·the authors also state that all methodology and resulu should 
be "compft.fl!ii~~~l~;il~ !~'!~paref!tlY".fe~ed !.c~¥!~1 to °i\!.l~~H~.es such as the STROBE guldellnes. If aH the criteria 
detailed ln-_thls itable are fulfllled, overall, the study:1s:consldered ' ~rdable without restriction.• Money et of. (2013) also 
provide guldellnes·for overall ranking of. a· study If 50me Crlterla are mlssicr. which correspond with overall ratings of "rellable 
with rest"rt.~i~:: "-~~!~~~la~t~: ~r "nA(i!}lgnable.• . ~ . . ... . . .. ~ 
(b) The Navlgat1or1 Gulde 'was orlglnally developed.for;sy~tematlnevlews of animal studies, but It has also been applied for 
epfdemlo10gy studies In a. systematic re-iiew of perfluorlnaied co~0utU:fs(Johnson et al., 2014). 
(c) The '~~~9r~st)pf!\~!e"i~~ this 1f!f0.r!ii.!ltlon shoUI~ ~!·P~fvlde~c! ii'P.mtely for cases and controls In case-control studies or 
exposed and unexposed groups Iii cohort/cross-sectlonill studies. 
(d) Through statistical me.thods or sensli!Vitv analys8.-·- ·, 
(e) Autt\Ofs emPtlaSJiil'tne lmportahte,•of well-esiablishea, validated, quantitative exposure assessment methods at the 
lndlvlduaile~efwlth as ·nnf~~measure;.nent error as pos~itile: -- --
{f) Metliods.(ani:i, ,thus, ,results) are W!tiio'ut apprecl~bil'.'ifmltatlons;·suc.h ·that the reader Is able to draw causal Inference with 
respect tftt)~-~P~~~~ .i!.'ld _outcom~ ii~~er corulder.i!I~; 

­
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Table 2 Overview of Guidai1ce Systems for the Quall Evaluation of Animal Studies 
- -

,Guldaifce Criteria ARRIVE 
OECD 

. 
Kllmlsch ToxRTool" IRIS Roa• 

·­ G034" OHAT• Navlaatlon · 
Gulde• 

Study Objectives Re.e_ort 
Study Design and Settlrig;· Report 
(e,g I dates of dosln• aria evaliiation periods) 

Followed CECO procedure?. .GLP'conditlons? 
Animal Characterlstlc:s Report 
~ecles, Age, Stai e, sex,Wetlht)L-
Substance (Compositlo'n(CAS #,~ PiirltVl Report 
Total Stud•/Size (Numtlef~{~()litrola'nd Report 
Experimental Groups) 

Number of animals Jer:i:li,-se 1roup. Report 

Report Optional 
Report Report• 

Optfonal 
Score Report Report Report' 

Score Rel)Ort Res:iort Report 
Score Report Y/N Report 

Score Report Report Report' 

Report' 

Report 
Reportc 

Re11ort 
Report 

Report• 

Report ' 

Report" 

~eport 

Reoort 
Report 

Reoort 
Source of animals · ·-­ Report 
Additional relevant l~fof.~a.~l_Q!I:fgefletlc Report 
modlflcation. ienot\iie; nealth"status) 
Attrition minimized 

.. ·­ -­ -

Blinding & Sublect Randomlzatlon1 .. Report• 
Elcperlmental Unit (Slng!!_N'J1t1.!1l9&~ Qf Report 
Animals) - - -
Husbandry Detalls (Breea!ri8'P.ioirii't3: Access Report 
to Food and Water. Uatitarid OarlfCYclel 

Houslnr conditions ---- --­ Report 
, Exoerlmental Procedure,__ - ­ ---­ Report 

Dose groups, substa~~,. ~t~P~~atJon, Report 
admlnlstratlon route' 

Reoort 
~eport Report 

Score 
Reoort• Score 
Report 

Score Report Y/N Score 

Score Reoort Y/N Score 
Report Score 

Score Report Report Score 

Report'" 

Score 
Score 

Scorec 

Score 
Re~rt' 
Reporte 

Report 

Report 
Score 
Report 

Report 

Report 
R~C!!L_ 
Report 

Time and locatton of.Closifa-dmlrilstratlon Report 
Rationale for method used ReEort 

~act of Protocol Deviations 
Outc0me Assessment"Methods Report 
stat1st1ea1 Metho('ls'Used____ ·· - Report 
Results; AdJusted &' Unadjusted Report 
.;Re•ort non~sl1nlficilnt results 

