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» Use of human biomonitoring data in risk assessment
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Key Drivers for Human Biomonitoring in Canada
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In 2006, the Government of Canada launched
the Chemicals Management Plan (CMP) to
advance and improve the management of
chemical substances and safeguard the health

of Canadians Momfﬁng&
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Human biomonitoring data inform and support the federal government in its ongoing monitoring, surveillance, risk management,
and regulatory activities, which are required by multiple legislative acts such as the Canadian Environmental Protection Act,1999, the
Pest Control Products Act, and the Food and Drugs Act
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Biomonitoring data are used
INAAEZR) T T—20 Rk
»  as evidence in risk assessment
YRIFEDOIE TR
»  to track effectiveness of risk management actions
YR EEESHDEED B
»  as a feeder for prioritization
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USE OF BIOMONITORING DATA IN
RISK ASSESSMENT
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Qualitative

E TR

Examining exposure trends and patterns:
(FLEDERENI—DERE

— By sex, age, geography, subpopulations and/or

time

MR . SEERR. IR, B RE R . BB
Examining potential association/correlation
with health outcomes from cross-sectional
health surveys, prospective or retrospective
epidemiology studies
NHEBA-BEFEC. fIAS/RRAED
BEFMRTOREFZELDBEIGEE/
HHEADERAE

— E.g., selenium (Type 2 diabetes)
Bl L QEBERTR)
Identifying substances of low concern to
human health
ErDREERICXT HBEMNMEVLME DH A
— Biomonitoring-based Approach 1 (beryllium,
vanadium, trichlorooxo vanadium oxide

INFEZR) T ICEIKTFTA—F1(R)YY)
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Quantitative

EER

To support external intakes of exposure

(E<EEDHMEMEERDEAF T

— Using dose-reconstruction or reverse dosimetry
(e.g. triclosan, phthalates)
HAEBREF-EI¥ARARANEZMER (NS
AYY DRI RTIVIEE)

To compare with health effects data (exposure
guidance values)

BERZET 2R (IEHBEBR)
— Directly = lead, PFOA
Ef# > fa, PFOA
Indirectly (forward dosimetry) = selenium; cobalt
% (EA R AERIE) > L2, /3L
Identifying substances of low concern to human
health

EFDREICH T DBEHIMENIE DA

— Biomonitoring-based Approach 2 (barium-
containing substances, molybdenum-containing
substances, silver-containing substances, thallium-
containing substances, inorganic tin-containing
substances)
INAFEZRYTIZEIHT7TA—F2(8) ) L
EEDE.RI)ITUEEYE. BREEME. 3
DLEENE. ERAXEAYH)




Considerations for HBM Data in Risk Assessment

YRHEMAEI=ETAHBMT—4RIZE3 2EEEIE

Study Specific
LOD/LOQ AREE o
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_ Sub-
Geogrgphlc population &
location Chemical Specific Sample Size
bk gL AR AT ey EESs R4 & Status &
- Biomarker ¢ Trends
NAFT—H—
- Pharmacokinetics Data Application
ﬁﬁgﬁﬁi & Interpretation
T—53E A &R
R B Research
- Health Effects o
Timing & ferER e RE
handling of - Exposure Source/Routes
sample collection (< RIEARE Age of Study
YT NIRED A AEFHK
e
Assessment
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Zidek et al. 2016, Int. J. Hyg. Environ. Health
(BfREEZR - R/ EFR)
http://dx.doi.org/10.1016/}.ijjheh.2016.10.007
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https://www.jsac.or.jp/bunseki/pdf/bunseki2010/201005nyuumon.pdf
https://www.jsac.or.jp/bunseki/pdf/bunseki2010/201005nyuumon.pdf

Considerations for Use of HBM Data in Risk Assessment

YR FHEICE T HHBMT—2DENSICEE 3 5EEEIH

* Within the context of Canada’s Chemicals Management Plan, there are a
number of considerations prior to incorporation of HBM data in human health
risk assessment:

A DI ENE ESEHEBLTIL, HBMT—52%ERD
BEYAIEEMICERY ANSRIZ,. ZEI RNESEENSHHD

1. Adequacy of the biomarker
INAFAI—H—DE S
2. Quality of the data
T—EDmE
3. Appropriateness of the Data Set 7
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4. Approach for interpreting the data
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Considerations for Use of HBM Data in Risk Assessment

YZROFHAICEFBHBMT—2DFE G ICRET 5EEEIR

1. Adequacy of the biomarker

INAFI—h—D @S

QO Is the biomarker specific and sensitive
NAFTI—ND—PEENTERZELHLIN?

