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THE ASSOCIATION BETWEEN CARDIOVASCULAR DISEASE RISK AND
FRACTURES IN POSTMENOPAUSAL WOMEN

RAFEKA HOSSAIN

MASTER OF SCIENCE IN PUBLIC HEALTH

ABSTRACT

Background: Fragility fractures pose a significant healthcare and economic burden in the
United States. While age and bone mineral density (BMD) are the primary established
risk factors for fragility fractures, the relationship between cardiovascular disease (CVD)
and fractures remains underexplored. The primary objective of this analysis was to

estimate the association of CVD risk with fractures in postmenopausal women.

Methods: Utilizing 30 years of data from the WHI, Atherosclerotic Cardiovascular
Disease (ASCVD) risk scores were computed using baseline age, race, systolic blood
pressure, total cholesterol, high-density lipoprotein, diabetes, anti-hypertension
medications, and smoking. Fracture outcomes encompassed any clinical fracture, major
osteoporotic fractures (MOF), and hip. Cox proportional hazard models accounting for
the WHI study component were used to assess the association between ASCVD and
fracture risk, adjusting for sociodemographic, lifestyle, nutrition, and health variables.

Effect modification by obesity status was explored.

Results: Among the 161,808 women in the WHI, 5,519 had complete data for ASCVD
score calculation. Of these, 40.3%, 15.1%, 32.5%, and 12.1% of participants fell into low,

borderline, intermediate, and high CVD risk categories respectively based on ASCVD

il



thresholds. Compared to those with a low ASCVD score, a high ASCVD score was
associated with significant elevated fracture risk (Any clinical - HR: 1.48, 95% CI: 1.28—
1.72; MOF- HR: 2.35; 95% CI: 1.93-2.87; hip - HR: 4.97; 95% CI: 3.34-7.40). The
associations attenuated after adjustment, but compared to the low ASCVD score group,
significantly higher fracture risk was still observed in the fully adjusted model for MOF
in the intermediate group (HR: 1.31, 95% CI: 1.07-1.60), and for MOF (HR: 1.38, 95%
CI: 1.02-1.86) and hip fracture (HR: 1.88, 95% CI: 1.03-3.43) in the high ASCVD
group. No evidence of heterogeneity by obesity status was observed in the association

between ASCVD risk and fractures.

Conclusion: In this racially and ethnically diverse sample of postmenopausal women, a
higher ASCVD score was significantly associated with higher MOF and hip fracture risk.
Integrating CVD risk assessment could provide valuable insights for clinical practice

regarding fracture prevention strategies.

Keywords: Fractures, Osteoporosis, Cardiovascular Disease, Race/Ethnicity,

Postmenopausal women, Epidemiology.

v



ACKNOWLEDGEMENTS

WHI Bone SIG: Dr. Carolyn J. Crandall, Dr. Kristine E. Ensrud, Dr. Jane A. Cauley, Dr.
Meryl S. LeBoff, Dr. Ann V. Schwartz

Statistical Support: Dr. Russell Griffin from the Department of Epidemiology, Joseph
Larson from WHI

WHI Coordinating Center



TABLE OF CONTENTS

Page

ABSTRACT ..o il

ACKNOWLEDGEMENT ... e e v

LIST OF TABLES ... e vii

LIST OF FIGURES ... e viil

LIST OF ABBREVIATIONS ... ix
CHAPTER

I INTRODUCTION ...ttt e 1

2 METHODS ..o 3

Study Design and SEtting ..........oouiiniiiiiiiiiii i 3

PartiCIpants ........oouiiiiii e 3

Primary Exposure: CVD RisK ..o, 4

Primary Outcome: Fracture .............ooiiiiiiiiiii i 5

Potential Covariates ..........oo.eiuiiiiiii i 6

Statistical ANalySIs .....viirii i s 7

3 RESULT S e e 9

The Association Between ASCVD Score and Fracture ............................ 13

Any Clinical Fracture ...........ooiiiiiiiiii e, 13

Major Osteoporotic Fracture ...............ooiiiiiiiiiiiiiiiiiie, 15

Hip Fracture ......ooooniii e 18

Effect Modification ............ooiiiiii i 21

Sensitivity ANALYSIS ....entiei e e 21

4 DISCUSSION ...t e 23

5 CONCLUSION ...ttt e e e e 28

LIST OF REFERENCES ... 29

APPENDIX: IRB APPROVAL ..., 53

vi



Tables

2a

3a

2b

3b

2c

3¢

LIST OF TABLES

Page
Baseline Characteristics of the WHI Participants Overall
and by ASCVD Risk SCOTE ....o.viiiiiiiiiii e 11
Any Clinical Fracture Incidence Rates Overall and by
ASCVD RISk Level ..., 13
The Association between CVD Risk Score and Any
Clinical Fracture (N =2,007) ....oiiriiii i e e, 15
MOF Incidence Rates Overall and by ASCVD Risk Level ........................ 16
The Association between CVD Risk Score and MOF (n=1,067) ............... 17
Hip Fracture Incidence Rates Overall and by
ASCVD RISk Level ..o 19
The Association between CVD Risk Score and Hip Fracture (n =261) ......... 20
Evaluating model fit on the Association between
CVD Risk Score and Fracture ..............cooiiiiiiiiiiiiiiiie 22

vii



LIST OF FIGURES

Figures Page
1 Participant Selection Flowchart ... 10
2a Kaplan-Meier plots by ASCVD Category for Any Clinical Fracture ..............14
2b Kaplan-Meier plots by ASCVD Category for MOF ...........c.oooiiiiiiiinnin 16
2c¢ Kaplan-Meier plots by ASCVD Category for Hip fracture ........................ 19

viil



ANOVA

ASCVD

BMD

BMI

CI

CT

CVD

DBP

DXA

FX

HDL

HR

HRT

IR

LDL

MOF

SBP

T2DM

OP

LIST OF ABBREVIATIONS
Analysis of Variance
Atherosclerotic Cardiovascular Disease
Bone Mineral Density
Body Mass Index
Confidence Interval
Clinical Trial
Cardiovascular Disease
Diastolic Blood Pressure
Dual Energy X-ray Absorptiometry
Fracture
High—Density Lipoprotein
Hazard Ratio
Hormone Replacement Therapy
Incidence Rate
Kaplan—Meier
Low—Density Lipoprotein
Major Osteoporotic Fracture
Systolic Blood Pressure
Type-2 Diabetes Mellitus