Basellne Data for Ea'ch•Exilenmental Group Report 

Report Report Score 
Re~ort 

Score 
Score Reoort YIN Score 

Report Y/N Score 
Report Y/N Score 
Report Score 
ReDort . Score 

Retlort' 

Score 
Score 
Score 
Score 
Score 

Report 

Score 
Score 

Nuiji~er of Subjec~)i'icWd(~.ln Statistical Report 
Ani!1Y$1s and Ratlooale foi':.E>Ccluslon of 
subJecu 
Rellablllty and Appropriateness of Test for 
End•olnt Analvzed __ ·­

, C~~!~.~_ratlon :~f Co!J!§un!i!!!B or Modifying 
Variables I 

Precision of Result$'. . ­ . . Report 
(Standard Oevlailo·n .confidence lntervall 
Descrl1ttlon of Adverse Events Observed Report 
Dose/Concentration Relatfonshlo 
Umltitli>ns - Report 
1nter9retat1on:&'.1m;11catri>ns Report 
Generillzabllitv, -· ·· - - . Reoort 
Fundin& Source:_..~ . -~-

Report 
"Other." Stud~·oesl1nBlas 

Report Score 

Report Y/N Score 

Score 

Report 

Score Report . 
Score Report 

Reoort 
Reoort 
Report Report 

Reoort 

Score 

Score 

Score 

Report 

Report 

-

Score 
Discuss 

I 

..
Notes:• 
ARRIVf:c; Anlm1lfilesearcti: Report1n11 of In Vivo Experiments, CAS II= Chemical Abstracts Serv!ce Number; IRIS RoB • lntegr1ted Risk Information 
SyStem,Rlsk of Bias; 'OECO<GD =._Organisation for Economic Co-operation and Development Guidance Document; OHAT .. The Office of Health 
Asi~~I1fi.~t and I~~~b:C~j_ft~fthe flatlonal Toxicology Program). 
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Guldellne Kev· Dlscu5s =Address this luue Tn:some wa{(('lo spedfic=triterla,/and not considered directly IS part of the scored 15 questions In \he 

IRIS RoB fram~work); Report ·= ~ep~fti~I R~ltemiii!i'.~'1~• :;;Sco~~dJo~.categorv bmd on the extent th1t Issues were addressed, Y/N =Criteria 

Fulfilled (I.e., •vu• or •No•J, 

Sources: 


ARRIVE= Kiikenny et ol. (2010)~ 
Kllmlsch =Kllmlsch ct o/. (1997).~ 
CECO GO 34 • OECO 12005).~ • 
To•RTool c: European Commlsil~~lt.@:!ite~J, 
IRIS RoB • US EPA (2013, 2014). 
OHAT • NTP (2013a,b). -· . 
Navlaatlon Gulde• Koustas.it ~'~' (2014; ~0.1~1; ,~codr.uff a.nil Sutton (2014J;·Jotinson et al. (2014), lam er al. (2014). 

• Indicates 1 ~rlteria (or syst_!~) ~t.!~)P,~.1h¢!l.ly.~~-~~~~ ! ~.!K9r,~J!t~-~!'1Md.~ratlon. All the scorln1 criteria In the IRIS, CHAT, and Navfaatlon 
'Gulde approaches are consldereo·risk of blis Issues• 
.(al CECO Guldalfne 34, ·G.ul~arice OOcumint' on ;the! Valld1tlon :ind IInternational Acceptance of New or Updated Test Methods for Hazard 
Assessment.• The OECD guldehne·s outllili!'crlttfri;i' for ttle""development of.new tesfmethods, rather th•n assessment criteria for completed studies.. 

• •.... f"'W"' .. ·--- ""i--~..._-~....."' ... ..-.,- ··t--7.... ~ ..... . · - r-... . .... . • ~~- .•.,,, ,.. 

lb) Criteria marked •Report• forToxRToo1 must be.fulfilled In order.to achieve "rellable" score. 
(c) Study characteristics that shOul~: beJeportei:t '. are not expllcltty:stateil but are provided In example tables for animal studies In the arsenic and 
perfluorlnated compounds asswmentS for IRIS Ind OHAT;·ri"s~lvely., 
(d) The Navlptlon system h~s speCtrltreportlnarequfremenu for reproductiVe'and developmental study methodologies.'·' ..... . ·-· 
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Table 3 Overview of Guidance Systems for the Quality Evaluation of In Vitro Studies 
Guidance Criteria ARRIVE t<limlsch OECDGD34• ToxRTool• 
Studv ObJectlves · Report Report Optional 
Study Deshman'd SettlnR. (Date, Location, etc.) Report Report 
Test System·ani:I Test:Method Score Report Y/N 

Followed:oeco·procedure? GLP conditions'? Score Report Optional 
..

