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A B S T R A C T

Objective: The current study aims to (1) examine the association between measures of trait anger (i.e., anger 
temperament and anger reaction) and cardiovascular reactivity to acute psychological stress, and (2) to identify 
if anger expression styles moderate the association between trait anger and cardiovascular reactivity.
Methods: A sample of 669 participants completed a standardized cardiovascular reactivity protocol consisting of 
resting baseline and stressor phase (mental arithmetic and Stroop), with systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and heart rate (HR) monitored throughout. Participants also completed measures of trait 
anger including anger temperament and anger reaction, as well as measures assessing anger expression styles 
including anger-in, anger-out and anger control.
Results: Anger temperament was significantly associated with blunted cardiovascular reactivity, as well as 
increased levels of subjective stress. Moreover, the association between anger temperament and cardiovascular 
reactivity was significantly moderated by anger-in, with associations observed only amongst those who reported 
an increased tendency to suppress their anger. The association between anger reaction and cardiovascular 
reactivity was moderated by both anger-out and anger control.
Conclusion: While blunted cardiovascular responses may be a mechanism linking facets of trait anger to adverse 
health outcomes, the current findings accentuate the importance of considering expression styles when exam
ining the association between anger experience and cardiovascular reactivity.

1. Introduction

Cardiovascular diseases are currently the leading cause of global 
mortality, with an estimated 17.9 million cardiovascular related deaths 
each year, representing 32 % of all global deaths [1]. In addition to well 
established traditional risk factors including obesity, diabetes, physical 
inactivity and smoking status [2-4], a further line of research has 
continued to accentuate the role of psychological factors in the etiology 
and progression of cardiovascular diseases [5-7]. Early investigations 
into the role of psychological factors in cardiovascular morbidity and 
mortality predominantly focused on the Type A behavioral patten, 
characterized by aggressiveness, competitiveness, short temper, anger, 
heightened time consciousness, continual preoccupation with deadlines, 
and an inability to relax [8-10]. While a series of earlier studies linked 
the Type A behavioral pattern to adverse cardiovascular health 

outcomes/cardiovascular risk factors [11-13], later studies identified 
that anger/hostility was the “toxic” component promoting poorer car
diovascular health outcomes [14-16].

Moreover, a meta-analysis of 44 studies linked anger/hostility to an 
increased risk of experiencing an array of prospective coronary heart 
disease outcomes in both healthy populations, and populations with 
existing cardiovascular conditions [17]. More recent evidence has 
continued to show associations between anger and a range of adverse 
cardiovascular health outcomes including atherosclerosis, hypertension, 
myocardial infarction, stroke and cardiac/all-cause mortality [18-23]. 
In fact, Anger is now identified as a psychological risk factor for car
diovascular disease by the European Cardiovascular Disease Task Force 
[24].

The multidimensional nature of trait anger has received considerable 
attention in the literature, and several underlying factor structures have 
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been proposed [25,26]. One proposed underlying factor structure dif
ferentiates between two sub facets of trait anger including trait anger 
temperament and trait anger reaction using the Trait Anger Expression 
Inventory [27]. Conceptually, these facets of trait anger vary in terms of 
the degrees by which individuals experience anger across situations and 
environments. Anger temperament is characterized by the predisposi
tion toward quick, unprovoked/minimally provoked anger, that occurs 
across a broad range of situations. In contrast, anger reaction refers to 
the tendency to experience anger aroused in response to frustration, 
criticism, unfair treatment, or environmental triggers [27,28]. Further, 
several studies employing factor analyses have confirmed the unique 
structure of the anger temperament and anger reaction facets, sup
porting the empirical distinction between scales [29-32]. Moreover, 
studies have corroborated the unique and independent prediction of 
these individual facets for adverse cardiometabolic health outcomes. For 
example, trait anger temperament has been associated with an increased 
risk of coronary heart disease outcomes (e.g., myocardial infarction) and 
cardiovascular death [33], an increased risk of developing diabetes [34], 
and increased atherosclerosis of the carotid artery [35]. Others have 
reported that increased levels of trait anger reaction are associated with 
greater systemic inflammation [36], increased arterial stiffness [37], 
and greater intima-media thickness of the carotid artery [38]. Thus, in 
addition to conceptual and empirical distinctions, these individual facets 
have unique and independent predictive utility for cardiometabolic 
health outcomes.