Osteoporosis

X



OR

OS

PPI

PPV

SAS

SERMs

WHI

Odds Ratio

Observational Study

Proton Pump Inhibitors

Positive Predictive Value

Relative Risk

Statistical Analysis System

Selective Estrogen Receptor Modulators

Women’s Health Initiative



INTRODUCTION

Over two million fragility fractures occur each year in the United States (U.S.)
with estimated costs ranging from $13.7 billion to $20.3 billion in direct medical costs in
2005 (1, 2). As the older adult population in the U.S. increases, so will the number of
fractures and their related costs. Estimates show that when considering both direct
medical and indirect societal costs by 2040, fracture-related annual costs will rise to
$95.2 billion (3). Fragility fractures are associated with higher mortality rates (4 - 14) and
lower quality of life outcomes (15), including losses in ambulation (16), increases in
long-term nursing home care (17-19), and becoming Medicaid dependent (18-19), with
these outcomes being worse in communities of color (19). Factors associated with
fractures have not only been identified to aid in the understanding of fractures but also in
the development of pharmaceutical and non-pharmaceutical interventions to reduce

fractures and their subsequent adverse outcomes (20).

The primary risk factors for fragility fractures are age and bone mineral density
(4), but several health conditions are found to be associated with fractures (21-22),
including cardiovascular diseases (CVD) (23). CVD and fragility fractures share
pathogenetic mechanisms, with disruptions in bone mineral and bone metabolism
implicated in both conditions (24). Studies have shown bidirectional relationships with
individual CVDs and fractures. For example, an increased risk for hip and vertebral

fractures was shown in those with myocardial infarction (MI), hypertension (HTN) (25-



26), and aortic and arterial calcification (27-28), while other studies have shown that low
BMD and fractures are associated with increased risk of CVD (29). Similarly,
medications used in the treatment of CVDs (e.g., loop diuretics) are also linked to an

increased risk of fractures, particularly in women (30).

CVD risk prediction equations such as the American College of Cardiology’s
Atherosclerotic Cardiovascular Disease (ASCVD) Risk Estimator (31-32) have been used
widely in research to evaluate individual and population-level risk for CVD. Clinical
thresholds have been developed to identify individuals at higher risk to ultimately trigger
clinical intervention (33). Given the association between CVD and bone health, CVD risk
prediction equations could also provide an avenue to prompt fracture prevention
interventions; however, as far as is known, the association between ASCVD score and
fractures has not been previously evaluated, particularly in a racial and ethnic diverse
cohort. Thus, this study will leverage 30 years of longitudinal CVD and bone health data
collected in the Women’s Health Initiative (WHI) to address this research gap. The
objective of this study is to estimate the association between CVD risk, based on the
ASCVD risk estimator, and fractures, and evaluate if obesity status modifies the

association between CVD risk and fracture.



METHODS

Study Design and Setting

This study utilized data from the WHI, a comprehensive investigation aimed at
addressing major health concerns in postmenopausal women, such as heart disease,
cancer, and osteoporotic fractures. Enrolling 161,808 women between the ages of 50-79
from 1993-1998, the primary objectives of the WHI were to 1) understand the etiology of
these conditions, 2) evaluate preventive strategies to attenuate risk, and 3) apply findings
to inform public health policy and clinical guidelines. The WHI study design included
three randomized controlled trials (WHI-CT) and an observational study (WHI-OS)
component, to provide evidence-based recommendations for improving the health and

quality of life of postmenopausal women (34).

Participants

This study was limited to participants who were selected for measurements of
core analytes (e.g., Total cholesterol, HDL, and LDL), which included the WHI-CT 6%
subsample and the OS Measurement Precision Study (1% of WHI-OS participants).
Women missing data necessary to calculate the ASCVD scores and those reporting bone

cancer at baseline were further excluded. The University of Alabama at Birmingham



Institutional Review Board designated this analysis as non-human subjects’ research

given all data were coded using a unique identifier.

Primary Exposure: CVD Risk

The 10-year ASCVD risk score includes the following characteristics: age, sex,
race (White, Black, Other), systolic blood pressure (SBP), total cholesterol, high-density
lipoprotein (HDL), history of diabetes, use of antihypertensive medication, and smoking
status (current or non-smoker) (35). The ASCVD score was calculated using only
baseline data. SBP was measured using a standardized protocol at each of the 40 WHI
centers. Cholesterol levels (total cholesterol, and HDL) were determined using a 12-hour
fasting serum sample obtained (36). Diabetes status was based on self-report of Type 2
Diabetes Mellitus (T2DM) and the presence of T2DM medication (Insulin,
Sulfonylureas, Antidiabetic amino acid derivatives, Biguanides, Meglitinide analogs,
Aldose reductase inhibitors, Alpha-glucosidase inhibitors, insulin-sensitizing agents, and
other antidiabetic combinations) in the WHI medication inventory that included pill bottle
review at baseline clinical visit. Antihypertensive medication use was based on the self-
report of HTN medications or recording of antihypertensive medications (e.g., Diuretics,
Beta-blockers, ACE inhibitors, Angiotensin II receptor blockers, Calcium channel
blockers, Alpha blockers, Alpha-2 receptor agonists, combined alpha and beta-blockers,
Vasodilators) from WHI medication inventory data. The personal habit questionnaire was
used to determine smoking status. ASCVD scores were utilized as a categorical variable
based on clinical thresholds [Low risk (<5.0%), Borderline risk (5.0% - 7.4%),

Intermediate risk (7.5% - 19.9%), and High risk (>20.0%)].



Primary Outcome: Fracture

The fracture outcomes included: 1) any clinical fractures, 2) major osteoporotic
fractures (MOF) (hip, clinical spine, forearm, or shoulder), and 3) hip fractures. The
women reported fractures at each annual medical history follow-up questionnaire based
on the following questions: “Since the date on this form, 1) have you been admitted to a
hospital overnight?; 2) have you been treated in an emergency room, had a day surgery,
or been seen on an outpatient basis; 3) has a doctor told you for the first time that you
have a new broken, crushed, or fracture bone?” Medical records were obtained for those
selecting “broken, crushed, or fractured bone” for questions 1 and 2 to identify fracture
site. Women answering yes to question 3 were then asked “which bone did you break”
with response options including 1) jaw, nose, face, and/or skull, finger and/or toe, 3) ribs
and/or chest or breastbone, 4) other broken bone, to which they specified. During the first
phase of the WHI (1993-2005), all hip fractures were centrally adjudicated at the WHI
Coordinating Center using medical records, and all fractures reported in the DXA sub-
cohort were locally adjudicated at the respective WHI Center. During Extension 1 (2005-
2010), hip fractures continued to be adjudicated, whereas all other fractures were based
on self-report only. In Extension 2 and Beyond (2010 — present), all fractures were based
on self-reported data (36-37). Studies, including one from the WHI, have shown that the
self-report of fragility fractures is highly valid with positive predictive values (PPV)
ranging from 85% — 97% for hip and other non-vertebral fractures (38), with lower
validity for clinical spine fractures (PPV: 50 — 70%) (39-43). Those reporting a
pathologic fracture during follow-up were excluded, as these fractures are typically

related to cancer and are not considered fragility fractures (44-47).



