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ABOUT FACE: 
Background & Women Veterans’ Changing 

Sociodemographics 



Background 

■ 

■ 

■ 

■ 

Women have served in the  US military  
since its inception,  with the first formal 

action when the Army  Nurses’ Corps was 

formed (1901). 

1.3 million active duty women,  16.3% of  
military,  all branches 

19.6 million living  veterans is projected  
to decline over time 

Number of  women veterans (WVs)  is  
projected  to increase from 1.9 million to 

over 2.2 million over the  next 25 years 

National  Center for  Veterans Analysis and  Statistics.  Veteran  Population.  Population  Tables.  Age/Gender.  
https://www.va.gov/vetdata/veteran_population.asp.  
National  Center for  Veterans Analysis and  Statistics,  Department of  Veterans Affairs.  Women Veterans Report:  The Past,  
Present, and  Future of  Women Veterans.  Washington,  DC;  February 2017. 

https://www.va.gov/vetdata/veteran_population.asp


  

  

  
  

 
   

         

      

          

      

Sociodemographics 

■ 

■ 

■ 

■ 

■ 

■ 

Largest group: 44 to 65 

Second group: 20s-30s (Iraq and 
Afghanistan conflicts) 

Younger WV patients are more 
ethnically diverse: ~30% are Black, 
10% are Hispanic 

Quality of care has improved within the 
VA system 

Racial disparities persist, esp for 
measures that impact CVD: diabetes 
mellitus, hypertension, and lipid 
control 

Younger minority WVs found to have a 
high rates of delayed care or unmet 
medical needs 

National Center for Veterans Analysis and Statistics, Department of Veterans Affairs. Women Veterans 
Report: The Past, Present, and Future of Women Veterans. Washington, DC; February 2017. 
Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: Risk Factors, Diagnoses, 
and Procedures in Fiscal Year (FY) 2014. Vol 2. 2017. 



GATHERING 
INTELLIGENCE: 

Traditional Cardiovascular Risk Factors in 
Women Veterans 



  

 

 

  

 

 

 

     

          

     

Scope of the Problem 

■ 

■ 

■ 

■ 

■ 

For the past 70 years, CVD has 
remained the number one killer of 

women in the United States, affecting 

36% of the female population 

One women dies from CVD every 1 

minute and 19 seconds. 

Overall, 11% of WVs have been 
diagnosed with CVD; over the age of 

65, 32% are affected 

60% of younger WVs have at least 1 

major CVD risk factor 

75% in 44 to 65 age group 

■ 80% in > 65 age group.9 
Benjamin EJ, et al. Heart disease and stroke statistics-2018 update: a report from the AHA. Circulation. 2018. 
Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: Risk Factors, Diagnoses, 
and Procedures in Fiscal Year (FY) 2014. Vol 2. 2017 



 

   
   

  
 

 

 

   

 
  

  

   

       

 

      

     

BMI distribution among women and men veteran

VHA primary care patients in fiscal year 2014

Obesity prevalence 

■ 

■ 

■ 

■ 

Veterans have higher rates of 
obesity than the general 
population: 78% of veterans are 
either overweight or obese, 
compared to 68% in the overall US 
population 

More WVs (44%) than MV (41%) 
meet criteria for obesity 

Black WVs (51%) have higher 
obesity rates than black MVs 
(43%) and are twice as likely to be 
obese as white WVs 

WVs with mental health disorders 
are often more likely to be obese 
than MVs with the same mental 
health disorders. 

The Management of Overweight and Obesity Working Group. VA/DoD Clinical Practice Guideline for 
Screening and Management of Overweight and Obesity. 2014. 
Breland et al. J Gen Intern Med. 2017;32(Suppl 1):11–17. 
Rose et al. J Gen Intern Med. 2013;28 Suppl 2:S524–S528. 



  

     

          

     

   

    

   

Diabetes mellitus 
prevalence 
■ 

■ 

■ 

■ 

■ 

■ 

AHA Heart disease and Stroke statistics 2019 

9.1% of the general  population  have DM 

Between 2005 to 2014, the  prevalence 
of diabetes mellitus (DM) in  veterans 
increased from 15.5% → 20.5% 

More  WV  than  civilian  women  have DM: 
11% vs 9%.  

WVs  outpace the  general  population  for  
DM  prevalence in  every  age category: 

– Increases to ~ 25%  in  >65 y.o. 

– In one study of 900 Vietnam-era 
WVs who used both VA and non-VA 
care, DM  prevalence was  30% 

Hispanic and  black WVs have > 4-fold 
and 2.5-fold higher  risk when compared 
with white WVs. 

~25% of WVs with DM  have a HbA1c 
level greater  than 9%. 