L Can it be distinguished from other chemicals?
tmDILEMEER A TEEHH?

U Are the pharmacokinetics well described?
EMEREON T2 IERBASA TS, ?

L Can the measured levels be linked to exposure or to critical health effects?
AELARNZIICEFEEEGRBECECEEM THIENTELIN?

= Extent of metabolism, toxicokinetic data including half-life

KBORE. EVHET 2 (FRPAZET)




Considerations for Use of HBM Data in Risk Assessment

YROEMICE FAHBMT—2DFEVEICEET S EEE

2. Quallt of the data
o)ﬂﬂﬁ
EI QA/QC, analytical methods
nnﬁﬁnEQNnnﬁ HQC. BT Fi&

O Type of sample collection & storage
47“/7"»142% &IRTFDRAT

O Incomplete or spot urine samples; plasma vs serum vs whole blood; pooled
samples

Tm:éii"liZ?k‘/H?ﬂ/?k m#E vs ;& vs £M.
TJ—ILHUT)L

O Representativeness

RRMAE

EII_Q_Iom leteness
T2
O Sample size (e.g. use of weighted surveys)

"ﬂ'/7)lﬂj"fx (hDEEFJEODﬂFH&&)

O Age of study
.JJEE;&
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Considerations for Use of HBM Data in Risk Assessment

YROFAEICE FAHBMT—2DE NG IR 2EEEIR

3. Appropriateness of the Data Set
v At 2t
M| Geography: are data representative of Canadian population?
g T—2EHhFF AEFEKLKRLTLSDD

= Considerations for use of foreign data (e.g. likelihood of similar exposures/presence of
substance)

il:)lild)v‘f—90)1ﬁl,\7ﬁ(:|¥lﬂ'é%lfﬁ$lﬁ(*%Eﬂ)l@ldf(?%@ﬂﬁ'é’l‘i ME DFEER

O  Time Trends: How do levels compare to other data sets/populations
FrfBE R LI E MO T — 2y MNER L ELER
O Sub-populations:
BB R
= Are relevant, vulnerable populations monitored (e.g. children)?
BN OB HEERZE=F)TLTLEMN(FELLGLE)
= What age groups are represented?
EDER B AR ESNTLO B
= Can we account for potential gender differences?
BEMNGHEEZFHBATESDD
= QOccupational vs general population
B 2K vs — AR EEH]
O  Timing: Availability of data for incorporation into risk assessment

BAZY ) AFHEICERY ANST —2D AF A aeE
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Considerations for Use of HBM Data in Risk Assessment

g
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YRIFHEIZE T HHBMT =D LT IZBI 55 B BN
4. Approach for Interpreting the Data
T—AEROTI0—F

Qualitative Approach
EMM77Oo—F
Reverse Dosimetry
HEEIECEERTEE
. Conversion of measured concentration(s) in a biological matrix to external dose(s) (e.g.,
mg/kg bw/day)
HERTR)YIARADAEREDHBRAE~NDEH (mg/kg AE/BRE)
Forward Dosimetry
RIMEECEERTEE
. Conversion of an external exposure associated with a critical health effect to an internal
dose (e.g., mg/L or mg/g creatinine)
i%ﬁi R B (CHEET DN ERILCEDOATHAE~DER (mg/L. mglgZL T F=273
Direct Comparison
[ERE-3nd 3
- If the biomarker concentration (blood or urine) associated with a critical health effect is
known, biomarker concentrations in humans (from a HBM study) can be directly
compared (e.g., lead)

EERBREZEICEET DINAAI—H—RE (MEEIER) NERMDIEZE . (HBMEH

EMNL/TOND)ERDNAFT—H—REZEELLRTES (a5 L)
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Reverse dosimetry #mEIX<EERIE %

