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WHI Risk I+? radon concentrations and

Aims

All Stroke Hazard Ratio HR 95%C
Wh! 1.17  [0.88; 1.41)
MESA 1.70 [0.99:2.91]
JHS 146 [0.79; 2.69]
ENS 1.20 [0.75; 1.90)
CHS 105 [0.84;1.32]
ARIC 1.11  [0.84; 1.46]
uKBs 1.05 |0.80; 1.39)
MGBB 126 [068:231]
Overall %] 1.14 [1.03;1.27)
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EPA 1989-1990

NRRS n=5,694

Measure

Long-Term Short-Term
Home Radon Home Radon
(pCilL) (pCi/L)

Scoring

Summation

Categorization

Administrative
Extrapolation
(to county)

Bayesian Hierarchical Modeling
log(Rnyggs) ji | Mi, log(Rnsges)i ~ N(A,V),
M/S*+log(Rnsgrs)i/o” = 1

1/5241/02 4 1/52+1/02
and i,j,k = home, county, region

where A =

EPA 1986-1992

SRRS n=63,291

Architecture

(unitless)

basementt

DOE 1975-1980

NURE

Aerial
Radioactivity

(ppm eU)

1: <1.5
2: 1.5-2.5
3: >25

USGS
Radon Index
(unitless)
range: 3-17

USGS
Radon Zone
(pCilL)

3-8 <2
9-11: 2-4
12-17: >4

EPA
Radon Zone
(pCilL)

3 <2
2. 2-4
1. >4

LBL
County-Level

Geometric Mean

(pCilL)

USGS 1974

US Maps

Geology /
Field Evidence*
(unitless)

1: negative
2: variable
3: positive

Whitsel EA, et al. Epidemiol Perspect Innov 2006;3:8.
Buchheit SF, et al. Neurology 2024;102(4):e209143.

USDA 1992

CS

Soil
Permeability
(unitless)

1: ow
2: moderate
3: high
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Geographically linked to participant addresses @ baseline geocoded as described in
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Participant
EPA Radon Zone
3: <2 pCilL
B 2: 2-4 pCilL
B i >4eciL

Census Region

D
<> L — JVIES
0 125 250 500 750 1,000
Radon Women at Risk
Zone pCilL n (%)
3 <2 92,712 33%

>4 44165 (28%
Al Any 158,906 (100%)

‘Missing zone {n=4).
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Table 1. Characteristics of 158,910 Participants at the Baseline Visit
(Women’'s Health Initiative, 1993-1998)

Mean (5D)
Characteristic or n (%)
Dlesign Clinical Trials Participant 67,165 (42.3%)

Cremographic

Hormone Trial Arm
Estrogen
Estrogen Control
Estrogen+Progestin
Estrogen+Progestin Control
Mot Randomized
Medical Records Cohort Participant?
Age (years)

5212 (3.3%)
5,316 (3.3%)
8,419 (5.3%)

8,005 (5.0%)
131,958 (83.0%)
22,098 (13.9%)

63.2 (7.2)

Race/Ethnicity
Vhite 131,574 (82.8%)
Black/African American 14,120 (8.9%)
Hispanic/Latina 6,241 (3.9%)
Other 6,588 (4.1%)
LIS Census Region
Mortheast 36,397 (22.9%)
South 41,050 {25.8%)
Midwest 34,920 (22.0%)
West 46,543 (29.3%)
Social Education < College 35,344 (22.2%)
Occupation = Homemaker 37,933 (23.9%)
Meighborhood SES (z score) -0.03 (5.4)
Behavioral Ever Smoker? 76,763 (48.3%)
Ever Drinker 111,274 (70.0%)
Healthy Eating Index 67.3(10.7)
Physical Activity® (MET-hrfwk) 12.5 (13.8)
Sodium Intake (g/day) 2,723 (1286)
Clinical Body Mass Index (kg/m?) 26.0(5.9)
Systolic Pressure (mmHg)T 127 (18)
Hypercholesterolemia 20,843 (13.1%)
Diabetes 9,166 (5.6%)
Adrial Fibrillation 6,757 (4.3%)
Deep Vein Thrombosis 5,269 (3.3%)
Pulmonary Embolism 1,341 (0.8%)

'Hormone therapy trial, Black/African-American, or Hispanic/Latina participant in Extension 2.
Includes 10838 (6.83%) current and 85927 (41.5%) former smokers. *Total energy
expenditure in recreational physical activity. "Measured among 47459 (20.9%) participants
with amd 111451 {70.1% ) without medication-freated hyperiension. MET = meatabalic
eguivalent of task. n = sample size. S0 = standard deviafion. SES = socipeconomic status.
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Table 52. Missing Participant Characteristics at Baseline

