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Abstract

Background: Atherosclerotic cardiovascular disease (ASCVD) in
women remains understudied, under-diagnosed, and under-treated.
Traditional risk factors affect men’s and women’s hearts differently.
However, the current risk stratification tools do not consider such sex-
specific factors. We aimed to investigate the utility of bone mineral
density (BMD) with dual-energy X-ray absorptiometry (DXA) scor-
ing as a predictor of ASCVD in women.

Methods: Data of 1,995 patients who underwent DXA scanning from
2012 to 2014 at multiple centers within our health system were collected
through a chart review and using the SlicerDicer tool of Epic electronic
medical records (EMR) to identify comorbidities and outcomes. Age,
sex, race, history of hypertension (HTN), hyperlipidemia (HLD), diabe-
tes mellitus (DM), body mass index (BMI), and smoking status were not-
ed. The primary outcome was the composite of ASCVD events (stroke,
myocardial infarction (MI) and cardiac death). Osteoporosis was defined
as a T score of <-2.5, and osteopenia was defined as a combined T score
between -1.5 to -2.5 in either hip, one of the femurs or combined.

Results: Of the 1,995 female participants who underwent DXA scan-
ning, 245 patients (10.8%) experienced ASCVD events during the
mean follow-up of 9 years. After adjusting covariables, women with
osteoporosis and combined low BMD have higher odds of the com-
posite ASCVD events compared to normal BMD (odds ratio (OR)
4.60 (2.783 - 7.867), P < 0.0001). Low BMD in each site, the right
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femur, left femur, and hip is associated with an increased risk of AS-
CVD events (OR 6.50 (3.637 - 11.608), P < 0.0001; OR 5.07 (3.166 -
8.108), P <0.000; OR 3.36 (2.127 - 5.312), P <0.0001, respectively).
Osteoporosis is independently linked to a 4.25-fold rise in MI inci-
dence and a 3.64-fold rise in stroke. Osteopenia was not associated
with ASCVD events (OR 1.29 (0.754 - 2.204), P = 0.35416).

Conclusions: BMD measurement with DXA scan could stratify and
predict the risk of ASCVD events in women, with no additional eco-
nomic strain on healthcare. Further wide-scale studies are needed to
utilize this potentially promising predictor and a commonly used test.

Keywords: Atherosclerotic cardiovascular disease; Bone mineral
density; DXA; Women

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the lead-
ing cause of death in women. One in three fatalities among
females are attributable to it [1]. Women with ischemic heart
disease have worse outcomes and a greater mortality rate even
though cardiovascular mortality in both sexes has significantly
decreased over the past few decades [2-4]. The most likely
reason is that risk variables and outcomes differ according to
gender [5]. Gender-specific risk factors for cardiovascular dis-
ease in women include menopause, polycystic ovary disease,
pre-eclampsia, gestational hypertension (HTN), depression
and autoimmune inflammatory disease.

Osteoporosis is a major health problem with a significant
risk of serious fractures, disability and mortality. It is estimated
that more than 200 million have the disease worldwide, with an
expected rise given the steady increase in the ageing population
[6]. In postmenopausal women, osteoporosis and cardiovascular
disease are prevalent disorders with shared underlying risk fac-
tors like obesity, HTN, diabetes mellitus (DM), smoking, and
physical inactivity. Low bone mineral density (BMD) is linked
to female cardiovascular mortality in numerous epidemiologi-
cal studies [7-9]. Regardless of any risk factors, the majority of
societies in the United States and Canada, including the United
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States Preventive Services Task Force, advocate screening for
BMD in postmenopausal women when they are over 65 years
old [10]. BMD can be determined at a low cost and in large
quantities using dual-energy X-ray absorptiometry (DXA) scan-
ning. Our study aim was to investigate lower BMD as a predic-
tor of ASCVD events in females who underwent DXA scan-
ning. The DXA scan has the potential to be an excellent tool for
risk classification in women due to its low cost and widespread
use. Given that it is a routine test used for women’s osteoporosis
screening, it will offer an efficient screening tool without plac-
ing a financial burden on the healthcare system.

