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Key Points

Question

What are the trends for cardiac disease mortality for women veterans, and how do they compare with those for civilian women?

Findings

In this cohort study of 817 912 women veterans, the crude cardiac disease mortality rate from 2000 to 2017 remained �lat, and the
age-adjusted rate increased by 5.3%, while the corresponding rates for civilian women decreased by 31.1% and 38.6%, respectively.
In the last year of the study (2017), the age-adjusted rate was 26.4% higher for women veterans compared with civilian women.

Meaning

These �indings suggest a lack of improvement in cardiac mortality for women veterans vs civilian women over nearly 2 decades, in-
dicating a need for research and actionable clinical interventions to improve cardiovascular care for women veterans.

This cohort study investigates trends in cardiac disease mortality among women veterans over 2 decades and compares rates with
those for civilian women.

Abstract

Importance

Cardiovascular disease (CVD) remains the leading cause of death in the US. Women veterans have higher rates of CVD compared
with civilian US women; however, analyses of recent trends in mortality from cardiac disease for women veterans are lacking.

Objective

To investigate trends in cardiac disease mortality among women veterans over approximately the past 2 decades and compare rates
with those for civilian women.

Design, Setting, and Participants

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/


In this retrospective longitudinal cohort study, US Veterans Health Administration (VHA) electronic health record data, linked with
the National Death Index, were analyzed for CVD trends and rates of cardiac disease mortality among women veterans (aged 18
years or older) with VHA health care encounters from January 1, 2000, to December 31, 2017. These data were compared with a
national cohort of civilian women (aged 15 years or older) in the Centers for Disease Control and Prevention Wide-Ranging Online
Data for Epidemiologic Research (CDC WONDER) database, which provides cause-of-death data using death certi�icates for all US
residents. The data analysis was performed between March 10, 2021, and November 28, 2022.

Exposure

Cardiac disease mortality among women veterans and civilian women.

Main Outcomes and Measures

Cardiac disease mortality was based on International	Classi�ication	of	Diseases,	Tenth	Revision diagnostic codes (I00-I09, I11, I13, and
I20-I51 as de�ined by CDC WONDER). For women veterans and civilian women, crude and age-adjusted cardiac disease mortality
rates (per 100 000 life-years) and 95% CIs were calculated, with the 2000 US general population as the reference for age-adjusted
rates.

Results

From 2000 to 2017, 817 912 women veterans engaged with VHA health care (mean [SD] age, 45.7 [17.1] years), and 19 022 cardiac
disease deaths were identi�ied (22.4% of total deaths). The crude and age-adjusted cardiac disease mortality rates, respectively, per
100 000 life-years were 200.2 (95% CI, 181.0-221.0) and 197.6 (95% CI, 175.2-222.0) in 2000 and 196.0 (95% CI, 186.1-206.4) and
208.1 (95% CI, 196.4-220.4) in 2017, re�lecting stable crude rates and a 5.3% increase in age-adjusted rates. For civilian women, the
crude and age-adjusted rates decreased over time from 320.7 (95% CI, 319.7-321.8) and 268.1 (95% CI, 267.3-269.0) in 2000 to
220.9 (95% CI, 220.1-221.7) and 164.7 (95% CI, 164.1-165.3) in 2017.

Conclusions and Relevance

In this cohort study comparing women veterans and civilian women, cardiac disease mortality rates for women veterans did not ex-
hibit the improvements seen for civilian women during the nearly 2-decade study period. Further research and actionable clinical
interventions are warranted to improve cardiovascular care for women veterans, who represent the fastest growing group of pa-
tients within the VHA health care system.

Introduction

Cardiovascular disease (CVD)—the leading cause of death in the US —remains understudied, underdiagnosed, and undertreated in
women.  Women veterans are the fastest growing users of the US Veterans Health Administration (VHA), nearly tripling from
2000 to 2015.  Approximately 10% of the 20 million US veterans are women; this number is estimated to exceed 2.2 million over
the next 2 decades.  As highlighted in a recent call to action,  women veterans face unique cardiovascular risks and have higher
rates of CVD compared with civilian US women or men veterans.  This study (1) investigated trends in rates of cardiac disease mor-
tality among women veterans using the VHA over a nearly 2-decade period and (2) compared rates to the corresponding cardiac
disease mortality trends for civilian women.