A further line of research has accentuated the influence of anger 
expression styles on cardiovascular health outcomes. A particular focus 
has been placed on anger in, which is characterized by internalizing and 
suppressing anger, and directing that anger inward toward oneself [39,
40]. Anger in has been linked to several health outcomes including 
hypertension [41], as well as an increased risk of myocardial infarction 
and cardiac death [42,43]. However, overtly and externally expressed 
anger towards others/environment (i.e., anger out) has also been asso
ciated with a range of adverse outcomes including greater intima-media 
thickness [35], an increased risk of stroke [44] and cardiovascular 
mortality [43]. Thus, it has been posited that increased levels of anger in 
and anger out are representative of bidirectional extremes in anger 
expression, and therefore may predispose individuals to poor cardio
vascular health [45]. In contrast, the ability to successfully and healthy 
control the expression of anger (i.e., anger control) has been associated 
with a reduced risk of cardiovascular disease and ischemic heart disease 
[46].

Aberrant physiological responses to acute psychological stress have 
been posited as a potential mechanism facilitating the association be
tween trait anger/anger expression and cardiovascular health [47,48]. 
This mechanism is premised on the cardiovascular reactivity hypothesis, 
which posits that exaggerated or prolonged cardiovascular responses to 
psychological stress promotes the development of cardiovascular dis
eases [49]. A more recent extension of this hypothesis has also indicated 
that atypically low or “blunted” cardiovascular responses may also 
signal psychosomatic disease vulnerability [50,51]. Interestingly, a 
large number of studies have indicated that the influence of trait anger 
and hostility on physiological responses to acute stress varies depending 
on expression tendencies of individuals [52-56]. In particular, several 
studies have indicated that increased levels of anger/hostility paired 
with the tendency to suppress anger (i.e., high anger-in), promotes 
larger cardiovascular responses [52,53,56]. Burns [52] reported inter
action effects of anger expression and trait anger on measures of car
diovascular reactivity, whereby high trait anger was associated with 
greater SBP, DBP and HR responses to a harassment reaction time 
stressor only amongst men who suppressed their anger. Similarly, Burns, 
Friedman [53] noted moderating effects of anger-in on the relationship 
between hostility and measures of cardiac reactivity (i.e., pre-ejection 
period and inter-beat interval) during exposure to a mental arithmetic 
stress task, with greater cardiac reactivity exhibited amongst individuals 
reporting both increased hostility and anger-in. A similar interactional 

effect was noted by Vella and Friedman [56], whereby high levels of 
hostility were associated with greater DBP reactivity in response to a 
mental arithmetic task only amongst individuals who scored high on 
anger-in.

In contrast, while Bongard, al’Absi [55] revealed no significant 
interactional effects with anger-in, anger-out significantly moderated 
the association between high levels of hostility and cardiovascular 
reactivity, with highly hostile individuals displaying low SBP, DBP and 
HR reactivity only when scoring high on anger-out expression. While, 
Burns and Katkin [54] also reported a similar interaction effect between 
anger-out and hostility, high levels of hostility were found to be asso
ciated with greater SBP, DBP and HR reactivity amongst individuals who 
outwardly expressed their anger. While these prior studies have accen
tuated the importance of considering anger expression styles when 
examining the association between trait anger and cardiovascular 
reactivity, these studies have yielded inconsistent findings. Additionally, 
the moderating role of anger control (i.e., successful and healthy control 
of anger expression) on the association between trait anger and car
diovascular reactivity remains unclear. Moreover, while sub facets of 
trait anger including anger reaction and anger temperament have been 
shown to independently predict adverse cardiometabolic health out
comes [33-38], research has not elucidated the association between 
these individual facets and cardiovascular reactivity to stress.

Considering the above evidence, the primary aims of the current 
study are (1) to examine the association between facets of trait anger (i. 
e., anger temperament and anger reaction), and anger expression styles 
(i.e., anger-in, anger-out, and anger control) and cardiovascular reac
tivity to acute psychological stress, and (2) to identify if the association 
between facets of trait anger and cardiovascular reactivity are moder
ated by anger expression styles. Given that anger reaction encapsulates 
the propensity to experience anger in response to frustration, criticism, 
unfair treatment, or environmental triggers [27,28], we hypothesize 
that effects will be pronounced for anger reaction in comparison to 
anger temperament. Moreover, it is expected that the association be
tween facets of trait anger and cardiovascular reactivity will be pro
nounced amongst those who report lower control of emotional 
expression, increased anger-in (i.e., suppression), as well as those who 
report increased anger-out.

