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Abstract

Objective—Acute high levels of anger and anxiety are associated with an elevated risk of
myocardial infarction (M) in the following two hours. Mls preceded by these acute negative
emotions may also have a poor long-term prognosis, but information about high-risk patients is
lacking. We examined whether young age and female sex are associated with Mls that are
preceded by negative emotions and whether age and sex moderate the subsequent increased
mortality risk following MI preceded by negative emotions.

Methods—We conducted a secondary analysis of the Determinants of Myocardial Infarction
Onset Study (N=2176, mean age=60.1+12.3 years, 29.2% women). Anxiety and anger
immediately prior to (0-2 hour) Ml and the day before (24-26 hour) MI were assessed using a
structured interview. Subsequent 10-year all-cause mortality was determined using the US
National Death Index.

Results—Anxiety during the 0-2 hour pre-MI period was associated with younger age
(OR=0.98,95%CI=0.96-0.99 per year) and female sex (OR=1.50,95%CI=1.11-2.02). Anger in the
0-2 hour pre-MlI period was also associated with younger age (OR=0.95,95%CI=0.94-0.96) but
not with sex (OR=0.93,95%CI1=0.67-1.28). During follow-up, 580 (26.7%) patients died. Mortality
rate was higher if MI occurred immediately after high anxiety, particularly in patients >65 years
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(HR=1.80,95%CI=1.28-2.54) vs. younger patients (HR=0.87,95%CI1=0.55-1.40; p-
interaction=0.015). Other interactions with sex or anger were not significant.

Conclusions—Patients with high anxiety or anger levels in the critical 2-hour period prior to Ml
are younger than those without such emotional precipitants. In addition, pre-MI anxiety is
associated with an elevated 10-year mortality risk in patients aged >65 years.
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INTRODUCTION

Transient exposure to physical, chemical and psychological stressors are potential triggers of
cardiovascular events 12, An elevated risk of myocardial infarction (MI) has been
documented minutes to hours following episodes of heavy physical exertion 3, sexual
activity 4°, chemical exposures including air pollution ©, use of marijuana ’ and cocaine, 8
as well as psychological states such as high levels of anger and anxiety %19 and depressed
mood 11, In addition to the consistent evidence of an immediately higher cardiovascular risk
associated with short-term experiences of negative emotions, the long-term prognosis may
be poor among people surviving an Ml following these potential acute triggers 12. However,
other studies have not found an association between acute emotional precipitants of MI and
long-term mortality 13. Clinical characteristics of patients whose Ml is preceded by negative
emotions may partly account for these observed differences in long-term prognosis.

Biological hyper-reactivity to physical or emotional perturbations is a plausible
biobehavioral mechanism accounting for Mls that are preceded by exogenous stressors.
Acute mental stress can induce myocardial ischemia in controlled laboratory settings and
during daily life activities 14-17. The cardiac demand at which psychological factors induce
myocardial ischemia is lower than with physical exertion 17, suggesting that coronary
supply-related processes and/or more severe underlying myocardial disease may characterize
patients with emotionally triggered ischemia 18, Mental stress-induced ischemia is also
associated with an increased long-term mortality risk in patients with coronary artery
disease 1920, These mechanistic laboratory studies are important because it is difficult to
unequivocally determine whether the preceding emotions and behaviors prior to Ml are
actually exposures that “trigger” acute cardiac events, or whether these emotional
precipitants reflect a third common factor and/or reporting bias independent of the
pathophysiology of M1 Knowledge about the immediate emotional precipitants of Ml and
the characteristics of these patients may therefore be of clinical utility because these factors
may add to the long-term risk stratification of post-MI patients.

Evidence suggests that age is inversely related to emotional wellbeing such that younger
adults report more negative emotions than older individuals 2122, This age-related pattern
has also been found in patients with coronary heart disease 23 and heart failure 24. In
addition, women tend to report higher levels of anxiety and other negative emotions
compared to men 2°-27 whereas men tend to report higher levels of hostility 2829, However,
there has been no research examining whether the prevalence of emotional factors in the
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critical 2 hours immediately prior to M1 onset varies by age and sex. Vaccarino et al. 30
showed that women <50 years of age with a recent history of MI had substantially more
mental stress-induced myocardial ischemia compared to age-matched men (52% vs. 25%).
No sex-related differences were observed for ischemia induced with physical stress or in
patients older than 50 years. Therefore, younger age and female sex are likely to be
associated with a higher risk of myocardial infarction preceded by acute negative emotions
such as anxiety and anger. In addition, Mls that develop in the context of these acute
negative emotions might have a poor subsequent long-term prognosis.

