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Abstract: The current study assessed performance of the new Veterans Affairs (VA) women car-
diovascular disease (CVD) risk score in predicting women veterans’ 60-day CVD event risk using
VA COVID-19 shared cohort data. The study data included 17,264 women veterans—9658 White,
6088 African American, and 1518 Hispanic women veterans—ever treated at US VA hospitals and
clinics between 24 February and 25 November 2020. The VA women CVD risk score discriminated
patients with CVD events at 60 days from those without CVD events with accuracy (area under the
curve) of 78%, 50%, and 83% for White, African American, and Hispanic women veterans, respec-
tively. The VA women CVD risk score itself showed good accuracy in predicting CVD events at
60 days for White and Hispanic women veterans, while it performed poorly for African American
women veterans. The future studies are needed to identify non-traditional factors and biomarkers
associated with increased CVD risk specific to African American women and incorporate them to the
CVD risk assessment.

Keywords: women’s heart disease; women veterans; cardiovascular disease; cardiovascular risk
score; COVID-19 and heart disease; short-term risk of heart disease with COVID-19

1. Introduction

With the on-going COVID-19 pandemic continuing over 1 year, the impact of COVID-
19 on health outcomes is both direct and indirect. Heart disease is one of many chronic
health problems that were greatly affected during the COVID-19 pandemic, and death
rates from heart disease increased during the pandemic [1]. Having pre-existing cardio-
vascular disease (CVD) before contracting COVID-19 was significantly associated with
mortality [2,3].

Based on analysis of the US Veterans Affairs (VA) COVID-19 Shared Resources
database, Tsai and colleagues [2] reported that women with COVID-19 infection showed
a higher risk of myocardial injury (high-sensitivity cardiac troponin ≥0.4 mg/dL) than
those without COVID-19. Among women with COVID-19 infection, pre-existing CVD
was positively associated with an elevated risk of a CVD event occurrence within 60 days.
These results suggest a need to assess women’s short term CVD risk during the ongoing
COVID-19 pandemic.

The goal of this investigation is to assess women’s short-term CVD risk, and in
particular, the CVD risk in young and minority groups, who are under-diagnosed and
undertreated for CVD.

Traditional risk factors for CVD are older age, high blood pressure, high cholesterol,
diabetes, and current smoking status. In addition, major depression is a known associated
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risk factor for CVD. The current widely used American College of Cariology/American
Heart Association (ACC/AHA) Atherosclerosis Cardiovascular Disease (ASCVD) risk
score [4] is comprised of traditional CVD risk factors; however, we have previously demon-
strated that this risk score is not adequate to assess CVD risk for the young women under
40 years old and with a Hispanic background [5]. On the contrary, the CVD risk score
developed by Jeon-Slaughter and colleagues [4] for Veterans Affairs (VA) women is accept-
able for these groups of women. The new VA women CVD risk score was derived and
internally validated from a development cohort of Non-Hispanic White, Non-Hispanic
African American, and Hispanic women veterans aged between 30 and 79 [6].

The current study assessed the performance of the VA women CVD risk score in
predicting short-term 60-day CVD events occurrence using the VA COVID-19 Shared
Resources data, a dataset that is distinct from the derivation cohort used to develop the
novel risk score.

2. Materials and Methods
2.1. A Study Cohort

The study used US Veterans Affairs (VA) COVID-19 shared data collected from 24
February to 25 November 2020, including 17,264 women veterans—9658 White,
6088 African American, and 1518 Hispanic women veterans—ever treated at US Vet-
erans Affairs hospital clinics. This included women who tested positive and negative for
SARS-CoV2. The VA COVID-19 shared data are extracted from VA electronic health records
(EHR) [1]. and is a part of VA Infrastructure and Computing Infrastructure (VINCI) Corpo-
rate Data Warehouse (CDW) and available to VA researchers. The VA COVID-19 shared
data includes patient-level data on COVID-19 testing, diagnoses at the time of or prior
to COVID-19 testing, drug utilization, and 60-day follow-up after the incident COVID-19
test, including adverse events such as death and cardiovascular disease events. COVID-19
testing available in VA health care system are antigen, molecular including nucleic acid am-
plification; RNA, PCR, and antibody tests; and both confirmed and presumptive positive
results were classified into positive test results [2].