Potential Covariates

Based on previous literature and/or underlying biological plausibility, baseline,
self-reported variables from the following domains were identified as covariates of
interest: sociodemographic (48-53), lifestyle (54-58), anthropometric (58-60), nutritional
(61-63), health conditions (57, 64-65), and medications (66-79). Sociodemographic
variables included Hispanic ethnicity (Hispanic vs. non-Hispanic), education (<high
school, high school graduate, some college or vocational degree, college graduate, and
professional degree), and income (<$35,000, $35,000 - $75,000, >$75,000). Lifestyle
factors included alcohol consumption (non, past, and current drinkers) and physical
activity (total energy expenditure from recreational physical activities). Anthropometric
factors included body mass index (BMI), which was calculated based on height and
weight measurements from baseline clinic visits. Nutritional factors included total
calcium (mg/d) and vitamin D (IU/d) intake as a combination of dietary, ascertained from
the food frequency questionnaire, and supplemental, ascertained from medication
inventory data. Health conditions of interest included parental history of fracture (yes vs.
no) and falls in the last year (yes vs. no). Lastly, medications that have positive or
negative effects on bone health and CVD were also included, and those were hormone
replacement therapy (i.e., estrogen or estrogen + progestin), anti-osteoporosis
medications (bisphosphonates, selective estrogen receptor modulators/SERMs,
calcitonin), glucocorticoids, antidepressants, and proton pump inhibitors (PPI). The
ASCVD risk estimator plus (ASCVD Risk Estimator + (acc.org)) also considers statin
and aspirin use; however, these variables were not included in the original ASCVD risk

estimator equation (80). To account for these variables, statin and aspirin were included



to use as covariates in the models. All medications were ascertained from medical

inventory data.

Statistical Analysis

The baseline characteristics of the sample overall and by ASCVD risk category
were described, with means and standard deviations reported for continuous variables and
frequencies and proportions for categorical variables. Normality assumptions were tested
with histogram, normal quantile plot, and Shapiro-Wilk tests. Chi-square tests and
analysis of variance (ANOVA) were used, with appropriate post-hoc tests, to evaluate
differences in the distribution of participant characteristics by CVD risk thresholds for
categorical and continuous variables, respectively. Crude and age- and race-adjusted
fracture incidence rates (number of fractures/10,000 person-years) were calculated for
each fracture outcome overall and by ASCVD score and used the Kaplan-Meier (KM)
method to evaluate the cumulative incidence rate of fractures by CVD risk. Cox
proportional hazard models were also used to evaluate the association between CVD risk
and fracture. The time from baseline to fracture served as the event time, and the time
from baseline to last follow-up or end of the study was used for those not sustaining a
fracture, while also accounting for the WHI phase (main, extension 1, extension 2). The
base model included the WHI design variable (CT vs OS). Then the models were
adjusted hierarchically, including sociodemographic factors (model 2); lifestyle,
anthropometric, and nutritional variables (model 3); and health and medication variables
(model 4). Given that age and race are variables in the ASCVD score, the correlation

between age and ASCVD score was assessed, and additional sensitivity analyses were



completed where the fully adjusted (model 4) model was run first without age and again
without age and race. Akaike Information Criterion (AIC) was used to evaluate model fit.
Lastly, a stepwise model was used for building methods to identify all significant
variables identified with an entry p-value of 0.2 and exit p-value of 0.1. Given that
obesity is associated with more cardiovascular events (81-85) but fewer fracture events
(86-90), interest was directed toward examining whether obesity modified the association
between CVD risk and fracture. Effect modification was tested using an ASCVD
score*obesity (BMI < or > 30 kg/m2) status interaction term. If significant, models were
stratified by obesity status. All statistical analyses were performed using SAS 9.4 with an

alpha level of 0.05.



RESULTS

The WHI enrolled 161,808 women at baseline (Figure 1). Participants not selected
for the baseline core analyte study (N=156,097) and those reporting bone cancer (N=85)
were excluded. From the remaining 5,625 participants, 100 participants were
subsequently excluded due to missing one or more elements needed to calculate the
ASCVD score. Of the participants with ASCVD data, an additional seven women were
excluded for reporting a pathologic fracture. The final analytic sample included 5,519
women (Figure 1), who were on average 62.6 + 7.1 years of age with the majority
enrolled in WHI-CT (80.7%), identified as White (61.8%) and non-Hispanic (86.9%), had
some college or vocational degrees (39.3%), and had an annual family income of

<$35,000 (47.6%) (Table 1).

The mean (SD) ASCVD risk score was 9.8 (10.4), with 2,224 (40.3%), 837
(15.2%), 1,791 (32.5%), and 667 (12.1%) in the low, borderline, intermediate, and high
categories, respectively (Table 1). Compared to women with low CVD risk, women with
high CVD risk were significantly older (71.3 £ 5.7 vs. 56.9 £ 4.4 years, p<0.0001), and
more likely to identify as Black (Black: 36.7% vs. 14.4%, p<0.0001), non-Hispanic
(95.0% vs. 82.1%, p<0.0001), have less than a high school-level education (13.0% vs.
7.4%, p<0.0001), have an annual family income <$35,000 (70.9% vs. 34.3%, p<0.0001),
be a past drinker (32% vs. 17.5%, p<0.0001), a current smoker (13.8% vs. 3.8%,

p<0.0001), use anti-hypertension treatments (71.2% vs. 15.3%, p <0.0001) and have a



history of diabetes (33.6% vs. 1.8%, p<0.0001), but were less likely to report hormone

replacement therapy use (37.6% vs. 56.1%, p <0.0001) (Table 1).