Reverse dosimetry (i.e., exposure reconstruction) models estimate an external
exposure to a chemical that is consistent with and based on biomonitoring data
using simple pharmacokinetic data (PK) or more complex data (modified from US
EPA 2016)

HEZFFERRTEE (Tahb., (FEOHFE) ETIILTEH ARAIEE(NIFE
=RV T DT EEYMBROFBNFEZFRALT, HEHLEME~DHNEIEE
EHETE T 5 (US EPA 20160 HEE)

External Exposure
(e.g., mg/kg bw/day)
Sources: Food, water,

air, dust, products
NEBIE<ER

(mg/kg KE/BLEE)

(F<ER:-BMR. K. 2E

K[ IFIY.HGF

PK data or model

(e.g., PBPK, regression)
PKT—3FIXETIL
(PBPK. EIF7GE)
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Sources of Triclosan HBM Data by Population

£MARYOYUIEKCERHBMT—4

Unique exposures such as nursing,
mouthing
%%, Mouthing (AIZANTS. 58
B, L) IR E DR D EE

Infants
= 3to5
LR years old
<1 month) - 3~5
AnRA=E
©)

ooy Elx
LEFE L TERBITALEICEEFRAINT
E-PE, EHLEBRERILEVERLZESHEN
EEIN, FHSA GBS T,

12-19 20-59 60 -79
years old years old years old
12~19% 20~59F 60~79F

\ | |
P4 Study
PR MIREC CD Plus CHMS MIREC
HFL\eﬁ;s( }gzléc)onium) Children (3-11) Pregnant Women
AJL a . ji ~ =
Infants (< 1 month) Children (1-3) FHE(3~11F) LSRG
ARAMAET) FH#(1~3F) Adolescents (12-19)
Infants (2-3 months) %% (12~ 19;]’_)
FIR(2~3/MA) Adults (2 0_79)
Breastmilk
e KA (20~797F)
Pregnant Women
Y48 Pregnant women

LN \NG
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Case Study #1 - Triclosan

Fr—Z2RX8T41 - M)Ay

Bipmarkers available, shgrt half-llfe, p@rmacgkiggtic data available
NAAT—H—HBY ., F R EN., EYBHRET—2HY

Intake estimates in mg/kg-bw/day estimated from spot urine concentrations

AR

yhRPREEMNHTE SNT-IEEE (mg/kg (AE/H)
Reverse-dosimetry; Mass balance approach
IR (<R & A W I
Adjusted biomarker concentrations (spot urine samples) for hydration status using specific gravity
KAFFIAREBDNAAT—H—RE (RRYMNRY VT IL) L ETHIE
Then convert adjusted spot concentrations to a daily dose
ZO%, BEL-RHy NREE] BB E - 2
* Requires information on daily urine volumes (24-hr urine volume)
BHDRE 4EHKRE) DFEHRNIDLE
Fraction of substance excreted in the urine (measured)
FRIZHE SN -ME DEIE CRIEE)
Dose-reconstruction of central tendency ggeometric mean) and upper-bounding urine concentrations (P95)

FEHE EAEITH) O IFXKEE DB E ERRFIRE (PI5)

Deterministic estimates of exposure for infl__a_lng. 3 to 22 month olds
3~22MADEHMRICHT HIEEDHTEE

breast milk, object-to-mouth (plastic), and hand-to-mouth (dust)

BEL. B/HEONTSRFYY) FhbAANEIY)
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Case Study #1 - Triclosan

F—RARAT41- )8

90.00
o A
70.00 -
>
g o 84 pg/kg-bw/day
3 g 6000 84 ug/kg AE/H
k-
w < 5000 - Daily Dose where MOE <
9 2 300
3 i MOE < 300)1 AN E
> 40.00 -
‘o bt
b o} -
o M
S 53 30.00 -
EW
i =
w
20.00 -
- l .
0-00 T T . T T 1
P4 Study 0-3mths MIREC CD+: 1-  CHMS 3-5yrs CHMS 6-11yrs CHMS 12-19 yrs CHMS 20-59 yrs P4 Study: MIREC: Pregnant:
P4ER%E: 0~3H A 3yrs CHMS: 3~5% CHMS: 6~11F% CHMS: 12~19% CHMS:20~59F Pregnant Females
MIREC CD+: Females MIREC: iEtR
1~3%F PAFRZE : iE R

Estimated daily doses of triclosan for various age groups (95" percentile)

LEHMBON) 7OV OHELRERE (95/\—E2%21)L)
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Forward dosimetry

Ai [[) & [ £ <& & 81 7E
A method to estimate internal doses or biomarker concentrations of a chemical
that are consistent with environmental measurements or external doses using
simple pharmacokinetic (PK) or more complex models.