This study builds on our recent observations that immediate (0-2 hours pre-MlI) 31 and
distant (24-26 hours pre-MI) 32 emotional states prior to MI (particularly anxiety) are
predictive of adverse long-term mortality outcomes whereas Mls preceded by exercise were
not associated with a subsequent elevated mortality risk 31. The present article builds on
these observation by investigating three new aspects of emotional precipitants of Ml: on (1)
the identification of high-risk sub-groups of patients who experience an Ml following
negative emotions based on age and sex; (2) determine whether age and sex influence the
higher mortality rate following Mls that occur following negative emotions; and (3) the
investigation of immediate vs. distant emotional precipitants of MI as predictors of
subsequent (long-term) mortality. Anxiety and anger were examined by a structured
interviews derived from the State-Trait Personality Inventory at a median of 4 days post-Ml,
patients reported about immediate (0-2 hours pre-MI) and distant (24-26 hours pre-Ml)
experiences of these emotions. Patients were then followed for up until 10 years after the
MI. We tested the hypothesis that: (1) younger age and female sex are associated with a
higher likelihood of MI onset preceded (i.e., potentially triggered) by anxiety or anger; (2)
the riska of adverse long-term mortality outcomes following Mls that are preceded by high
levels of anxiety or anger are higher in young patients and women; and (3) the 10-year
mortality rate is elevated in patients with high anxiety and anger levels in the /immediate (0-2
hours pre-MI) premonitory phase compared to patients with high anxiety and anger levels
occurring distant from the MI (24-26 hours pre-MI). These data provide important novel
information as current research and clinical assessments focus on an individual’s
psychosocial characteristics in general, rather than focusing on the specific emotional state
at the time when the actual Ml occurred.

METHODS

Patients

Patients with a documented MI who participated in the Determinants of Myocardial
Infarction Onset Study (MIOS) were followed up for 10 years. In total, 3886 MI patients
were recruited from 64 centers between 1989 and 1996 to establish potential physical and
emotional triggers of MI. Inclusion criteria were: creatine kinase levels above the upper limit
of normal for the laboratory at each centre, positive MB isoenzymes, an identifiable onset of
symptoms preceding M1 (chest pain or other cardiac symptoms), and the ability to complete
a structured interview. Eligible patients were identified by reviewing coronary care unit
admission reports and patient charts.
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After providing informed consent, patients were interviewed using structured forms.
Interviews were administered within a median of 4 days after hospital admission (range 0-30
days). The interview for emotional state (anxiety and anger) derived from the STPI, see
below) was administered in a sub-cohort of the overall MIOS sample
(N=2176/3886=55.9%), comprising the study sample presented in this report. The cohort
was prospectively followed for the occurrence of all-cause mortality, using the National
Death Index, through December 31, 2007.

The Institutional Review Board of each center approved the protocol, and subsequent
approval for the follow-up assessments based on publically available mortality records was
obtained from the Beth Israel Deaconess Medical Center Committee on Clinical
Investigations.

The present investigation as related to prior MIOS-based publications

Initial reports from this study were based on a subsample of the final full MIOS cohort 310,
These early reports were used to document the triggering potential of exposures such as
exercise and anger. More recently we examined the long-term predictive value of these
emotional experiences for prognosis after the incident M1 3132, The paper by Wrenn et al.
focused on the emotional data 24-26 hours prior to MI 32 and the research letter by Smeijers
et al. 31 provides only a brief evaluation of the 10-year mortality outcomes in M1 patients
with exercise, anxiety or anger in the 2-hour pre-MI exposure period. The present study
expands these findings in three new aspects: (a) the clinical characteristics of Mls
immediately (0-2 hours) prior to M, (b) subgroup that are at disproportionately elevated risk
of post-MI mortality during 10 years follow-up; and (c) the differential prognostic value of
immediate (0-2 hours pre-Ml) vs. distant (24-26 hours pre-MI) emotional states.