WHI O8 and CT Cohort
(IN=161,808)
Participants without baseline core analyte data
(N= 156,097)
Participants with baseline bone cancer
(IN=85)
Participants with Baseline
Core Analyte Data
(N= 5,626)
Participants missing data to calculate ASCVD
score (N = 100)
*  Apge=
¢ Race=0
*+ SBP=9%4
» Total Cholesterol= 10
e HDL=26
s Smoking Status= 10
* Anti-Hypertensive Meds=0
* Diabetes status=0
Participants with ASCVD
scores data
(N=5.526)

Participants reporting pathologic fractures
(N=7)

Participants with ASCVD scores
data and fracture data

(N=5,519)

Figure 1. Participant Selection Flowchart
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Table 1.

Baseline Characteristics of the WHI Participants Overall and by ASCVD Risk Score

Total Low Borderline Intg rsn‘;dl_ate High
N —5.519 (<5%) (5% - 7.4%) 1999 N (20%)  p-value
N=2,224 N=837 Ne 1,791 N=667
WHI Specific
’ 0.370
N (%)
gt'l’liley”(gls")nal 1066 (19.3%) 434 (19.5%) 147 (17.6%) 344 (19.2%) 141 (21.1%)
(Cch;)lcal Trial  1453(80.79%) 1790 (80.5%) 690 (82.4%) 1447 (80.8%) 526 (78.9%)
Sociodemogra
phic, N (%)
Age (years), 62.6+7.1 56.9+4.3 62.3+4.4 66.6+5.3 713+57  <0.001
mean (SD)
Race <0.001
White 3408 (61.8%) 1505 (67.7%)  517(61.8%) 1043 (58.2%) 343 (51.4%)
Black 1260 (22.8%) 321 (14.4%) 187 (22.3%) 507 (28.3%) 245 (36.7%)
Other 851 (15.4%) 398 (17.9%)  133(15.9%)  241(13.5%) 79 (11.9%)
Ethnicity* <0.001
Hispanic 711 (13.1%) 393 (17.9%) 110 (13.3%) 175 (9.9%) 33 (5.0%)
Hgﬁ,’:ﬁic 4735 (86.9%) 1803 (82.1%)  716(86.7%)  1592(90.1%) 624 (95.0%)
Education* <0.001
S;}olgglh 483 (8.8%) 164 (7.4%) 62 (7.5%) 171 (9.6%) 86 (13.0%)
Gg‘dglif:ho“ 992 (18.1%)  354(16.1%) 156 (18.8%)  355(20.0%) 127 (19.2%)
Some
S‘;g:ﬁgr?; 2153 (39.3%) 833 (37.8%) 321 (38.6%) 722 (40.6%) 277 (41.8%)
School
Grca‘(’iﬂztg: 534(9.8%)  238(10.7%) 82 (9.9%) 164 (9.2%) 50 (7.6%)
Gfa‘zf;te 1316 (24.0%) 617 (28.0%)  210(252%) 367 (20.6%) 122 (18.4%)
Income level* <0.001
<$35,000 2466 (47.6%) 717 (34.3%) 356 (45.2%)  954(56.8%) 439 (70.9%)
$7$53 (5)60000 - 1990 (38.4%) 902 (43.1%)  345(43.8%) 588 (35.0%) 155 (25.0%)
>$75,000 722 (14.0%) 473 (22.6%) 86 (11.0%) 138 (8.2%) 25 (4.1%)
Lifestyle, N
(%)
Physical
Q%‘;é%ay 1064130  11.0+132 107+ 133 106+132  97+115  0.062
mean (SD)“:
Alcohol
consumption* <0.001
Non-Drinker 766 (14.0%) 286 (13.0%) 91 (10.9%) 274 (15.5%) 115 (17.5%)
Past Drinker 1192 (21.8%) 387 (17.5%) 179 (21.5%)  416(23.5%) 210 (32.0%)
Dgt‘l‘lir;m 3510 (64.2%)  1534(69.5%) 563 (67.6%) 1081 (61.0%) 332 (50.5%)
o
Yes 462 (8.4%) 84 (3.8%) 91 (10.9%) 195 (10.9%) 92 (13.8%)

11



No
Nutritional,
mean (SD)
Calcium intake
(mg/d)*
Vitamin D
intake
(mcg/d)*
Anthropometr
ic, mean (SD)

BMI (kg/m?)*

Health-
related, N (%)
Parental
history of
fracture*

Yes

No

Falls*
Yes

No

SBP (mmHg),
mean (SD)

DPB (mmHg),
mean (SD)*

Hypertension
Treatment
Yes

No

Type-2
Diabetes
Yes

No

Total
Cholesterol
(mg/dL), mean
(SD)

HDL (mg/dL),
mean (SD)

LDL (mg/dL),
mean (SD)*

Medications,
N (%)
Hormone
Replacement
Therapy

Yes

No

Anti-
Osteoporosis
Medications

5057 (91.6%)

12953 +
690.9

142+5.8

29.1+6.1

1723 (34.5%)
3273 (65.5%)

1629 (31.4%)
3556 (68.6%)

128.6 £17.8

76.1£9.3

1952 (35.4%)
3567 (64.6%)

461 (8.4%)
5058 (91.6%)

222.4+38.4

58.9+15.6

133.7+35.6

2633 (47.7%)
2886 (52.3%)

2140 (96.2%)

1355.8 +
683.0

142+59

28.4+£5.9

753 (36.9%)
1290 (63.1%)

650 (31.5%)
1411 (68.5%)

1189+ 13.9

74.8 £8.7

341 (15.3%)
1883 (84.7%)

40 (1.8%)
2184 (98.2%)

215.7+35.1

61.6+15.7

126.8 £32.7

1247 (56.1%)
977 (43.9%)

746 (89.1%)

1318.4 + 648.3

14.4+6.7

294+6.4

265 (34.6%)
501 (65.4%)

260 (33.4%)
519 (66.6%)

127.4 +£14.7

76.4+9.2

270 (32.3%)
567 (67.7%)

27 (3.2%)
810 (96.8%)

223.2+39.5

57.8+15.5

134.8+37.0

390 (46.6%)
447 (53.4%)

12

1596 (89.1%)

1246.3 +
717.7

141+£53

29.6 £ 6.1

540 (33.7%)
1064 (66.3%)

524 (30.8%)
1177 (69.2%)

1345+ 155

77.0+9.3

866 (48.4%)
925 (51.6%)

170 (9.5%)
1621 (90.5%)

226.7 +38.8

56.9 +15.2

138.0+35.4

745 (41.6%)
1046 (58.4%)

575 (86.2%)