RIBAERRFLINBHLDIECEEEZRRET HIEFNEDRRIEEEF =
NAAR—D—REZ. EPBROBHFELZEALTHET 2F&

External Exposure:
Typically NOAEL/LOAEL
Administered Dose
(e.g., mg/kg bw/day)
HERIT<ER:
EENOAEL/LOAEL
BEE
mg/kg RE/BGE

PK data or model
(e.q., PBPK, regression)
PKT—AF=IEETIL
(PBPK. BElF7%E)
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Case Study #2 - Selenium

F—RRAT42 - 2L
* Selenium present in food, drinking water, air, soil, dust; other sources
of exposure include cosmetics, mineral supplements, drugs, consumer
products

LU, B, 8HK, ZR. LB ZIYORIZHEET S o
CERELTIE MR SRS TVAUN EL HEERITE R
BELHD

* Measured in a wide variety of biological media
BLWEREETAESNTNS

* Compared with health effect endpoints using forward dosimetry
(along with traditional intake estimates for environmental media)

IBEAFBEREEZRANT. BEEZEDIVRRAU M GREBEAEH
HDREEDHETEEME L L) LEEREIN D

— Based on a comparison of whole-blood concentrations to a whole-blood BE
£MBEELLMBED LEIZE <
— Required to convert the critical health effect dose (ug/day) to a biomarker
equivalent concentration (BE in pg/L) to compare with HBM data
HBMT—%&LER T A2 EERREZERE (Wo/B) ENA(A<—h—
FLIRE (BE. po/L) ITEHTDILENHD
* Pharmacokinetic data and epidemiological studies used to derive a
guantitative relationship between blood concentrations and intake

MR ERE DT RNEROFHICIE, FOBET S8
 EEEANEAIND

17



Case Study #2 - Selenium
F—AABT 42 - L2

Quantitative relationship used to convert Institute of Medicine (IOM) Tolerable Upper Intake
Level (UL) into a blood equivalent

EREFZTHTI—(OM) DHFBELRERE (UL) holiEHE~NDERICIIE ERIRE
FEOERASND

— Based on data from epidemiological studies where data on blood concentrations association with intake estimates
and health effects (selenosis) were available
BEZEZ(ELohB) 2RECTIEEEELOHREOREL R T —INGFETIEZREDOT —FITED
<

UL of 400 pg/day established by the IOM based on a NOAEL of 800 ug/d for selenosis
observed in a Chinese cohort by Yang and Zhou (1994), adjusted by an uncertainty factor
(UF) of 2

FE AJR—FTEZEINT-800 ng/HDtEL > DNOAEL (Yang and Zhou 1994) [ZE
DEIOMME $1=400 g/ B DULZE . 2D ARHERZE(UF) THEIE

The resulting whole-blood equivalent for the reference dose was calculated to be 480 ug/L
(Hays et al. 2014)
R SERASEDESMAEL480 ng/LTHIETESINT- (Hays et al, 20

ot STUDY
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Case Study #2 - Selenium
F—RRAT42 - 2L

1200
Selenosiscases observed in select humanpopulations 1000 pg/L
1000 EiREFMRATHRIN =L fEH (1000 pg/L)
r-
—_ 800
—
S~
m ~~
=4
29
@ g 600 T Bloodequivalent of TolerableUpper Intake Level (UL) 480 g/t
S M HAELRERE (UL) Dl L4 E (480 pg/L)
£3
! 400
200
EAR ~
0 .
3to 79 3to5 6to 11 20 + First Nations: Adults: Inuit  Adults:Qanuippitta Children 5 yrs:  Children 11 yrs:
3~79 3~5 6~11 20~ south of 60° Health Study Health Survey Nunavik Nunavik
T RERNKAET—2 T7—RAb3—  KA: 4XA4yk KA: Qanuippitta  FH#5F: F11F:
Lav: BERAE BERAE Nunavik Nunavik
. ) 60 DR .
B Blood Concentration (ug/L) Median B Blood Concentration (ug/L) P95
mARE (ug/L) R RiE i fhiR B (ug/L) P95