Materials and Methods

Study design and population

A retrospective observational study was conducted in multiple
Rochester Regional Health centers in New York. Women aged
50 - 80 years who underwent DXA scanning from 2012 to 2014
were enrolled in the study. For women who underwent repeated
DXAs during the study period, only the first DXA was included.
Patients who had scanning of the right hip, left hip and spine
were noted. Scanning at other sites like the elbow was not in-
cluded in the study. We excluded patients with a history of previ-
ous myocardial infarction (MI), transient ischemic attack (TIA)
or stroke, history of malignant tumor, previous pathological frac-
ture, chronic kidney disease > stage 3a, previous osteoporosis
treatment, patients without complete BMD measurements and
those without follow-up data (185 patients had no follow-up).
Finally, a total of 1,995 patients were included in the analysis.

Data were collected through a chart review and using the
Epic electronic medical records (EMR) SlicerDicer tool to
identify comorbidities and outcomes. The Institutional Re-
view Board approved the study (approval number 2111A). The
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well as with
the Helsinki Declaration.

Baseline characteristics were noted from reviewing the
chart and using the Epic EMR SlicerDicer tool (Table 1). Age,
sex, race, history of HTN, hyperlipidemia (HLD), DM, body
mass index (BMI), and smoking status were noted. Smoking
status was noted from the history taken at the initial provider
encounter. HTN was defined by blood pressure of more than
140/90 or the use of antihypertensive medication within the
last 6 months. DM was defined by hemoglobin Alc or more
than 6.5% or the use of insulin or oral hypoglycemic medica-
tions within the previous 6 months. Smoking status was noted
from the history taken at the initial provider encounter.

BMD measurement

BMD was measured at the left femur, right femur and total hip
using a single DXA scanner. Osteopenia was defined as a T
score between -1.0 and -2.5, and osteoporosis was defined as a
T score below -2.5 in either hip or one of the femurs, in accord-
ance with World Health Organization guidelines.
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Table 1. Baseline Characteristics of the Enrolled Population

Baseline characteristics N =1,995
Age (years)

N 1,995

Mean (SD) 72.55 (10.067)

SEM 0.225

Median 73

Q1-Q3 66 - 79

Min - Max 32-100
Race, n (%)

Asian 3(0.2%)

Black 135 (6.8%)

Hispanic 29 (1.5%)

Other 95 (4.8%)

Unknown 24 (1.2%)

White 1,709 (85.7%)
Status

Alive 1,798 (90.1%)

Dead 197 (9.9%)
Hypertension

No 797 (39.9%)

Yes 1,198 (60.1%)
Hyperlipidemia

No 791 (39.6%)

Yes 1,204 (60.4%)
Diabetes mellitus

No 1,771 (88.8%)

Yes 224 (11.2%)
Stroke

No 1919 (96.2%)

Yes 76 (3.8%)
Myocardial infraction

No 1,909 (95.7%)

Yes 86 (4.3%)
Cardiac death

No 102 (5.1%)

Yes 39 (2.0%)
Cardiac event

No 1,827 (91.6%)

Yes 168 (8.4%)

Smoking status
Active smoker 385 (19.3%)

Former smoker 1,610 (80.7%)

BMD hip
Normal 1,126 (56.4%)
Osteopenia 692 (34.7%)
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Table 1. Baseline Characteristics of the Enrolled Population -