2. Material and methods

2.1. Participants

Data from the current study was taken from the MIDUS 2 biomarker 
project, which was collected between 2004 and 2009. Biomarker data 
was collected at three General Clinical Research Centers (GCRC) (Uni
versity of California Los Angeles, University of Wisconsin, and George
town University). The biomarker projects consisted of 1255 
respondents. A total of 1054 respondents were individuals from the 
longitudinal study and took part in the baseline MIDUS 1 project. The 
MIDUS 2 project also included an additional sample from Milwaukee, 
which was included to examine health issues in minority populations. 
The Milwaukee area was stratified according to the proportion of the 
population that were African American. Those areas with high concen
trations were sampled at higher rates than areas with lower concentra
tions. An additional 201 participants were also included in the 
biomarker project from the Milwaukee sample. As per previous research 
[57,58] a sample of 388 participants from the twins longitudinal study 
was removed due to the potential confound pertaining to the genetic 
determinants of reactivity [59], and due to the assumption of indepen
dence in analyses. An additional 16 participants who completed a longer 
version of the protocol were also excluded from the current study. 
Finally, a further 9 participants were excluded due to having a pace
maker implanted. Only participants who had complete data for variables 
used in primary analyses were included, resulting in 669 participants.
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2.2. Procedure

MIDUS participants were eligible to participate in the biomarker 
projects if they completed the MIDUS 2 Survey project phone interview 
and self-administered questionnaire, or completed the Milwaukee 1 
survey project. Eligible participants were asked to attend an overnight 
stay at a GCRC, at one of three sites (University of California Los 
Angeles, University of Wisconsin, or Georgetown University Site 3). 
Verbal consent was obtained once participants agreed to take part in the 
study and then participants were scheduled for a GCRC visit. Addi
tionally, written consent was obtained from participants before begin
ning the study procedure. Self-administered questionnaires were 
completed on day one, and the psychophysiology experimental protocol 
was completed on day two.

2.3. Measures

2.3.1. Trait anger and anger expression
Measures of trait anger and anger expression were assessed using the 

State-Trait Anger Expression Inventory [40]. Anger temperament and 
anger reaction were assessed using 4 items each from the trait anger 
scale. Examples of items measuring anger temperament include “I have a 
fiery temper” and “I am a hotheaded person”. Examples of items measuring 
anger reaction include “It makes me furious when I am criticized in front of 
others” and “I feel infuriated when I do a good job and get a poor evaluation”. 
Participants responded to each item on a 4-point Likert scale ranging 
from 1 (Almost never) to 4 (Almost always) in correspondence to how 
they feel each statement describes themselves. Both facets of trait anger 
were shown to have adequate internal consistency with a Cronbach’s α 
of 0.82 and 0.74 for anger temperament and anger reaction respectively.

The anger expression in and anger expression out subscales were 
both assessed using 8-items each. Examples of items measuring anger-in 
include “I boil inside, but don’t show it” and “I keep things in”. Examples of 
anger-out items include “I express my anger” and “I strike out at whatever 
infuriates me”. Finally, four items were used to measure the control of 
anger expression. Examples include “I control my temper” and “I calm 
down faster”. Again, responses to anger expression variables were 
answered on 4-point Likert scale ranging from 1 (Almost never) to 4 
(Almost always). Again, these scales displayed adequate internal con
sistency with Cronbach’s α of 0.80, 0.77 and 0.67 for anger-in, anger-out 
and anger control scales respectively.

2.3.2. Self-reported stress
Participants were asked to report their current levels of stress before 

and after each stressor on a 10-point Likert scale ranging from 1 (not at 
all stressed) to 10 (extremely stressed). For the purpose of the current 
study, self-reported stress was calculated as the average stress levels 
across both stress exposures. Changes in self-reported stress (from pre to 
post), were used as a manipulation check to examine if the stress task 
was perceived as psychologically stressful. As per previous research 
[60], post-task measures of self-reported stress were used in main ana
lyses as an outcome variable.

