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Context: Evidence supports a protective effect of menopausahone therapy (HT) on bone.
However,whether genetic susceptibility modifies the asdamieof HT and fracture risk is not
sufficiently explored.

Objective: The objective was to test an interaction betwesregc susceptibility and HT on
fracture risk.

Design: We constructed two weighted genetic risk scores§§mPased on 16 fracture-
associated variants (Fx-GRS) and 50 bone minerditye(BMD) variants (BMD-GRS). We
used Cox regression to estimate the main effed&R$s and their interactions with HT on
fracture risk. We estimated the relative excedsdige to interaction (RERI) as a measure of
additive interaction. We also utilized the caseyapproach to test for a multiplicative
interaction.

Setting: 40 US clinical centers

Participants: 9,922 genotyped white postmenopausal women (ag®pbfiom the Women’s
Health Initiative HT randomized trials

Main outcome:Adjudicated fracture incidence
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Results:Both GRSs were associated with fracture risk (fthratio (HR) (95% CI) per one-unit
increment in GRS, 1.04 (1.02-1.06) for Fx-GRS a3 11.02-1.04) for BMD-GRS). We found
no evidence for multiplicative interaction for eattof the GRS. However, we observed a
significant additive interaction, where the highgsartile of both GRSs and randomization to
placebo have excess fracture risk: Fx-GRS p-for-RER47, BMD-GRS p-for-RERI=0.046.
Conclusions:These results suggest that HT reduces fracturarrigistmenopausal women
especially in those at highest genetic risk oftireeand low BMD.

We evaluated gene-menopausal hormone therapy (HT) interaction on fracture. We found that HT reduces
fracture risk especially in postmenopausal women at highest genetic risk of fracture and low BMD.

INTRODUCTION

Menopausal hormone therapy (HT) prevents bonedondseduces fracture risk in
postmenopausal women. The Women’s Health InitigdWell) clinical trials demonstrated that
estrogen alone (E) or estrogen plus progestin (Eré?apy reduced the risk of hip fracture by
33-35% and total fracture by 2479

Evidence indicates that contributors to fractus& are multifactorial and include both
genetic and environmental factbt& The majority of previous gene-environment intéoac
studies published on bone-related phenotypes leieel on candidate gene approach which
have seldom been replicated due to small effeetasml small sample size. Previous studies have
demonstrated that an aggregate genetic risk SGR&) based on common genetic variants
identified from genome-wide association studies @3)/can be a useful measure of genetic
susceptibility to fractuf®’. In a meta-GWAS including 17 studies, a GRS w#tsingle
nucleotide polymorphisms (SNPs) that were assatiatth both bone mineral density (BMD)
and fracture was associated with any type of fratténother study showed that the GRS with
16 SNPs, and the GRS based on 63 BMD SNPs idehtifien the meta-GWAS were associated
with any type of fracture and hip fractures fisk a recent study by Ho-Le et al, a BMD GRS
showed an increased fracture risk independentefgripr fracture, and faft

Given the strength of the evidence supporting #eptive effect of HT on fracture risk, the
existing meta-GWAS, and availability of the HT atial trial data, we performed a gene-
environment interaction study to untangle the caxphterplay of genetic susceptibility and HT
on risk of fracture. We hypothesized that genaigcsptibility modifies the association of HT
and fracture risk.
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MATERIALSAND METHODS