EAR: Estimated Average Requirement = 100 pg/L
EAR : #EETFIWNER = 100 pg/L

19
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HBM Guidance Values used in HC Screening Assessments
HCRYY—=" S Sl CEASh-HBMIEE(E

AU B i Reference for guidance
Biomarker Guidance Value valueg
N —Hh— \ —A)T R ;
A4<—h thz\»f?]'EﬂE@ ) T4 BEEDSEEY

Cobalt Whole Blood BE(POD) Health Canada/ECCC 2015

3/8)Lk £ 26 ug/L hF4 REE/ECCC 2015
Selenium Whole Blood BE Hays et al. 2014
L £1M 480 pg/L

BE
Barium Urine 246 ug/g creatinine Poddalgoda et al. 2017
IAULVFN R BE

246 pglgZL7F=>

Molybdenum Whole Blood BEs Hays et al. 2016
EYITFY Z£m 27.9, 5.04 pg/L

BEs
Molybdenum Urine 7516, 1326 ug/g creatinine Hays et al. 2016
EYIFY PR BE

7516, 1326 uglgZL 7 F=>

Silver Whole Blood BE Aylward et al. 2016
B 21 0.4 pg/L

HBM-1
Thallium Urine 6.4 ug/g creatinine Schulz et al. 2012
UL IR R HBM-1
6.4 uglgZL7F=>
BE
U%\e 26 ug/chIr_:eatlnlne Poddalgoda et al. 2016

26 ug/lgyL7F=>

20




HBM Data - Limitations of Use in Human Health Risk Assessment

HBMT—4% - EFDRERURVELHE TOEAICE S SR A

Not all chemicals are monitored (e.g., issues with sampling techniques)
TARTOIEEMENE=F) T INTNSDOFTIIEWN (BT T FEICET HMEELRE)
The presence of a chemical does not necessarily mean an adverse health effect will occur
IEEPENFETHIELF . BEADEZENELSILET VT LEEKRLAL

Absence of a chemical does not mean that an exposure did not occur
IEEPENFELLGVI L, [FENRELGN S ELEEKRT HBD TIEEL

HBM data alone cannot determine the source or route of exposure

HBMT—32D & T, [F<ERFIZFERBERE TEGL

Relevance & translation of occupational exposure to other populations

BRI<EDORERL. thDERA~DFER

Knowledge of chemical-specific pharmacokinetics and the characteristics of the biomarker as a
measure or representative of the external exposure of interest
EEMEERDOEMEREROHHE. ERDONIBIFEDEEFFRRELTONIFT—
H— D4 )
Limited or no HBM data for infants and toddlers

A BEDHBMT—ENFEALE | F[EFE =<

-
St
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Uncertainties = HBM Data in Risk Assessment

AHEEM > YRVEEICEHETAHBMT—4

Hazard data typically based on intake levels (mg/kg bw/day) vs. internal exposure. For quantitative
use in risk characterization, these levels need to be linked.

—RRIZ, N —FT—2(FER=E (mg/kg AE/B) vs REBIEKEIZEDLNTILVS, VRV
[ZEITHAEENFATEH. ChoDEREZTEETITILENHD

There is uncertainty associated with the assumption of steady-state

EEREBORTEICEET HTEEMELAHD

Assumptions made to convert spot urine to amount excreted over 24 hr

ARYRRN D24 B D HEH ENDEBRTIIREIITHAILTLND

— Spot urine data may require correction based on assumptions (e.g. urine volume creatinine excretion,
specific gravity)
ARYRRT—RIZFAREICEIKEBENDEGRIGELNHS(RPILT7FUHRE, LLERE)

— Often assume fractional urinary excretion is constant across age groups and irrespective of route of
exposure