Benjamin EJ, et al. Heart disease and stroke statistics-2018 update: a report from the AHA. Circulation. 2018. 
Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: Risk Factors, Diagnoses, 
and Procedures in Fiscal Year (FY) 2014. Vol 2. 2017 
Klibourne AM, et al. J Women’s Health. 2017. 26:1244-1251. 
Rose et al. J Gen Intern Med. 2013;28 Suppl 2:S524–S528. 



  

 

 

Gestational diabetes 

(5,390,591 women) 

(1,070,667 women, 67,356 with GDM) 

(89,479 women, 5292 with GDM) . 



 

 

 

 

 

  

      

    

   

    

Gestational Diabetes:  

■ 
– 
– 

■ 

■ 

■ 

– 
– 

■ 

■ 

■ 

Combination of factors 
Obesity 
Endothelial Dysfxn 

Impaired endothelium-
dependent vasodilation 

Impaired coronary flow 
reserve (microvascular 
dyfxn) 

Increased CIMT 

Insulin resistance 
Inflammation 

Higher hsCRP 

Subsequent weight gain 

Lack of healthy lifestyle 

▪ Gestational DM occurs in 2-10% of pregnancy overall 
▪ WV have been shown to have 40% higher risk of GDM 

Di Cianni G. Diabetes Research & Clinical Practice. 2108. 145: 184-192. 
Katon J et al. J of Womens Health. 2013:23 (10): 792-800 



     
  

  

   
 

 

  
    

         

         

     

      

Hypertension prevalence 

■ 

– 

– 

■ 

■ 

Nearly 40% of WVs between the ages of 
45 to 65 have hypertension. 

After age 85, more WVs than MVs 
have hypertension 

■ Like black civilian women (46.3%), black 
WVs have the highest prevalence 
compared with all veterans of any race 
or age 

Except black MVs have the highest 
prevalence overall 

Black WVs were found to have 2.3 times 
higher odds of having hypertension than 
white WVs 

Hypertension control in WVs has also 
been found to be significantly worse 

Benjamin EJ, et al. Heart disease and stroke statistics-2018 update: a report from the AHA. Circulation. 2018. 
Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: Risk Factors, Diagnoses, 
and Procedures in Fiscal Year (FY) 2014. Vol 2. 2017 
Rose et al. J Gen Intern Med. 2013;28 Suppl 2:S524–S528. 



 
  

 

 

 

 

     

  

    

    

■ 

– 
– 
– 
– 

Hypertensive disorders 
of pregnancy 

Hypertensive disorders of 
pregnancy have been shown to 
be a women specific CVD risk 
factor 

Gestational HTN 
Preeclampsia 
Chronic HTN 
Chronic HTN + 
preeclampsia 

■ Associated with a 2 – 8 fold 
risk for development of future 
CVD 

Ying W, et al. J Am Heart Assoc. 2018;7:e009382 
Tooher J, et al. Hypertension. 2017;70:798-803 
Hypertension in Pregnancy. ACOG. 2013: 122 (5): 122-131. 
Katon J et al. J of Womens Health. 2013:23 (10): 792-800 



 

 
 

  

 
 

 

  
  

 

     

    

 

   

      

Hypertensive disorders 
of pregnancy 

■ 
– 

■ 

– 

■ 
– 

▪ Hypertensive disorders of pregnancy occur in up to 7% overall 
▪ WV have been shown to have 32% higher risk of HDP 

Pre-pregnancy risk factors 

50% of the association between 
HDP and later life BP, BMI, lipid 
levels 

Inflammation & lipid-laden 
macrophages in preeclamptic vascular 
insufficient placentas ~ early stage 
atherosclerotic plaques. 

?early expression of susceptibility 
to vascular impairments later in 
life 

?? Persistent endothelial dysfunction?? 
elevated markers of endothelial 
dysfunction, arterial stiffness, & 
systemic inflammation up to 8 
years after preeclampsia 

Ying W, et al. J Am Heart Assoc. 

792

2018

10

;7:e009382 
-Katon J et al. J of Women’s Health. 2013:23 ( ): 800 



 
 

 
   

  

 
 

 

     
 

 

 

     

      

        

    

Dyslipidemia prevalence 

■ 

■ 

■ 
– 

– 

■ 

– 
– 

■ 

~50% of all veterans have a diagnosis 
of dyslipidemia 

WVs have lower prevalence of 
dyslipidemia than MVs: 27% vs 47% 

Even /worse after age 65: 
51% of WVs are affected vs 56% 
of MVs 
Hispanic and Pacific Islander WVs 
> 65 years old have a prevalence 
of > 50 & 60%. 