Substance·· Report Score Report Report 
(Composition; CA5 #,Purity, Source) 
Source ofTeSt System and Substance Score Report V/N 
Total Stu~y ~!.~',(tlii'!!ber of Control and - Report Report 
Experimental Gro·u"Ps) 
Study Slie =- Numberof Repllcates Regort V/N 
Blinding and Subject' Randomization Report• Reportc• 
Experimental Procedure Report Score Report Y/N 

Dose S~l?~P.;su_bs!~nce preparation, Report Score Report Report 
admlnlstratlon~foute 

Positive or-Negati\ie Controls Report Score Report Report 
Outcome Asses5ment Methods Report Score Report V/N 
StatisticalMettiods Used Report Report V/N 
Results, Aafusted!ana unadjusted Report Report V/N 
Number of Si.iojectii'liicluded In Statlstrcal Report Report 
Analysis (and'Rationaie for Exclusion of 
Subjects)° .. 

Data on Obser\iatlcinsThat May Influence Score ~eport 
1nte11>retatlon:'(i>H s'nift, Impurities, Solubllltvl 
PrecislDf!9,f ~-~~~I_~ Report Report 
(Standard .Deviation; ConfldenceI nteNal) 
oescniition ofAavefSe Events obs-erved Report Report 
Oose/Concentratlon;.Response·:Relatlonship Report Score Report- -· 
R~l_l~_bO!~v·:.a11~ ·bP.P.!9P.f!~~eness"·gf Jest for Score Report V/N•
En8i>ofot·Analvzed · 
um1tat1ons Report Report 
lnteforetatlon aniflmpllcatlons Report Regort 
Gener.illzabilrtv, - ·- Report Regort Report

~ 

Funding.Source· Report-..
Notes: 

ARRivf_.:: Arilmili ·Research: Reportlng.:of In Vlvo Experiments; CAS # c: Chemrcal Abstracts Service Number; OECO GD = 

Org~JS!t!~~JorJ~~mK~pe!~ttoli and Development Guidance Document. 

GuldGlin.f Key: 1Re pert ·,. Reportlng·Requirement; Score " Scored for category based on the extent that issues were addressed; 

Y/N !.'Criteria F.;jfi1ied~(i:e'J~ves" or"N'o~).

Sources:: · · - · · 

'ARRM •• Kilkenn·Y--et aLf2010),, 
Kil~ISch ~·i<nmi~di:;Ii'iii! 119911~ 

OECQ-GD 34 = OEC0'.(2DOSJ. 

J~~~9s:;etifqp_~_;~~fum1ss1~njy~dat~d). 

• Indicates a criteria ~or.syst!!m) that IsJpeaflcally stated as a risk of b!as consideration. 
(al: 9_ECQ~G!i_ldellne.~4 "-~ul~ance '[)o~ment on the Validation and International Acceptance of New or Updated Test Methods 
for. Hazar'd ·Assessment;~ The OECO. guldellnes ouUlne criteria for the development of new test methods, rather than 
ass~ssmlint c~1t~rla'r0Ecompletec1 ltiidies. 

(bl <:Tl.terl~ .ffl'arked~~6eport0 forT~RTool must be fulfilled In order to achieve ~rellable" score. 




Table 4, triteria!for the Quanfy:Evaluatlon of Systematic Reviews 
- Navigation 

1Gulda{lce ~rlterla IRIS ' OHAT AMSTAR 
- ~. - Gulde 

Review ObJeCtilieldentlfied Y/N Y/N Y/N 
A priori Oestgn/Protocol for the' Revfow Y/N Y/N Y/N Y/N• 
Comprehens!il~ Ut_erawre Sear~~: Qf.~9re than 011e V/N Y/N V/N Y/NDatabase 
Details of. tti~~·~~:ai¢h Strategy -
{lncludlng:·pati(of search and'ailfupdates, databases 
used, apriori 1nc1u·s1on criter1ar ·v • • 