Methods

Study Design, Setting, and Participants

In this retrospective, longitudinal cohort study, we used national VHA electronic health record data, including outpatient, inpatient,
and purchased care (ie, services received from external clinicians but paid for by the VHA), from the VHA Corporate Data
Warehouse  to identify a cohort of women veterans aged 18 years or older who used VHA health care from January 1, 2000, to
December 31, 2017. Consistent with prior work, we de�ined VHA health care utilization as having at least 1 inpatient or 2 outpatient
clinical encounters during the study period.  Race and ethnicity were self-reported in the electronic health record and were col-
lected as part of the data collected for the original study as opposed to this subanalysis. Women who did not pass data quality con-
trol checks (eg, invalid death date, nonveterans) were excluded. As described later, we compared these women veterans with civilian
women in the general US population.
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This research was approved by the institutional review boards of the University of California, Los Angeles and Greater Los Angeles
Veterans Affairs Healthcare System. Because of the retrospective data analysis and that many of the women studied had died, in-
formed consent was not possible. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Outcome

Our outcome was cardiac disease mortality from 2000 to 2017. Vital status and cause of death among women veterans were ob-
tained by linking the US National Death Index database to the VHA cohort. Data for civilian women were from the Centers for
Disease Control and Prevention (CDC) Wide-Ranging Online Data for Epidemiologic Research (WONDER) online database, which de-
�ines cardiac disease mortality based on International	Classi�ication	of	Diseases,	Tenth	Revision (ICD-10) diagnostic codes (I00-I09,
I11, I13, and I20-I51). Any earlier ICD revision codes were converted to ICD-10 diagnostic codes. The same ICD-10 codes were used
to de�ine cardiac disease mortality for both women veterans and civilian women.

Statistical Analysis

The data analysis was performed between March 10, 2021, and November 28, 2022. Crude and age-adjusted cardiac disease mortal-
ity rates (per 100 000 life-years) and 95% CIs were calculated for each year of the study for women veterans and civilian women.
For age-adjusted cardiac disease rates, we used the 2000 US general population as the reference, as this is the reference used by
CDC WONDER for generated age-adjusted death rates. Thus, to support comparison of the age-adjusted rates across women veter-
ans and civilian women, we used the 2000 US population as the reference for both sets of analyses. The CDC WONDER data include
cause of death for all ages, and they allow for age range evaluations based on 10-year categories (eg, 15-24, 25-34, and 35-44
years). However, the cohort of women veterans included those aged 18 years or older, because the earliest age for military partici-
pation is 18 years. As a result, the �irst age category for women veterans was 18 to 24 years vs 15 to 24 years for civilian women.
However, subsequent age groups were identical. The data analysis was performed using SAS, version 9.4 software (SAS Institute,
Inc).

Results

During the study period, 833 784 women veterans were identi�ied. Of these, 4787 did not pass data quality control and were ex-
cluded, yielding 828 997 women veterans. The number of women veterans using VHA health care grew from 197 260 in 2000 to
739 703 in 2017. During this period, 817 912 women veterans had at least 1 inpatient or 2 outpatient VHA clinical encounters and
formed the women veterans analytic sample. The mean (SD) age at �irst VHA encounter for the analytic sample was 45.7 (17.1)
years. The sample was relatively diverse with respect to race: 23.7% Black, 53.0% White, 3.2% other races [Asian, American Indian,
Alaska Native, Native Hawaiian, or Paci�ic Islander], and 20.1% unknown race. The majority of the analytic sample was not of
Hispanic ethnicity (77.7%); 6.2% of women veterans identi�ied as Hispanic or Latina, and 16.1% had unknown ethnicity. From 2000
to 2017, 84 897 women veterans died, with 19 022 (22.4%) identi�ied as dying of cardiac disease.