Higher in those with mental illness / 
substance use 

40% of those with depression 

45% of those in tobacco cessation 
treatment 

WV have poorer control of lipids than 
MV 

Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: 

Risk Factors, Diagnoses, and Procedures in Fiscal Year (FY) 2014. Vol 2. 2017 
Goldstein KM, et al. Women's Health Issues. 2014:24-5: 477–483 



 

  

  
 
 

 
  

 
 

     

  

      

  

Tobacco use: 

■ 

■ 

■ 

■ 

■ 

Veterans have higher rates of 
tobacco use than the general 
population (29.2% vs 15.5%) 

More WVs smoke cigarettes 
than MVs (28.9% vs 21.1%) 

More WVs use tobacco 
compared with civilian women 
(29.7% vs 13.5%) 

Hispanic WVs use tobacco 
nearly 3.5 times more than 
white WVs 

WVs are less likely to be 
successful at quitting smoking 
than MVs 

Odani S, et al. Tobacco productuse among military veterans - United States, 2010-2015. MMWR 
Morb Mortal Wkly Rep. 2018;67:7–12. 

Jamal A, et al. Currentcigarette smoking among adults - United States, 2016. MMWR Morb 
Mortal Wkly Rep. 2018;67:53–59. doi: 10.15585/mmwr.mm6702a1 



  
  

  

 
 

   

 

  

 

 

 

  

  

   

 

 

   
 

 

 

 

   

  

 

 

 

Why ⬆️ CVD risk factors? 
Not fully understood & likely multifactorial! 

WV have been found 

to have suboptimal 
health literacy 

❖ less willing to take lipid-

lowering medications 

❖ 12% & 20% less likely to 

receive any statin therapy / be 

on a high-intensity statin for 1* 

prevention 

❖ Rx’d significantly less high-intensity 

statins for 2* prevention (28.7% vs 
35%) 

Compared to MV, WV are: 

❖ less social support to help track 

medications 
❖ less likely to have someone 

accompany them to medical visits 
❖ more likely to be homeless 

Compared to MV, WV: 
⬆️ rates of mental 
health disorders 
(anxiety, depression, 
PTSD) may also play 
a role 

WV may be less willing to 

seek care at VA in general 
due to sexual harassment 

from MVs 

WVs do not exercise regularly 
⬇️ enrollment 

❖ Even when enrolled in 
rates into smoking weight management 

programs, WVs lose less cessation programs 
weight than MVs 

❖ Due to ⬆️ rates of military sexual 
trauma, less willing to join male-

dominated VA weight-loss programs 

(despite tailoring 
programs to WVs needs -

providing multiple 

choices of programs, 
tools, & support based 

on WVs’ input) 



 

■ 8375 pts >50 

■ Followed Q2y x 20y 

■ Veteran status = independent 

RF for CVD (RR 1.5-2.0) 



STEALTHY ASSASSINS: 
Non-Traditional Cardiovascular Risk Factors in 

Women Veterans 



   
  

  

 

 

   

 
 

   

   

 

  

 

    

Homelessness 

■ 

■ 
– 

– 

WVs have a 4-fold increased risk of 
homelessness vs civilian women 

Web of Vulnerability 
abuse or violence prior to, during, or after 
military service 
postmilitary physical or mental illness 
/substance abuse 

– 

– 
– 

unemployment 
criminal justice involvement 
MST 

■ ➡️ sense of isolation / lack of support ➡️ poor 
overall health outcomes 

■ 

– 

30% of homeless WVs live >40 miles from a VA 
medical center 

Rural homeless WVs ~ 107 miles from a VA 
specialty center, further increasing their 
barrier to subspecialty care 

■ Homeless women in have a significantly higher 

risk of premature death & chronic medical 
conditions than homeless men 

■ Homeless veterans have significantly elevated 

CVD risk scores (25% vs 10%) 

Hamilton AB et al. Women's Health Issues. 2011: 21-4S: S203–S209 
Montgomery AE et al. Womens Health Issues. 2017;27:256–263. 

Gozdzik A et al. BMC Public Health. 2015;15:1 



   

 
  

      
   

    
  

 
 

 

  

 

 

 

  

     

     

   

   

Military sexual trauma 
■ 

– 

– 

■ 

■ 

– 

■ 

– 

– 
– 

WVs experience more sexual assault than 
civilian women. 

30-40% (range 20-68%) of WVs report 
having been sexually assaulted while in 
the military 
17% of civilian women 

Homeless WVs have a higher rate of MST 
than housed WV (40 - 53.3% vs 26.8%) 

25% of WVs experience stranger 
harassment in VHA care environments 

3x ⬆️er rate in WV with a history of 
MST, increasing their risk for delayed 
or missed healthcare 

WVs with MST have: 
– 

Study of 52 women veterans from WWII to Afghanistan conflict: 
Majority (90%) reported that they were subjected to at least 1 form of MST 

⬆️ risk of DM, HTN, & obesity 
⬆️ heart rates, ⬆️ heart rate 
variability 

2-fold greater risk of depression 

6 to 9-fold increased risk of PTSD 

Wolff K, et al. Military Medicine. 2016; 181(8):840 
Kimmerling et al. Am J Public Health. 2007;97:2160–2166 

Pavao et al. J Gen Intern Med 28(Suppl 2):S536–41 



 
 

  

   

 

 

 

    
    

     

      
 

  

        

    

      

     

Depression & PTSD 
■ 

– 

– 

■ 

■ 

■ 

■ 

■ 

■ 

Overall, Veterans have higher rates of mental 
illnesses, particularly depression and PTSD, than 
the general US population. 