Women'’s Health Initiative hormone therapy clinicatials

Between 1993 and 1998, 27,347 women participatedénof two WHI HT trial¥. If a
participant had a hysterectomy (N=10,739), shenaadomized into the estrogen alone study
(conjugated equine estrogen 0.625 mg/day or majqilaceba)’ whereas if she had an intact
uterus (N=16,608), she was randomized to the estrggrogestin study (conjugated equine
estrogen 0.625 mg plus medroxyprogesterone acgtatag/day or matching placebo). Due to
the increased risk of breast cancer and inconsigsabenefit profiles, the estrogen plus
progestin trial was ended in 2002 (median followsup yearsf*”. The estrogen alone trial was
also terminated in 2004 (median follow-up 7.2 ygdree to the increased stroke risk with no
evidence of coronary heart disease or global bgh&fi However, the women were followed
until the planned stop date (March 31, 2005).
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Study participants
Among 22,030 self-identified European American (EN) trial participants, 10,634 women
were genotyped as part of one of two sub-studiesGenomics and Randomized Trials Network
(GARNET; N=4,894) and the Women’s Health InitiatMemory Study + (WHIMS+;
N=5,740). The WHI GARNET was designed to identigngtic factors that impact treatment
response to HT, utilizing a nested case-contralystesign. The WHIMS+ sub-study includes
WHIMS EA participants who are not in GARNET, pludd#ionally selected HT trial
participants who are neither in WHIMS nor GARNETWe oversampled for women age>65
since all WHIMS participants are aged 65 and Sftiédl participants provided informed
consent and the study was approved by the UniyeasBuffalo Health Sciences IRB.

Among the 10,634 genotyped individuals, 701 weduged prior to imputation in
GARNET if sample-chromosome combination with chreomal abnormalities and/or
missingness>5%, or overall missingness>2%, and eereided in WHIMS+ if
missingness>3% or were one of a related pair, tgpaitotal of 9,933 and 9,932 respective self-
reported white individuals with complete imputedFStiata available for Fx-GRS and BMD-
GRS. Data from an additional 11 individuals wereleded due to a lack of follow-up data. The
current study includes data from the remaining 8,82921 for BMD-GRS analyses) women
(Supplemental Figure1).

HT intervention

In order to classify women according to HT use,utikzed the assignment of HT at
randomization. We combined the two hormone armaldBe and E+P) and classified the
participants into two groups (randomized to HT iiméation or placebo) as the findings of the
two WHI HT trials on fracture prevention were siamtl’.

Ascertainment of fracture

The primary outcome of interest is incident fraetaf any type. Fracture incidence was initially
self-reported via semi-annual questionnaires afutazhted in a blind manner using radiology
reports”®. Total fracture was defined as adjudicated frastaxcluding those of the ribs,
sternum, skull or face, fingers, toes, and cerwiealebra&®?% For exploratory fracture subtype
analyses, we considered the following three typestral body (hip, spine, and pelvis), lower
limb (ankle, patella, shaft of femur, tarsal/metsa tibia/fibula, and tibial plateau) and upper
limb (carpal, elbow, metacarpal, radius/ulna, upp€dius/ulna, lower humerus, humerus, and
upper humerudj.

SNP genotyping, quality control (QC) and imputation

Samples were genotyped using the Illumina Human@+@niad v1-0 B SNP array (GARNET)
or the Illumina HumanOmniExpressExome-8vl_B ari&H(MS+). In GARNET, SNPs were
removed if they failed the recommended quality cd{(QC) procedure; intensity only,

technical failure by the genotyping center, 100%simg, minor allele frequency (MAF)=0 for
unrelated study participants, call rate<98%, >@afidant calls in 35 duplicate pairs, Hardy-
Weinberg equilibrium (HWE) p-value<1.0xT0The genetic QC for WHIMS+ data was
conducted following the Gene, Environment Associatstudies Consortium (GENEVA)
protocol?®*?* missing call rate2%, HWE p-value<1.0xI6, and MAF<0.01. Genotype
imputation was conducted with BEAGEHusing the 1000 Genomes reference panel (20100804
sequence and alignment release) (GARNET) and Minimseng 1000 Genomes reference panel
v3.20101123 (WHIMS+). Detailed quality control isstribed elsewhef® Allelic dosage was
calculated for the imputed genotype, ranging frota 2.
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Genetic risk scores (GRS)

We constructed two genetic risk scores, one fatdire-associated SNPs (Fx-GRS) and one for
BMD-associated SNPs (BMD-GRS), where each GRS veaghted by allele effect size using
SNPs that were identified in the GEnetic FactordIsteoporosis consortium (GEFOS) meta-
GWAS’. The WHI Genetic Components of HIP Fracture Casor GWAS (GeCHIP) sample
was included in the GEFOS meta-GWAS as a replicaample. The fracture GRS (Fx-GRS)
was based on SNPs associated with femoral neck@gFNnbar spine (LS) BMD that were also
associated with any type of fracture at Bonferromirected significance level (P<5xfp
(Supplemental Table 1). In the Fx-GRS, 4 (2) SNPs were typed and 11 (@3} imputed. A
typed proxy (f=1) for rs1373004 (1), rs7898709, was used asaimer SNP was not available
in GARNET (WHIMS+) data (http://analysistools.néhrgov/LDlink/)?". Weights were
calculated as a log-transformation of the repootds ratios (OR) for fracture divided by the
mean of log-transformed ORs across all GRS SNPs.

