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Abstract

BACKGROUND: Microvascular measures of vascular dysfunction during acute mental stress 

may be important determinants of major adverse cardiovascular outcomes (MACE), especially 

among younger and middle-aged women survivors of an acute myocardial infarction (MI).

METHODS: In the Myocardial Infarction and Mental Stress Study 2 (MIMS2), individuals who 

had been hospitalized for an MI in the past 8 months were prospectively followed for 5-years. 

MACE was defined as a composite index of cardiovascular death, and first/recurring events for 

nonfatal myocardial infarction, and hospitalizations for heart failure. Reactive hyperemia index 

(RHI) and flow-mediated dilation (FMD) were used to measure microvascular and endothelial 

function, respectively, before and 30 minutes after a public-speaking mental stress task. Survival 

models for recurrent events were used to examine the association between vascular response 

to stress (difference between post-stress and resting values) and MACE. RHI and FMD were 

standardized in analyses.
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RESULTS: Of 263 patients, the mean age was 51 years (range 25–61), 48% were women, and 

65% Black/African American. During a median follow-up of 4.3 years, 64 patients with 141 

adverse cardiovascular events (first and repeated). Worse microvascular response to stress (for 

each standard deviation decrease in RHI) was associated with 50% greater risk of MACE (HR: 

1.50, 95% CI: 1.05, 2.13; p = 0.03) among women only (sex interaction: p = 0.03). Worse transient 

endothelial dysfunction in response to stress (for each standard deviation decrease in FMD) was 

associated with 35% greater risk of MACE (HR: 1.35; 95% CI: 1.07, 1.71; p-value: 0.01), and the 

association was similar in women and men.

CONCLUSIONS: Peripheral microvascular dysfunction with mental stress was associated with 

adverse events among women but not among men. In contrast, endothelial dysfunction was 

similarly related to MACE among both men and women. These results suggest a female-specific 

mechanism linking psychological stress to adverse outcomes.

Graphical Abstract
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INTRODUCTION

Young and middle-aged women who have developed an acute myocardial infarction 

(MI) have greater morbidity, mortality, and worse quality of life relative to their male 

counterparts.1, 2 These disparities have not been explained by traditional cardiovascular 

risk factors and comorbidities.3 While coronary artery disease is often implicated as a 

pathophysiological substrate of MI in both women and men, there remains much to be 
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learned about the mechanisms and sex differences leading to MI and worse outcomes for 

women with cardiovascular disease.

Emerging research has suggested that vascular function, an important determinant in 

the regulation of coronary blood flow, may play an important role in ischemic heart 

disease among women.4 Coronary microvascular dysfunction consists of dysregulation of 

small coronary arteriole through endothelium-dependent and/or endothelium-independent 

mechanisms. These alterations can lead to a higher microvascular resistance with reduced 

coronary blood flow that is associated with ischemia and adverse cardiovascular events.5 

Microvascular coronary disease may be more important factors in the etiology of myocardial 

ischemia than plaque burden in women compared to men.6 Prior research has shown that 

up to two-thirds of women with stable ischemic heart disease have no obstructive coronary 

artery disease, and coronary vasomotor disorders or coronary microvascular dysfunction has 

been implicated.5

Sex differences in the regulation of coronary blood flow and vascular resistance may 

be especially important in regards to the physiological effects of acute mental stress 

on cardiovascular reactivity.7, 8 There is growing recognition that sex differences in the 

physiological response to stress are important in women’s cardiovascular vulnerability.9, 10 

Several studies have suggested that women with coronary heart disease are at an increased 

risk of adverse cardiovascular outcomes than men in the presence of psychosocial 

exposures.11, 12 Also, compared to men, women with coronary heart disease are more 

likely to develop myocardial ischemia during mental stress,8–10 and have distinct vascular 

response mechanisms related to microvascular constriction.7, 8 Stress-induced coronary 

vascular reactivity in the epicardial and microvascular circulation has been implicated in 

mental stress-induced ischemia,13–17 and is thought to be especially common in women even 

in the case of non-obstructive coronary artery disease.18

These findings raise the possibility that acute mental stress may increase the risk of adverse 

cardiovascular events through microvascular mechanisms especially among women. To our 

knowledge, only one previous study has investigated sex differences in the association of 

vascular reactivity to mental stress with adverse cardiovascular outcomes, but the study 

sample was 95% male, and major adverse cardiovascular events were only recorded up to 

one year after the patients’ index event of acute coronary syndrome.19 Previous studies 

of coronary heart disease have also generally lacked adequate representation of racial 

minorities, which is a limitation given that Black patients, and Black women in particular, 

are a groups at disproportionate risk.20, 21 Understanding whether vascular reactivity to 

mental stress is related to cardiovascular risk is a critical issue and one that may shed 

new light on treatment and prevention strategies for patients with coronary heart disease, 

especially among women.