2.3.3. Cardiovascular assessment
Continuous beat-beat monitoring of SBP and DBP were assessed 

using a Finometer cardiovascular monitor. Noninvasive measures are 
taken from one’s finger arterial pressure using the volume clamp method 
[61]. A finger cuff is attached to the participant’s middle finger on their 
non-dominant arm, and an arm cuff is attached to the participants upper 
arm at heart level. The arm cuff is used to accurately calibrate re
constructions of the intrabrachial pressure derived from the finger cuff. 
The Finometer also uses a hydrostatic height correction system to cor
rect participant’s hand height to heart level. Heart rate (HR) was 
measured using a beat-to-beat electrocardiogram (ECG). Beat to beat 
ECG signals were collected and digitized at a sampling rate of 500 Hz. R 
waves were detected using proprietary event detection software. The 

ECG waveforms were inspected by research staff to identify errors in R 
wave detection due to software errors. The series of normal RR intervals 
were then used to compute HR (i.e., beats per minute). Cardiovascular 
data were analyzed with a specified 300 epoch duration. Two epochs 
were computed during an 11-min baseline, and one epoch was assessed 
during both 6-minute psychological stress tasks. Baseline values were 
computed as the average of the two epochs taken during the baseline 
period, and stress task values were computed as the mean of the epoch 
taken during each stressor. If only one epoch was available for base
line/task periods, this value was used in place of mean values.

2.3.4. Stress task
The stress tasks included a mental arithmetic task and a Stroop task. 

The Morgan and Turner Hewitt (MATH) task was used for the mantal 
arithmetic [62]. During this computer-administered task, participants 
are presented with math problems whereby they respond to a series of 
addition or subtractions by indicating if the response presented is correct 
or incorrect. The difficulty of the task can range across 5 levels from 
math problems involving two 1-digit numbers (level 1) to problems 
involving two 3-digit numbers (level 5). The difficulty was modified 
throughout the task depending on participants performance. During the 
modified Stroop color-word task, participants were presented with one 
of four color name works (i.e., red, green, yellow, blue) on a computer 
screen in a font color that is either congruent or incongruent with the 
name. Participants were required to select the font color (i.e., ink color) 
of each word on a keypad. The speed at which words were presented 
varied with performance, with more correct responses resulting in faster 
presentation, and incorrect responses resulting in slower presentation.

2.4. Statistical analyses

Cardiovascular reactivity scores were computed using the delta 
method, whereby baseline scores were subtracted from respective stress 
task scores for each cardiovascular parameter (i.e., stress task—base
line), producing cardiovascular reactivity scores for SBP, DBP and HR. 
Preliminary analyses were conducted to identify outliers on cardiovas
cular reactivity scores deviating ±4.00 SD from the mean. This resulted 
in one outlier being removed for SBP reactivity, and 2 outliers being 
removed for HR reactivity.

In order to examine if the stressor successfully perturbed the car
diovascular system, a series of paired samples t-tests (baseline, task) 
were conducted on each cardiovascular parameter. Additionally, in 
order to determine if the stress task was perceived as psychologically 
stressful, a paired sample t-test was used to examine if levels of self- 
reported stress increased from the resting baseline to the stress task 
period. Regression analyses were used to examine the association be
tween measures of trait anger and cardiovascular reactivity. Potential 
confounding variables including age, sex, BMI, current smoking status 
and baseline cardiovascular measures were entered into models at step 
1, followed by anger temperament and anger reaction at step 2. For self- 
reported stress, age and sex were entered at step 1 followed by trait 
anger variables at step 2. Similarly, in order to examine the association 
between anger expression and cardiovascular reactivity, potential con
founding variables were entered at step 1, followed by anger-in, anger- 
out and anger control at step 2. A preliminary collinearity diagnostic 
revealed that there was no indication of multicollinearity between trait 
anger variables, or between anger expression variables with all VIF < 10 
(Largest = 1.17) and all tolerance statistics >0.1 (Lowest = 0.85).

Moderation analyses were conducted using model 1 of Hayes PRO
CESS macro for SPSS. Here, trait anger variables (i.e., anger tempera
ment, anger reaction) were entered into models separately as predictor 
variables, and anger expression variables (anger in, anger out, anger 
control) were entered into models as moderating variables. 95 % con
fidence levels for confidence intervals were estimated using boot
strapping samples of 5000. Significant interaction effects were followed- 
up to examine the conditional effects of trait anger on cardiovascular 
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reactivity at low (− 1 SD), intermediate (mean) and high (+1 SD) levels 
of anger expression. Again, all moderation analyses were adjusted for 
aforementioned confounding variables including age, sex, BMI, smoking 
status and baseline cardiovascular variables.