We constructed the BMD-GRS using 50 SNPs frorasdablished set of 63 BMD
associated SNPs from the GEFOS meta-GWa®plemental Table 2). In the score, a total of
13 (11) SNPs were typed, 36 (38) were imputed afld Wvas a typed proxy in GARNET
(WHIMS+). The typed proxy rs7898709 was again Useds1373004. Out of 63 SNPs, 13
variants were excluded for following reasons: fAgC (rs12821008, rs1566045, rs17040773),
showed secondary signals only after conditionalysisabut were not themselves associated
with BMD (rs10226308, rs13245690, rs1564981, rs2B5%2, rs4792909, rs736825, rs7521902,
rs7751941), or did not show an association withBNMPB among females (beta-coefficient for
FN-BMD=0) (rs1878526, rs7071206). Weights for BMIRS were based on the stage 1+2
meta-analysis female only effects sizes (beta-mefits) for FN-BMD, which were
standardized by dividing each beta-coefficienthm/mean of the effects.

Statistical analyses

We compared the baseline characteristics betwewlonaization arms using Chi-square tests for
categorical variables and t-test for continuousaldes. We used Cox proportional-hazards
regression to test the association of GRS withtdiracand the interactions between HT and GRS
on the risk of fracture. The analyses were condlwiéh both continuous and categorical
parameterization of GRS. For the categorical aealysarticipants were categorized into 3
groups based on GRS quartiles; quartile 1 (Q1)tdg&-3 (Q2-3), and quartile 4 (Q4). The
time-to-event was the number of days since enraltrteethe first fracture. The proportional
hazards assumptions were evaluated by examininge®&tld residuals and no significant
deviations were found. The multivariable modelsenadjusted for age and WHI GWAS
(WHIMS+ or GARNET).

The joint effects of both GRS and HT on fractusk rivere tested on both additive and
multiplicative scales. Multiplicative interactiomsere examined by testing the statistical
significance of the regression coefficient of thess-product term (GRS*HT) while including
both main effects in the model. Further, we asskssétiplicative interaction by evaluating the
GRS-HT association in logistic regression modelsgia case-only approach with 1,608 total
fracture cases. The case-only study design inesgaswer to detect gene-environment
interaction because the need to estimate the asmocbetween gene and environment in non-
cases is alleviated under the assumption of gemeeement independence in the source
populatiof®. The gene-environment independence assumptioneste in logistic regression
models with 8,314 non-cases and was satisfied.
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To assess GRS-HT additive interactions, we congtdug composite variable of
aforementioned GRS categories and HT arm and dstihtiae relative excess risk due to
interaction (RERI) using the suggested methodsitantl Chamble$& We calculated strata-
specific HRs and 95% Cls using those in the lo&R$§ quartile who were assigned to HT
intervention as the reference group. Varianceb®RERI were calculated using the Hosmer
and Lemeshow’s delta methiSd

We further evaluated the HRs for HT interventioithim the strata of GRSs to examine
the effect modification of genetic susceptibility the association between HT and fracture risk.
Heterogeneity of the HT effect was tested usinghtacs Q test for meta-analysis.

All statistical analyses were conducted using SASion 9.4 (SAS institute, Cary, NC). All

p-values reported were two-sided, and statistigalificance was defined as p<0.05.

RESULTS

The baseline characteristics according to HT amrsammarized iff able 1. As expected
because of randomization, the intervention andgila@rms did not differ according to previous
personal HT use, previous fracture or in termslhgfspcal measurements. Participants had a
mean age of 67 years (SD=6.5). Approximately 66%rever used HT and 9% were current
smokers at randomization. The mean (SD) GRSs wki®(2.5) and 50.6 (4.8) for Fx-GRS and
BMD-GRS, respectively, for participants without a@ngcture, and 14.9 (2.5) and 51.3 (4.7) for
those with fracture incidence.