Thus, the overall objective of this study was to examine whether microvascular dysfunction 

in response to mental stress is associated with the incidence of major adverse cardiovascular 

events (MACE) in a diverse sample of post-MI patients with excellent representation of 

women and racial minorities; to explore whether these associations are heterogenous by sex; 

and to contrast the results with brachial artery endothelial dysfunction. We hypothesized that 
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there would be sex differences in the association between microvascular dysfunction and 

MACE while the association between brachial artery endothelial dysfunction and MACE 

would be similar by sex. Also, since stress-induced coronary vascular reactivity in the 

epicardial and microvascular circulation may be explained by the occurrence of mental 

stress-induced ischemia, especially among women, we hypothesized that these results would 

be attenuated or explained by the occurrence of ischemia during mental stress.

MATERIALS AND METHODS

Study Design and Participants

The data that support the findings of this study are available from the principal investigators 

upon reasonable request. The Myocardial Infarction and Mental Stress 2 (MIMS2) study 

enrolled 313 patients with early onset MI from Emory affiliated hospitals (Atlanta, Georgia) 

between April 2012 and March 2017. MIMS2 is a prospective cohort study that was 

designed to examine sex differences in the prevalence, mechanisms, and consequences of 

mental stress-induced ischemia in young and middle-aged survivors of myocardial infarction 

(MI). MIMS2 was designed to include 50% women, and patients were included if they were 

hospitalized for a confirmed Type I MI within 8 months, and were between the ages of 18 

and 60 years at the time of their MI. More detailed information on the objectives and study 

design of MIMS2 is described elsewhere.8

Of the 313 participants in MIMS2, 6 patients were lost-to-follow-up, and 44 were further 

excluded due to missing vascular measures at either baseline and post-stress time points. 

Thus, the analytic sample for this study included 263 patients. The Institutional Review 

Board at Emory University approved the MIMS2 research protocol, and all enrolled patients 

provided written informed consent.

Measurements

Mental Stress Procedure—As previously described, patients were tested using a 

standardized public speaking task after a 30-minute rest period, in a temperature controlled, 

quiet, and dimly lit room.7, 9, 10, 22, 23 Patients were asked to imagine a real-life stressful 

situation, in which a close relative had been mistreated in a nursing home and asked 

to make up a realistic story around this scenario. Patients were given two minutes to 

prepare a statement and then three minutes to present it in front of a video camera 

and an audience wearing white coats. Participants were told that their speech would 

be evaluated by the laboratory staff for content, quality, and duration. Cardiovascular 

medications, including beta-blockers, calcium-channel blockers, long-acting nitrates, and 

other anti-ischemic medications, as well as xanthine derivatives and caffeine-containing 

products were withheld for approximately 24 hours prior to stress testing. This mental stress 

protocol has been validated and widely used in patients with coronary heart disease,22–25 

and hemodynamic, vascular and ischemic responses to this stress challenge are highly 

reproducible.7, 23

Myocardial Perfusion Imaging and Definition of Stress Induced Myocardial 
Ischemia—Myocardial perfusion imaging with 99m-Tc-sestamibi single-photon emission 
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computed tomography (SPECT) was performed at rest and 30–60 minutes after mental stress 

using standard nuclear imaging protocols.26 Images were interpreted by an experienced 

reader without prior knowledge of patients’ medical history, demographic characteristics, 

or severity of coronary artery disease. Resting and post-stress images were then visually 

compared for perfusion defects using a 17-segment model. Each segment was scored from 