3. Results

3.1. Descriptive statistics and manipulation check

Participants ranged in age from 35 to 85 (M = 55.96, SD = 11.02 
years). A total of 373 (55.8 %) participants were female. Furthermore, 
450 (67.3 %) were white, 131 (19.6 %) were African American, 1 (0.1 
%) was Native American or Alaska native Aleutian islander/eskimo, 3 
(0.4 %) were Asian, and 65 (9.7 %) were multiracial (reported more than 
one race), and 17 (2.5 %) reported other. Descriptive statistics of de
mographic and study variables are displayed in Table 1.

A series of paired samples t-tests revealed that the stress task suc
cessfully perturbed the cardiovascular system for SBP, t(668) = 26.32, p 
< 0.001, d = 11.77, DBP, t(668) = 34.94, p < 0.001, d = 4.34, and HR, t 
(668) = 27.01, p < 0.001, d = 3.39. As seen in Table 2, all effects were in 
the expected direction, with a significant increase from baseline to the 
stress task for each parameter. Additionally, there was a significant in
crease in self-reported stress from the baseline to the stressor phase t 
(665) = 35.94, p < 0.001, d = 1.81, indicating that the stressor phase 
was perceived as psychologically stressful.

3.2. Trait anger, anger expression and self-reported stress

In hierarchical multiple linear regression models, age and sex were 
entered into models at step 1, followed by anger temperament an anger 
reaction at step 2. Both anger temperament, β = 0.08, t = 2.02, p =
0.044, and anger reaction, β = 0.10, t = 2.41, p = 0.016, were both 
independently associated with greater levels of self-reported stress 
during exposure to the stressor. Similar analyses for anger expression 
variables revealed that anger-in was associated with greater levels of 
self-reported stress, β = 0.14, t = 3.49, p < 0.001. Additionally, greater 
levels of control of anger expression were associated with lower self- 
reported stress, β = − 0.10, t = − 2.51, p = 0.012. Anger-out was not 
significantly associated with perceived stress, β = 0.02, 0.44, p = 0.664.

3.3. Trait anger, anger expression and cardiovascular reactivity

In analyses controlling for age, sex, BMI, smoking status and baseline 
cardiovascular measures, anger temperament was associated with lower 

DBP, β = − 0.10, t = − 2.68, p = 0.008 and HR reactivity, β = − 0.08, t =
− 1.97, p = 0.049. Although anger temperament was also associated 
with lower SBP reactivity, this association did not reach statistical sig
nificance, β = − 0.07, t = − 1.76, p = 0.080. For anger expression vari
ables, greater anger control was significantly associated with increased 
SBP, β = 0.10, t = 2.51 p = 0.012, DBP, β = 0.09, t = 2.42, p = 0.016, and 
HR reactivity, β = 0.11, t = 2.79, p = 0.005. As seen in table 3, no sig
nificant associations emerged for anger reaction, or for either anger-in or 
anger-out.

3.4. Moderation analysis

3.4.1. Trait anger temperament and anger expression
In moderation analyses, trait anger temperament was entered into 

models as the predictor, and anger expression variables were entered 
into separate models as the moderating variable. All models adjusted for 
the aforementioned confounding variables including age, sex, BMI, 
smoking status and baseline cardiovascular measures. Anger in (i.e., the 
suppression of anger) moderated the association between anger 
temperament and SBP Reactivity, β = − 0.11, 95 % CI [− 0.20, − 0.01], t 
= − 2.26, p = 0.024. Anger temperament was associated with lower SBP 
reactivity amongst individuals who scored high on anger-in (+1 SD), β =
− 0.62, 95 % CI [− 1.14, − 0.11], t = − 2.38, p = 0.018. However, no 
effects were observed amongst those who reported low (− 1 SD), or in
termediate levels of anger-in. Similarly, there was also a significant 
anger temperament × anger-in interaction for DBP reactivity, β =
− 0.04, 95 % CI [− 0.07, − 0.001], t = 2.04, p = 0.042. Again, anger 
temperament was associated with blunted DBP reactivity solely amongst 
individuals who reported increased (+1SD) suppression of anger (i.e., 
high anger in), β = − 0.31, 95 % CI [− 0.51, − 0.12], t = 3.14, p = 0.002. 
No association between anger temperament and DBP reactivity was 
observed amongst those scoring low or intermediate on anger-in. 
However, anger-in did not significantly moderate the association be
tween anger temperament and HR reactivity, β = − 0.11, 95 % CI 
[− 0.02, 0.04], t = 0.77, p = 0.439. Neither the outward expression of 
anger (all p’s ≥ 0.253), or the control of anger expression (all p’s ≥
0.479), moderated the association between anger temperament and 
measures of cardiovascular reactivity. Significant interactional effects 
for anger temperament are displayed in Fig. 1.