In Vietnam-era veterans, the estimated lifetime 
prevalence of PTSD was approximately 30% 

In 2015, post-9/11 veterans evaluated at a VA 
facility: 

45% had depression 

56% had PTSD 

WVs are more likely than MV to have a diagnosis 
of depression or PTSD (31.6% vs 11.8%) 

More WVs have depression than civilian women 
(8.5%) 

More WVs (17.0%) have PTSD than MVs (12.3%) 
and civilian women (5.2%) 

Notably, PTSD and depression in WVs stems not 
only from experiencing violence in combat but 
also significant MST exposure Kulka R, et al. Trauma and the Vietnam War Generation: Report of Findings from the Vietnam 

Readjustment Study. Brunner Mazel Publishers: New York, New York; 1990. 
Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: 2017 
National Institutes of Mental Health. Statistics. www.nimh.nih.gov/statistics/index.shtml. 

www.nimh.nih.gov/statistics/index.shtml


 

 

  
 

  
  

 
  

    
  

 

  

   

 Depression & CAD 

Depression & Death/MACE 

■ 

■ 

■ 

■ 

Depression, PTSD, MST 
& CVD 

Young women with depression, 
have been shown to have 
significantly ⬆️ risk of CAD, 
death, / major adverse 
cardiovascular events (MACE) 

Study of 157 195 WVs showed 
that those with depression had a 
60% increased CAD risk, similar to 
that of smoking 

The odds of having of CAD 
increased by another 44% with 
every additional mental health 
diagnosis 

Associations between 
trauma/PTSD are also starting to 
be seen 

Shah A. J Am Heart Assoc. 2014;3:e000741 
Sumner JA, et al. Circulation. 2015;132:251–259 



  

   

 

  

 

  

     

▪

Amygdalar activity is upregulated in conditions marked 
by stress, such as PTSD, & depression 

293 patients 

No known CVD or active cancer 
⁸F-fluorodexoyglucose PET/CT ▪

▪

▪

f/u of 3.7 years 
Amygdalar activity was associated with 

▪ ⬆️ bone-marrow activity (p<0.0001) 

▪

▪

⬆️ 0.0001) 

(p<0.0001) 

arterial inflammation (p<

⬆️ risk of cardiovascular disease events 

▪

Tawakol, A. et al. Lancet 2017; 389: 834–45 





INTO THE BREACH: 
Treatment of Cardiovascular Disease in Women 

Veterans 



 

  

  

  

      

Age 45-65, CP / Angina vs procedures Age 65+, CP/Angina vs procedures 

Age 45-65, CHF vs procedures Age 65+, CHF vs procedures 

Maher NH, et al. State of Cardiovascular Health in Women Veterans. Volume 2: (FY) 2014. 2017 





FORGING AHEAD: 

A Multipronged Attack 



         

            

  

So, what have we learned? 

■ 

■ 

■ 

■ 

WVs are a unique population in the CVD world. 

⬆️ Traditional CVD risk factors that are more poorly controlled than the general 
population of women. 

⬆️ Non- traditional CVD risk factors of MST, PTSD, and depression at a higher 
rate than their MV colleagues. 

These issues may place WVs at higher risk for CVD-related morbidity and mortality. 

Where do we go from here? 



 

  

 

  

  

    

  

 

Education & outreach 

▪ Emphasis on: 

▪ Improving WV’s  awareness  of CVD 
▪ Educating WVs about  the importance of 

CVD  
▪ Encouraging WVs to take ownership of 

their  CV health 

Partnership with AHA’s “Go  Red  for  Women” 

campaign  
▪ raise WVs awareness  of CVD 
▪ online resources for  education, 

nutrition/fitness  programs 

▪ connection with other  women w  CVD 

▪

▪ Emphasis on: 
▪ Improving provider  awareness  & 

education re: women, CVD and gender  
disparities 

▪ Providing gender-tailored CVD  risk 

screening & treatment  to reduce 

disparities 

Suboptimal health literacy re: 
CVD, CVD RF & consequences 

For Women Veterans: For VA providers: 

Yano EM, et al. Womens Health Issues. 2006;16:226–235. 
Canter DL et al. J Surg Res. 2009;157:175–180. 
VA, American Heart Association’s “Go Red For Women” Fight Heart Disease 
in Women Veterans. www.va.gov/opa/pressrel/pressrelease.cfm?id=2319. 