Report Report Report Report 

Inclusive Literature Approach Used• ____ ~ V/N 
lteratlve'Llterature ldentiflcatlon 
(I.e., con~a~tjng~':l~ject matte(~~P~.!1! for sources for Y/N 
grey literature) - ···­ -
Two lnde.pendent Reviewers Of Data·, ­ YIN Y/N Y/N V/N 
Procedure for Disagreements BetWeen'Study Reviewers Y/N Y/N Y/N Y/N 
List of EJCcluded:and lnduded StudJest__ Y/N• Y/N Y/N 

Reasons'for.study exdusion Y/N• Y/N• Y/N 
study cnaracteiistlcs Reported-te:--a;,.·1n a table)D Y/N V/N 
Study Re51.jltS'Pfcwided without Restriction {based on Y/N•
statfstlcallv slgnlfli:ant or positive assoClatlons) 
Assessmerit·and Documentatlon·oulle Scientific Quality 

Score• Score~• Y/Nd* Score•
of Each SiudV 

If studl~.s. iS·~.~.~s_eCI for lndlvl~.u~! qujJlty, V/N Y/N Y/N V/Nconsiderations/criteria transparentlydetalled 
Individual study quality scores prcjvlCled In tabular 
format 

-.. " V/N Y/N V/N 

Classification of indivldual studies Into auallty tiers Optional Optional V/N 
Appropriate Methods to Combine Flndl[lgs Across 

YIN Y/N.Studies• 
Overall Confidence Rating for Body of Evidence Score Score Score 

Consideration af risk of bias, temporallty, magnitude 
of effect, dose-response, unexplained Inconsistency, Score• Score• Score• 
relevance of endpoints, and Imprecision 

Qualltatlve Assessment of Publlcatlon Blas Y/N! Y/N• Score* 
Determination of Level of Evidence for Health Effect Score Score 
Overall Conclusions for Hazard Identification Score' Score• Score" 
Statement of Possible Conflict of Interest In Both Y/N Y/N Score*Systematic Review and Included Studies 
Discussion of Deviatfons from Review Protocol (provided Y/N
and Justified) ' I 

-
Notes~ 

AMSTAR= Assessment of MulUple Systematic Reviews System; IRIS= Integrated Risk Information System; OHAT =The Office of 

Health Assessment and Translation. -

Guldellne Key: Report = Reporting Requirement; Score =Scored for category based on the .extent that Issues were addressed; 

Y/N 11 Criteria Fulfilled (Le., "Yes" or 0No"J. 

Soun:es: 

IRIS • US EPA (2013). 
OHAT 11 NTP (2013a,b). 
AMSTAR •Shea er al. (2007), 
Navigation Gulde"' Koustas et al (2014, 2013); Woodruff and Sutton [2014}; Johnson et al. (2014); lam eto/. (2014). 

• Indicates a criteria (or system) that rs spedflca~y stated as a rtsk of bias consideration. 



(al Reviewers should err 011 the side of Inclusion (l.e, It Is better to Include a study In the systematic evaluation and examine the 
Impact of potential Umltatlons, rather than exclude a study and lose any Information It could have pralllded}. 
(b) IRIS criteria require that very specific details be provided (e.g., description of comparison groups and preYalence of Important 
confaunders in these groups as well as the preference that reviewers present study sizes byexposure/outcome group), 
(c} OHAT'1 risk of bias system Is the same H IRtS but with fewer detalls provided In the guld1nce. OHAT states these criteria are 
based on Guvatt et al. (2011} .GRADr suldellnes for risk of bias. 
(d) No speclflc requirements for quality criteria; AMSTAR simply states that the criteria should be developed a priori and 
de.mlbed. 
(e) For pooled results, 11 test should be done to ensure that studies were combinable, co assess their homogeneity (I.e., Chi· 
squared test for homogeneity). If heterogeneity exists, a random effects model should be used and/or the clinical 
appropriateness of combining these resulu should be considered. 
(f) Quality of the Individuals are qualitatively evaluated and pooled to form overall concluslons on the body of evidence 
dependln11 on the llkelihood that bias and confounding Indicate possible alternative explanations for associations. categories are 
"sufficient," ''suggestive,• or Inadequate" epldemlologk evldence of an association consistent with causation, or "epldemlologlc 
evidence consistent with no association.• 
(g) Based on the evjdence, categorize as "known,• "presumed," or "suspected" hazard to humans or "not classlnable or not 
Identified to be a hazard to humans.• 
(hi Based on the evidence, cate11arlze a particular exposure as "known to be to1dc," "probably toxic," "possibly toxic," "not 
classifiable,• or "probably !)Ct toxk" (In this framework, this Is appfled spedflcally to reproductive and developmental health). 
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