1178.5 +
672.2

13.7£5.2

29.5+6.2

165 (28.3%)
418 (71.7%)

195 (30.3%)
449 (69.7%)

146.8 + 18.4

77.6 +£10.6

475 (71.2%)
192 (28.8%)

224 (33.6%)
443 (66.4%)

231.8+425

56.5+15.3

143.7+£39.6

251 (37.6%)
416 (62.4%)

<0.001

0.268

<0.001

0.002

0.555

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.254



Yes 77 (1.4%) 36 (1.6%) 13 (1.5%) 24 (1.3%) 4(0.6%)

No 5442 (98.6%) 2188 (98.4%) 824 (98.5%) 1767 (98.7%) 552 (99.4%)

Statins 0.061
Yes 169 (3.1%) 58 (2.6%) 26 (3.1%) 70 (3.9%) 15 (2.3%)
No 5350 (96.9%) 2166 (97.4%) 811 (96.9%) 1721 (96.1%) 652 (97.7%)

Aspirin 0.0634
Yes 460 (8.3%) 180 (8.1%) 74 (8.8%) 166 (9.3%) 40 (6.0%)
No 5059 (91.7%) 2044 (91.9%) 763 (91.2%) 1625 (90.7%) 627 (94.0%)

* Number of missing participants in different baseline characteristic categories: Ethnicity = 73 (1.3%),
Education =41 (0.7%), Income level = 341 (6.2%), Physical activity = 376 (6.8%), Alcohol consumption =
51 (0.9%), Calcium intake = 1714 (31.1%), Vitamin D intake = 1714 (31.1%), BMI = 37 (0.7%), Parents
history of fracture = 523 (9.5%), Falls = 334 (6.1%), Diastolic BP =1 (0.02%), and LDL = 89 (1.6%).

The Association Between ASCVD Score and Fracture

Any Clinical Fracture

Over an average of 13.2 (8.1) mean years of follow-up, 2,097 (38.0%) of the
women reported a clinical fracture, with a crude IR of 287.80 per 10,000-woman years
(Table 2a). After adjusting for age and race, the overall any clinical fracture IR attenuated

Table 2a.
Any Clinical Fracture Incidence Rates Overall and by ASCVD Risk Level

Any Clinical
Events Crude IR? Adjusted® IR?
N (95% CI) (95% CI)

287.80 266.72
Overall 2,097 (275.75 — 300.39) (251.35 — 283.03)
Low 369 259.38 261.94
(<5%) (242.70-277.22) (236.17 —290.54)
Borderline 318 280.10 269.16
(5% - 7.4%) (250.95-312.64) (237.27- 305.32)
Intermediate 680 315.06 268.08
(7.5% - 19.9%) (292.25-339.65) (245.60— 292.62)
High 230 358.07 271.07
(>20%) (314.66—407.47) (233.33—314.91)

IR = Incidence Rate; CI = Confidence Interval
“IR per 10,000 Person-Years; *Age- and Race- Adjusted
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(266.72 per 10,000 person-years), with the greatest IR attenuation in the intermediate and
high ASCVD groups (Intermediate: -14.9%; High: -24.3%) (Table 2a). Given the
overlapping confidence intervals, there were no differences in the IR by ASCVD score
(Table 2a); however, the Kaplan-Meier analysis showed significant differences (p <
0.0001) in time to any clinical fracture by ASCVD score, with the median time (95% CI)
to fracture was longest in the low CVD risk group [9.97 (8.99 — 10.87)] and shortest in

the high CVD risk group [6.01 (5.04 — 7.07)] (Fig. 2a).

Product-Limit Survival Estimates

08
0e6
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02

0o
0 5 10 15 20 25
Time to Any Clinical Fracture

ASCWVD Risk Scores

Low Risk Borderline Risk Intermediate Risk

High Risk

Figure 2a: Kaplan-Meier plots by ASCVD Category for Any Clinical Fracture

The base Cox proportional hazards model showed that after accounting for WHI study
group, compared to women in the low ASCVD group, women in the intermediate and
high ASCVD groups had 29% (HR: 1.29; 95% CI: 1.16, 1.42) and 48% (HR: 1.48; 95%

CI: 1.28, 1.72) higher risk of any clinical fracture (Table 3a — Model 1), which became
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statistically null after adjusting for the sociodemographic factors (age, race, ethnicity,
education, income) (Table 3a — Model 2), lifestyle, nutrition, anthropometric variables
(Table 3a - Model 3), and health-related, medication variables (Table 3a — Model 4).
Table 3a.

The Association between CVD Risk Score and Any Clinical Fracture (n = 2,097)

Model 1 Model 2 Model 3 Model 4 Model 5
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
ASCVD Risk
Low (<5%) Ref Ref Ref Ref Ref

Borderline (5%  1.12(0.99—1.29) 1.03 (0.89—1.19) 1.12(0.94—1.34) 1.09(0.91—132) 1.07(0.92—1.25)
to 7.4%)

Intermediate 129(1.16—1.42) 1.04(0.91-120) 1.14(0.95—1.35) 1.16(0.96—1.39) 1.09 (0.94—127)
(7.5% to 19.9%)

High (>20%) 1.48(1.28 —1.72)  1.04(0.84—1.29) 0.98 (0.75—1.29) 0.95(0.71—1.27) 1.03 (0.82 — 1.30)

Model 1: WHI Component (OS vs. CT)

Model 2: Model 1 + Sociodemographic (Age, Race, Ethnicity, Education, Income)

Model 3: Model 2 + Lifestyle, Nutrition, and Anthropometric (Physical Activity, Alcohol, Calcium Intake, vitamin D
Intake, BMI)

Model 4: Model 3 + Health-related and Medication variables (Parental fx, Falls, HRT, Anti-Osteoporotic Meds, Statins,
Aspirin)

Model 5: Stepwise (OS vs. CT, Age, Race, Income, Falls, Parental fx)

When using stepwise modeling techniques, again there was no association between
ASCVD risk score and fracture after adjusting for OS vs. CT, age, race, income, falls, and

parental fracture (Table 3a — Model 5).