0 to 4, with 0 being normal uptake, and 4 no uptake. Ischemia was defined as the presence 

of at least one new perfusion defect with a score of ≥2 in any segment, or as worsening of a 

pre-existing defect by at least 2 points if in a single segment, or by at least 1 point if in each 

of two or more contiguous segments, and as previously discussed.27, 28

Vascular Measures

Microvascular Function: Peripheral microvascular function was assessed using the reactive 

hyperemia index (RHI) from the Endo-PAT2000 (Itamar Medical, Caesarea, Israel), at 

both rest and 30 minutes after mental stress. The EndoPAT device measures finger 

pulse volume amplitude (PVA), reflecting peripheral blood volume changes using volume 

plethysmography technology.29, 30 For this test, PVA is obtained in resting condition 

and during reactive hyperemia, which is elicited by the release of an upper arm blood 

pressure cuff inflated to suprasystolic pressure for 5 minutes. The RHI is then calculated 

by a computer algorithm as the ratio of post-deflation to baseline pulse amplitude in the 

hyperemic finger divided by the ratio in the contra-lateral finger.31 RHI response was 

calculated as the difference between post-stress and resting values. Lower RHI values are 

indicative of more microvascular dysfunction. We and others have shown that the RHI 

is highly predictive of adverse cardiovascular events and in patients with coronary heart 

disease.32–34 A categorical measure of endothelial dysfunction was also defined as any 

decrease in RHI with mental stress (i.e., a post-stress RHI minus prestress RHI value <0).

Endothelial Function: Before and 30 minutes after the mental stress test, patients also 

underwent measurement of flow-mediated vasodilation (FMD) of the brachial artery 

using bi-mode ultrasound to assess endothelial function.35, 36 FMD was measured during 

the hyperemia phase along with the aforementioned RHI measurements using standard 

methodology.35, 36 More specifically, the artery diameter was measured from the anterior to 

the posterior intima line using edge-detection software, and the average of three diameter 

measurements was calculated. Then, the cuff was inflated to a pressure of 50 mmHg greater 

than the systolic blood pressure. After 5 minutes, the cuff was deflated, and ultrasound 

scans were acquired for post-occlusion diameter measurements. FMD was calculated as the 

percent change in brachial diameter during the first 60 seconds post cuff dilation. FMD 

measurements were repeated 30 minutes after mental stress testing, and the change in FMD 

with mental stress was calculated as FMD post-stress minus FMD at rest. Lower FMD 

values are indicative of more transient endothelial dysfunction.

Follow-Up and Cardiovascular Outcomes: MIMS2 patients were prospectively followed 

at their approximate 3- and 5-year anniversary from the initial baseline visit. At these 

follow-up periods, study staff collected information on the incidence of cardiovascular 

events and hospitalizations through direct patient contact, medical record review, and by 

querying the vital records and Social Security Death Index. If hospitalizations or procedures 
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were reported, patients’ physicians were contacted, and hospital records obtained. First 

and recurrent events were adjudicated by study cardiologists blinded to other study data. 

For this study, we considered all recurrent nonfatal cardiovascular events to obtain a more 

accurate reflection of the true burden of disease.37 The main endpoint of major adverse 

cardiovascular events (MACE) was defined as a composite index of cardiovascular death, 

and first/recurring events for nonfatal MI, and hospitalizations for heart failure.

Other Study Measurements: During the baseline study visit, demographic information 

was obtained using standardized questionnaires. Race/ethnicity was self-reported. Previous 

medical history (dyslipidemia, diabetes, hypertension,) and medication use (e.g. aspirin, beta 

blockers) were obtained by study nurses or physicians through medical history, clinical 

examinations, and by reviewing medical records. Depressive symptoms were assessed with 

the Beck Depression Inventory-II,38 a reliable and valid self-report measure that has been 

widely used in cardiac as well as non-cardiac patients. Symptom scores of post-traumatic 

stress disorder (PTSD) were assessed with the PTSD Civilian Checklist.39, 40 Height and 

weight were objectively measured during the clinical exam and used to calculate body 

mass index (BMI, kg/m2). Angiographic data were obtained from the most recent coronary 

angiogram and severity of coronary artery disease was measured using the Gensini Score.41 

Subjective ratings of distress from 0 to 100 (100 = highest level of distress) were obtained 

at baseline and after mental stress with the Subjective Units of Distress Scale (SUDS).42 All 

study measures were collected during the baseline study visit.