Assessment of Anxiety and Anger prior to Ml

Trained research staff conducted a standardized interview to obtain information about the
time, place and nature of symptom onset, health behaviors (e.g., smoking) and emotional
state prior to MI. Patients were asked about several potential triggers, such as physical
exertion, anxiety and anger. Patients were asked about immediate experiences during 0-2
hours prior to MI onset and more distant experiences in the 24-26 hour prior to Ml (for
details of the original study see 31032,

Levels of anxiety and anger prior to MI were assessed using the interviewer-administered
subscales of the State-Trait Personality Inventory (STPI) 33 modified to assess short-term
exposures prior to MI. Patients reported about the 0-2 hours prior to MI (N=2176) and this
information was compared with “distant” anxiety and anger levels during the same time
period the day before (24-26 hours prior to MI; 1824/2176 patients (83.8%) had valid data
for the distant pre-MlI period). Participants were also asked additional questions about anger
using an hour-by-hour preceding M1 scale designed for this study 19, but these hourly ratings
were not obtained for anxiety. This report therefore focuses on the 0-2 hour and 24-26 hour
STPI-based interview data for anxiety and anger. Scores ranged from 10 to 40 and were
analyzed as continuous variables and dichotomized at the 90t percentile for the primary
analyses (consistent with prior reports based on this study 10:31.32
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Assessment of Demographic and Clinical Characteristics

Patient interviews and medical records were used to collect information about
demographics, health behaviors, medical history and medication use. Demographic variables
included the primary subgroup variables age and sex, and information about race/ethnicity
(coded as white versus “other”), marital status (married versus other). Information was also
obtained about educational attainment as an individual level measure of socioeconomic
position (<12, 12-14, >14 years of school), median household income as a neighborhood
level measure of socioeconomic position (tertiles derived from census block groups) 34:35,
Health behaviors were assessed for smoking status (current, former, never), alcohol
consumption (drinks per week), and usual frequency of physical exertion (0, 1-4, =5 times
per week). Height and weight were self-reported and used to calculate body mass index
(BMI: kg/m?).

Medical records were reviewed for history of previous Ml, congestive heart failure, angina,
hypertension, diabetes mellitus, other comorbidities (stroke, cancer, respiratory disease and
renal dysfunction), peak creatine kinase, and use of thrombolysis at the time of MI.
Information was also obtained on patients’use of beta-adrenergic-blocking agents, calcium
channel blockers, digoxin, diuretics, lipid-lowering medications and ACE inhibitors at the
time of MI.

Outcome Assessment

The National Death Index was used to identify deaths of MIOS participants, and we
requested death certificates from state offices of vital records for all probable matches using
a validated algorithm that included name, date of birth, sex, race/ethnicity, marital status and
state of residence 3%. All participants were censored on December 31, 2007 or date of death,
whichever came first. The determination of death was independently verified by three
physicians, and disagreements among raters were resolved by discussion. The present study
examines the 10-year all-cause mortality rate as the primary outcome variable.

Statistical Analysis

Data are presented as mean + standard deviation or sample size and proportion as
appropriate. We used logistic regression analyses to examine the demographic and clinical
characteristics of patients with an Ml preceded by negative emotions calculating odds ratios
(OR) and 95% confidence intervals (CI). We evaluated the demographics, health behaviors
and clinical characteristics and examined separate multivariable models for anxiety and
anger prior to MI. First, all predictor variables were tested in separate bivariate models.
Then, the analyses were adjusted for age and in the third model all variables were included
in the fully adjusted models: adjusting for demographic measures (age, sex, race/ethnicity,
marital status, education, income), health behavior-related variables (smoking status, alcohol
consumption, BMI, usual physical activity), medical history (previous history of Ml, angina,
hypertension, diabetes mellitus, other comorbidities) and medication use (beta-adrenergic-
blocking agents, calcium-channel blockers, digoxin, diuretics, lipid-lowering medications
and ACE inhibitors). Missing values were infrequent (range 0% - 1.8%) except for income
(8.9%; see Table 1). For the multivariable models, the median income was imputed for the
missing income values and all other cases with missing values (cumulative missing = 3.8%)
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were not included. In addition, we explored models when imputing missing values using
regression analysis-based imputation, which revealed essentially the same results as the
models presented here.