Major Osteoporotic Fracture

Over an average of 15.4 (8.1) mean years of follow-up, 1,067 (19.3%) of the
women experienced a MOF, with a crude IR of 125.79 per 10,000 person-years (Table
2b). After adjusting for age and race, the overall MOF IR attenuated to 104.61 per 10,000
person-years, with the greatest attenuation of the IRs in the intermediate and high

ASCVD groups (Intermediate: -27.4%; High: -75.4%) (Table 2b). The crude or adjusted
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Table 2b.
MOF Incidence Rates Overall and by ASCVD Risk Level

MOF
Events Crude IR? Adjusted” IR?
N (95% CI) (95% CI)

125.79 104.61
Overall 1,067 (118.46 — 133.57) (95.45 — 114.65)
Low 206 102.72 94.74
(<5%) (93.20-113.22) (81.36-110.31)
Borderline 150 112.58 94.49
(5% - 7.4%) (95.93-132.12) (78.34-113.98)
Intermediate 374 150.57 109.27
(7.5% - 19.9%) (136.06-166.63) (96.23-124.09)
High 137 191.92 122.60
(>20%) (162.33-226.91) (100.13-150.12)

IR = Incidence Rate; CI = Confidence Interval
R per 10,000 Person-Years; °Age- and Race- Adjusted

Product-Limit Survival Estimates
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Figure 2b: Kaplan-Meier plots by ASCVD Category for Major Osteoporotic Fracture
(MOF)
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IR confidence intervals by ASCVD status overlapped, indicating no significant difference
by group (Table 2b). However, a similar trend was also observed in the Kaplan-Meier
analysis showing significant differences (p < 0.0001) in time to fracture by ASCVD
score, with the median time (95% CI) to fracture being longest in the low CVD group
[13.83 (12.00 — 15.04)] and shortest in the high CVD risk groups [8.00 (6.95 — 10.00)] in

case of MOF (Fig. 2b).

When compared to the low ASCVD group, the crude model showed that women
in the intermediate and high ASCVD groups had 67% (HR: 1.67; 95% CI: 1.45, 1.93) and
2.4-fold (HR: 2.35; 95% CI: 1.93, 2.87) higher risk of MOF in the base model,
respectively (Table 3b — Model 1). The association attenuated downward slightly after the
various adjustments, but compared to women with a low ASCVD score, women with an

intermediate ASCVD score had 37% and 31% higher risk of MOF in the fully adjusted

Table 3b.

The Association between CVD Risk Score and MOF (n = 1,067)

Model 1 Model 2 Model 3 Model 4 Model 5
HR (95% HR@HU5%CI) HR@Y5%CI) HR(95% HR (95%
Cl) CD CD
ASCVD Risk
Low (<5%) Ref Ref Ref Ref Ref
Borderline (5% 1.18 (0.97 1.03 (0.83 - 1.18 (0.91 — 1.11 (0.85 1.07 (0.86 —
to 7.4%) -1.42) 1.27) 1.52) —1.45) 1.33)
Intermediate 1.67 (1.45 1.24 (1.02 - 1.41 (1.11 - 1.37 (1.06 1.31 (1.07 -
(7.5% to 19.9%) —-1.93) 1.52) 1.80) -1.77) 1.60)
High (>20%) 2.35(1.93 1.52 (1.14 - 1.37 (0.95 - 1.17 (0.79 1.38 (1.02 -
-2.87) 2.03) 1.97) -1.74) 1.86)

Model 1: WHI Component (OS vs. CT)
Model 2: Model 1 + Sociodemographic (Age, Race, Ethnicity, Education, Income)
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Model 3: Model 2 + Lifestyle, Nutrition, and Anthropometric (Physical Activity, Alcohol, Calcium Intake,
vitamin D Intake, BMI)

Model 4: Model 3 + Health-related and Medication variables (Parental fx, Falls, HRT, Anti-Osteoporotic
Meds, Statins, Aspirin)

Model 5: Stepwise (Age, Race, Falls, Parental fx)

(HR: 1.37, 95% CI: 1.06, 1.77) and final stepwise (HR: 1.31, 95% CI: 1.07, 1.60) models
(Table 3b — Model 4 & 5). Likewise, the association between ASCVD score and MOF
risk attenuated downward for women with a high ASCVD score, with no association
observed in the fully adjusted model (Table 3b — Model 4). However, in the final model
based on stepwise procedures, women with a high ASCVD score had 38% higher risk
(HR: 1.38, 95% CI: 1.02, 1.86) of MOF risk compared to women in the low ASCVD

score group after adjusting for age, race, falls, and parental fracture (Table 3b — Model 5).

Hip Fracture

Over an average of 16.7 (8.0) mean years of follow-up, 261 (4.7%) hip fractures were
reported, with a crude IR of 28.33 per 10,000 person-years (Table 2¢). After adjusting for
age and race, the overall hip fracture IR attenuated to 17.38 per 10,000 person-years,
again with the greatest IR attenuation in the intermediate and high ASCVD groups
(Intermediate: -53.5%; High: -60.8%) (Table 2c). The Kaplan-Meier analysis showed
significant differences (p < 0.0001) in time to fracture by ASCVD score, with the median
time (95% CI) to fracture being longest in the low CVD group [20.07 (17.62 —22.22)]
and shortest in the high CVD risk groups [9.92 (6.69 — 10.54)] in case of hip fracture

(Fig. 2c¢).
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Table 2c.

Hip Fracture Incidence Rates Overall and by ASCVD Risk Level

Hip
Events Crude IR? Adjusted”IR?
N (95% CI) (95% CI)
28.33 17.38
Overall 261 (25.09-31.98) (13.76-21.94)
Low 79 18.45 16.21
(<5%) (14.79 — 23.00) (11.58-22.68)
Borderline 4 29.26 17.66
(5% - 7.4%) (21.63-39.60) (11.95-26.08)
Intermediate 101 37.08 17.24
(7.5% - 19.9%) (30.51-45.06) (12.86-23.12)
High 39 50.61 19.86
(>20%) (36.98- 69.30) (13.13-30.05)

IR = Incidence Rate; CI = Confidence Interval

IR per 10,000 Person-Years;
Age- and Race- Adjusted
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Figure 2c: Kaplan-Meier plots by ASCVD Category for Hip fracture

The base Cox proportional hazards model showed that after accounting for the
WHI study group, compared to women in the low ASCVD group, women in the
borderline, intermediate, and high ASCVD groups had 83% (HR: 1.83; 95% CI: 1.26,
2.68), 2.7-fold (HR: 2.68; 95% CI: 1.98, 3.62) and 5-fold (HR: 4.97; 95% CI: 3.34, 7.40)
higher risk of hip fractures, respectively (Table 3¢ — Model 1). The association
significantly attenuated, but the point estimates indicated a higher risk for fracture in the
high ASCVD group after adjusting for sociodemographic factors (age, race, ethnicity,
education, income), with a significant 81% higher risk for hip fracture in the high
ASCVD score group (Table 3¢ — Model 2). Similarly, after further adjustment for
lifestyle, nutrition, anthropometric, health-related, and medication there was no