Published 2012 

www.va.gov/opa/pressrel/pressrelease.cfm?id=2319


   

  

 

  

    

  

    

    

Research: Current status 

▪

▪

Studies regarding veterans’  CVD  &  CVD risk  factors 

▪ have included  very few  WVs 
▪ included MVs  only 
▪ did not  stratify  results by gender 

2004:  VA  pursued a  formal  women’s health 

research agenda  
▪ 2006: 1st systematic review of WVs’  research 

▪ 182 research articles studied WVs 

▪ None on  CVD 

Increase provider / researcher awareness 
of Women’s Health Research WHRN’s 
Practice Based Research Network: 

▪ facilitate investigator access to 

sites needed to help oversample 

WV / recruit WVs into multisite 

studies 
▪ enlist local managers, providers 

and researchers 
▪ provide infrastructure support 

▪ VA  Women’s  Health  Research Network formed 

▪ 2011:  more WV  studies published than the 

previous 25 years combined 
▪ 2017 systematic review: 

▪ 2x research articles since the original  
review (>440 articles) 

▪ Only  11 were specifically about WVs  and  
CVD 

Goldzweig CL, et al. J Gen Intern Med. 2006;21 Suppl 3:S82–S92. 

Bean-Mayberry B et al. Womens Health Issues. 2011;21(4Suppl):S84–S97 
Danan ER et al.J Gen Intern Med. 2017;32:1359–137 
Frayne SM et al. J Gen Intern Med. 2013;28 Suppl 2:S504–S509 



 

 

 

  

   

 

 

Research: Future 

Research in WVs’ CVD must continue to be 

actively conducted to: 

▪ better understand  multilevel  
determinants of gender disparities in  
CVD, screening, treatment, & outcomes 

▪ use that information to design 

▪ more prospective, randomized 

clinical trials of interventions for 

WVs’ CVD 
▪ data-driven  strategies capable  of 

system improvements 
▪ ensure  the best possible  CVD-related 

outcomes for those that rely  on the VA 

Trials must also focus on understanding, 
improving, and implementing CVD 
prevention in the rapidly growing younger 
WVs population 

Doing this will benefit not 

only WVs but the female 

population as a whole! 



 

 

 

Research: On-Going 

▪

▪

▪

▪

Facilitating Cardiovascular Risk 
Screening & Risk Arm 

▪

▪

▪

▪

Nonrandomized stepped-wedge trial  
Goal: to evaluate the implementation of a 

gender-tailored CVD prevention toolkit to help 

providers identify  CVD risks  in WVs 
Primary  outcome: referrals  to health promotion 

& disease prevention services 
Currently  recruiting 

The WARRIOR trial (Women’s Ischemia Trial to 

Reduce Events in Non-Obstructive CAD) 

Funded by  Department of Defense 
Multicenter, prospective, randomized, blinded outcomes trial  
Intensive medical  therapy  vs usual  care in nonobstructive 

coronary  disease 
Veteran & active duty  women 
Primary  outcome: major adverse cardiovascular events 
Currently  recruiting 

▪

▪

▪

▪ Newly-funded Department of Defense project 

Goal: examine the intersection of PTSD & CVD in WVs 

URL: http://www.clinicaltrials.gov; Unique  identifier: NCT02991534 
URL: http://www.clinicaltrials.gov; Unique  identifier: NCT03417388 
CDMRP award number W81XWH-18-1-0725 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


  

   

   

  

   

Significant advancements have been made over the past 

decade in better characterizing CVD in WVs, 
but there remains a large gender gap and paucity of 

prospective, randomized, interventional clinical 
trials. 

The time is now to continue to push to the forefront 
the cardiovascular care of WVs—to help save the 
hearts and lives of the women who have bravely served 
our country. 



 

 

THANK YOU! 

With special thanks to co-authors: 
Elizabeth Yano, PhD, MSPH 

Karol Watson, MD, PhD 
Ramin Ebrahimi, MD 



 Stress and Cardiovascular Disorders; Focus 
on PTSD 

Ramin Ebrahimi 



Stress 

• 

• 

Organism’s reaction to a change that requires a physical, 
mental or emotional adjustment or response 

Anxiety is a negative affective state resulting from an 
individual’s perception of threat and characterized by a 
perceived inability to predict, control or gain the preferred 
results in given situations 



Types of Stress 

• 

• 

• 

Acute: earthquake, physical altercation, motor vehicle accident 

Chronic: job, marital, discrimination, poverty 

Not always is it an unpleasant circumstance (birth of a new 
child, promotion, relocation) 



   

1994 Northridge Earthquake 
• 

• 

• 

• 

• 

Review of the record of the department of coroner for the week before the 
earthquake, the day of earthquake, and the following six days compared to the 
corresponding control periods in 1991, 1992, 1993. 