The longitudinal association between anxiety and anger in the 0-2 hours prior to M1 with all-
cause mortality during follow-up was examined using Cox proportional hazards models.
Hazard ratios (HR) and 95% confidence intervals (CI) were calculated adjusted for
covariates selected a prioribased on their plausible relationship with anxiety and anger
and/or with post-MI mortality3”: demographic variables (age, sex, race/ethnicity, marital
status, educational attainment, income), health behaviors (smoking status, alcohol
consumption, BMI, usual frequency of physical exertion), medical history (history of MI,
congestive heart failure, angina prior to Ml, hypertension, diabetes mellitus, non-cardiac
comorbidities (including stroke, cancer, respiratory disease and renal failure), thrombolytic
therapy, peak creatine kinase, and a summary score for medication use (i.e., summing the
use of beta-adrenergic-blocking agents, calcium-channel blockers, digoxin, diuretics, lipid-
lowering medications, ACE inhibitors). Covariate selection for the subgroup analyses (for
age and sex) also used a smaller set of covariates to minimize potential bias of

overfitting 37:38 (history of MI, hypertension, smoking status and usual physical activity
levels). We tested the assumption of proportional hazards by examining the statistical
significance of interaction terms between exposures and the natural logarithm of time in the
adjusted model, and no violations of the assumption were observed (anxiety p=0.85, anger

0=0.70).

To explore whether anxiety and anger in the 0-2 hours prior to MI onset were associated
with mortality independent of anxiety and anger at times outside the critical two-hour
exposure period, multivariable and subgroup analyses were conducted. These analyses
enabled investigation of whether exposure to an acute potential trigger only, i.e., during the
0-2 hour period prior to MI - and not during the more distant exposure period 24-26 hours
prior to MI — uniquely predicted increased long-term mortality rates. Two approaches were
used: (a) statistically adjusting for the levels of anxiety and anger 24-26 hours prior to Ml;
and (b) examining four mutually exclusive subgroups by comparing patients with
“sustained/recurrent” high levels of anxiety or anger (i.e., high 0-2 hour as well as high
24-26 hour levels), “immediate” exposure (high 0-2 hour and low 24-26 hour levels; i.e.,
potentially triggered MI), and “distant” exposure (low 0-2 hour and high 24-26 hour levels)
with the non-exposed reference group (low levels during the 0-2 hours prior to Ml onset and
the 24-26 hour pre-Ml).

Subgroup were examined using stratified analyses for the pre-specified potentially high-risk
subgroups based on age (<65 years vs. 265 versus) and sex. All p-values are two-sided. SAS
version 9.3 (SAS Institute, Cary, NC) was used to perform the analyses.

Clinical characteristics of the study population are shown in Table 1. Among 2176
participants (mean age 60.1+12.5 years, 29.2% women), 204 (9.4%) reported high levels of
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anxiety and 205 (9.4%) reported high levels of anger in the 2 hours prior to MI. Co-
occurrence of high levels of anxiety and anger was observed in 93 participants.

1. Demographic and clinical characteristics of patients with high levels of anxiety or anger
in the two hours prior to Ml

Table 2 displays the results of the unadjusted, age-adjusted and fully adjusted multivariable
logistic regression analyses for M1 preceded by anxiety (Table 2.a.) and anger (Table 2.b.).
In the unadjusted model, patients reporting high levels of anxiety were younger than patients
who did not report high anxiety levels prior to Ml (57.2£13.5 vs. 60.5+12.2 years; OR=0.98
per year of age, 95%CI1=0.97-0.99). Female sex was associated with reporting high levels of
anxiety prior to Ml in the unadjusted analysis (OR=1.50, 95%CI=1.11-2.02). The interaction
between age and sex for the association with pre-MI anxiety was not statistically significant
(0=0.75). When examining other covariates, unadjusted analyses revealed that anxiety prior
to M1 was also associated with being unmarried (OR=1.39, 95%CI=1.03-1.86), low
educational attainment (< 12 vs. 214 years, OR=1.48, 95%CI=1.01-2.16) and high usual
physical activity (5 episodes or more per week vs. < 1 episode per week OR=1.56,
95%CI1=1.06-2.23). Age-adjusted models revealed a similar pattern of results (Table 2.a.).
The fully adjusted analyses showed that high levels of anxiety 0-2 hours prior to M1 were
more likely to occur in younger patients (OR=0.97, 95%CI1=0.96-0.99), women (OR=1.79,
95%CI1=1.27-2.54), low education (OR=1.60, 95%CI=1.06-2.44), , those who engaged in 5
or more episodes of physical activity per week (OR=1.56, 95%C=1.04-2.35) and in patients
with a history of angina prior to admission (OR=1.54, 95%CI=1.05-2.25). (Table 2.a.).