Table 3c.
The Association between CVD Risk Score and Hip Fracture (n = 261)

Model 1 Model 2 Model 3 Model 4 Model 5
HR (95% CI) HR (95% CI) HR (95% HR (95% CI) HR (95% CI)
CI

ASCVD Risk
Low (<5%) Ref Ref Ref Ref Ref
Borderline 1.83 (1.26 — 1.16 (0.76 — 1.28 (0.77 — 1.24 (0.75 — 1.27 (0.82 —
(5% to 7.4%) 2.68) 1.76) 2.12) 2.06) 1.96)
Intermediate 2.68 (1.98 — 1.28 (0.86 — 1.38 (0.84 — 1.29 (0.78 — 1.43 (0.94 —
(7.5% to 3.62) 1.90) 2.27) 2.12) 2.18)
19.9%)
High (>20%) 4.97 (3.34 - 1.81(1.02 — 1.64 (0.79 — 1.45 (0.67 — 1.88 (1.03 —

7.40) 3.18) 3.41) 3.14) 3.43)

Model 1: WHI Component (OS vs. CT)

Model 2: Model 1 + Sociodemographic (Age, Race, Ethnicity, Education, Income)

Model 3: Model 2 + Lifestyle, Nutrition, and Anthropometric (Physical Activity, Alcohol, Calcium Intake,
vitamin D Intake, BMI)

Model 4: Model 3 + Health-related and Medication variables (Parental fx, Falls, HRT, Anti-Osteoporotic
Meds, Statins, Aspirin)

Model 5: Stepwise (Age, Race, Ethnicity, Physical Activity, BMI, Parental fx, HRT)
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significant association between ASCVD score and hip fracture risk despite point
estimates showing indicating higher risk (Table 3¢ — Hip: Models 3, 4). In the final
model, the high ASCVD group had a significantly 88% higher risk (HR: 1.88, 95% CI:
1.03, 3.43) of hip fracture compared to women in the low group after adjusting for age,

race, ethnicity, physical activity, BMI, parental fracture, and HRT (Table 3¢ — Hip: Model

5).

Effect Modification

There was no evidence of heterogeneity by obesity status in the association of
ASCVD score with 1) any clinical fractures (p-value= 0.9905), 2) MOF (p-value=

0.5710), or 3) hip fractures (p-value= 0.0650) by obesity status.

Sensitivity Analysis

When age was excluded, all the ASCVD groups had a significantly higher risk of fracture
for any clinical, MOF, and hip fracture sites when compared to the low ASCVD group
(Table 4), with magnitudes similar to our crude findings. Similarly, after excluding both
age and race, all the ASCVD groups showed a significantly higher risk of fracture for all
fracture sites when compared to the low ASCVD group (Table 4). The correlation
between age and ASCVD score was 0.68, indicating a moderate positive correlation (91)
between age and ASCVD score. However, the AIC showed that the model with age and

race had the lowest score, indicating better model fit in terms of balancing model

21



complexity and goodness of fit, and is more likely to be closer to the true underlying

model (Table 4).

Table 4.

Evaluating model fit on the Association between CVD Risk Score and Fracture

Model 5 Model 5 w/o l:g;d:iir\:ég
HR (95% AIC age AIC HR (95% AIC
CI) HR (95% CI)
CDh
Any Clinical Fracture
ASCVD Score 25395. 25435. 25533.
76 97 79
Low (<5%) Ref Ref Ref
Borderline (5% to 1.07 (0.92 — 1.26 (1.09 — 1.19 (1.03 —
7.4%) 1.25) 1.45) 1.37)
Intermediate (7.5% to  1.09 (0.94 — 1.49 (1.33 - 1.38 (1.23 -
19.9%) 1.27) 1.68) 1.55)
High (>20%) 1.03 (0.82 — 1.68 (1.41 - 1.48 (1.25 -
1.30) 1.99) 1.76)
MOF
ASCVD Score 13669. 13715. 13856.
13 04 93
Low (<5%) Ref Ref Ref
Borderline (5% to 1.07 (0.86 — 1.35(1.10— 1.25(1.02 —
7.4%) 1.33) 1.65) 1.53)
Intermediate (7.5%to  1.31 (1.07 — 2.07 (1.77 - 1.81 (1.55—-
19.9%) 1.60) 2.42) 2.11)
High (>20%) 1.38 (1.02 — 2.80(2.23 - 227 (1.81—
1.86) 3.50) 2.83)
Hip Fracture
ASCVD Score 31123 3140.3 3202.4
1 6 6
Low (<5%) Ref Ref Ref
Borderline (5% to 1.27 (0.82 — 2.06 (1.37 - 1.94 (1.30 —
7.4%) 1.96) 3.09) 2.92)
Intermediate (7.5% to 1.43 (0.94 — 3.13(2.24 - 2.79 (2.00 —
19.9%) 2.18) 4.36) 3.89)
High (>20%) 1.88 (1.03 — 5.34 (3.38— 4.32(2.74 -
3.43) 8.43) 6.81)

Model 5: All Significant variables associated with fx
(Any clinical fracture: OS vs. CT, Age, Race, Income, Falls, Parental fx
MOF: Age, Race, Falls, Parental fx
Hip fracture: Age, Race, Ethnicity, Physical Activity, BMI, Parental fx, HRT)
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DISCUSSION

Over the last 30 years, the WHI has provided valuable insights into a myriad of
women's health issues including fragility fractures. This study found that CVD risk, based
on the ASCVD score, was associated with higher fracture risk, with women in the
intermediate risk group (ASCVD score 7.5% — 19.9%) having a higher risk for MOF and
women in the high risk group (ASCVD score >20%) having a higher risk for both MOF
and hip fractures, even after adjusting for age, race, and other covariates. Further, there

was no evidence of effect measure modification by obesity status.