Table 1 presents crude and age-adjusted cardiac disease mortality rates for women veterans during the study period. The crude and
age-adjusted cardiac disease mortality rates, respectively, per 100 000 life-years �luctuated from 243.8 (95% CI, 228.3-260.1) and
241.4 (95% CI, 225.2-258.5) in 2004 (highest) to 189.6 (95% CI, 178.8-200.9) and 172.3 (95% CI, 162.0-187.3) in 2011 (lowest).
Trends from 2000 to 2017 represented relatively stable crude rates and a 5.3% increase in age-adjusted rates. Crude and age-ad-
justed cardiac disease mortality rates, respectively, per 100 000 life-years were 200.2 (95% CI, 181.0-221.0) and 197.6 (95% CI,
175.2-222.0) in 2000 and 196.0 (95% CI, 186.1-206.4) and 208.1 (95% CI, 196.4-220.4) in 2017.

Table 2 presents crude and age-adjusted cardiac disease mortality rates from 2000 to 2017 for civilian women. During this period,
the number of women aged 15 years or older rose from 113 969 175 to 135 458 688, with 5 644 402 cardiac disease deaths. Trends
from 2000 to 2017 represented a 31.1% reduction in crude rates and a 38.6% reduction in age-adjusted rates. Crude and age-ad-
justed cardiac disease mortality rates, respectively, per 100 000 life-years were 320.7 (95% CI, 319.7-321.8) and 268.1 (95% CI,
267.3-269.0) in 2000 and 220.9 (95% CI, 220.1-221.7) and 164.7 (95% CI, 164.1-165.3) in 2017. The age-adjusted cardiac disease
mortality rate during the �inal year of the study (2017) was 26.4% higher for women veterans compared with civilian women. The
Figure shows the crude and age-adjusted rates of cardiac disease mortality between women veterans and civilian women.

Given large differences in cardiac disease mortality rates for women veterans and civilian women during the initial years of the
study, and to allow for possible late adoption of updated guidelines for treatment of CVD risk factors during that period, we also
compared cardiac disease mortality rates for women veterans and civilian women only during the last decade of the study period
(2008-2017). Using 2008 rather than 2000 as the reference, �indings were generally consistent, with a 6.9% decrease in crude rates
and a 6.0% increase in age-adjusted rates for women veterans compared with a 9.7% decrease in crude rates and 16.9% decrease
in age-adjusted rates for civilian women.

https://www.equator-network.org/reporting-guidelines/strobe/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10616720/table/zoi231172t1/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10616720/figure/zoi231172f1/


Discussion

Although women veterans have higher rates of CVD than civilian women, analyses of trends in cardiac disease mortality for women
veterans have been generally lacking. Such investigations are key, as women veterans are a unique and growing population. Indeed,
although women have participated in the US military since the Revolutionary War,  they have been increasingly represented in the
military and in a wide range of roles.  Moreover, in the past 2 decades, the sociodemographic pro�ile of women veterans has
changed signi�icantly. Whereas the age of women veterans represented a bimodal distribution in 2000, with peaks in midlife (45
years) and later life (77 years), the distribution shifted in 2019 to be trimodal, with peaks at ages 35, late 50s to early 60s, and 95
years.  Furthermore, in the VHA, women veterans are more diverse in terms of race and ethnicity compared with their men veteran
counterparts.

In this study, we documented cardiac disease mortality rates for women veterans from 2000 to 2017 and compared results with
those for civilian women over the same period. Whereas civilian women demonstrated declines in crude and age-adjusted cardiac
disease mortality rates over nearly 2 decades, rates in women veterans remained stable or increased slightly during the same pe-
riod. Furthermore, in the �inal year of the study (2017), the age-adjusted cardiac disease mortality rate was 26.4% higher for
women veterans than for civilian women.

Results of prior studies comparing cardiovascular mortality between women veterans and civilian women are con�licting. In post-
menopausal women in the Women’s Health Initiative who were followed up for approximately 15 years (3719 women veterans),
pre–Vietnam generation women veterans had higher cardiovascular mortality rates compared with civilian women; however, no dif-
ferences were observed for Vietnam and later generation women veterans compared with civilian women.  In addition, in nearly
10 000 women veterans who did and did not serve in Vietnam, women veterans had fewer deaths due to circulatory disease (which
includes cardiac disease mortality) compared with civilian women over a 16- to 17-year follow-up.  In contrast to our study of
more than 800 000 women veterans engaging with VHA health care from 2000 to 2017, these studies focused on women veterans
who served predominantly in Vietnam and earlier periods and used composite outcomes that included other causes of death be-
sides cardiac disease, such as hypertension, stroke, or other circulatory or vascular conditions. While commonly used, such compos-
ite outcomes may not necessarily re�lect the outcome of each subcomponent. Our goal for this analysis was to speci�ically investigate
trends in cardiac disease mortality, as de�ined by the CDC, as opposed to a broader composite end point.