Both the Fx-GRS and BMD-GRS were significantly a&ssted with total fracture incidence;
confirming genetic associations with the meta-GVWAS. Each unit increment in Fx-GRS from
16 SNPs resulted in a 4% increase hazards forfratlre (multivariate adjusted HR: 1.04,
95% CI: 1.02-1.06). For BMD-GRS, the HR was 1.08%0Cl: 1.02-1.04).Qupplemental
Table 3). In the analysis of categorical GRS, the annedlincidence rate of total fracture was
1.96%, 2.31% and 2.49% in the FX-GRS Q1, Q2-3 ahd€¥pectively. Similar results were
observed for BMD-GRS. The annualized incidence oétetal fracture was 1.85%, 2.33% and
2.59% in the Q1, Q2-3 and Q4, respectively. Simuatotal fracture, higher GRSs were
associated with increased risk of all fracture sabgs. We did not observe any interaction
between GRSs and age on fracture ri@kpplemental Table 4). We examined previous
fracture, number of falls, and smoking variablethim regression models, however no factors
significantly changed the effect estimate of GRS.

During an average follow-up of 7.1 (¥2.3) years3 6@men assigned to HT intervention
and 910 women assigned to placebo experiencedtarieaThe incidence rate of any fracture
was 19 per 1,000 person-years in HT interventiaugrand 26 per 1,000 person-years in
placebo groupFigures 1A and1B show that women assigned to placebo experienggrabhi
fracture incidence compared to women randomizddiftantervention. In women assigned to
placebo, we observed significant linear trendsigiér fracture risk as genetic susceptibility
increased. For Fx-GRS, these higher fracture r@kged from HR=1.26, 95% CI: 1.02-1.55 for
the lowest genetic susceptibility group to HR=19%% CI: 1.44-2.14 for the most genetically
susceptible (p-for-trend<0.001). The pattern waslar for the BMD-GRS with p-for-
trend<0.0001.

We observed a significant additive interaction legwthe GRSs and HT. The joint effect of
randomization to placebo and high genetic susdéptibn total fracture risk was larger than
expected from the sum of the individual effectse Thultivariable-adjusted RERI values (95%
Cl, p-value) were 0.35 (0.01-0.69; p=0.047) for @ of Fx-GRS, and 0.38 (0.01-0.75;
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p=0.046) for Q4 for the BMD-GRS, indicating thabsle who were assigned to placebo are at
higher risk of fracture if their genetic predisgasi is high.

We found no evidence for statistically significamaltiplicative interaction for either GRSs
on total fracture. In Cox proportional hazard regren, the multivariable adjusted p-value for
multiplicative interaction was 0.49 for Fx-GRS a@n@3 for BMD-GRS. The results from case-
only analyses similarly showed no multiplicativéeiraction between GRS and HT (Fx-GRS p-
for-interaction=0.53, BMD-GRS p-for-interaction=@8)3

When we compared the effect of HT intervention mitBRS strata, somewhat greater
fracture risk reduction was observed in women Witlh genetic predisposition for fracture or
low BMD (Figure 2A and 2B). Multivariable-adjusted relative risk reductiongh HT
intervention were 21% for Fx-GRS Q1, 26% for Q23d 34% for Q4Kigure 2A). However,
the difference among GRS strata was not statistisggnificant (p-for-heterogeneity=0.40). We
observed similar risk reductions in BMD-GRS quarstrata (24%, 24%, and 35% for BMD-
GRS Q1, Q2-3 and Q4, respectively), however, therbgeneity was statistically insignificant
(p=0.40) Figure 2B). Supplemental Figure 2 shows the Kaplan Meier plots for the fracture
and BMD GRSs, respectively. These plots show tgkdst cumulative hazards for women who
were randomized to placebo, where women with tghdst genetic susceptibility are at highest
fracture risk.