—MRIZ TEIRPHRRIEFHBT-ETHY. (IERRICEBEFRTHILMESNATLDS

— If assumptions are based on adult factors (e.g., urinary flow, excretion fraction) may not be appropriate to
use in conjunction with infant or toddler HBM data
RENKADEFIZEDNTVSIGEE R, HElELGE) | ZLYEROHBMT—REMAEHE THER
TEHDETEUGTIZENHS

R
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For Additional Information

Health Canada human biomonitoring of environmental chemicals resources:
canada.ca/biomonitoring

Open data:
open.canada.ca

Statistics Canada CHMS information:
statcan.gc.ca/chms

Chemical Substances website:
https://www.canada.ca/en/health-canada/services/chemical-substances.html

N \NG |


https://www.canada.ca/en/health-canada/services/chemical-substances.html?utm_source=VanityURL&utm_medium=URL&utm_campaign=chemicalsubstances.gc.ca

Links to BE Papers - Metals

Chemical name BE matrix

Arsenic
Selenium
Cadmium
Cadmium
Siver

Barium
Molybdenum
Tin

iodine

Cobalt

Thallium

Lead

Boron
Mercury

Urine
Whole blood

Urine (HBM)

Whole blood /Urine

Whole blood

Urine/Plasma

Whole blood/plasma/urine

Urine
Urine
Whole blood
Uine (HBM-1)
Blood (HBM)

Blood (HBM)
Blood

Reference

Hays et al. 2010

Hays et al. 2014

Schulz et al. 2012

Hays et al. 2008

Aylward et al. 2016
Poddalgoda et al. 2017
Hays et al. 2016
Poddalgoda et al. 2016
Hays et al. 2017 (submitted)
Health Canada/ECCC 2015
Schulz et al. 2012

Schulz et al. 2012

Schulz et al. 2012
Legrand et al. 2010

A\ \C

Weblink
http://www.sciencedirect.com/science/article/pii/S0273230010000942?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S027323001400172X?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S1438463911000794?vi
a%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S0273230008001025?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S1438463916300475?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S0273230017300818?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S0273230016300460°?vi
a%3Dihub
http://www.sciencedirect.com/science/article/pii/S0273230016302781

http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=DCEB359C-1
http://www.sciencedirect.com/science/article/pii/S1438463911000794?vi
a%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S1438463911000794?vi
a%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S1438463911000794?vi
a%3Dihub#bib0200
https://journal.cpha.ca/index.php/cjph/article/view/2181



http://www.sciencedirect.com/science/article/pii/S0273230010000942?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S027323001400172X?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1438463911000794?via%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S1438463911000794?via%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S1438463911000794?via%3Dihub#bib0200
http://www.sciencedirect.com/science/article/pii/S1438463911000794?via%3Dihub#bib0200

Links to BE Papers - Organics

Chemical name

Acrylamide
Dioxin (TCDD)

Bisphenol A

Triclosan
Hexabromocyclododeca
ne (HBCD)

PBDE-99

DDT/DDE
Hexachlorobenzene

Cyfluthrin

Benzene

Deltamethrin

2,4-
Dichlorophenoxyacetic
acid (2-4D)

BE matrix

Urine/whole Blood
whole Blood

Urine
Urine/Plasma

lipid adjusted Serum/milk
Lipid-adjusted whole
blood/serm/plasma
lipid-adjusted whle
blood/serum/plasam
lipid adjusted Serum
Urine

Blood/Urine

Plasma

Plasma/Urine

Reference

Weblink
http://www.sciencedirect.com/science/article/pii/S0273230008001049?via%3Di

Hays and Aylward 2008 hub

Aylward et al. 2008c

Krishnan et al. 2010a

https://www.ncbi.nlm.nih.gov/pubmed/18836925
http://www.sciencedirect.com/science/article/pii/S0273230010000978?via%3Di
hub

Krishnan et al. 2010b  http://www.medsp.umontreal.ca/IRSPUM DB/pdf/25028.pdf

http://www.sciencedirect.com/science/article/pii/S1438463911000277?via%3Di

Aylward and Hays 2011 hub

Krishnan et al. 2011

Kirman et al. 2011
Aylward et al. 2010a
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