2.2. VA Women CVD Risk Score and Its Calculation

The VA women CVD risk score was calculated stratified by race and ethnicity and
was a predicted score in the percentage estimated at values of CVD risk factors—age,
systolic blood pressure, current smoking status, presence of diabetes, major depression
within 6 months, total cholesterol, and high-density lipoprotein-cholesterol (HDL-C)—at
index date [6].

The CVD risk output from the VA women CVD risk score ranged between 0% and
100%. Each individual CVD risk score was calculated based on measured values of CVD
risk factors at index date. The ACC/AHA guideline classified CVD risk score < 7.5% as a
low risk, 7.5–19.9% as a moderate risk, and >20% as a high risk [4,5].

2.3. Statistical Methods

Means and standard deviations for continuous variables and frequencies and percent-
ages for categorical variables were presented. Two-sided Wilcoxon rank test was used
to examine the difference in VA women CVD risk score between those with and without
CVD events in the 60 days post COVID-19 test. Cardiovascular disease events included
ischemic and hemorrhagic stroke, Myocardial Injury (high-sensitivity cardiac troponin at
7 days > 0.4 ng/mL), heart failure, and arrythmia. Mantel-Haenszel Chi-Square test was
conducted to examine associations of categorical covariates with experiencing any CVD
events within 60 days.

Logistic regression was used to further test CVD risk score’s predictability of CVD
events within 60 days post COVID-19 test after adjusting for confounders, stratified by race
and ethnic groups. Confounders included in the models are women veterans’ age and BMI
(Body Mass Index) at the time of COVID-19 test and the COVID-19 test result—positive vs.



Int. J. Environ. Res. Public Health 2021, 18, 10005 3 of 7

negative for SARS-CoV-2 infection. Odds Ratio (OR) and the corresponding 95% Confi-
dence Interval (CI) were reported as logistic results. Receiver Operating Characteristics
(ROC) Curves and Area under the curve (AUC) were used to examine accuracy of the
model in predicting 60-day cardiovascular events among women veterans. An AUC of
70% and higher was considered as acceptable accuracy of the model. Model specification
was tested and decided following Akaike Information Criteria (AIC) and significance of
the included covariates.

A sample size was estimated based on number of events required per predictor (EPP)
in the model. The minimum required EPP is 5 to 10 [7]. A minimum 15 to 30 CVD events
per race/ethnic group are needed for a valid predictive model.

All statistical and graphic analyses were conducted using SAS 9.4 version (SAS Insti-
tute, Cary, NC, USA).

3. Results

Overall, 5.5% (n = 958) of the study cohort had experienced any cardiovascular disease
events within 60 days after a reference time point identified as the time of COVID-19 testing.
Analysis based on race and ethnicity revealed that CVD events occurred in 5.7% (n = 552)
of White women veterans, 6.0% (n = 566) of African American women veterans, and 2.6%
(n = 40) of Hispanic women veterans.

Women veterans in the study cohort who experienced CVD events were older, more
likely to present with complications such as chronic kidney disease and COPD than those
without CVD events (Table 1).

Women veterans with 60-day CVD events also had significantly higher Systolic Blood
Pressure (SBP), higher rates of being prescribed antihypertensive medication, carrying a
diagnosis of diabetes, and being current smokers, and lower HDL-C and total cholesterol
levels than those who did not suffer a CVD event. There was no statistical difference found
in major depression between women veterans with and without CVD events in 60 days
after the reference time point (Table 1).

Interestingly, the number of CVD events within 60 days was significantly higher
among women veterans with negative COVID-19 test results (8.5%) than women with
positive COVID-19 test results (6.6%, p < 0.001). Testing positive for SARS-CoV-2 infection
was not significantly associated with any CVD event occurrence within 60 days, even when
stratified by three racial and ethnic groups.

The VA women CVD risk score at the reference time point was significantly higher
in those who subsequently had CVD events in the following 60 days (mean 24% with
standard deviation of 24.8%) than those who did not (mean 13% with standard deviation
of 18%).

Figure 1 showed that CVD risk score alone discriminated patients with CVD events
within 60 days from those who did not with accuracy (Area Under the Curve) of 78%, 50%,
and 74% for White, African American, and Hispanic women veterans, respectively. An
adjusted model, including COVID-19 test results and BMI in addition to CVD risk score as
covariates, discriminated patients with CVD events within 60 days from those who did not
with accuracy (area under the curve) of 81%, 75%, and 83% for White, African American,
and Hispanic women veterans, respectively.