Table 1. Baseline Characteristics of the Enrolled Population -

(continued) (continued)
Baseline characteristics N =1,995 Baseline characteristics N =1,995
Osteoporosis 166 (8.3%) Mean (SD) -1.38 (1.047)
Right femur SEM 0.026
Normal 445 (22.3%) Median 2
Osteopenia 965 (48.4%) Q1-Q3 -2to-1
Osteoporosis 158 (7.9%) Min - Max -8-3
Left femur Left femur score
Normal 544 (27.3%) N 1,988
Osteopenia 1,119 (56.1%) Mean (SD) -1.51 (1.132)
Osteoporosis 325 (16.3%) SEM 0.025
Combined (hip, right and left femur) Median -2
Normal 413 (20.7%) Q1-Q3 2to-1
Osteopenia 1,142 (57.2%) Min - Max -7-3
Osteoporosis 440 (22.1%) Osteopenia was defined as a BMD T score between -1.0 and -2.5,
Height and osteoporosis was defined as a T score below -2.5. SD: stand-
N 1572 ard deviation; SEM: standard error of the mean; BMD: bone mineral
’ density.
Mean (SD) 63.37 (2.770)
SEM 0.070 Outcomes
Median 63
Ql-Q3 62 - 65 The primary outcome of interest is the composite of M1, stroke,
Min - Max 54-73 and cardiovascular death. Cardiovascular death was defined
Weight as death during the same hospitalization for an acute cardiac
event or stroke. Primary endpoint analysis was done by chart
bl 55 review and chart follow-up.
Mean (SD) 166.84 (42.318)
SEM 1.047 Analysis
Median 160
Q1-Q3 136 - 189 In this study, statistical analyses were performed with the use
Min - Max 82 - 340 of SAS Studio (SAS Institute) to conduct logistic regression
BMI to assess the relationship between cardiovascular events and T
scores (normal range, osteopenia, and osteoporosis). Cardiac
N 1,579 . . .
event was defined as if a patient experienced stroke, MI or
Mean (SD) 29.29 (7.185) cardiac death. Descriptive statistics for all the study variables
SEM 0.181 were reported. Logistic regression results of these analyses
Miadkem 28 were reported with point estimates, 95% confidence intervals
Q1-Q3 4-33 (CIs) and P values. Mixed linear regression results were re-
. ) ported with estimates, 95% CIs and P values. Pvalue <0.05
Min - Max 14 - 64 was considered to be statistically significant.
BMD-hip score
2 - Results
Mean (SD) -0.55 (1.573)
SEM 0.035 Demographic characteristics and cardiovascular risk factors
Median -1
Ql-Q3 2-0 Of the 1,995 patients who underwent DXA scanning, 1,709
Min - Max -5-6 patients were white (85.7%), 135 (6.8%) were black, and the
Right femur score average age was 72.5 years. Of the patients, 22.1% were found
N 1568 to have osteoporosis, and 57.2% had osteopenia based on com-

bined BMD of the hip, right femur or left femur. All demo-
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graphics collected at baseline, as noted in Table 1, included
age, gender, race, height, weight, BMI, and baseline BMD of
the hip, left and right femur. Traditional risk factors for coro-
nary artery disease included HTN, DM, smoking, HLD, his-
tory of cardiac events and MI, and history of stroke.

The primary outcome (cardiovascular event) included MI,
stroke, or cardiac death. During the mean follow-up of 9 years,
patients with osteoporosis had higher odds of the primary out-
come (cardiovascular events) independent of other risk factors.
Combined low BMD was independently associated with a sig-
nificant risk of ASCVD events (odds ratio (OR) 4.68 (2.783 -
7.867), P < 0.0001 (Tables 2, 3)). Low BMD at each site, the
right femur, left femur, or hip was independently associated with
an increased risk of ASCVD events (OR 6.50 (3.637 - 11.608), P
<0.0001; OR 5.07 (3.166 - 8.108), P < 0.000; OR 3.36 (2.127 -
5.312), P<0.0001, respectively) (Table 2). After adjusting other
covariables, osteoporosis is mainly associated with significant
increase in the risk of MI (OR 4.25 (2.105 - 8.593), P < 0.0001)
and stroke (OR 3.64 (1.720 - 7.703), P < 0.0007) (Tables 4-7).
There was no increase in the risk of cardiovascular death in the
osteoporosis group (Tables 8, 9). The linear regression model
shows an inverse relationship between the BMD score and car-
diac event risk (Table 10). T scores in the osteopenia range did
not have any statistically significant increased risk of ASCVD
events (OR 1.31 (0.779 - 2.212), P < 0.3062).

Discussion

Even though there is ample evidence of the association be-

Table 2. Logistic Regression Model for ASCVD and BMD

Parameter OR CI P-value
Combined

Normal Reference

Osteopenia 1.31 0.779 - 2.212 0.3062

Osteoporosis  4.68 2.783 - 7.867 <0.0001
Right femur

Normal Reference

Osteopenia 1.69 1.014 - 2.809 0.0441

Osteoporosis ~ 6.50 3.637 - 11.608 <0.0001
Left femur

Normal Reference

Osteopenia 1.34 0.849 - 2.104 0.2106

Osteoporosis ~ 5.07 3.166 - 8.108 <0.0001
Hip

Normal Reference

Osteopenia 1.49 1.050 - 2.119 0.0255

Osteoporosis  3.36 2.127-5.312 <0.0001

Only non-missing values were included. Cardiac event = “Yes”, if a
patient had (stroke, Ml or cardiac death). ASCVD: atherosclerotic car-
diovascular disease; BMD: bone mineral density; OR: odds ratio; Cl:
confidence interval.