Statistical Analysis

We fitted multivariable hazards models that adjusted for pre-specified potential confounding 

or intervening factors in the association of vascular measures of microvascular function 

and endothelial function as continuous variables with MACE. As there were only a few 

participants who reported their race as neither being Black/African American or White, 

only two categories were used in the analysis, Black/African American and Non-Black/

African American, consistent with previous reports.20, 28 Since we were interested in the 

repeated occurrence of events over time, we used the Wei-Lin-Weissfeld (WLW) model for 

recurrent events,43 which allows a separate underlying hazard for each event, and is more 

flexible for modeling correlation of repeated events than other methods. To better contrast 

results of vascular measures with different units of measure, we standardized both RHI 

and FMD in regression analyses. Since lower RHI and lower FMD values are indicative 

of more microvascular dysfunction and endothelial dysfunction, respectively, hazard ratios 

for vascular response can be interpreted as the hazards for MACE per 1 standard deviation 

decrease in the vascular variable. All analyses were conducted before and after adjusting for 

possible confounding factors considered a priori in sequential models that included the main 

vascular measure of interest (model 1). We added demographic variables including age, sex, 

race, and education in model 2, followed by the addition of lifestyle and clinical risk factors, 

including ever smoking, body mass index (BMI), history of hypertension, diabetes mellitus, 

and left ventricular ejection fraction in model 3. A subsequent model (model 4) adjusted for 

medication use, including beta blockers, statins, angiotensin converting enzyme inhibitors, 

and aspirin. Model 5 adjusted for psychological variables, including depression (Beck 

Depression Inventory) and symptom scores of post-traumatic stress disorder (PTSD). A 

Sullivan et al. Page 7

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



final model (model 6), adjusted for mental stress induced myocardial ischemia. Additionally, 

since brachial artery diameter differs by sex and is an important determinant of FMD used 

to measure endothelial function,35 all models with this vascular measure were adjusted 

for baseline arterial diameter.35 All models containing measures of vascular response to 

stress were also adjusted for the respective baseline value. To determine whether the 

association between vascular measures and MACE differed by sex, we included vascular 

measure-by-sex interactions in the hazards model. We then estimated linear combinations of 

the regression coefficients for sex using a similar modeling strategy as for the main effects. 

In supplemental analyses, we also repeated the above hazards models using dichotomized 

variables for microvascular dysfunction (i.e., a lower post-stress FMD than pre-stress FMD) 

to examine whether results were sensitive to change. We also tested potential confounding 

of the results by SUDS, comparing effect estimates from our main effects model (model 1), 

and a subsequent model that included this variable separately (results not shown). However, 

since effect estimates did not change by more than 10% and our results were unchanged, 

SUDS was not included in the final models. The significance level for main effects was set 

at p < 0.05; while the statistical significance of interaction effects was set at p < 0.10. All 

statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Of the 263 patients in the analytic sample, the mean age was 51 years (range: 25–61), 48% 

were women. The racial composition of the sample was 65% Black/African American, 29% 

White and 6% other race/ethnicity. Compared to men, women were more likely to be Black/

African American, to have a higher body mass index (BMI), and to have a greater burden 

of psychosocial stressors including lifetime history of depression and higher symptoms 

scores for PTSD while men were more likely to have a higher Gensini Score (a measure of 

angiographic coronary artery disease severity) (Table 1). Women also had significantly lower 

values of RHI (indicative of more microvascular dysfunction) at rest and 30-minutes after 

mental stress while there were no significant sex differences in FMD (endothelial function) 

at rest or after mental stress. Nineteen women (15.3%) had ever used post-menopausal 

hormones while 69 (55.2%) reported that they were post-menopausal. Only 3 women had a 

past medical history of autoimmune disorders.

Patients were followed for a median of 4.3 years (Interquartile Range: 2.8 – 5.1 years) 

and commenced in February 2020. There were a total 141 events (first and repeated) that 

occurred among 64 patients (Table 2). Sixty-three of these events occurred among women 

while 78 occurred among men. A greater number of recurrent events were attributed to 

non-fatal MI for both women and men.

Microvascular Dysfunction and Risk of MACE

In the total analytic sample, each standard deviation decrease in RHI after stress (indicating 

worse microvascular function in response to stress) was associated with a greater risk of 

MACE in models adjusting for pre-stress RHI values (HR: 1.35; 95% CI: 1.11, 1.63; p 

= 0.003) and when adjusting for demographic factors (HR: 1.28; 95% CI: 1.05, 1.58; 

p = 0.02) (Table 3). However, this association was attenuated in subsequent models and 
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no longer statistically significant after adjusting for clinical risk factors, medications, and 

psychological factors (Table 3).