3.4.2. Trait anger reaction and anger expression
Trait anger reaction was entered into models as the predictor, and 

anger expression variables were entered into separate models as the 
moderating variable. All models adjusted for the aforementioned con
founding variables including age, sex, BMI, smoking status and baseline 
cardiovascular measures.

The association between anger reaction and SBP reactivity was 
significantly moderated by anger-out, β = − 0.17, 95 % CI [− 0.27, 
− 0.07], t = − 3.28, p = 0.011. Higher levels of anger reaction was 
associated with diminished SBP reactivity amongst individuals who re
ported greater levels of the outward expression of anger, β = − 0.52, 95 
% CI [− 0.99 − 0.04], t = − 2.13, p = 0.034. In contrast, anger reaction 
was associated with greater SBP reactivity amongst those who reported 
low (− 1 SD) levels of anger out expression, β = 0.63, 95 % CI [− 0.11, 

Table 1 
Means, standard deviations and percentages of demographic and study 
variables.

Variables Mean (SD)/N (Percent) Range

Race n (%)
Black or African American 131 (19.6 %) –
Asian 3 (0.4 %) –
White 450 (67.3 %) –
Multiracial 65 (9.7 %) –
Native American/Alaska native 1 (0.1 %) –
Other 17 (2.5 %) –

Sex (% female) 373 (55.8 %) –
Age (Years) 55.96 (11.02) 35–85
Trait Anger ​ ​

Anger Temperament 5.22 (1.77) 4.00–16.00
Anger reaction 7.63 (2.43) 4.00–16.00

Anger Expression ​ ​
Anger In 14.76 (4.11) 8.00–30.00
Anger Out 13.14 (3.43) 8.00–29.00
Anger Control 9.77 (2.30) 4.00–13.00

SBP Reactivity (mmHg) 11.89 (11.59) − 21.60–52.65
DBP Reactivity (mmHg) 5.86 (4.34) − 10.10–21.40
HR reactivity (bpm) 3.49 (3.26) − 6.40–16.75

Table 2 
Mean and standard deviation values for resting baseline and stress task cardio
vascular scores.

Baseline Mean (SD) Task Mean (SD)

SBP (mmHg) 124.93 (18.83) 136.91 (22.20)**
DBP (mmHg) 61.85 (12.05) 67.71 (12.51)**
HR (bpm) 72.75 (10.64) 76.29 (11.02)**
Percieved stress 2.08 (1.54) 4.60 (1.94)**

** =Statistically significant difference from respective baseline value at p <
0.001 level.
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1.16], t = 2.38, p = 0.017. Similarly, a significant anger reaction × anger 
out expression interaction for DBP reactivity, β = − 0.07, 95 % CI 
[− 0.10, − 0.03], t = 3.33, p = 0.001, revealed that anger reaction was 
associated with lower DBP reactivity amongst individuals reporting high 
levels (+1SD) of anger-out expression, β = − 0.21, 95 % CI [− 0.39, 
− 0.03], t = − 2.26, p = 0.024, but greater reactivity amongst those 
reporting low anger-out expression (− 1 SD), β = 0.24, 95 % CI [.04, 
0.44], t = 2.33, p = 0.020. For HR reactivity, there was also a significant 
anger reaction × anger out expression interaction, β = − 0.03, 95 % CI 
[− 0.06, − 0.004], t = − 2.21, p = 0.027. Here, greater levels of anger 
reaction was associated with blunted HR reactivity amongst individuals 
who reported high levels of anger out expression, β = − 0.16, 95 % CI 
[− 0.30, − 0.02], t = − 2.18, p = 0.029. Anger reaction was not related to 
HR reactivity amongst those who reported lower (− 1 SD) or interme
diate levels of anger out expression (see Fig. 2).