tween cardiovascular disease and osteoporosis, BMD is not
used for risk assessment of cardiovascular disease. Accord-

Table 3. Logistic Regression Model for ASCVD, BMD and Other Covariates

Parameter OR CI P-value
Combined (hip, right and left femur)

Normal Reference

Osteopenia 1.26 0.736 - 2.157 0.3987

Osteoporosis 4.44 2.559 -17.701 <0.0001
Age (years) 1.02 1.005 - 1.043 0.0137
Smoking status, n (%)

No/former smoker Reference

Active smoker 1.41 0.905 - 2.186 0.1292
Diabetes mellitus

No Reference

Yes 2.33 1.529 - 3.551 <0.0001
Hypertension

No Reference

Yes 2.30 1.456 - 3.622 0.0003
Hyperlipidemia

No Reference

Yes 1.47 0.970 - 2.236 0.0693

Only non-missing values were included. Cardiac event = “Yes”, if a patient had (stroke, M| or cardiac death). ASCVD: atherosclerotic cardiovascular
disease; BMD: bone mineral density; OR: odds ratio; Cl: confidence interval.
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Table 4. Logistic Regression Model for BMD and Ml

Table 5. Logistic Regression Model for Stroke and BMD

Parameter OR CI P-value Parameter OR CI P-value
Combined Combined

Normal Reference Normal Reference

Osteopenia 1.24 0.605 - 2.526 0.5600 Osteopenia 1.38 0.655 - 2.897 0.3986

Osteoporosis 4.25 2.105 - 8.593 <0.0001 Osteoporosis  3.64 1.720 - 7.703 0.0007
Right femur Right femur

Normal Reference Normal Reference

Osteopenia 1.49 0.727 - 3.062 0.2755 Osteopenia 1.78 0.880-3.612 0.1083

Osteoporosis 5.59 2.523-12.400 <0.0001 Osteoporosis ~ 4.90 2.175 - 11.045 0.0001
Left femur Left femur

Normal Reference Normal Reference

Osteopenia 1.10 0.603 - 1.995 0.7617 Osteopenia 1.32 0.692 -2.514 0.4004

Osteoporosis 3.86 2.093 - 7.105 <0.0001 Osteoporosis ~ 3.85 1.965 - 7.548 <0.0001
Hip Hip

Normal Reference Normal Reference

Osteopenia 1.47 0.913 - 2.380 0.1126 Osteopenia 1.46 0.882-2.401 0.1415

Osteoporosis 2.92 1.567 - 5.455 0.0007 Osteoporosis ~ 2.50 1.269 - 4.938 0.0081

Only non-missing values were included. BMD: bone mineral density;
MI: myocardial infarction; OR: odds ratio; Cl: confidence interval.

ing to the current study, women with osteoporosis have an
increased risk of M1, stroke, and cardiovascular death. Osteo-
penia, on the other hand, did not appear to be related to car-
diovascular events. The present findings support prior studies,
which revealed a similar connection. In a meta-analysis of 25
studies with around 10,299 patients, decreased BMD was an
independent risk factor for ASCVD events in postmenopausal
women [11]. The MORE study enrolled 2,576 postmenopau-
sal women with an average age of 66.5 years and followed
for 4 years. There was a strong linear association between the
severity of osteoporosis and the future risk of cardiovascular
disease [12].

In a recent longitudinal study conducted in Korea with
over 12,000 women, BMD has prognostic significance for
ASCVD events [13]. Even after considering age and other
risk variables, they also demonstrated incremental predic-
tive value. Our study is the first to examine the predictive
power of BMD for ASCVD in a mixed group of American
women, with a preponderance of white and African Ameri-
can women.