In exploratory analyses using fracture subgrougsfound no evidence for statistically
significant multiplicative interaction for eithec@re or any of fracture sites (p-for-
interaction>0.05)Qupplemental Figure 3). However, we again noted a significant additive
interaction between GRS and HT on the risk of @tody and upper limb fracture in the
highest GRS quartile (FXx-GRS Q4 p-for-RERI=0.04upper limb fracture, BMD-GRS Q4 p-
for-RERI=0.01 for central body fracture) (daat shown). Relative risk reduction with HT use
was stronger in women with high genetic predispmsiin central and upper limb fracture, but
the heterogeneity was not statistically significant

Supplemental Table 5 shows the evidence for interaction of HT with #ng§NPs that make
up the GRS. Three SNPs were nominally significest§12088 irABCF2, rs1346004 in
GALNT3, rs3801387 iWNT16) but not significant after adjusting for multigkesting.

DISCUSSION

We examined cumulative effects of previously régdrl6 SNPs associated with both
BMD and fracture, and 50 BMD associated SNPs artdra risk. We observed that higher
fracture and BMD GRS are significantly associatéith wcreased fracture risk and that there is
a significant additive interaction for both GRSsl &l use on risk of total fracture. Although
statistically insignificant, we observed a trendi&ods greater total fracture risk reduction with
HT use among the most genetically susceptible wohmeexploratory analyses, we also found
evidence of additive interaction for central boad aipper limb fractures.

Our study confirms previous findings of cumulatimain effects of the GEFOS meta-GWAS
variants with fracture in our cohort of 9,922 Eugap American women. Estrada et al. showed
that a GRS based on 16 SNPs associated with both &M fracture had a significant
association with any fracture among elderly wofné&arthermore, Erikson et al. demonstrated
that a GRS based on 63 BMD SNPs were also assoeidte the incidence of any type of
fracture and hip fractures in older participdnis our analyses, we constructed the BMD-GRS
with 50 QC passed SNPs that showed an associatibrFN-BMD among females while
excluding variants that showed secondary conditisigaals. Although we constructed BMD-
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GRS with a subset of 63 SNPs, our reported findargan agreement with the previous studies.
The results provide solid impetus for our gene-HfEinaction study, as these variants are meta-
GWAS significant and replicated in our sample.

Within the context of a randomized placebo congablirial, we were able to examine and
formally test for the presence of interaction of &iid GRS on fracture on both additive and
multiplicative scales. Our results suggest thairnkeraction between HT and genetic
susceptibility is additive rather than multiplicegi Additive interaction is of a greater public
health and clinical importance because it allowsoudentify groups that may get more benefit
from intervention through risk stratification.

Herein we found that women assigned to placebaHagher risk of fracture, and these
risks were even more elevated in the presencegbfdreenetic susceptibility. Our results point to
the potential future benefit of genetic risk assesd in clinical decision making for a targeted
intervention, should our results be replicatedthreo studies. If replicated, these study findings
may increase our evidence for the utility of geméetformation as an additional factor to
consider in evaluating the benefit-risk profileasteoporosis treatment, and further contribute to
our knowledge of personalized recommendationsrémtdire prevention. Benefits associated
with other therapies such as bisphosphonates feopgsrosis prevention and treatment may also
be greater in these high-risk women. In an obsknmval study of 1,023 postmenopausal Korean
women, Lee et al analyzed GRS based on SNPs froROSEneta-analysis (GRS63) for their
predictability of fracture among women taking HThisphosphonatés Among women who
were not on either treatment, those in the higtezste had almost 4 times increased risk of any
incidental fracture compared to those in the medameh lowest tertiles, while there was no
statistically significant increase in fracture riskh increase in genetic risk among women
taking HT or bisphosphonates. Although further egibn in other race/ethnic groups is
required, findings from the study suggest that liagphonates as well as HT reduce the risk of
fracture among women with at high genetic risk.

Estrogen deficiency causes imbalances in bone hstas, favoring bone resorption over
formation, which leads to bone loss and susceftyittd fractures. Estrogen exerts effects on
bone cells and the immune systéfit. Although some of the genes in the GRSs in oulyasa
are observed to be clustered within several bickidione-related pathwdyshe roles of most
of these genes on bone response to HT use ardylargenown. Future large-scale studies are
needed elucidate the biologic mechanism of intevastof genes with HT on fracture risk.