(Women's Health Initiative, 1993-1998)

Characteristic’ n (%)
Exposure S EPA Radon Zone 4 (0.0%)
USGS Radon Zone 4 {0.0%)
USGS Radon Index 4 (0.0%)
LEL Geometfric Mean 3,464 (2.29%)
Demographic Age (years) 0 (0.0%)
Race/Ethnicity 387 (0.2%)
IS Census Region 0 {0.0%)
Social Education < College 1,190 (0.7%)
Occupation = Homemaker 12,837 (8.1%)
Meighborhood SES (z score) 194 (0.1%)
Behavioral Ever Smoker 2.043(1.3%)
Ever Drinker 1,191 (0.7%)
Healthy Eating Index 83 (0.1%)
Physical Activityd (MET-hriwk) 7,361 (4.6%)
Sodium Intake (g/d) 295 (0.2%)
Clinical Body Mass Index (kg/m?) 1,383 (0.9%)
oystolic Pressure (mmHg) 125 (0.1%)
Hypercholesterolemia 9,236 (5.86%)
Diabetes 92 (0.1%)
Atrial Fibrillation 2647 (1.7%)
Deep Vein Thrombosis 80 (0.1%)
Pulmonary Embolism 39 (0.0%)

‘Before multiple imputation. 'Mo design characteristics were missing. ‘Of n =
158,910, rounded to the nearest tenth percent. *Total energy expenditure in
recreational physical activity. EPA = US Envircnmental Protection Agency. LBL =
E.C. Lawrence Berkeley Mational Laboratory. MET = metabolic eguivalent of task.
n = sample size. 50 = standard deviation. SES = sociceconomic status. USGES =

S Geological Survey.



Table 51. Stroke Type / Subtypes (Women's Health
Initiative, 1993-2020)

Stroke Type  Subtype n (%)

Hemorrhagic  Subarachnoid Hemorrhage 229 (3.3%)

Intraparenchymal Hemorrhage 762 (10.9%)

Other’ 23 (0.3%)

lschemict Cardioembaolism 1,660 (22_4%)

Small Vessel Occlusion 1,002 (14.4%)

Large Artery Atherosclerosis 360 (5.2%)

O t Othert 2281 (32.7%)
u C o m e S Unclassified? 762 (10.9%)

All 6,979 (100.0%)

Mot analyzed separately given low sample size or lack of specificity. 'Classified
by Trial of ORG 10172 in Acute Siroke Treatment (TOAST) criteria.  *Other
determined eficlogy, 2 2 causes, negative or undetermined evaluation, or missing
TOAST classification data. "Cause of death = stroke, without typing / subtyping.
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Table 2. Absolute Risk of Stroke by EPA Radon Zone (Women's Health Initiative,

1993-2020)
A b l t Radon Women at Risk  Follow-Up Strokes Incidence
S o u e Zone  pCilL n (%) (years)T n (%) Proportiont Rate®
3 < 2 52712 (33% 13.4 2,190 42 333

: 12.5 2,059
Al Any 158,906 (100%) 134 6,979 (100%) 44 341

Risk

‘Missing zone (n=4). 'Mean. “Strokes per 10° women st risk. ‘Strokes per 10° woman-yesrs. EPA = US
Environmental Protection Agency. n = sample size. pCill = picocuries per liter.
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Table 3. Relative Risk of Stroke by EPA Radon Zone and
Model Adjustment (Women's Health Initiative, 1993-2020)

Hazard Ratio (95% Confidence Limit

Cumulative fone 3 Zone 1
Adjustment’ < 2 pCilL = 4 pCi/L
Mone 1.00 1.05(0.99-1.12)
+ Design 1.00 1.03 (0.97-1.10)
+ Demographic 1.00 1.10 (1.03-1.18)
+ Social 1.00 1.13 (1.05-1.22)
+ Behavioral 1.00 1.13 (1.05-1.22)

+ Clinical 1.00 1.14 (1.05-1.22)

For the sdditional design + demographic + social + behavioral + clinical

characteristics in Table 1. EFPA = UZ Environmental Protection Agency. pCill =
picocuries per liter
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Table 4. Sensitivity of the Fully Adjusted Radon-Stroke Association
(Women's Health Initiative, 1993-2020)

Hazard Ratio (95% Confidence Limit

Zone 3 Zone 1

Sensitivity to: < 2 pCilL = 4 pCifL
Referent’ 1.00 1.14 (1.05-1.22)
Adjustment for