The pathological relation between osteoporosis and ath-
erosclerotic disease is poorly understood and cannot be ex-
plained only by age. The most plausible mechanisms include
shared risk factors, shared pathophysiology, or a combina-
tion of both. Although DM, dyslipidemia, HTN, obesity and
smoking are associated with an increased risk of osteoporosis,
fracture and coronary artery disease, our study and earlier in-
vestigations revealed that osteoporosis is a risk factor for cor-
onary artery disease independent of those conventional risk
factors. This is suggestive of the common underlying patho-
physiology. The two most frequently suggested hypotheses
are a biological mechanism through circulating cytokines and
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Only non-missing values were included. BMD: bone mineral density;
OR: odds ratio; ClI: confidence interval.

a hormonal mechanism. Osteoprotegerin (OPG), also known
as osteoclastogenesis inhibitory factor, is a soluble glycopro-
tein cytokine found in various tissue cells that is crucial to
bone metabolism. Clinical studies reported an association be-
tween increased level of OPG and decreased BMD and con-
sequently increased fracture risk [14-17]. On the other side,
Bjerre et al, in a prospective cohort study of 4,063 patients
with stable coronary artery disease, reported that OPG level
was independently predictive of all-cause mortality and car-
diovascular death in patients with stable coronary artery dis-
ease [18]. Several other studies showed that OPG levels cor-
relate with the severity of coronary artery disease, low BMD
and fractures [19-22]. In a study of 490 white postmenopausal
women, OPG level was independently linked to the risk and
severity of DM, stroke, cardiovascular disease and mortality
and may be used as a marker for vascular calcification [21].
The hormonal mechanism relies on postmenopausal estrogen
deficiency, which is associated with cardiovascular disease
and low BMD [23, 24].

Cardiovascular disease is a leading cause of death in
women. Compared to men, they are less likely to be diag-
nosed early and receive preventive management [25, 26]. In
particular, women without traditional risk factors like HTN,
DM, smoking, or HLD were assumed to have a lower risk
of cardiovascular disease. However, there are substantial and
underappreciated gender disparities in risk factors. Many non-
traditional risk factors are specific to women that have been
linked to cardiovascular disease. Pregnancy-associated com-
plications like pre-eclampsia, gestational DM and preterm
delivery are associated with increased ASCVD [27-29]. Au-
toimmune diseases like systemic lupus erythematosus (SLE)
and rheumatoid arthritis are associated with a significantly
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Table 6. Logistic Regression Model for Ml, BMD and Other Covariates

Parameter OR CI P-value
Combined (hip, right and left femur)

Normal Reference

Osteopenia 1.16 0.556 - 2.409 0.6952

Osteoporosis 3.80 1.810 - 7.979 0.0004
Age (years) 1.02 0.995 - 1.047 0.1098
Smoking status, n (%)

No/former smoker Reference

Active smoker 1.87 1.059 - 3.299 0.0311
Diabetes mellitus

No Reference

Yes 1.59 0.907 - 2.775 0.1054
Hypertension

No Reference

Yes 4.43 2.029 - 9.690 0.0002
Hyperlipidemia

No Reference

Yes 2.38 1.234 - 4.595 0.0097

Only non-missing values were included. BMD: bone mineral density; MI: myocardial infarction; OR: odds ratio; Cl: confidence interval.

increased risk of cardiovascular disease in women [30]. The with the pool cohort equation has not shown remarkable ac-
current risk stratification and prediction algorithm are limited curacy in the lower-risk women [31]. This necessitates the
in assessing women and do not consider gender differences use of additional risk-stratification techniques for women.
in the traditional risk factors. The 10-year ASCVD estimate DXA scan is an easy, widely accessible test used to screen

Table 7. Logistic Regression Model for Stroke, BMD and Other Covariates

Parameter OR CI P-value
Combined (hip, right and left femur)

Normal Reference

Osteopenia 1.33 0.620 - 2.834 0.4674

Osteoporosis 3.40 1.551 - 7.447 0.0022
Age (years) 1.02 0.998 - 1.052 0.0669
Smoking status, n (%)

No/former smoker Reference

Active smoker 0.99 0.508 - 1.924 0.9727
Diabetes mellitus

No Reference

Yes 2.89 1.630 - 5.132 0.0003
Hypertension

No Reference

Yes 1.29 0.709 - 2.337 0.4072
Hyperlipidemia

No Reference

Yes 1.11 0.628 - 1.968 0.7152

Only non-missing values were included. BMD: bone mineral density; OR: odds ratio; Cl: confidence interval.
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Table 8. Logistic Regression Model for BMD and Cardiac Death

