-~ Analyzing Study-Specific Estimates of Exposures Associated with a Defined Relative Risk vs
EPA

=l 7~} U.S. Background Exposure (RRBs) for Inorganic Arsenic (1As) Health Outcomes (Poster 4)

Environmental Protection Kevin Hobbiel, J. Allen Davis?, Kan Shao?3, Cara Henning?, William Mendez Jr. %, Janice S. Lee?, lla Cote?, Ingrid Druwe?, Jeff Gift*

Agency LICF International, 2 EPA, Office or Research and Development, National Center for Environmental Assessment — Cincinnati, * Indiana University, 4 EPA, Office or Research and Development, National Center for Environmental
Assessment — Research Triangle Park,

Jeff Gift | qift.jeff@epa.qov | 919-541-4828

Purpose and Scope Data Preprocessing Arsenic RS Based on Healh Outcome By Health Endpaint Category
[Outcomes with > 25 datasets] (Outcomes with < 25 datasets)
» National Research Council (NRC) recommended that EPA derive risk estimates for > Estimating Group-level Mean Exposures - Exposure ranges were fit to lognormal 10000 . g[e""r_“fa'
iAs for health effects with adequate epidemiologic evidence (NRC, 2013). distributions using maximum likelihood (MLE) methods. Group mean estimates were N
» EPA developed an approach to provide an efficient, yet also effective, means of derived by drawing large Monte Carlo samples (10 million) from fitted distributions, 1000- . o
focusing dose-response analysis efforts given the extent of the epidemiological and sampling randomly in each exposure range for appropriate numbers of “subjects.” ’ .
evidence base, and the variance in data quality across health outcomes. > Adjusting Incidence to Account for Covariates - “Effective counts” derived from 2 :: : . u prcinica
reported ORs that were adjusted for covariates (see Poster 1). - ¢ s o © . e e eobemes
SCEIE NN @S Lo ISP CRVER S Y- 1o ‘(o[ golUIa o M C Lo AN E=RIRIRENN > Identifying Background Exposure for the U.S. Population - For RRE and RRB 0 ‘g s . T ’ ¢ ¢ " ronia
derivations, relative risk for central tendency background exposures (Table 2) set to N 1 K ‘ $° 4 . o Meden
EPA developed an approach that allows for comparison of relative risk estimates across 1.0; thus, the RRE,, is exposure or dose for which the calculated relative risk is 1.2. 1 T w ¢ e ¢ o -
studies that use various exposure metrics. Dose-response modeling is used to estimate This allows for comparison of U.S.-specific risk results across studies. " Background
exposures associated with a given increase in relative risk (RRE). The RRE is divided by » categorizing Outcomes - To facilitate comparing across RREs, outcomes categorized ey T T T ez
an estimate of the U.S. background level for that exposure metric. This approach involves: by types (clinical-fatal, clinical-non fatal, preclinical, subclinical) and subcategories e Health Outcome
» Selection of datasets: starting from health outcomes with robust/moderate databases, (e.g., fetal loss, infant mortality and stillbirths for pregnancy outcomes). ** Results reflect datasets of clinical incidence which produced RRE, (the exposure assoclated with a 20% increase in

relative risk) estimate no more than 3-fold below or above the study exposure range.
RRB is the ratio of the RRE,, to the typical U.S. background exposure.

a 3-step strategy (see below) was used to select studies for modeling.