Using this large and relatively contemporary women veterans cohort, we found that women veterans had no clinically signi�icant im-
provement in crude or age-adjusted rates of cardiac disease mortality over the study period. In contrast, cardiac disease mortality
rates for civilian women decreased signi�icantly over the same period. Alarmingly, this lack of reduction in cardiac disease mortality
rate in women veterans occurred despite changes in national guidelines that lowered the threshold for identi�ication and treatment
of CVD risk factors, such as hypertension, hyperlipidemia, and diabetes.  Potential explanations for the lack of improvement in
cardiac disease mortality rates in women veterans may be multifactorial, including (1) increasing rates of tobacco use, (2) high treat-
ment nonadherence rates, (3) higher prevalence of cardiovascular risk factors that exceed rates for civilian women, and (4) greater
overall clinical complexity in women veterans.  Furthermore, prevalence of nontraditional CVD risk factors, such as posttraumatic
stress disorder, is higher in women veterans as opposed to civilian women,  and posttraumatic stress disorder has been shown to
be an independent CVD risk factor in women veterans.  Additionally, speci�ic barriers to provision of care for women veterans
within the VHA are well documented  and may limit engagement with preventive health care. Other factors may include �inancial,
educational, racial, and ethnic disparities between women veterans and civilian women. Understanding factors underlying the dis-
crepancies observed between women veterans and civilian women is an important future direction, as it can help to guide preven-
tion and intervention efforts.

Limitations

Similar to all retrospective database analyses, our study has limitations, including selection bias, possible misclassi�ication, issues
with representativeness, and missing data. In addition, the US population of civilian women from CDC WONDER includes women vet-
erans who did not receive their care from VHA, although these women may be a very small percentage of the civilian women popu-
lation considered. However, including these women veterans as civilian women might attenuate some differences in cardiac disease
mortality rates between the 2 cohorts. We also analyzed data for women veterans who used VHA health care, de�ined as having at
least 1 inpatient or 2 outpatient clinical encounters during the study period. Unlike some prior studies of women veterans,  we did
not have access to women veterans not using VHA health care, and future research is needed to determine whether those women
might have different patterns of cardiac disease mortality over time. Nevertheless, with our de�inition of VHA health care utilization,
we aimed to encompass a wide array of women veterans engaging with the VHA and not just women veterans with underlying
health issues who required many encounters or those who would be most likely to experience cardiac disease mortality. Another
limitation is that the youngest age group differed for women veterans (18-24 years) and civilian women (15-24 years) due to the
18-year minimum age requirement to enlist in the military. However, age-adjusted rates also revealed discordance in cardiac disease
mortality trends between women veterans and civilian women. Furthermore, the choice of the standard population can in�luence
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the age-adjusted rates. Although we used the same reference population as CDC WONDER to support comparability across women
veteran and civilian women analyses, research using other references is needed to determine the robustness of these �indings. It
would also be interesting to compare the women veteran and civilian women cohorts on various characteristics, such as cardiovas-
cular risk factors or whether mean age changed over time according to veteran vs civilian status. However, these data could not be
obtained from the CDC WONDER database, thereby precluding such comparisons. Even with these limitations, to our knowledge, this
is the only study to investigate cardiac disease mortality rates over the past 2 decades in a large sample of women veterans and to
include a general US population for comparison. Furthermore, our data re�lect a more contemporary period as opposed to more re-
mote periods in prior work.

Conclusions

The sizeable reductions in cardiac disease mortality rates for civilian women over the past 2 decades are laudable, but, as this
study’s �indings suggest, parallel improvements were lacking in women veterans who use the VHA for health care. These results re-
inforce previous calls to action to prioritize research and actionable clinical interventions to improve cardiovascular care for women
veterans.

Notes

Supplement.

Data Sharing Statement
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Figures and Tables

Table 1.