Significant sex differences were detected for microvascular response to stress across all 

models (Table 3) such that a worse microvascular response to stress was associated with 

an increased risk of MACE among women but not among men. More specifically, the 

risk of MACE was 41% greater among women (HR: 1.41; 95% CI: 1.01, 1.96; p-value 

= 0.05) for each standard deviation decrease in RHI in response to stress (indicating 

worse microvascular response to stress) after adjusting for pre-stress RHI, demographics, 

clinical risk factors, medications, and psychological factors in model 5. After adjusting 

for differences in the occurrence of mental stress induced myocardial ischemia (model 6), 

this risk increased (HR: 1.50; 95% CI: 1.05, 2.13; p-value = 0.03) (Table 3, Figure 1). 

Microvascular response to stress was not significantly associated with MACE among men, 

and the sex-based interaction was significant in all models. These sex differences were 

similar when RHI response to stress was dichotomized, where values less than 0 indicated 

a decline in microvascular function in response to stress (Supplementary Table S1). Women 

with a decline in microvascular function in response to stress had a statistically significant 

105% (HR: 2.05, 95% CI: 1.10, 3.82; p-value = 0.03) higher risk of MACE compared to 

women without a decline in microvascular function over the full study period, after adjusting 

for pre-stress RHI, demographics, clinical risk factors, medications, and psychological 

factors in model 5. After adjusting for mental stress-induced myocardial ischemia, this 

risk increased to 131% (HR: 2.31; 95% CI: 1.22, 4.40; p-value: 0.01). This association was 

weaker among men, and was entirely explained by cardiovascular risk factors.

Transient Endothelial Dysfunction and Risk of MACE

Across all models estimated for the total sample, greater endothelial dysfunction in response 

to stress was associated with an increased risk of MACE (Table 3). More specifically, 

each standard deviation decrease in FMD response to stress (indicating worse endothelial 

function) was associated with a 41% greater risk of MACE (HR: 1.41; 95% CI: 1.11, 1.78; 

p = 0.005) after adjusting for brachial artery diameter, demographics, clinical risk factors, 

medications, and psychological variables (model 5). Results were similar after adjusting 

for differences in the occurrence of mental stress induced myocardial ischemia (Table 3). 

There was no significant effect modification by sex suggesting that this association was not 

statistically different comparing women and men (Table 3, Figure 1).

DISCUSSION

In the first study to examine sex differences in vascular responses to mental stress and 

cardiovascular outcomes among a diverse sample of young and middle-aged survivors 

of an MI, peripheral microvascular dysfunction with mental stress, assessed by digital 

RHI, was associated with adverse events among women but not among men. In contrast, 

endothelial dysfunction with mental stress measured at the brachial artery was similarly 

related to MACE among both men and women. These results highlight the significance of 

microvascular disease as a mechanism linking psychological stress to adverse outcomes in 
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women even in a population with a significant burden of coronary artery disease, such as 

post-MI patients.

In this same cohort we previously reported that, compared to men, women had a greater 

microvascular constriction (a lower RHI) after mental stress and a larger post-mental stress 

decline in RHI, indicating that women have a tendency towards enhanced microvascular 

dysfunction with mental stress.8 We also reported that a lower RHI with mental stress was 

associated with mental stress induced ischemia more in women than in men.7, 8 Herein, 

we extend these previous findings by showing that a greater microvascular constriction 

with mental stress is also associated with adverse outcomes more strongly in women 

than in men, and this effect is independent of the provocation of mental stress ischemia. 

As a whole, these data support an important pathophysiological role of microcirculatory 

dysfunction during mental stress among women with ischemic heart disease. While we 

assessed microvascular function peripherally, this measurement likely reflects what happens 

in the coronaries.44, 45 Prior research from our group44 found a significant correlation 

between peripheral microvascular responses to mental stress and coronary microvascular 

responses to stress measured during a coronary angiogram.