As shown in Table 2.h., high levels of anger prior to MI were associated with younger age
(53.4£11.9 vs. 60.8+12.2 years; OR=0.95 per year of age, 95%CI1=0.94-0.96). Sex was not
related to anger prior to Ml and the interaction between age and sex was not statistically
significant (p=0.97). Unadjusted analyses indicated that patients who reported anger prior to
MI were also more likely to regularly engage in high usual physical activity (=5 episodes vs.
< 1 episode per week OR=1.72, 95%CI1=1.18-2.50) and to be current smokers (OR=3.12,
95%CI1=2.05-4.74). Medical history and medication use were not associated with high levels
of anger prior to MI.

In age-adjusted models, current smoking status (OR=2.11, 95%CI=1.36-3.26) and low
educational attainment (< 12 vs =14 years; age-adjusted OR=1.63, 95%CI=1.10-2.43) were
associated with anger immediately prior to MI onset. In fully adjusted model, the only
characteristics that remained associated with high levels of anger 0-2 hours prior to MI were
younger age (OR=0.95 per year of age, 95%CI1=0.94-0.97) and current smoking status
(OR=2.09, 95%CI1=1.32-3.32).

2. Subgroups at elevated mortality risk following Ml preceded by negative emotions

In total 580 (26.7%) patients died during 10 years follow-up (mean follow-up duration =
3,136 + 1,049 days; median time until death = 1,710 days). For the full sample, anxiety prior
to MI was associated with a higher mortality rate (adjusted HR=1.44, 95%CI=1.09-1.91) in
multivariable models, as reported in our previous research letter 32, Anger prior to M1 was
also associated with a higher mortality rate (adjusted HR=1.34, 95%CI1=0.98-1.82), but this
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association was not statistically significant. There was no interaction between pre-Ml
anxiety and anger in predicting 10-year mortality (p=0.10). Data for continuous anxiety
(HR=1.01 per unit, 95%CI=1.00-1.02) and continuous anger (HR=1.01 per unit,
95%C1=0.99-1.03) scores showed parallel results as the results based on the 90% cut-off
values. The purpose of the present investigation is to identify high-risk subgroups by
examining whether a high level of anxiety or anger immediately prior to Ml is a stronger
risk factor for 10-year mortality in patients who are relatively young and in female patients.

Table 3 shows analyses stratified by age and sex. There was an 80% higher rate of all-cause
mortality among patients 65 years of age and older who reported anxiety in the 0-2 hours
prior to Ml onset. In contrast, there was no such association among younger patients (p-
interaction=0.015). There was no interaction between anger and age in 10-year mortality
risk (p interaction=0.81).

In analyses stratified by sex, the association between anxiety or anger with long-term
mortality was stronger for women than men, but these differences were not statistically
significant (Table 3). The three-way interactions of age x sex x anxiety pre-MI (p ynadjusted =
0.44) and age x sex x anger pre-MI (p ynadjusted = 0-11) were not significant.

We also explored the interaction terms of the other demographic, health behavior and
clinical measures with pre-MI anxiety as predictors of subsequent mortality and did not find
evidence for differences in outcome as related to the joint presence or absence of these
variables (p interaction > 0.10).

3. Immediate versus distant anxiety and anger prior to Ml and long-term mortality

We examined whether anxiety during the critical 2-hour pre-MI exposure period (i.e., the
potentially triggered MIs) was independently associated with higher mortality rates
compared to anxiety that occurred outside this critical period (i.e., 24-26 hours pre-Ml). The
correlation between the continuous 0-2 hour and 24-26 hour pre-MI anxiety scores was
0.628 (p<0.001). Anxiety during the “immediate” 0-2 hour prior to MI remained a
statistically significant predictor of mortality when adjusting for anxiety at distant 24-26
hour prior to M1l (HR=1.43, 95%CI1=1.01-2.04). Anger during the 0-2 hour pre-MI period
was also associated with all-cause mortality when adjusting for 24-26 hour anger levels but
this association was not statistically significant in the fully adjusted model (HR=1.33,
95%CI=0.90-1.96).