Parameter OR CI P-value
Combined

Normal Reference

Osteopenia 0.59 0.327 - 1.065 0.0802

Osteoporosis 0.21 0.114-0.375 <0.0001
Right femur

Normal Reference

Osteopenia 0.38 0.210-0.704 0.0019

Osteoporosis 0.16 0.081 - 0.328 <0.0001
Left femur

Normal Reference

Osteopenia 0.50 0.297 - 0.855 0.0110

Osteoporosis 0.18 0.104 - 0.316 <0.0001
Hip

Normal Reference

Osteopenia 0.88 0.600 - 1.282 0.4972

Osteoporosis 0.43 0.256 - 0.707 0.0010

Only non-missing values were included. BMD: bone mineral density; OR: odds ratio; Cl: confidence interval.

for osteoporosis in women over 65 and women under 65 with identifying women at risk for ASCVD or risk stratification.
a high risk of fracture. According to our results, osteoporosis Further research is needed to determine the accuracy of BMD
diagnosed with a low T score in the hip, left femur, or right measurement in predicting ASCVD, and it may be necessary
femur is associated with a significantly increased risk of AS- to compare the computed tomography coronary calcium score
CVD. Therefore, BMD can be a reliable screening test for to BMD in assessing cardiovascular disease.

Table 9. Logistic Regression Model for Cardiac Death, BMD and Other Covariates

Parameter OR CI P-value
Combined (hip, right and left femur)

Normal Reference

Osteopenia 0.65 0.356 - 1.198 0.1684

Osteoporosis 0.24 0.130 - 0.457 <0.0001
Age (years) 0.96 0.940 - 0.978 <0.0001
Smoking status, n (%)

No/former smoker Reference

Active smoker 0.72 0.444 - 1.181 0.1957
Diabetes mellitus

No Reference

Yes 0.38 0.241 - 0.586 <0.0001
Hypertension

No Reference

Yes 0.39 0.235 - 0.643 0.0002
Hyperlipidemia

No Reference

Yes 1.07 0.698 - 1.641 0.7561

Only non-missing values were included. BMD: bone mineral density; OR: odds ratio; Cl: confidence interval.
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Table 10. Linear Regression for BMD and ASCVD

Parameter Estimate CI P-value
Hip score

No cardiac event Reference

Cardiac event -0.58 -0.83,-0.33  <0.0001
Left femur score

No cardiac event Reference

Cardiac event -0.79 -0.96, -0.61 < 0.0001
Right femur score

No cardiac event Reference

Cardiac event -0.58 -0.77,-0.39  <0.0001
Combined

No cardiac event Reference

Cardiac event -0.78 -0.95,-0.60 < 0.0001

ASCVD: atherosclerotic cardiovascular disease; BMD: bone mineral
density; Cl: confidence interval.

Limitations

The retrospective medical records review design of the study is
a limitation of the study. Since we used the SlicerDicer tool and
coding from the Epic EMR, time to death or ASCVD outcome
was not calculated. We were not able to use Cox proportional
hazards regression due to the lack of this information. Steroid
use and menopausal status were not checked. Another limitation
is that the blood pressure and lipid levels were not measured. In-
stead, they were included as a binary variable depending on if the
diagnosis of HTN or HLD was added to the chart for the analysis,
so the severity of these conditions was not taken into considera-
tion. Another limitation is that we did not account for any cardio-
vascular deaths or diagnosis occurring outside the medical sys-
tem. But the change in outcome would be minimal as the chart
would reflect such diagnosis from outside centers from updating
of the chart by system primary care physician or subspecialist.

The strength of the study is that even in a mixed racial
population group, typical of any US city, results were sugges-
tive of a strong association between low BMD and ASCVD in
females.

Conclusion

Osteoporosis is associated with an increased risk of cardiovas-
cular disease in women. BMD measurement with DXA scan is
widely used in postmenopausal women. Hence, it could strat-
ify and predict the risk of ASCVD events in women. Further
wide-scale studies are needed to determine the utility of this
commonly used test as a predictor for ASCVD.

Acknowledgments

I would like to thank all those who are related to this project.

132 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

Financial Disclosure

No funding was obtained from any source for this study.

Conflict of Interest

All authors declare that they have no conflict of interest.

Informed Consent

Not applicable.