We observed stronger relative risk reduction withintervention by increasing GRS
guartile level in total, central and upper limbclare, while the opposite was noted in lower limb
fracture. Although we do not know the exact rea®onhis inconsistency, findings from the
multicenter Study of Osteoporotic Fractures (SQigpest that ankle fractures were not
associated with total hip, total spine and FN-BVDn our sample, ankle fracture constituted
approximately 35% of lower limb fracture. Majorkifactors for ankle fractures include body
weight and falls. Because both GRSs are derived 8bIPs identified in the GEFOS for BMD,
it is possible that some variants that accountrmture risk other than BMD such as falls are
unrepresented. Therefore, analyses of a GRS ttlaties variants identified from future GWAS
for fracture risk are necessary to improve fractisl stratification at each anatomic site.

To our knowledge, this study is the first to invgate gene-HT interaction on fracture in
EA women using multiple genetic variants from aa@&WAS with the utilization of the
powerful randomized clinical trial design. The randassignment of HT ensures that both
known and unknown characteristics that can imgaebutcome are uniformly distributed across
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intervention arms, thereby minimizing biases anadf@onding. In addition, the well-defined
cohort, comprehensive and uniform data collectiomparticipants’ characteristics, prospective
follow-up and adjudicated fracture outcomes are ateengths of our study.

Our study also has several limitations. First, FothHGRS and BMD-GRS in our analyses
were derived from common variants identified in @@@aGWAS, which account for only a small
portion of genetic variance in BMB. In addition, GRSs in our analyses only accounBfD-
dependent SNPs. Although BMD is strongest prediatdracture, fracture risk is multifactorial
and it is possible that some genetic variantsdbabunt for fracture risk are unrepresented.
Another limitation of our study is our inability tietermine the influence of BMD on the
association of GRS and fracture risk in our sargleause not all of the participants had their
BMD measured. A previous study reported that algfmoilne associations between GRS and risk
of total fracture remained statistically signifitafter adjusting for clinical risk factors, the
association were attenuated after being adjusteBNeBMD™3. However, because assessment of
a fracture risk prediction model for its clinicdllily was not the purpose of our study, the BMD
variable is not relevant in the current analydegrther, we had limited power to investigate
interactions in the fracture subtype analyses dsample size. Lastly, we examined only EA
postmenopausal women who enrolled in WHI HT tridigrefore our findings may not be
generalizable to other race/ethnic groups. We obkskthat the additive interaction was largely
driven by the WHIMS+ sample who are slightly oltlean GARNET sample. However, we have
lower power to detect the interaction when our dangstratified, so we are cautious about
drawing strong conclusions in this case.

Our results support further consideration of GR&rasther factor in determining potential
risk and benefit ratio of osteoporosis preventind tieatment. Future randomized trials of new
osteoporosis treatment can benefit from the GR&#trent interaction analysis to determine
whether the additive interactions between genesceptibility and anti-osteoporotic therapy
exist, and to assess the benefits of targetediiszdatto women at genetically highest fracture
risk.
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Table 1. Baseline characteristics of participast®eding to hormone therapy randomization.

HT Intervention (N=5,023) | Placebo (N=4,899)
Characteristics N (%), M eans(SD) N (%), Means(SD) P
WHI GWAS 0.02
WHIMS+ 2818 (56.1%) 2858 (58.3%)
GARNET 2205 (43.9%) 2041 (41.7%)
Age at screening, y 66.9 (6.5) 67.1 (6.4) 0J13
Years since menopause, y 0.p6
<10 697 (15.4%) 625 (14.0%)
> 10, <20 1703 (37.6%) 1768 (39.7%)
> 20 2125 (47.0%) 2066 (46.3%)
BMI (kg/m?) 29.0 (5.7) 28.8 (5.8) 0.1
Self-reported general health 0.85
Excellent/Very good/Good 4631 (92.8%) 4529 992)
Fair/Poor 358 (7.2%) 345 (7.1%)
Recent personal HT use at baseline 077
Never used 3309 (65.9%) 3260 (66.6%)
Past user 1354 (27.0%) 1294 (26.4%)
Recent user 359 (7.1%) 343 (7.0%)
Recent personal HT duration, y 0.16
None 3309 (65.9%) 3260 (66.5%)
<5 1003 (20.0%) 987 (20.1%)
>5 <10 312 (6.2%) 253 (5.2%)
>10 399 (7.9%) 399 (8.1%)
Smoking status 0.9
Never 2551 (51.3%) 2466 (51.0%)
Former 1976 (39.8%) 1939 (40.1%)
Current 444 (8.9%) 428 (8.9%)
Falls in last 12 months 0.8p
0 3101 (65.5%) 3063 (65.5%)
1 992 (20.9%) 990 (21.2%)
>2 644 (13.6%) 621 (13.3%)
Fracture at Age 55+ 884 (21.9%) 918 (22.7%) 0}35
Total MET-hours/week 11.1 (13.2) 11.0 (12.8) 0.8f
Height (cm) 161.3 (6.0) 161.4 (6.0) 0.34
Weight (kg) 75.5 (15.7) 75.1 (15.7) 0.40