We then compared four subgroups of patients with high anxiety in either the 0-2 hours
(potentially triggered MI) and/or the 24-26 hours (non-hazard period) prior to MI. In total,
87 patients had /mmediate exposure (i.e., high levels of anxiety only in hours 0-2; potentially
triggered MI), 76 were classified as having sustained/recurrent anxiety (i.e., high levels of
anxiety at both time points), and 91 had distant anxiety (i.e., high anxiety levels only in
24-26 hours pre-MI. A total of 1824/2176 (83.8%) patients had valid anxiety data for 24-26
high prior to MI (476 deaths occurred in this group). Table 4 shows that, compared to the
reference group with low anxiety levels at both times (n=1570), the 10-year all-cause
mortality rate was higher among the immediate exposed group (HR=1.61,
95%CI1=1.08-2.40) and the sustained/recurrent high anxiety group (HR=1.69,
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95%CI=1.07-2.67), whereas those with distant experiences of anxiety only did not have an
elevated mortality rate (HR=1.10, 95%CI=0.70-1.1.73); because of the subgrouping, these
analyses were adjusted for a subset of the covariates: age, sex, smoking status, usual
physical activity levels, history of MI and hypertension. The interaction between 0-2 hour
and 24-26 hour anxiety was not statistically significant (p=0.97). Parallel analyses for anger
revealed similar results but the HRs per subgroup did not reach statistical significance,
except for sustained anger (Table 4).

DISCUSSION

This study shows that M1 preceded by episodes of heightened anxiety or anger occurred
more often in relatively young patients. Women were more likely than men to report high
anxiety in the two hours prior to MI onset, whereas no sex differences for anger immediately
prior to MI were found. High levels of anxiety in the two hours prior to Ml onset were
associated with a higher rate of all-cause mortality during 10 years follow-up. This
association was independent of anxiety in the non-critical exposure period (i.e., high anxiety
24-26 hours prior to MI). Moreover, subgroup analyses showed that the association between
high anxiety levels in the two hours prior to MI with post-MI mortality was primarily
observed among patients aged 65 and above and not in younger patients. A similar but non-
significant pattern was found for high levels of anger immediately preceding Ml onset. Thus,
although patients aged > 65 experience these emotional precipitants less often than younger
MI patients, they have a disproportionately higher rate of all-cause mortality if their Ml
onset is preceded by high levels of anxiety.

Among the demographic and clinical characteristics, age was inversely related to
experiencing both anxiety and anger in the two hours prior to MI. Other factors associated
with anxiety at the time of MI were female sex, low education, high usual physical activity,
and a history of angina; the only other factor associated with anger at the time of MI was
current smoking status (Tables 2.a. and 2.b.). No corrections for statistical Type | error were
made, but it is remarkable that prior cardiac history, medication use and cardiovascular risk
factors were not associated with anxiety or anger at the time of MI. The primary focus of the
present study was on age and sex as factors that may identify vulnerable subgroups for
emotional precipitants of MI and we found that age is an important factor to consider. This
finding is consistent with prior studies showing that younger individuals experience more
negative emotions 2122, especially in hospitalized individuals 24. It is possible that young Ml
patients are more susceptible to pathophysiological changes associated with strong negative
emotions because of the lack of coronary collateral supply, thereby increasing the risk of Ml
when plaque rupture and/or thrombus formation occurs. It is also possible that relatively
young patients are exposed to more frequent or severe distressing circumstances during daily
life and consequently experience more anxiety and anger. These repeated acute experiences
of negative emotions may in part reflect underlying personality factors such as trait anxiety
and hostility. The interaction between psychological traits and acute emotional reactivity
prior to MI and other acute coronary syndromes requires further investigation.

The observed increased mortality rate in patients with high levels of anxiety in the two hours
prior to Ml is consistent with a recent report by Arnold et al. 12, In a study of over 4,000 Ml
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patients, these investigators found that patients reporting moderate or severe perceived stress
at the time of MI had a 42% (95%CI 1.15 to 1.76) higher rate of mortality during two years
follow-up compared to those with lower levels of stress. They used a distress measure that
assesses an individual’s sense of confidence in being able to handle circumstances over the
past month. Therefore, these findings may not reflect acute distress levels immediately prior
to MI onset and may at least partially reflect sustained distress in addition to acute distress.
In another study of 662 MI patients no association was found between acute physical or
emotional precipitants of MI and mortality during one year follow-up 13. It is possible that
this study was underpowered as a result of the relatively limited number of events during
follow-up. Bhattacharyya et al. 3% examined the long-term effects of acute potential triggers
in terms of emotional and physical health status. Emotional precipitants of MI were
associated with elevated anxiety levels and poor mental health status at 12 and 36 months
follow-up. In addition, vigorous exertion in the two hours prior to Ml onset predicted
impaired physical health status whereas emotional states during that timeframe did not. In
our study, heavy physical exertion was not related to the long-term rate of all-cause
mortality,32 whereas anxiety was significantly predictive of 10-year mortality, and the long-
term effects of anger in the two hours prior to MI were in the expected direction, but non-
significant. It is possible that the relatively adverse prognostic values of pre-MI anxiety vs.
pre-MI anger reflects a higher frequency of recurrent anxiety vs. recurrent anger in the post-
MI follow-up period, but this needs to be evaluated in future research.