Clinical Center 1.00 11 (1.00-1.22)

Medication-Treated Hypertension 1.00 13 (1.05-1.22)

Redefined SmokingT 1.00 A4 (1.05-1.22)
Multiple Imputation 1.00 A2 (1.04-120)
Smoking-Radon Interaction®®

Mever Smokers 1.00

Ever Smokers 1.00

Stroke Qutcome Substitution?
Hemaorrhagic
Subarachnoid Hemorrhage
Intraparenchymal Hemorrhage
IschemicT
Cardioembolism
Small Vessel Occlusion
Large Artery Atherosclerosis

—% —% —& —& —& —& —& %
[ B - e N N ) S R A
oo OO O

Other!
Unclassified™ 1.00 01 (0.85-1.20)
Mortality™ 1.00 A1 (1.03-1.19)
Radon Exposure Substitution®
USGS Radon Zone 1.00 1.16 (1.07-1.25
USGS Radon Index 1.03 (1.01-1.04)%
LBL Geometric Mean 1.04 (0.98-1.09)%%

Fully adjusted model of the EPA Radon Zone-stroke assaociation from Table 3. "As (current: former;
never). *And multiple imputation. *Poarese- = 0.4687. "Classified by Trial of ORG 10172 in Acute Siroke
Treatment (TOAST) criteris. "Other determined eticlogy, & 2 causes, negstive or undetermined
evaluation, or missing TOAST classification data.  Cause of death = stroke. without typing  subtyping.
"Cause of death = stroke, with or without typing / subtyping. " Expressed per 1-unit increase.
“Expressed per 1 pCill increase. EPA = US Environmentsl Protection Agency. LBL = E. O. Lawrence
Berkalzy Mational Laboratory. plill = picocuries per liter. USGES = US Geological Survey.
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Table 54. Relative Risk of Stroke and Lung Cancer (Women’s Health Initiative, 1993-2020)

WOMEN'’S Hazard Ratio (95% Confidence Interval)'
%%%T@HE) Risk Factor Category™ Yot Strokef Lung Cancer®

Diabetes Yes 6% 1.69 (1.96-1.83) MNA

Atrial Fibrillation Yes 4% 1.63 (1.50-1.78) MNA

Systolic Pressure > 140 mmHg 21% 1.57 (1.49-1.65) NA
Race Black 9% 1.459 (1.37-1.62) 1.33 (1.16-1.52)

Fulmonary Embolism Yes 1% 1.27 {(1.01-1. ED] MA

Deep Vein Thrombosis Yes 3% 1.20 {1.06-1.33) MA
Ever Smoker Current/Former 45% 1.17 {(1.12-1.23) 0.23 (4.62-5.67)
one o Healthy Eating Index = p25 25% 1.17 (1.11-1.24) 1.40 {1.31-1.50)

S t t Energy Expenditurel (MET-

enSI IVI y hriwk < P2a 28%" 1.13 (1.07-1.20 1.24 (1.16-1.34
1.10 (1.03-1.18 0.98 (0.90-1.08)

EPA Radon Zone 1 = 4 pCi/L

- Ethnicity Hispanic 4% 1.10 (0.96-1.27) 0.86 (0.67-1.11)
n a yS I S Neighborhood SES (z score) < p25 25% 1.06 (1.00-1.14) 1.13 (1.04-1.23)
Body Mass Index > 30 kg/m?2 30% 1.06 (1.00-1.11) 0.84 (0.78-0.90)
Hypercholesterolemia Yes 13% 1.05 (0.99-1.12) NA
Homemaker Yes 24% 1.01 (0.96-1.07) 0.95 (0.89-1.03)
Sodium Intake (g/day) > p75 25% 1.00 (0.95-1.06) NA
Education < College 22% 0.96 (0.91-1.02) 1.10 (1.02-1.18)
Ever Drinker Current/Former  70% 0.90 (0.86-0.95) 0.92 (0.85-0.99)

Estimated in Cox proportional hazards models simultaneously adjusting for all Table 1 design charactenstics and risk factors, tabulated from
high to low risk of stroke. 'Dichotomized to aid comparison among ordered risk factors and oufcomes. ‘Percent with the risk factor. “Based on
analysis of 6,979 incident strokes (4,167 incident lung cancers) among 158,910 (159.234) women af risk followed for a mean of 13.4 {(16.3) years.
Total energy expenditure in recreational physical activity. ‘Differs from 25% given tied percentiles. EPA = US Environmental Protection Agency.
MET = metabolic eguivalent of task. MNA = not applicable, =0 not modeled. pCifL = picocuries per lifer. p25 & p7a = 25" and 75" percentiles.
SES = socioeconomic status.
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Source EPA 1989-1990 EPA 1986-1992