" WHIMS+: The Women'’s Health Initiative Memory Stuéty
2 GARNET: The Genomics and Randomized Trials Network
¥ MET: Metabolic Equivalent of Task
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A.Fx-GRS
GRS quartile N of event HR for Fracture HR (95% CI) RERI (95% CI)
(censored)
HT intervention
Q1 159 (1093) ° 1.00 (Reference)
Q2-3 358 (2145) —— 1.14(0.94, 1.37)
Q4 181 (1087) —— 1.15(0.93, 1.42)
p for trend 0.21
HT placebo
Ql 193 (1035) s 1.26 (1.02, 1.55)
Q2-3 462 (1997) p—e— 1.53(1.28,1.83)  0.13 (-0.15, 0.42), p0.359
Q4 255(957) p—— 1.75(1.44,2.14)  0.35(0.01, 0.69), p=0.047
= p for trend <0.001
8 r . r . r . . , for 1 cative ir}teraction
22 08 10 12 14 16 18 20 22 24 0.49 (Cox regression)
Sk 3 (Case-only analysis)
£
o A
58
23 B. BMD-GRS
%: E GRS quartile N of event HR for Fracture (CAVERe )] RERI (95% CI)
03 (censored)
Iz . .
Fuw HT intervention
E Ql 145 (1112) ] 1.00 (Reference)
m Q2-3 368 (2150) p—e— 1.27 (1.05, 1.54)
@) Q4 185 (1062) —e— 1.28 (1.03, 1.59)
) p for trend 0.03
== HT placebo
Ql 187 (1036) | —e 1.32(1.06, 1.64)
Q2-3 456 (1987) f——e—— 1.66 (1.38,2.00) 0.07 (-0.24, 0.39), p=0.640
Q4 267 (1 966) p———=——1 1.98(1.62,2.42) 0.38(0.01,0.75), p=0.046
p for trend | <0.0001

— ! . : : : : ; . p for multiplicative interaction

)8 1.0 12 14 16 18 20 22 24 =0.63 (Cox regression)
0.84 (Case-only analysis)
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A. Fx-GRS

GRS HT intervention Placebo HR (95% CI) HR for Fracture
quartile N of cases (annualized %)
Q1 (Lowest) 159 (1.74) 193 (2.20) 0.79 (0.64, 0.98) —a—
Q2-3 358 (1.98) 462 (2.66) 0.74 (0.65, 0.85) —=—
Q4(Highest) 181 (1.99) 255 (3.05) 0.66 (0.54, 0.79) —=—
| I T |
P for Heterogeneity = 0.40 0.4 0.6 0.8 12
B. BMD-GRS
GRS HT intervention Placebo HR (95% CI) B2 for Fracture
quartile N of cases (annualized %)
Q1 (Lowest) 145 (1.59) 187 (2.12) 0.76 (0.61, 0.94) —a—
Q2-3 368 (2.01) 456 (2.66) 0.76 (0.66, 0.87) =
Q4(Highest) 185 (2.07) 267 (3.14) 0.65(0.54,0.79 —=—
T T T T
P for Heterogeneity = 0.40 0.4 0.6 0.8 1.0 1.2