Author Contributions

Sarath Lal Mannumbeth Renjithlal, Sarah Mohamed, and Mo-
hammed Magdi: conception or design of the work. Mostafa
Reda Mostafa, Keerthi Renjith, Parvathi Pillai, and Vigarun-
nisa Zahid: data collection. Musaib Syed: data analysis. Na-
than Ritter and Mallory Balmer-Swain: final approval of the
version to be published. Amjad Makaryus and Nisha Pillai:
critical revision of the article.

Data Availability

The authors declare that data supporting the findings of this
study are available within the article.

References

1. Stock EO, Redberg R. Cardiovascular disease in women.
Curr Probl Cardiol. 2012;37(11):450-526.

2. Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe
CI, Canto J. Sex differences in mortality after acute myo-
cardial infarction: changes from 1994 to 2006. Arch In-
tern Med. 2009;169(19):1767-1774.

3. Jneid H, Fonarow GC, Cannon CP, Hernandez AF, Palaci-
os IF, Maree AO, Wells Q, et al. Sex differences in medi-
cal care and early death after acute myocardial infarction.
Circulation. 2008;118(25):2803-2810.

4. Blomkalns AL, Chen AY, Hochman JS, Peterson ED,
Trynosky K, Diercks DB, Brogan GX, Jr., et al. Gender
disparities in the diagnosis and treatment of non-ST-seg-
ment elevation acute coronary syndromes: large-scale ob-
servations from the CRUSADE (Can Rapid Risk Strati-
fication of Unstable Angina Patients Suppress Adverse
Outcomes With Early Implementation of the American
College of Cardiology/American Heart Association
Guidelines) National Quality Improvement Initiative.
J Am Coll Cardiol. 2005;45(6):832-837.

5. Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson
JE. Cardiovascular Disease in Women: Clinical Perspec-
tives. Circ Res. 2016;118(8):1273-1293.

www.jofem.org



Renjithlal et al

J Endocrinol Metab. 2022;12(4-5):125-133

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Reginster JY, Burlet N. Osteoporosis: a still increasing
prevalence. Bone. 2006;38(2 Suppl 1):54-9.
Bauer DC, Bauer DC, Palermo L, Black D, Cauley JA,

gerin plasma concentrations correlate with severity of pe-
ripheral artery disease. Atherosclerosis. 2005;182(1):175-
180.