A body mass index (BMI, kg/m2) greater than 30 was significantly associated with
increased risk of 60-day CVD events across three race and ethnic groups (White OR 1.09,
95% CI 1.05–1.14; African American OR 1.11 95% CI 1.06–1.16; Hispanic OR 1.20, 95%
CI 1.02–1.38).

White women veterans faced an 8.5-fold increased risk of having CVD events within
60 days for each one-percent increase in CVD risk score, while the CVD risk score was not
significantly associated with 60-day CVD events among African American and Hispanic
women veterans.

A positive COVID-19 test was not significantly associated with an increased risk of
CVD events within 60 days across all three race and ethnic groups.
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Table 1. Baseline characteristics of veteran women by cardiovascular disease (CVD) event 60 days after COVID-19 testing.

Baseline Characteristics at Index All
(n = 17,264)

CVD Event
(n = 958)

No CVD Event
(n = 16,306) p-Value a

Age at index Years mean ± SD 52.48 ± 12.59 63.33 ± 9.03 51.84 ± 12.47 <0.0001

BMI at index kg/m2 mean ± SD 31.00 ± 7.20 32.22 ± 8.57 30.93 ± 7.10 <0.0001

Race White n (%) 9658 (55.94) 552 (5.72) 9.106 (94.3)

<0.0001African
American n (%) 6611 (35.26) 366 (6.01) 5722 (93.99)

Hispanics n (%) 1518 (8.79) 40 (2.64) 1478 (97.36)

Systolic Blood pressure
at index mm Hg mean ± SD 130.87 ± 20.12 134.7 ± 25.78 130.72 ± 19.73 <0.0001

Total cholesterol mg/dL mean ± SD 190.00 ± 43.51 175.74 ± 50.90 190.83 ± 42.89 <0.0001

HDL-C mg/dL mean ± SD 55.54 ± 17.42 52.05 ± 18.18 55.74 ± 17.36 <0.0001

On Antihypertensive
medication Yes n (%) 5401 (31.28) 519 (54.18) 4882 (29.94) <0.0001

DM Yes n (%) 4301 (24.91) 536 (55.94) 3765 (23.09) <0.0001
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Table 1. Cont.

Baseline Characteristics at Index All
(n = 17,264)

CVD Event
(n = 958)

No CVD Event
(n = 16,306) p-Value a

Current smoker Yes n (%) 3238 (18.76) 226 (23.56) 3012 (18.47) <0.0001

Current major
depression (<6 months) Yes n (%) 3428 (19.86) 183 (19.10) 3245 (19.90) 0.5472

CVD risk score b % mean ± SD 13.31 ± 19.27 23.65 ± 24.80 12.70 ± 18.72 <0.0001

COVID-19 testing result Positive (+) n (%) 1445 (8.37) 63 (6.58) 1382 (8.48) 0.0391

Abbreviations. BMI = body mass index; CVD = cardiovascular disease; DM = diabetes; HDL-C = high-density lipoprotein-cholesterol. a T-
and Chi-squared tests were used for continuous and categorical characteristics, respectively. b VA women CVD risk score (Jeon-Slaughter
et al., 2021 [6]).

4. Discussion

Young and minority women are under-diagnosed and undertreated for CVD due to
a lack of an acceptable CVD risk assessment tool. The current recommended treatment
guideline for high cholesterol and high blood pressure [8,9] are built upon the CVD risk
assessment; thus, using a risk score that adequately assesses CVD risk is crucial to provide
optimal CVD treatment for women. The study tested the performance of a new VA women
CVD risk score, which is tailored to women veterans and adequate for young women
under 40 years old and with Hispanic background, in assessing short-term CVD risk. The
VA women CVD risk score can be used to assess CVD risk for women without known
CVD history—in particular, young and Hispanic women who are often underdiagnosed
for CVD.

The VA women CVD risk score alone predicted 60-day CVD events with an accuracy
of 78% and 77% for non-Hispanic White and Hispanic women veterans, respectively. On
the contrary, traditional CVD risk factors and major depression alone failed to predict
a short-term CVD event risk for African American women veterans (<50% accuracy).
However, with additional factors such as BMI and COVID-19 infection, the prediction
accuracy for African American women was improved to 75%.