Biobehavioral mechanisms explaining the adverse mortality rate observed in the present
study include a higher magnitude and/or frequency of hemodynamic or biological responses
to mental stress. Acute psychological stressors are associated with increased cardiac demand
and increased coagulability and inflammation, thereby increasing the risk of Ml via
myocardial ischemia and thrombus formation 174041 patients whose Ml is preceded by an
emotional stressor show impaired stress-induced platelet activation and delayed
hemodynamic recovery #2. Mental stress-induced hemodynamic and blood chemistry
responses could therefore partially account for the higher mortality rate in patients whose
index MI was preceded by high levels of anxiety.

The present study adds important new information to previous reports based on the MIOS
project. Early reports addressed the identification of acute potential triggers of M1 310, More
recently, evidence based on this cohort has shown that that anxiety on the day prior to Ml
(i.e., 24-26 hours pre-MI) was associated with a trend towards a higher rate of all-cause
mortality in the following 3 years 32. In a recent short “research letter” we then showed that
more proximate anxiety in the critical 0-2 hour pre-MI hazard period was associated with
mortality during 10 years follow-up 31. The present study further expands this knowledge
base by demonstrating that Mls preceded by negative emotions occur more often in young
patients (see Tables 2.a and 2.b.) and that the adverse long-term prognosis associated with
pre-MI anxiety is primarily observed in patients aged 65 and above. Moreover, we now show
that if anxiety occurred only in the 24-26 (non-critical hazard) period prior to MI but not
auring the 0-2 hours prior to Ml onset, that then the post-MI mortality rates are not higher
compared to patients with low levels of anxiety at both time points. This pattern of results
indicates the emotional state at the time of M/ onset (either acute, sustained or recurrent
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negative emotions) is associated with an elevated risk of subsequent mortality during long-
term follow-up.

There are limitations to this study that require consideration. There may be some
misclassification of anxiety and anger because the information was ascertained by
retrospective interviews in the days after hospitalization for MI. Retrospective bias (search
for meaning) may have resulted in higher reports of negative emotions in the 0-2 hour vs. the
24-26 hour pre-MI period. Although retrospective bias may raise concerns about the
construct validity of the emotional state assessments, the finding that these (retrospective)
self-reports of anxiety immediately prior to MI have a marked impact on long-term survival
is remarkable and clinically important. The assessments of anxiety and anger states may be
influenced by psychological traits such as personaltiy factors. Although the analyses for
anxiety and anger were adjusted for the 24-26 hours prior to MI onset, this correction may
not optimally account for trait levels of these factors. Future studies are needed that assess
both acute emotional states as well as traits to better characterize the psychological
predictors of adverse post-MI outcomes. We assessed selected common emotional states that
have been reported to precede MI (anxiety and anger) and it could be that other immediate
precipitants of Ml such as despair or sadness, substance abuse, and exposure to cold or
pollutants may pose additional risk factors for long-term mortality. Another limitation
concerns generalizability because the sample was relatively high educated, patients came
from neighbourhoods with above average income, and the original cohort was enrolled in the
mid 1990s. We were also specifically interested in the subgroup of premenopausal

women 30, but the size of this subgroup (92 women aged < 50 of whom 14 died within 10
years) did not allow reliable analyses for these potentially high-risk patients. Analyses
primarily focused on dichotomized anxiety and angre scores and results were less strong
when continuous measures were used, which may reflect the scaling properties of the
assessment tool or a threshold effect. The present study focused on all-cause mortality and
additional studies are needed to examine specific causes of death in addition to all-cause
mortality. These limitations are largely outweighed by several strengths of this study,
including the detailed assessments of emotional states prior to M, the longitudinal design
with complete mortality data for all participants during 10-year follow-up and the large
sample size.