Table 2. U.S. Background Estimates for Use in RRB Derivation

» Data preprocessing: estimating group-level means, adjusting incidence rates for U.S. central Table 3. RRB Estimates by Health Outcome
CovariateS’ Categorizing Outcomes’ arlcL Considering author_performed trend testsl EXpOSUfG metric Units tendency Basis for U.S. estimate _ ‘ Preclinical or Subclinical Clinical Non-Fatal Clinical Fatal
. _ _ Drinking water ug /L 1.5 median, 95th percentile county mean As in drinking water (USGS, Endpoint Range of RRBs  Median Range of RRBS Median Range of RRBS Median
» Exposure-response modeling: case-control and cohort studies were modeled to predict |concentration 2011)
exposures where relative risk (RR) changed by 20% (regardless of endpoint severity |cumulative exposurefrom g -yril 7> 15ugloris.4 gl (above) x S0 yrs bladder Cancer A A 2355 52 >0 A A
] drinking water Diabetes N/A N/A 3.25-27.1 3.99 4.87 - 18.6 5.90
or prevalence) compared to the RR estimated at U.S. background (Table 2) (RRE,,). Daily intake ug /day (water) 15 1.5 pgll or 15.4 pglL (above) x 1.0 Liday (U.S. EPA, 2011) DCS 6.86 - 209 29.0 1.10-87.5 18.6 1.35- 181 8.48
o . , . . : : . . Liver Cancer N/A N/A N/A N/A 1.76- 218 4.83
> Derivation of RRBs: dividing RRE,, values by estimates of U.S. background (RRE,,/U.S. [Pletary intake AYE e € 2ot percentle adultiniare (U} [Lung Cancer NIA NIA 7.06 - 8920 37.8 164127 5.74
Background). Exposure units for U.S. background estimates differ to match RRE units, ug /day (food + water) 5 Sum of food and water gi"sr;r;‘i'g”a”t Resp. N/A N/A N/A N/A 2.4-29.7 8.28
but are based on similar water and dietary intake assumptions (see Table 2) Cumulative intake mg (cumulative intake, water) 27.4 1.5 yg/day or 15.4 pg/day (above) x 50 yrs Pregnancy Outcomes A N A ™ - —
mg (cumulative intake, food + water) 91.3 5 ug/day or 28.7 pg/day (above) X 50 yrs I / /
. Urine concentration (cr. Adj.) ug As excretion / g creatinine 7.4 NHANES (2013-2014) median or 95th percentile (CDC, 2016) zii?\acgszgfr E/ﬁ E/ﬁ ;;)77 __ ;37577 :233:)1 5.4T\I;Ai3.97 ?\I?j
Sel eCtI O n Of Dat aS etS Urine concentration ug AS excretion / L urine S NHANES (2013-2014) median or 95th percentile (CDC, 2016) Skin Lesion N/A N/A 6..52 ] 40'2 18:8 N/A N/A
Air Mg /m3 0.00075 https://cfpub.epa.gov/roe/indicator.cfim?i=90#8; EPA's ambient
> Hazard Identification - Focused on epidemiological studies of iAs health outcomes — Lone s Al e sleenl s el et e :
Cumulative air Mg /m3-years 0.0375  0.00075 pg /m3 or 0.00156 ug /m?3 (above) X 50 yrs CO n C I u S I O n S

having robust/moderate databases (see Poster 1)

» Initial screen — Focused on datasets from cohort and case-control studies. Ecological,
cross-sectional and continuous (e.g., neurocognitive response measures) datasets not
considered for purposes of RRE,, derivation for purposes of the RRB analysis.

X posure Res ponse Modelin g As indicated in Poster 1, all of the outcomes in this RRB analysis, as well as
neurocognitive effects for which RRB values could not be derived, were identified as

> g q Each dataset ved £0.1 or 2 f b rat | X > Case-control studies — adjusted case and control numbers were fit by a logistic model: having Robust or Moderate evidence overall and will therefore be considered for dose-
econdary screen — Each dataset received a score of 0, 1, or 2 for each rating elemen : : : e o ‘
(Table 1). Datasets for which the sum of scores was >= 5 were excluded f(dose) = 1/[1 + exp(—a — b = dose)]. Use of a logistic model allows for analysis of response analysis. However, NRC (2013) 1dent1f.1ed. prlorlty h ea“_th outcorpes for EPA to
' ' focus on and recommended that EPA further prioritize. EPA’'s RRB analysis approach

case-control studies with prospective studies, both having the same binomial-based

» Final screen - Studies with inadequate or conflicting dose-response data were
d 5 b likelihoods contributions from their exposure groups (Prentice and Pyke, 1979).

removed if issue(s) could not be resolved through communications with authors.

supports this prioritization effort by providing a method for comparing the results of
diverse studies of health outcomes, and identifying key endpoints and datasets that are

Pre-Mode)screening | nspection > Cohort studies - counts of cases in each exposure group follow a Poisson distribution: suitable for use in more detailed dose-response analyses (see Posters 5, 6, and 7).
warard || | e | Reoionl e ARes pom i ~ mes.son [e_i x f(d;)], where o; and e; are observed Cases and expect_ed ase Consistent with key outcomes identified by the NRC (NRC, 2013), DCS, bladder cancer
\dentification fating || Repote ™ | VISR | valuation | (R number in the ith €XpOsure group, r.espectlvely. Seven continuous dose-response and lung cancer were identified as having the largest databases of adequate dose-
) ! ! models u-sed for £(), 1.nclud.1ng the linear model, power model, ?nd-degree response datasets, increasing confidence in the RRB summary statistics (e.g., median
Lo uncomentonal Vormore s N etctorof3 polynomial model, Michaelis-Menten model, and the Exponential 2, 3, and 4 models. estimates), as well as low RRB values relative to most outcomes. RRB values for
h““Mgd:“ AFEI'LE;]IL e ;:tht ;:E:“h;“: > M O_del Fit Assessm.ent.and Model Selection - for eaC}_l dataset, the modeling generated diabetes and liver cancer data are also low, but are associated with smaller databases
Voderae e == evelsinthe study estlrrllates o.f log-likelihood, AIC and x2 p-value, estimates of model parameters,.and and a lower degree of certainty in the RRB summary statistics.
response data the author predicted risks (ORs for case-control; RRs for cohort) at each exposure level, with
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