The poor accuracy of VA women CVD risk score in African American women may be
due to a fact that many African American women in current study data (23%) had a history
of CVD events, while the VA women CVD risk score was designed for those without a
history of CVD events. The model accuracy for African American women veterans’ 60-day
CVD event risk during COVID-19 pandemic was improved with inclusion of other risk
factors—BMI and COVID-19 infection status—in addition to those already included in the
VA women CVD risk score. BMI and COVID-19 infection may serve as proxy variables
measuring confounding effects of cultural and socio-economic factors on increased risk of
CVD event occurrence. African American women veterans had higher rates of obesity and
COVID-19 infection than White women veterans (54% vs. 45%, p < 0.0001), which partly
accounts higher CVD-related death in African Americans during COVID-19 pandemic than
their White counterparts [10]. Additionally, the prevalence of pregnancy complications
such as preeclampsia, a known risk factor for increased CVD risk, which was not included
in the current model, among African American women is significantly higher than White
and other race women [11,12].

In Hispanic women veterans, VA women CVD risk score predicted CVD events with
more than 80% accuracy, but the score was not significantly associated with CVD events at
60 days due to a small sample size.

The study has many limitations. The length of follow-up was 60 days given the
available data, and a long-term follow-up is needed. The current data may have limitations
in validating the VA women CVD risk score due to its short-term follow-up. A future study
with long-term follow-up data is warranted. The study did not include any biomarkers
in the prediction model due to a high rate of missing data. The VA COIVD-19 Shared
Resources data did not include sex-specific conditions, such as a history of pregnancy
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complications, which is known to be associated with elevated CVD risk. The current study
data were extracted from electronic medical records and heavily relied on International
Classification of Disease (ICD) diagnosis codes. Thus, we cannot exclude a possibility of
human error in the medical record entry.

5. Conclusions

The VA women CVD risk score itself showed a good accuracy in predicting CVD
events within 60 days after a reference timepoint for White and Hispanic women veterans,
but not for African American women. This is likely due to omittance bias, wherein the
traditional CVD risk factors alone did not predict short-term CVD event risk for African
American women veterans. Future studies are needed to identify non-traditional factors
and biomarkers that are associated with a short-term CVD risk among African American
women veterans. The VA women CVD risk score can serve as a cardiovascular point-of-care
tool for women patients without a known history of CVD events or complications.

Author Contributions: Conceptualization, H.J.-S., X.C., B.R. and S.T.; methodology, H.J.-S.; soft-
ware, H.J.-S. and X.C.; validation, H.J.-S., X.C., B.R. and S.T.; formal analysis, H.J.-S. and X.C.;
writing—original draft preparation, H.J.-S.; writing—review and editing, H.J.-S., X.C., B.R. and S.T.;
visualization, H.J.-S. and X.C. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
VA North Texas (protocol code 18-020 and date of approval 21 April 2020).

Informed Consent Statement: VA North Texas IRB waived the requirement to obtain informed
consents from study subjects due to a retrospective study and a minimum risk to patients.

Data Availability Statement: Due to the sensitive nature of the data collected for this study, requests
to access the dataset are limited to qualified VA-affiliated researchers trained in human subject
confidentiality. Protocols may be sent to the VA North Texas Health Care System IRB at NTXIR-
BAdmin@va.gov. SQL, SAS, and R code used in the analysis of this study are available from the
corresponding author upon reasonable request. All methods were performed in accordance with the
relevant guidelines and regulations.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Woolf, S.H.; Chapman, D.A.; Sabo, R.T.; Zimmerman, E.B. Excess Deaths from COVID-19 and Other Causes in the Us, March 1,

2020, to January 2, 2021. JAMA 2021, 325, 1786–1789. [CrossRef] [PubMed]
2. Tsai, S.; Nguyen, H.; Ebrahimi, R.; Barbosa, M.R.; Ramanan, B.; Heitjan, D.F.; Hastings, J.L.; Modrall, J.G.; Jeon-Slaughter, H.

COVID-19 Associated Mortality and Cardiovascular Disease Outcomes among Us Women Veterans. Sci. Rep. 2021, 11, 8497.
[CrossRef] [PubMed]

3. Ioannou, G.N.; Locke, E.; Green, P.; Berry, K.; O’Hare, A.M.; Shah, J.A.; Fan, V.S. Risk Factors for Hospitalization, Mechanical
Ventilation, or Death among 10 131 Us Veterans with SARS-CoV-2 Infection. JAMA Netw. Open 2020, 3, e2022310. [CrossRef]
[PubMed]

4. Goff, D.C., Jr.; Lloyd-Jones, D.M.; Bennett, G.; Coady, S.; D’Agostino, R.B.; Gibbons, R.; Wilson, P.W. 2013 Acc/Aha Guideline on
the Assessment of Cardiovascular Risk: A Report of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines. J. Am. Coll. Cardiol. 2014, 63, 2935–2959. [CrossRef] [PubMed]