On the day of the earthquake there was a sudden increase in number of 
sudden deaths from cardiac causes related to atherosclerotic disease from 
average daily baseline of 4.6±2.1 per day in the preceding week to 24 on the 
day of earthquake (p<0.0001) 

Only 3 sudden deaths might have been related to unusual physical activity. 

During the following 6 days, the number of sudden death decreased to below 
the baseline level, to 2.7±1.2 per day. 

Leor et al NEJM 1996;334:413-19 



Northridge earthquake 
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Mental Stress and Ischemia 

• 

• 

• 

• 

16 subjects with stable angina underwent physical exercise and 2-minute serial 7 subtraction as means of 
mental stress to assess ischemia and angina using  electrocardiogram as well as positron emission tomography 
using rubidium-32 to assess regional perfusion. 

After mental stress 12 (75%) had abnormalities of regional perfusion, accompanied in only 6 by ST-segment 
depression and in 4 of these 6 by angina. 

After physical exercise, all subjects showed abnormal regional perfusion and ST-depression and 15 had angina. 

Deanfiled J, et al Lancet 1984 Nov 3;2 (8410):1001 5 





Mental Stress & CV Risk Factors 
Rozanski Circ 1999 



Chronic Stressors 

• 

• 

• 

Examples include job, marital, discrimination, care giving 

Studies to evaluate effect on cardiovascular system are usually epidemiologic as 
opposed to physiologic. 

Chronic stressors may have confounding effects on risk/protective factors such as 
diet, exercise and smoking 



 

 

-

INTERHEART: Focus on 9 risk 
or protective factors 

Design Large international case-control study 

Participants 12,461 cases; 14,637 controls; 

52 countries 

Objective To determine association of first MI with: 
Smoking Lipids Hypertension 
Diabetes Obesity Diet 
Physical Alcohol Psychosocial 
activity consumption factors* 

Follow-up 4 years, February 1999–March 2003 
*eg, stress, depression Yusuf S et al. Lancet. 2004;364:937 52. 



INTERHEAT Study 

        

       

        

Variable Odds Ratio p-value Population attributable risk % 

Smoking             2.87 0.0001 35.7 

History of HTN                   1.91 0.0001 17.1 

Diabetes                              2.37 0.0001 9.9 

Abdominal Obesity     1.12 0.0001 20.1 

Psychological factors   2.67 0.0001 32.5 

Alcohol use                        0.91 0.0001 6.7 

Physical activity       0.86 0.0001 12.2 

 



Anxiety and CAD 
Rozanski Circ 1999 



    -

Anxiety & Coronary heart Disease 

Meat-analysis of studies from 1980-2009 without language 
restriction. 

Prospective studies of non-psychiatric cohorts of initially healthy 
persons with anxiety assessed at baseline 

Endpoint were cardiac death, myocardial infarction, other cardiac 
events 

Roest, A. M. et al. J Am Coll Cardiol 2010;56:38 46 



    

Anxiety and Risk of Incident CHD 

Roest, A. M. et al. J Am Coll Cardiol 2010;56:38-46 



Depression and CAD 
Rozanski Circ 1999 



 

 

 

Post-Traumatic Stress Disorder 

Diagnosis of PTSD requires: 

1) 

2) 

3) 

4) 

Exposure to extreme stressor or traumatic event that invokes fear, helplessness, or 
horror 

Re-experiencing the event ( images, nightmares, or flashbacks) 

Avoidance ( attempts to avoid reminders of the event) 

Hyperarousal (Insomnia, irritability, impaired concentration, hypervigilance, 
increased startle reactions) 

DSM 



 

PTSD Prevalence 

• 

• 

1. 

2. 

3. 

Lifetime prevalence of PTSD in combat veterans is 
5% to 20% in United States (1,2) and is even more 
prevalent in military personnel serving in Iraq and 
Afghanistan.(2) 

The lifetime prevalence of PTSD is twice as common 
in women (10%) compared to men (5%). (3) 

Cohen et al. JAMA 2009;302:489–492. 
Richardson et al. Aust N Z J Psychiatry 2010;44:4 –19. 
Kessler Arcg Gen Psychiatry 1995 



  

 

 

   

Types of PTSD 

• 

• 

• 

Acute PTSD - symptoms less than three months 

Chronic PTSD - symptoms more than three months 

Although symptoms usually begin within 3 months of exposure, a delayed onset is possible months 
or even years after the event has occurred. 