In conclusion, the results of this study suggest that age is inversely related to high levels of
anxiety and anger in the two hours immediately prior to MI onset. Female sex was
associated with anxiety, but not anger, in the two hours prior to MI. We had expected that the
adverse mortality risk associated with acute anxiety would be primarily observed in
relatively young MI patients. Instead, patients 65 and older, whose MI was preceded by high
anxiety levels, were at elevated risk of subsequent mortality. This information could be
useful in clinical practice to identify vulnerable individuals with acute coronary syndromes
that are precede by negative emotions. . More knowledge is needed about prolonged
episodes of psychological vulnerability such as bereavement, depression and

exhaustion 4344, Future research on the biobehavioral mechanisms linking physical and
psychological states that precede Ml to long term mortality may lead to better risk
stratification, long-term monitoring and the development of tailored interventions in patients
with MI.
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Highlights

Patients younger than 65 more often a have heart attack triggered by anxiety or
anger

Anxiety and anger in the critical 2-hour period before Ml predict long-term
mortality

This high mortality risk holds for immediate (0-2 hr), not distant (24-26 hr)
emotions

Mortality in 10 years after emotion-triggered M1 occurs more often in older
patients
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Participant characteristics

Demographics
Age
Female

Race/ethnicity (white)
Marital status (Married) 4

Education categories b
0 - 12 years
12 - <14 years

> 14 years

Income ¢

Low

Medium

High

Health behaviors

Smoking Status d

Never
Former

Current

Alcohol consumption (drinks/wk)

BMI (kg/m?)
Physical (high exertion/week)
None
1-4
25
Medical history
Myocardial infarction €
Congestive heart failure
Angina
Hypertension
Diabetes mellitus
Other non-cardiac comorbidities
Thrombolytic therapy
Peak creatine kinase (U/L. 103)
Medication use
Beta-adrenergic blocking agents
Calcium-channel blockers
Digoxin

Diuretics

J Psychosom Res. Author manuscript; available in PMC 2018 February 01.

N= 2176

601125
636 (29,2%)

1936 (89.0%)
1460 (67.1%)

434 (19.9%)
910 (41.8%)
793 (36.4%)

559 (25.7%)
650 (29.9%)
772 (35.5%)

538 (24.7%)
889 (40.9%)
740 (34%)
46£126
276+49

1605 (73.8%)
270 (12.4%)
301 (13.8%)

566 (26.0%)
32 (L5%)
510 (23.4%)
923 (42.4%)
427 (19.6%)
115 (5.3%)
900 (41.4%)
15+19

464 (21.3%)
488 (22.4%)
120 (5.5%)

320 (14.7%)

Table 1
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N=2176
Lipid-lowering medications 207 (9.5%)
ACE inhibitors 273 (12.6%)

Background data of 2176 participants in the Myocardial Infarction Onset Study with information about emotional states at 0-2 hours prior to Ml
who were followed up for 10 years.

a23 missing values (1.1%),

b39 missing values (1.8%),

cbased on median neighborhood household income derived from tertiles of census block groups; 195 missing values (8.9%),
d9 missing values (0.4%);

Ell missing values (0.5%)
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Table 4

The predictive value of anxiety and anger immediately before Ml onset (0-2 hours) versus distant from Ml
onset (24-26 hours) for subsequent mortality during 10 years follow-up sex

N No. of Death  Hazard Ratio (95%CI) p

Anxiety

Reference 1570 410 1.0

Distant 91 20 1.10 (0.70-1.73) 0.68
Immediate 87 26 1.61 (1.08-2.40) 0.020
Sustained/recurrent 76 20 1.69 (1.07-2.67) 0.024
Anger

Reference 1553 417 1.0

Distant 107 20 0.90 (0.57-1.41) 0.63
Immediate 83 20 1.36 (0.86-2.17) 0.19
Sustained/recurrent 79 19 1.64 (1.02-2.63) 0.039

Subgroups are defined as follows: “sustained/recurrent” = high 0-2 hour as well as high 24-26 hour levels before MI; “immediate” = high 0-2 hour
and low 24-26 hour levels; “distant” = low 0-2 hour and high 24-26 hour levels; Reference = low 0-2 hours and 24-26 hour pre-MI.

Analyses adjusted for age, sex, smoking status, usual physical activity level, previous MI, and hypertension.
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