5. Chen, X.; Ramanan, B.; Tsai, S.; Jeon-Slaughter, H. Differential Impact of Aging on Cardiovascular Risk in Women Military Service
Members. J. Am. Hear. Assoc. 2020, 9, e015087. [CrossRef] [PubMed]

6. Jeon-Slaughter, H.; Chen, X.; Tsai, S.; Ramanan, B.; Ebrahimi, R. Developing an Internally Validated Veterans Affairs Women
Cardiovascular Disease Risk Score Using Veterans Affairs National Electronic Health Records. J. Am. Hear. Assoc. 2021, 10, e019217.
[CrossRef]

7. Vittinghoff, E.; McCulloch, C.E. Relaxing the rule of ten events per variable in logistic and Cox regression. Am. J. Epidemiol. 2007,
165, 710–718. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.2021.5199
http://www.ncbi.nlm.nih.gov/pubmed/33797550
http://doi.org/10.1038/s41598-021-88111-z
http://www.ncbi.nlm.nih.gov/pubmed/33875764
http://doi.org/10.1001/jamanetworkopen.2020.22310
http://www.ncbi.nlm.nih.gov/pubmed/32965502
http://doi.org/10.1016/j.jacc.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24239921
http://doi.org/10.1161/JAHA.120.015087
http://www.ncbi.nlm.nih.gov/pubmed/32515249
http://doi.org/10.1161/jaha.120.019217
http://doi.org/10.1093/aje/kwk052
http://www.ncbi.nlm.nih.gov/pubmed/17182981


Int. J. Environ. Res. Public Health 2021, 18, 10005 7 of 7

8. Grundy, S.M.; Stone, N.J.; Bailey, A.L.; Beam, C.; Birtcher, K.K.; Blumenthal, R.S.; Braun, L.T.; De Ferranti, S.; Faiella-Tommasino,
J.; Forman, D.E.; et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on
the Management of Blood Cholesterol: A Report of the American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation 2019, 139, e1082–e1143. [CrossRef] [PubMed]

9. Whelton, P.K.; Carey, R.M.; Aronow, W.S.; Casey, D.; Collins, K.J.; Himmelfarb, C.D.; DePalma, S.M.; Gidding, S.; Jamerson,
K.A.; Jones, D.W.; et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation 2018, 138, e484–e594. [CrossRef]
[PubMed]

10. Wadhera, R.K.; Figueroa, J.F.; Rodriguez, F.; Liu, M.; Tian, W.; Kazi, D.S.; Song, Y.; Yeh, R.W.; Maddox, K.E.J. Racial and Ethnic
Disparities in Heart and Cerebrovascular Disease Deaths During the COVID-19 Pandemic in the United States. Circulation 2021,
143, 2346–2354. [CrossRef] [PubMed]

11. Tucker, M.J.; Berg, C.J.; Callaghan, W.M.; Hsia, J. The Black–White Disparity in Pregnancy-Related Mortality From 5 Conditions:
Differences in Prevalence and Case-Fatality Rates. Am. J. Public Health 2007, 97, 247–251. [CrossRef] [PubMed]

12. Petersen, E.E.; Davis, N.L.; Goodman, D.; Cox, S.; Carla Syverson, C.; Seed, K.; Barfield, W. Racial/Ethnic Disparities in
Pregnancy-Related Deaths—United States, 2007–2016. MMWR Morb. Mortal. Wkly. Rep. 2019, 68, 762. [CrossRef] [PubMed]

http://doi.org/10.1161/CIR.0000000000000625
http://www.ncbi.nlm.nih.gov/pubmed/30586774
http://doi.org/10.1161/cir.0000000000000596
http://www.ncbi.nlm.nih.gov/pubmed/30354654
http://doi.org/10.1161/CIRCULATIONAHA.121.054378
http://www.ncbi.nlm.nih.gov/pubmed/34000814
http://doi.org/10.2105/AJPH.2005.072975
http://www.ncbi.nlm.nih.gov/pubmed/17194867
http://doi.org/10.15585/mmwr.mm6835a3
http://www.ncbi.nlm.nih.gov/pubmed/31487273

	Introduction 
	Materials and Methods 
	A Study Cohort 
	VA Women CVD Risk Score and Its Calculation 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