Study of Osteoporotic Fractures Research Group: Uni- 20. Abedin M, Omland T, Ueland T, Khera A, Aukrust P,
versities of California, Pittsburgh, Minnesota, Kaiser Murphy SA, Jain T, et al. Relation of osteoprotegerin
Center for Health Research, Portland. Quantitative ultra- to coronary calcium and aortic plaque (from the Dallas
sound and mortality: a prospective study. Osteoporos Int. Heart Study). Am J Cardiol. 2007;99(4):513-518.
2002;13(8):606-612. 21. Browner WS, Lui LY, Cummings SR. Associations of
Browner WS, Seeley DG, Vogt TM, Cummings SR. Non- serum osteoprotegerin levels with diabetes, stroke, bone
trauma mortality in elderly women with low bone mineral density, fractures, and mortality in elderly women. J Clin
density. Study of Osteoporotic Fractures Research Group. Endocrinol Metab. 2001;86(2):631-637.
Lancet. 1991;338(8763):355-358. 22. Oh ES, Rhee EJ, Oh KW, Lee WY, Back KH, Yoon KH,
Kado DM, Browner WS, Blackwell T, Gore R, Cum- Kang MI, et al. Circulating osteoprotegerin levels are
mings SR. Rate of bone loss is associated with mortality associated with age, waist-to-hip ratio, serum total cho-
in older women: a prospective study. J] Bone Miner Res. lesterol, and low-density lipoprotein cholesterol levels in
2000;15(10):1974-1980. healthy Korean women. Metabolism. 2005;54(1):49-54.
Osteoporosis to prevent fractures: screening. [cited Apr 23. Barengolts EI, Berman M, Kukreja SC, Kouznetsova T,
30, 2022]. Available: https://www.uspreventiveservice- Lin C, Chomka EV. Osteoporosis and coronary athero-
staskforce.org/uspstf/recommendation/osteoporosis- sclerosis in asymptomatic postmenopausal women. Cal-
screening. cif Tissue Int. 1998;62(3):209-213.
Ye C, XuM, Wang S, Jiang S, Chen X, Zhou X, He R. De- 24. Kiel DP, Kauppila LI, Cupples LA, Hannan MT,
creased bone mineral density is an independent predictor O'Donnell CJ, Wilson PW. Bone loss and the progres-
for the development of atherosclerosis: a systematic re- sion of abdominal aortic calcification over a 25 year
view and meta-analysis. PLoS One. 2016;11(5):e0154740. period: the Framingham Heart Study. Calcif Tissue Int.
Tanko LB, Christiansen C, Cox DA, Geiger MJ, McNabb 2001;68(5):271-276.
MA, Cummings SR. Relationship between osteoporosis 25. Abuful A, Gidron Y, Henkin Y. Physicians' attitudes to-
and cardiovascular disease in postmenopausal women. ward preventive therapy for coronary artery disease: is
J Bone Miner Res. 2005;20(11):1912-1920. there a gender bias? Clin Cardiol. 2005;28(8):389-393.
Park J, Yoon YE, Kim KM, Hwang IC, Lee W, Cho GY. 26. Mosca L, Linfante AH, Benjamin EJ, Berra K, Hayes SN,
Prognostic value of lower bone mineral density in pre- Walsh BW, Fabunmi RP, et al. National study of physi-
dicting adverse cardiovascular disease in Asian women. cian awareness and adherence to cardiovascular disease
Heart. 2021;107:1040-1046. prevention guidelines. Circulation. 2005;111(4):499-510.
Boyle WJ, Simonet WS, Lacey DL. Osteoclast differen- 27. Kessous R, Shoham-Vardi I, Pariente G, Holcberg G,
tiation and activation. Nature. 2003;423(6937):337-342. Sheiner E. An association between preterm delivery and
Sypniewska G, Sobanska I, Pater A, Kedziora-Korna- long-term maternal cardiovascular morbidity. Am J Ob-
towska K, Nowacki W. Does serum osteoprotegerin level stet Gynecol. 2013;209(4):368.¢361-368.
relate to fragility fracture in elderly women with low vita- 28. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-
min D status? Med Sci Monit. 2010;16(2):CR96-101. eclampsia and risk of cardiovascular disease and cancer
Fahrleitner-Pammer A, Dobnig H, Piswanger-Soelkner in later life: systematic review and meta-analysis. BMJ.
C, Bonelli C, Dimai HP, Leb G, Obermayer-Pietsch B. 2007;335(7627):974.
Osteoprotegerin serum levels in women: correlation with 29. Vrachnis N, Augoulea A, Iliodromiti Z, Lambrinoudaki I,
age, bone mass, bone turnover and fracture status. Wien Sifakis S, Creatsas G. Previous gestational diabetes mel-
Klin Wochenschr. 2003;115(9):291-297. litus and markers of cardiovascular risk. Int J Endocrinol.
Mezquita-Raya P, de la Higuera M, Garcia DF, Alonso G, 2012;2012:458610.
Ruiz-Requena ME, de Dios Luna J, Escobar-Jimenez F, 30. Zhang J, Chen L, Delzell E, Muntner P, Hillegass WB,
et al. The contribution of serum osteoprotegerin to bone Safford MM, Millan 1Y, et al. The association between
mass and vertebral fractures in postmenopausal women. inflammatory markers, serum lipids and the risk of car-
Osteoporos Int. 2005;16(11):1368-1374. diovascular events in patients with rheumatoid arthritis.
Bjerre M, Hilden J, Kastrup J, Skoog M, Hansen JF, Kol- Ann Rheum Dis. 2014;73(7):1301-1308.
mos HJ, Jensen GB, et al. Osteoprotegerin independently 31. Kavousi M, Desai CS, Ayers C, Blumenthal RS, Bu-
predicts mortality in patients with stable coronary artery doff MJ, Mahabadi AA, Ikram MA, et al. Prevalence
disease: the CLARICOR trial. Scand J Clin Lab Invest. and prognostic implications of coronary artery calci-
2014;74(8):657-664. fication in low-risk women: a meta-analysis. JAMA.
Ziegler S, Kudlacek S, Luger A, Minar E. Osteoprote- 2016;316(20):2126-2134.

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ www.jofem.org 133