To our knowledge, only one other empirical study (Wildmer et al.)19 has investigated sex 

differences in microvascular dysfunction during mental stress and adverse cardiovascular 

outcomes, but the sample was 95% male, and cardiovascular events were only recorded up 

to one year.19 Although data stratified by sex were not reported due to the small sample of 

women, it was suggested that vascular reactivity to mental stress was associated with MACE 

in women, but not men.19

Our results support a stronger mechanistic link between microvascular responses to 

stress and outcomes among women than men, which could help elucidate a unique risk 

pathway for women. Emerging research has shown sexual dimorphisms in every level of 

cardiovascular physiology,46 which could be extended to the biological effects of mental 

stress on cardiovascular reactivity.7, 8 Several lines of research suggest that microvascular 

dysfunction could have a greater impact on women’s cardiovascular risk; our study suggests 

that this vulnerability could be accentuated during mental stress. Microvascular dysfunction 

is commonly seen in women with chest pain, even in the absence of significant epicardial 

coronary obstruction.47, 48 Repeated and cumulative exposure to stress-induced sympathetic 

activation could lead to microvascular dysfunction,49, 50 and these vascular effects could be 

accentuated in women given their higher levels of inflammation during mental stress.51, 52 

While the exact mechanisms of these difference between men and women are not known, 

sex differences in autonomic and neuroendocrine pathways involved in homeostasis between 

microvascular constriction and dilation during stress could underlie differences in the risk of 

adverse cardiovascular outcomes associated with stress-induced microvascular resistance.44 

Sex steroids could also be implicated as they can potentially affect the stress response. These 

pathways should be explored in detail in future studies.53

There are several strengths and limitations of our study, including a sizable number 

of women, a racially diverse sample, along with a well characterized population with 

comprehensive clinical and psychological measures, along with a long follow-up which 
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enabled us to capture a substantial number of cardiovascular events. Also, since patients 

were recruited from within our university hospital network, attrition was minimal with only 

6 patients lost-to-follow-up. Furthermore, cardiovascular events and causes of death were 

independently adjudicated by experienced cardiologists. Study limitations include those 

inherent with observational studies, including residual and unmeasured confounding and 

external validity, as this study was based on a single study center. Our study sample was 

65% Black/African American and 29% White, with a small representation of other race/

ethnic groups which limits generalizability of our study findings to other groups. Another 

limitation worth noting is the smaller number of adverse cardiovascular events in the study 

sample which may have limited the study power for some analyses and precluded the 

analyses in different age groups. However, our results point to a clear demarcation of 

associations between women and men, with statistically significant interactions which argue 

against a type II error. Also, we cannot rule out bias due to unmeasured confounders, such 

as perceptions of difficulty with the mental stress task (i.e. differences in engagement or 

effort). However, women and men did not differ in their emotional response to mental stress 

as measured by the SUDS in exploratory analyses and was not a confounder in our analyses. 

Thus, our results suggest that women and men have distinct vascular reactivity in response 

to mental stress that are not due to differences in perceived emotional response to stress. 

Finally, although cardiovascular medications and caffeine were withheld for 24 hours prior 

to mental stress testing, and we adjusted for medications in our models, we cannot rule out 

the possibility of sex differences in metabolic clearance and/or drug compliance which may 

have affected the results.

Conclusions

Among young and middle-aged survivors of an MI, peripheral microvascular dysfunction 

with mental stress, assessed by digital RHI, was associated with adverse events among 

women but not among men. These findings support the importance of psychological stress 

as a risk factor for women with coronary heart disease and suggest that a microvascular 

phenomenon may underlie this effect. Future studies should explore the mechanistic 

links underlying these results, including, for example, cardiovascular physiology/reactivity, 

sympathetic activation, inflammation, and neuroendocrine pathways.
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Abbreviations and Acronyms:

BMI body mass index

CAD coronary artery disease

FMD flow-mediated vasodilation

MACE major adverse cardiovascular events

MI myocardial infarction

MIMS2 Myocardial Infarction and Mental Stress 2 Study

RHI reactive hyperemia index
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HIGHLIGHTS

• A study to examine sex differences in vascular response to mental stress and 

cardiovascular outcomes among a diverse sample of young and middle-aged 

survivors of a myocardial infarction.

• Peripheral microvascular dysfunction with mental stress was associated with 

adverse cardiovascular events among women but not among men.

• These findings support the importance of psychological stress as a risk factor 

for women with coronary heart disease and suggest that a microvascular 

phenomenon may underlie this effect.
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Figure 1. Forest Plot of Hazard Ratios for each unit decrease in Vascular Response to Stress and 
Major Adverse Cardiovascular Events.
Estimates are from fully adjusted model (model 6).
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Table 1.

Characteristics of the MIMS2 Sample by Sex (n = 263).