[Can J Psychiatry,  Vol 51, Suppl 2, July 2006 



 

 

PTSD and Health measures 

• 

1)

2)

3)

Individuals with PTSD: 

 Report more health complaints 

 Have more medical illnesses diagnosed 

 Have a higher healthcare utilization 

Beckham Am J Psychiatry 1998 

Boscarino Psychosom Med 1997 



 Mechanistic Model  for Development of Cardiovascular and Metabolic 
Disorders in PTSD 

Schnurr PP Semin Clin Neuropsychiatry 1999 



 

  

 

 

  

    

   

  

  

     

-

Heart Rate 

PTSD  is associated with higher resting heart rate (1,2) 

There does appear to be a more pronounced increase in heart 

rate in response to trauma cues in those with PTSD (5,6) 

There does not appear to be an association between trauma 

cues and heart rate in those with trauma and PTSD compared to 

those with tranuma and without PTSD (3,4) 

• 

• 

• 

• 

1) Buckley J Trauma Surg 2004 

• 

• 

2) Beckham J Trauma Stress 2003 

3) Newton Biol Psychol 2005 

4) Jones Alexander Appl Psychophysiol Biofeedback 2005 

5) Rabe Appl Psychphysiol Biofeedback 2006 

6) Orr Psychiatr Clin North Am 2002 



 

  

   

 

 

  

Blood Pressure 

Meta-analysis reveals a trend towards higher BP in 

individuals with PTSD (1) 

Traumatized individuals with PTSD have exaggerated 

increase in BP compared to traumatized individuals 

without PTSD in response to trauma scripts (2,3) 

• 1) Buckley Psychosom Med 2001 

2) Lindauer Psychol Med 2007 • 

• 3) Buckley J Trauma Stress 2004 



   

      

     

    

   

Lipids 

PTSD is associated with: 

1)

2)

3)

• 

• 

• 

 Elevated cholestrol 

 Elevated LDL 

 Elevated TG 

1) Solter Croat Med J 2002 

• 2) Triefd J Behav Med 2006 

• 3) Karlovic J Korean Med Sci 2004 

4) Karlovic Acta Med Okayama 2004 

5) Maia J Affect Disord 2008 



  

 
 

  
 

 

  
 

  -

Endothelial dysfunction in PTSD 

Besides flow mediated dilation endothelial dysfunction may be 
measured by presence of circulating proteins that promote blood 
coagulation. 

In a study of 14 PTSD patients and 14 matched 
patients,levels of Soluble Tissue Factor (sTF), and 
Von Willebrand Factor (VWF) was increased in 
PTSD patients compared to controls. 

However levels of Soluble Intracellular Adhesion 
Molecule (SICAM) was similar between groups. 

Kanel, et al Psychiatry Research 158 (2008) 363 373 



 

  

 

   

 

Allostasis hypothesis/model 

The process of adaptation to stressors to achieve 

stability through change 

Exposure to new stressors frequently, or failure to shut 

off physiologic responses after stressor is over, or 

failure to adopt to the stressor may be harmful and 

manifest as dyslipidemia, HTN, inflammatory states. 

1) 

2) 

Friedman Trauma and Health 2004 

McEwen NEJM 1998 



 Hypothalamic-Pituitary-Adrenal Pathway 



  Risk Factor Comparison of Veterans Based on Mental Health Diagnoses 



 

  

    

 

   

   

  

PTSD and CVD 

• 

• 

• 

• 

• 

1) 

Vietnam veterans with PTSD had increased CVD (1) 

Trauma exposure increased CVD (2) 

PTSD increased self reported CVD (3) 

Increasd CVD in WWII POW with PTSD (4) 

Increased mortality and CVD in US Army veterans 30 years after military service (5) 

Boscarino Ann Behav Med 1999 

2) 

5) 

Sibai Am J Epiddemiol 2001 

3) Lauterbach Psychosom Med 2005 

4) Kang Ann Epidemiol 2006 

Bodcarino Ann Epidemiol 2006 



 

 

  

  

 

Limitations of Literature on PTSD and CAD 

• 

• 

• 

• 

• 

• 

• 

Most studies are retrospective 

Diagnosis of CAD is self reported 

Studies do not assess directly atherosclerosis as a hard endpoint for diagnosis of 
CAD (myocardial infarction can be caused by mechanisms other than atherosclerosis 
(spasm, demand ischemia, embolic events) 

Most studies do not adjust for depression and anxiety 

Most studies are in male subjects 

Most studies are in veterans 

Genetic factors 



 

   

PTSD and CHD in Women 

Prospective study using data from women in the Baltimore cohort of the 

Epidemiologic Cathment Area study (n=1059) 

Women with five or  more symptoms of PTSD had significantly increased risk 

of CHD age-adjusted OR  =3.21, 95% CI 1.29-7.98). DSM IV requires 5 

symptoms for dx of PTSD 

Women with 1-4 symptoms did not have elevated risk of CHD (age adjusted OR = 1.22 95% CI 0.46-3.24 
p=0.69) 