As seen in Fig. 3, the control of anger expression also moderated the 
association between anger reaction and HR reactivity, β = 0.55, 95 % CI 
[.01, 0.10], t = 2.43, p = 0.015. Here, greater anger reaction was 
associated with diminished HR reactivity amongst individuals reporting 
lower levels of control of anger expression, β = − 0.16, 95 % CI [− 3.00, 
− 0.02], t = − 2.24, p = 0.025. No associations were observed amongst 
individuals reporting intermediate or high levels of control of anger 
expression. A similar interactional effect between anger reaction and the 
control of anger expression was noted for DBP reactivity, β = 0.06, 95 % 

CI [.01, 0.12], t = 2.17, p = 0.030. While anger expression was primarily 
associated with diminished DBP reactivity amongst those reporting low 
levels of control of anger expression, this conditional effect did not meet 
statistical significance, β = − 0.16, 95 % CI [− 0.34, 0.02], t = 1.73, p =
0.080. Again, no significant associations were observed for those 
reporting intermediate (p = 0.84) or higher (p = 0.18) levels of control of 
anger expression. No moderating effect of anger in (all p’s ≥ 0.102) was 
found for the association between anger reaction and cardiovascular 
reactivity.

3.5. Sensitivity analyses

Although there was no evidence of multicollinearity, follow-up 
regression analyses were conducted on significant associations with 
other anger variables removed as predictor variables. All significant 
associations remained significant when other anger predictor variables 
were removed from models.

Additionally, given that 468 (70 %) of participants from our final 
sample reported taking prescription medication, follow-up analyses 
controlling for prescription medication use were conducted on signifi
cant effects observed for cardiovascular reactivity. Apart from the as
sociation between anger temperament and HR reactivity, β = − 0.08, t =
− 1.90, p = 0.058, all follow-up regression analyses remained significant. 
Additionally, all significant interactional and conditional effects in 

Table 3 
Regression analyses for the influence of trait anger and anger expression on cardiovascular reactivity and self-reported stress.

SBP Reactivity DBP Reactivity HR Reactivity Self-Reported Stress

β t p β t p β t p β t p

Step 1
Age 0.23 6.07 <0.001 0.18 4.71 <0.001 − 0.14 − 3.65 <0.001 0.07 1.91 0.057
Sex − 0.11 − 2.97 0.003 − 0.04 − 0.92 0.356 0.07 1.83 0.068 0.04 1.15 0.250
Smoking Status 0.22 5.91 <0.001 0.17 4.50 <0.001 0.13 3.22 0.001 – – –
BMI − 0.06 − 1.69 0.091 − 0.09 − 2.37 0.018 − 0.07 − 1.77 0.078 – – –
Baseline − 0.05 − 1.44 0.150 − 0.03 − 0.86 0.389 − 0.08 − 2.12 0.034 – – –

Step 2: Trait Anger
Age 0.22 5.85 <0.001 0.17 4.36 <0.001 − 0.15 − 3.91 <0.001 0.10 2.46 0.014
Sex − 0.11 − 2.98 0.003 − 0.04 − 0.95 0.342 0.07 1.85 0.065 0.04 1.14 0.254
Smoking Status 0.22 5.82 <0.001 0.17 4.38 <0.001 0.12 3.09 0.002 – – –
BMI − 0.06 − 1.61 0.107 − 0.08 − 2.20 0.028 − 0.06 − 1.57 0.118 – – –
Baseline − 0.05 − 1.43 0.155 − 0.04 − 0.99 0.324 − 0.09 − 2.25 0.025 – – –
Anger Temperament − 0.07 − 1.76 0.080 − 0.10 − 2.68 0.008 − 0.08 − 1.97 0.049 0.08 2.02 0.044
Anger Reaction 0.01 0.354 0.723 0.01 0.17 0.867 − 0.02 − 0.46 0.643 0.10 2.41 0.016

Step 2: Anger Expression
Age 0.22 5.73 <0.001 0.17 4.19 <0.001 − 0.15 − 3.74 <0.001 0.12 3.00 0.003
Sex − 0.10 − 2.70 0.007 − 0.03 − 0.68 0.498 0.08 2.08 0.038 0.04 1.12 0.263
Smoking Status 0.21 5.60 <0.001 0.16 4.13 <0.001 0.11 2.85 0.004 – – –
BMI − 0.05 − 1.41 0.158 − 0.08 − 1.99 0.048 − 0.06 − 1.49 0.138 – – –
Baseline − 0.05 − 1.42 0.155 − 0.03 − 0.84 0.402 − 0.08 − 2.15 0.032 – – –
Anger In − 0.001 − 0.02 0.981 − 0.02 − 0.40 0.687 − 0.02 − 0.55 0.582 0.14 3.49 <0.001
Anger Out 0.01 0.16 0.877 − 0.03 − 0.75 0.452 0.02 0.43 0.668 0.02 0.44 0.664
Anger Control 0.10 2.51 0.012 0.09 2.42 0.016 0.11 2.79 0.005 − 0.10 − 2.51 0.012

Significance is highlighted in bold.