Women (n = 127) Men (n = 136) p-value

Demographic Factors

 Age, mean (SD) 50.7 (7.2) 51.2 (5.8) 0.56

 Age > 50, n (%) 78 (61.4) 86 (63.2) 0.76

 Black/African American, n (%) 96 (75.6) 76 (55.9) 0.001

 Education > 12 years, n (%) 75 (59.1) 78 (58.2) 0.89

Cardiovascular Risk Factors

 BMI, kg/m2, mean (SD) 33.2 (8.9) 30.3 (5.5) 0.002

 Ever smoker, n (%) 69 (54.3) 74 (54.4) 0.99

 History of hypertension, n (%) 105 (82.7) 109 (80.2) 0.60

 History of dyslipidemia, n (%) 104 (81.9) 109 (80.2) 0.72

 History of diabetes, n (%) 46 (36.2) 38 (27.9) 0.15

Psychosocial Risk Factors

 Beck Depression Inventory, median (IQR) 11.0 (5.0, 19.0) 7.0 (4.0, 15.0) 0.01

 Lifetime history of PTSD, n (%) 23 (18.4) 15 (11.3) 0.11

 Current PTSD, n (%) 15 (12.0) 13 (9.8) 0.57

 PTSD Symptom Checklist, median (IQR) 28.5 (22.0, 43.0) 26.0 (20.0, 38.0) 0.06

 Perceived Stress Scale, median (IQR) 17.0 (11.0, 24.0) 15.0 (9.0, 22.0) 0.08

 State Anxiety, median (IQR) 34.5 (26.0, 45.0) 32.0 (25.0, 45.0) 0.39

 Trait Anxiety, median (IQR) 37.0 (31.0, 48.0) 35.0 (26.0, 48.0) 0.12

 Subjective Units of Distress, mean (SD)* 29.5 (35.3) 23.7 (26.1) 0.14

Medications

 Beta Blocker, n (%) 109 (86.5) 115 (84.6) 0.65

 Statins, n (%) 105 (83.3) 118 (86.8) 0.44

 Aspirin, n (%) 103 (81.8) 108 (79.4) 0.63

 ACE Inhibitors, n (%) 57 (45.2) 65 (47.8) 0.68

Clinical Characteristics

 History of congestive heart failure, n (%) 15 (11.8) 12 (8.8) 0.43

 History revascularization, n (%) 101 (79.5) 111 (81.6) 0.67

 LV ejection fraction, mean (SD) 52.9 (12.6) 48.4 (12.6) 0.002

 Gensini CAD severity score, mean (SD) 2.7 (1.5) 3.2 (1.5) 0.01

 Mental stress induced myocardial ischemia, n (%) 27 (21.6) 19 (14.1) 0.06

Vascular Function

 Baseline RHI, mean (SD) 1.70 (0.56) 1.84 (0.54) 0.04

 Stress RHI, mean (SD) 1.64 (0.61) 1.81 (0.58) 0.02

 RHI Response, mean (SD) −0.06 (0.54) −0.03 (0.50) 0.60

 RHI Response < 0, n (%) 73 (57.5) 65 (47.8) 0.12

 Baseline FMD, mean (SD) 4.00 (2.90) 3.65 (2.58) 0.29

 FMD Stress, mean (SD) 2.24 (2.27) 2.01 (2.39) 0.41

 FMD Response, mean (SD) −1.76 (2.02) −1.63 (2.03) 0.63
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Women (n = 127) Men (n = 136) p-value

 FMD Response < 0, n (%) 106 (83.5) 118 (86.8) 0.45

*
Difference between posttest and pretest values. A positive value indicates higher distress with mental stress.

Abbreviations: ACE: Angiotensin-converting enzyme; BMI: Body mass index; FMD: Flow mediated dilation; LV: Left ventricular; PTSD: 
Post-traumatic stress disorder; RHI: Reactive hyperemia index.
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Table 2.

Number of First and Recurrent Cardiovascular Events by Sex (n = 263).

Women n = 127 Men n = 136

All-Cause Death 9 9

Cardiovascular Death 6 9

MI

 Total Number of First Events 15 13

 Total Number of Recurrent Events 21 20

Hospitalizations for Heart Failure

 Total Number of First Events 6 8

 Total Number of Recurrent Events 16 17

Cardiovascular death or MI

 Total Number of First events 22 21

 Total Number of Recurrent events 28 33

Cardiovascular death, MI, or Heart Failure

 Total Number of First events 30 34

 Total Number of Recurrent events 63 78

Abbreviations: MI: Myocardial infarction.
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