Crude	and	Age-Adjusted	Cardiac	Disease	Mortality	Rates	in	US	Women	Veterans,	2000-2017

Year Total	No.	of	women	veterans No.	of	deaths Cardiac	disease	mortality	rate	per	100 000	life-years	(95%	CI)

Crude Age	adjusted

2000 197 260 395 200.2 (181.0-221.0) 197.6 (175.2-222.0)

2001 252 845 573 226.6 (208.4-246.0) 218.1 (198.0-239.6)

2002 297 731 715 240.2 (222.9-258.4) 230.8 (212.1-250.6)

2003 339 017 808 238.3 (222.2-255.4) 236.7 (218.3-254.0)

2004 376 901 919 243.8 (228.3-260.1) 241.4 (225.2-258.5)

2005 410 656 986 240.1 (225.4-255.6) 237.8 (222.5-253.9)

2006 442 670 955 215.7 (202.3-229.9) 211.9 (198.1-226.4)

2007 473935 996 210.2 (197.3-223.6) 202.8 (189.6-216.6)

2008 506 518 1066 210.5 (198.0-223.5) 196.3 (183.4-209.9)

2009 539 795 1129 209.2 (197.1-221.7) 201.2 (187.4-216.6)

2010 574 265 1194 207.9 (196.3-220.1) 184.3 (171.4-197.9)

2011 605 480 1148 189.6 (178.8-200.9) 174.3 (162.0-187.3)

2012 636 425 1267 199.1 (188.3-210.4) 185.4 (173.2-198.3)

2013 664 100 1303 196.2 (185.7-207.2) 192.8 (180.6-205.6)

2014 689 308 1337 194.0 (183.7-204.7) 199.4 (187.1-212.2)

2015 710 732 1391 195.7 (185.6-206.3) 209.0 (196.6-221.8)

2016 728 208 1390 190.9 (181.0-201.2) 210.0 (197.8-222.8)

2017 739 703 1450 196.0 (186.1-206.4) 208.1 (196.4-220.4)

For age-adjusted rates, the 2000 US general population was the reference.
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Table 2.

Crude	and	Age-Adjusted	Cardiac	Disease	Mortality	Rates	in	US	Civilian	Women,	2000-2017

Year Total	No.	of	women No.	of	deaths Cardiac	disease	mortality	rate	per	100 000	life-years	(95%	CI)

Crude Age	adjusted

2000 113 969 175 365 520 320.7 (319.7-321.8) 268.1 (267.3-269.0)

2001 115 570 255 360 554 312.0 (311.0-313.0) 261.1 (260.2-261.9)

2002 116 825 827 355 576 304.4 (303.4-305.4) 254.7 (253.8-255.5)

2003 118 073 587 348 588 295.2 (294.2-296.2) 246.2 (245.4-247.1)

2004 119.354.958 330 100 276.6 (275.6-277.5) 230.7 (229.9-231.5)

2005 120 755 434 328 886 272.4 (271.4-273.3) 225.7 (224.9-226.4)

2006 122 164 519 315 576 258.3 (257.4-259.2) 212.6 (211.8-213.3)

2007 123 515 319 305 854 247.6 (246.7-248.5) 202.2 (201.4-202.9)

2008 124 832 870 305 247 244.5 (243.7-245.4) 198.2 (197.4-198.9)

2009 126 098 170 291 829 231.4 (230.6-232.3) 186.3 (185.6-187.0)

2010 127 025 926 290 006 228.3 (227.5-229.1) 182.2 (181.5-182.8)

2011 128 370 709 287 838 224.2 (223.4-225.0) 176.4 (175.7-177.0)

2012 129 520 417 286 917 221.5 (220.7-222.3) 172.3 (171.7-173.0)

2013 130 602 029 289 467 221.6 (220.8-222.4) 170.7 (170.1-171.3)

2014 132 037 990 288 956 218.8 (218.0-219.6) 167.6 (167.0-168.2)

2015 133 329 857 298 520 223.9 (223.1-224.7) 169.9 (169.3-170.5)

2016 134 209 029 295 694 220.3 (219.5-221.1) 165.8 (165.1-166.4)

2017 135 458 688 299 273 220.9 (220.1-221.7) 164.7 (164.1-165.3)

For age-adjusted rates, the 2000 US general population was the reference.
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Crude	and	Age-Adjusted	Cardiac	Disease	Mortality	Rates	for	US	Women	Veterans	and	Civilian	Women
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