Data NRRS n=5,694 SRRS n=63,291

Long-Term Short-Term
Measure Home Radon Home Radon Type
(pCilL) (pCilL) (unitless)

4 slabt
Scoring 2: mixed
3: basementt

Summation

Categorization

Administrative
Extrapolation
(to county)

Bayesian Hierarchical Modeling
log(Rnyggs) ji | Mi, log(Rnsges)i ~ N(A,V),
M/S*+log(Rnsgrs)i/o” = 1

1/5241/02 4 1/52+1/02
and i,j,k = home, county, region

where A =

Architecture

DOE 1975-1980

NURE

Aerial
Radioactivity

(ppm eU)

1: <1.5
2: 1.5-2.5
3: >25

USGS
Radon Index
(unitless)
range: 3-17

USGS
Radon Zone
(pCilL)

3-8 <2
9-11: 2-4
12-17: >4

EPA
Radon Zone
(pCilL)

3 <2
2. 2-4
1. >4

LBL
County-Level

Geometric Mean

(pCilL)

USGS 1974

US Maps

Geology /
Field Evidence*
(unitless)

1: negative
2: variable
3: positive

USDA 1992

CS

Soil
Permeability
(unitless)

1: ow
2: moderate
3: high

BB
.
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I
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I
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Geographically linked to participant addresses @ baseline geocoded as described in
Whitsel EA, et al. Epidemiol Perspect Innov 2006;3:8.
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I 3: <2 pCi/L Participants
I 2: 2-4 pCi/L [_] Census region 0 125250 500 750 1,000
. o Em eee—
B 1: >4 pCi/L Miles
SCHOOL OF Rad CHIP t CHIP absent
%E%ﬂ"ﬁ:ﬁm @UNC MEDICINE l:p?::l?l: ﬁ?‘;:]sen nﬂfnfen
<2 246 (7.7 2967 (923

303 (9.0) 3,063 (91.0)
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Stroke type/subtypet

No stroke

Hemorrhagic stroke

Ischemic stroke

Small vessel occlusion

Other ischemic

Cardioembolism

m 2-4 pCi/L
m >4 pCi/L

S
B

i

}

_._____________________.___

OR (95% ClI)
1.04 (0.74, 1.46)

0.95(0.63, 1.42)
0.98 (0.68, 1.40)

1.03 (0.70, 1.52)

1.05(0.74, 1.49)
1.00 (0.68, 1.47)
1.37 (1.06, 1.78)
1.50(1.11, 2.04)
1.78 (1.30, 2.47)

1.88 (1.31, 2.72)

0.1

—
(@)

OR (95% ClI)

10.0

p interaction

0.10
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Sensitivity of Radon-Related Risk of CHIP™, by Stroke Type / Subtypet (WHI TOPMed)

Cardioembolism

Sensitivity to: >4 pCi/L
Referent (no change) 1.886(1.31,2.72)
Attrition Weighting 212 (1 46 3.08)
Ancestry Adjustment

3 PCAs 1.27, 2.68)

10 PCAs 1.31,2.79)
Prevalent Stroke Exclusion 129, 2.74)
CHIP driver mutation:

DNMT3A 26 (1.45, 3.52)

TETZ 99(0.29,1.20)
EPA Zone Substitution

USGS Radon Zone

USGS Radon Indext 1.03 (097, 1. 10]

LBL Geometric Mean§ 1.14 (0,91, 1.42)

Regression models were adjusted for self-reported age, racefethnicity, education, homema ker status, US Census region,
neighborhood socioeconomic status z score, smoking, body mass index, physical activity, and clinical trial intervention
(hormone therapy, calciumdvitamin D, and dietary modification). Regression models alzo were weighted for the inverse
probability of sampling. *0dds ratio (253% confidence infervals). TAmong paricipants with reviewed, classified, and
adjudicated stroke. 1Expressed per 1-unit increase. §Expressed per 1 pCifl increase. LEL: E. O. Lawrence Berkeley National
Laboratory; pCifl: picocurieg/liter; PCA: principal components of ancestry; USGS: United Siates Geological Survey.
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Summary

In this cohort of postmenopausal
women, radon Is associated with...

The graded associations are...
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Limitations

To date, we have not examined...

Unknown generalizability to...
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