Kubzansky Health Psychol 2009 

https://0.46-3.24
https://1.29-7.98


PTSD and CVD in Women 

Examined trauma exposure and  PTSD  symptoms in relation to CVD  over 20 

years in the Nurses’ Health Study  II 

PTSD symptoms was associated with increased CVD (HR 1.6, 95%  CI 1.2-2.13) 

Data on trauma was more conflicting : 

• Being trauma exposed and  having  no PTSD  was also associated with increased CVD  (HR 1.45, 95% CI 
1.15-1.83) 

• Although  being trauma exposed and having less  severe symptoms of PTSD was not associated wit 
increased CVD 

Sumner et. al. Circulation 2015 

https://1.15-1.83
https://1.2-2.13


Combat, PTSD and CHD 
Prospective  cohort  study from the  Millenium Cohort Study  2001-2008 

(n=60025) 

Combat experience was associated with increased  self reported  CHD 

(Adjusted OR 1.93 95% CI 1.31-2.84) 

Screening for PTSD was associated with significantly increased  newly self 

reported  CHD  (OR 2.25, 95% CI 1.49-3.39). 

In PTSD subjects: 

Adjusted OR  but not for anxiety and depression (OR 1.66, 95%CI 1.10-2.50) 

Adjusted OR  for anxiety and depression (OR 1.27 95%CI 0.76-2.12) 

Crum- Cianflone Circ  2014 

https://0.76-2.12
https://1.10-2.50
https://1.49-3.39
https://1.31-2.84


Combat , PTSD and CHD 



 

  

  

    

  

   
  

  

Twins Study 

Prospective study of 562 twins from the Vietnam Era Twin Registry without 

self reported CHD at baseline. Subjects had clinic follow up at ~ 13 years. 

Incidence of CHD was significantly higher in PTSD patients (22.6% vs 8.9% 

p<0.001).  Adjusted OR remained significant (OR 2.2 95% CI 1.2-4.1) even 

after adjustment for depression 

Reported CVA was 5.1% in PTSD and 2.5% in non-PTSD subjects (p=0.14) 

Within-pair analysis revealed increased incidence of CHD in brothers with PTSD ( 22.2% vs 12.8% 
p=0.04), (OR 1.9 95% CI 1.0-3.6) 

Vaccarino JACC 2013 



Twins Study 



Twins Study 



   

PTSD and Coronary Atherosclerosis 

Incidence Density Sampling and Nested Case Control Analysis 

637 veterans without known CAD undergoing Coronary Artery Calcium 

scanning (CAC) 

Electronic Medical Records were utilized to assess conventional 

cardiovascular risk factors, PTSD, and atherosclerosis 

Patients with known CAD and major psychiatric disorders were excluded 

• Ahmadi et al  Am J  Cardiol. 2011 Jul  1;108(1):29- 33. 

http://www.ncbi.nlm.nih.gov/pubmed?term=ahmadi n AND PTSD


 

 
     

 
   

 
   

 

PTSD Diagnosis 
• 

• 

• 

• 

The PTSD Checklist–Military and Clinician Administered PTSD Scale were administered. 

The PTSD Checklist–Military is a 17-item questionnaire adapted from PTSD criteria B to 
D from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, which 
inquires about the 3 symptom clusters of PTSD: 5 re-experiencing symptoms, 7 
numbing/avoidance symptoms, and 5 hyperarousal symptoms. 

The Clinician Administered PTSD Scale assesses the frequency and intensity of PTSD 
symptoms during the previous month. 

Those patients with positive Clinician Administered PTSD Scale and PTSD Checklist– 
Military scores were classified as having PTSD. 

Ahmadi et al  Am J Cardiol. 2011 Jul  1;108(1):29-33. 

http://www.ncbi.nlm.nih.gov/pubmed?term=ahmadi n AND PTSD


Baseline Characteristics and Results 



Relative Risk of Death Based on CAC & PTSD 



Prevalence ratio of PTSD Based on CAC 



Association of FRS to CAC Score Based on PTSD 
Diagnosis 



Does Stress Cause Cardiovascular Disorders? 

• 

• 

• 

Yes 

No 

Maybe 



   54 year old female presents to ER with chest pain after learning about the 
death of her brother 



Takotsubo Cardiomyopathy 



 

 

What we Know 

PTSD is associated with increased CVD 

PTSD is associated with increased CVD risk factors 

PTSD is associated with increased depression and 

Anxiety 

Anxiety and depression are associated with increased 

CVD 



Some of the unknowns 
Is PTSD a true risk factor or a risk modulator (does it matter)? 

Are all PTSDs the same (e.g. combat PTSD, MST-PTSD, dog bite PTSD, …)? 

Does PTSD increase risk of non-atherosclerotic heart disease 

What are the effects of psychiatric medications on 

cardiovascular system in PTSD ? 

Is response to therapy different in PTSD and non-PTSD patients? 

What are the genetic markers, if any in PTSD? 