To our knowledge, this was one of the first analyses applying the ASCVD risk
score to evaluate the association of CVD and fracture outcomes in postmenopausal
women. Previous studies looking at CVD conditions as a composite exposure have
shown CVD to be associated with higher fracture risk. For example, a study of adults
aged 50 — 85 years found different types of CVD conditions, including heart failure,
stroke, peripheral atherosclerosis, and ischemic heart disease, to be associated with
increased hip fracture risk ranging from 2.32-fold to 5.09-fold, with comparable levels in
both men and women (92). Similarly, a study in China showed that compared to other
older hospitalized patients, males with CVDs (hypertensive diseases, ischemic heart
disease, cerebrovascular disease, and other circulatory diseases) had 48% higher (RR:
1.48; 95% CI:1.40, 1.56) and women had 63% (RR: 1.63, 95% CI: 1.52, 1.76) higher risk

of hip fracture with cerebrovascular disease patients being the highest risk group (93).
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Likewise, a study of adults aged 50 to 84 years evaluating the effect of CVD on MOF,
showed that compared to their non-CVD counterparts, men and women with CVD had
24% (HR: 1.24 95% CI: 1.13, 1.36) and 18% (HR: 1.18, 95% CI: 1.11, 1.25) higher risk
of MOF respectively (94). The findings of this study of postmenopausal women are

consistent with the previous studies, showing a higher risk for MOF and hip fractures.

Similarly, investigations into specific cardiovascular conditions have revealed
noteworthy associations with fracture outcomes. A meta-analysis on the association
between HTN and fracture showed that the association between HTN and fracture risk
was slightly stronger in women (pooled OR: 1.52, 95% CI: 1.30-1.79) than in men
(pooled OR: 1.35, 95% CI: 1.26-1.44) (95). More specifically, high systolic blood
pressure (SBP) was found to be associated with increased fracture risk (HR: 1.22; 95%
CI: 1.00, 1.47) in women even after adjusting for confounders and medications (96).
Similarly, meta-analyses have shown that heart failure (HF) was associated with a higher
risk of all fracture incidents (HR: 1.67; 95% CI: 1.30, 2.16) and hip fractures (HR: 2.20;
95% CI: 1.28, 3.77), with studies showing higher risk in different age, sample size, sex,
and follow-up duration subgroups (97). Likewise, studies looking specifically at coronary
heart disease (CHD), cerebral vascular disease, and peripheral arterial disease (PAD)
found these conditions to be associated with an increased risk for fracture including the
fracture outcomes in this study. The magnitude of the findings utilizing a score comprised
of individual CVD conditions was again consistent with these studies looking

individually at one CVD condition.

Concerning the individual components of the ASCVD score, studies have found

higher total cholesterol levels were associated with an increased risk of osteoporotic
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fractures as there was a 17% higher risk of fracture due to elevated total cholesterol (HR:
1.17; 95% CI: 1.02, 1.34), and this relationship became more pronounced over time (98).
Another study found a significant association between HDL level and an increased risk of
osteoporotic fracture in participants [OR 1.20, 95% CI 1.03, 1.40]. Though women who
participated in this study had normal levels of HDL cholesterol, they showed an increased
risk of fracture (OR 1.37,95% CI 1.12, 1.68) due to HDL levels, whereas men who
participated in this study had lower HDL levels, but no association was observed (OR
1.01, 95% CI1 0.73, 1.40) between HDL level and fracture (99). Another study that
analyzed HDL levels in quintiles found that higher rates of fractures occurred in the
highest quintile of HDL cholesterol level compared to those in the lowest quintile (HR:

1.33; 95% CI: 1.14, 1.54) (100).

Lastly, the ASCVD risk score includes diabetes, smoking, and alcohol, all of
which are found to be associated with fracture risk (101-102). For example, previous
studies in the WHI have shown that diabetes (103), smoking status (104), and alcohol
consumption (105) were associated with fractures, especially hip fractures. These studies
collectively reinforce the notion that individuals with CVD either based on individual
conditions or at high CVD risk based on risk factors have increased susceptibility to

fractures.

As previously mentioned, this study also evaluated if obesity status modified the
association between CVD risk and fracture. The causal relationship between obesity and
CVD has been well documented (106-107), but obesity was once thought of as a
protective factor against fragility fractures(108-110). However, in recent years, studies

have shown that obesity is associated with an increased vertebral (111), wrist, and ankle
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fracture risk (112), and accounting for factors like bone mineral density showed a
reversal in the protective factor of obesity on hip (113-114) and other long-bone fractures
(115-118). While it was initially hypothesized that the association between CVD risk and
hip fractures may vary by obesity status, the interaction term was not statistically

significant.

This study has several limitations that warrant consideration when interpreting the
results. First, the study’s sample was restricted to those with baseline biomarker data.
Studies with larger sample sizes are warranted to validate the findings. Reliance on self-
reported data to calculate ASCVD score, covariates, and fracture outcomes could have
led to misclassification due to information bias. The self-report of factors in the ASCVD
score and covariates has been shown to be valid in various epidemiological studies (119-
120). To minimize misclassification, this study used multiple methods (e.g., self-report
and medication data) to identify different variables of the ASCVD score. With respect to
the fracture outcomes, all the hip fractures were centrally adjudicated for the first 17
years of the WHI. The self-report of fractures has been shown to vary in accuracy
depending on the fracture site (39). Clinical spine fractures have the lowest self-reported
validity and were included in any clinical and MOF fracture outcomes. Misclassification
of clinical spine fractures would bias the associations between ASCVD risk and fracture
outcomes towards the null. However, while still observing significant associations in
MOF, the results could be a conservative estimate of the true association between CVD
risk and MOF. Model overfit could have affected the findings given that the ASCVD
score included variables that were also considered as covariates (i.e., age and race).

Despite the strong correlation between age and ASCVD score, our model fit statistics
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indicated better performance when age and race were included, emphasizing that without
age (one of the primary risk factors for fracture) and race, the association between CVD
risk and fractures would be biased. Lastly, despite comprehensive adjustment for

potential confounders, the study could be biased by residual confounding.
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CONCLUSION

Utilizing data from the Women’s Health Initiative and incorporating the
atherosclerotic cardiovascular disease (ASCVD) risk estimator tool, this study identified
that elevated CVD risk was associated with increased fracture risk, particularly major
osteoporotic fractures (MOF) and hip fractures. While this study benefited from the well-
characterized WHI dataset with 30 years of data comprehensive adjustment for potential
confounders, and rigorous statistical analyses, limitations such as sample size restrictions
and potential biases necessitate cautious interpretation of the findings. Nevertheless, the
findings indicate the potential clinical utility of considering CVD risk in fracture
prevention strategies, aimed at reducing fracture burden in postmenopausal women.
Continued investigation into this complex association is warranted to further elucidate

underlying mechanisms and inform targeted interventions.
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