Fig. 1. Significant interactional effects between anger temperament and anger-in on SBP and DBP reactivity.
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moderation analyses remained significant.

4. Discussion

The current study aimed to examine the association between facets of 
trait anger (i.e., anger temperament and anger reactions), anger 
expression styles (anger-in, anger-out and anger control) and cardio
vascular reactivity to acute psychological stress. Secondly, the current 
study aimed to examine if anger expression styles moderated the asso
ciation between facets of trait anger and cardiovascular reactivity to 
stress. Trait anger temperament was associated with greater self- 
reported stress following the stress exposure, as well as lower cardio
vascular reactivity. While anger reaction was also associated with 
increased subjective stress, no significant associations were observed 
with measures of cardiovascular reactivity. Neither anger-in nor anger- 
out expression was associated with cardiovascular reactivity. However, 
the control of anger expression was associated with greater SBP, DBP 
and HR reactivity, as well as lower levels of subjective stress. While 
anger-in moderated the association between anger temperament and 
cardiovascular reactivity, both anger-out and anger-control moderated 
the association between anger reaction and cardiovascular reactivity.

To date several studies have corroborated an association between 
trait anger and cardiovascular reactivity to stress [63]. In fact, aberrant 
physiological stress responses have been posited as a potential pathway 

facilitating the association between subjective anger and adverse car
diometabolic health outcomes [47,48]. A meta-analysis including 281 
studies revealed that cognate psychological factors including anger/
hostility, aggression, or Type-A behavior were associated with greater 
cardiovascular responses to stress across all studies [63]. In contrast, our 
findings suggest that the anger temperament facet is associated with 
lower cardiovascular reactivity to acute stress. Importantly however, 
several other studies have also noted similar relationships between 
measures of trait anger and analogous constructs, and blunted cardio
vascular reactivity to acute stress [64-66]. One potential explanation for 
these antithetical findings may pertain to the specific measure of trait 
anger employed in the current study. While some prior studies linking 
trait anger to exaggerated cardiovascular reactivity have employed 
global measures of trait anger and hostility [67,68], the current study is 
the first to examine the sub facets of trait anger temperament and trait 
anger reaction. In fact, similar associations with diminished cardiovas
cular responses have also been previously noted when examining 
particular sub facets of anger and hostility. For example, studies exam
ining certain subcomponents such as somatic anger [69], as well as 
cynical hostility have noted associations with blunted cardiovascular 
reactivity [65,66]. Thus, the varying associations between trait anger 
and related constructs and cardiovascular reactivity may be owing to 
differential constituent facets examined in the literature.

However, no significant associations between trait anger reaction 

Fig. 2. Significant interactional effects between anger reaction and anger-out on SBP, DBP and HR reactivity.

Fig. 3. Significant interactional effects between anger reaction and anger control on DBP and HR reactivity.
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and cardiovascular reactivity were observed in the current study. This is 
somewhat surprising considering that anger reaction encapsulates the 
tendency to experience anger in response to frustration, criticism, unfair 
treatment, or environmental triggers [27,28]. One potential explanation 
may pertain to more recent research relating to atypically low or 
“blunted” cardiovascular responses [50,51]. It is suggested that blunted 
cardiovascular responses may represent stable underlying behavioral 
and psychological phenotypes, including personality temperaments 
[51]. Thus, blunted cardiovascular reactivity may signal the general 
tendency to experience anger across an array of situations and envi
ronments (i.e., anger temperament) rather than anger experienced in 
response to particular situations and triggers (i.e., anger reaction). 
Additionally, the current study employed a computerized mental 
arithmetic and Stroop stress task, without any verbal feedback. These 
particular stressors may have been sufficiently provocative to elicit 
differential responses for individuals varying on the anger temperament 
dimension, who experience anger across a broad range of situations and 
environments. However, given that anger reaction encapsulated the 
tendency to experience anger only in response to anger provoking 
triggers such as criticism and unfair treatment [27], more provocative 
stressors may be required to elicit cardiovascular responses for those 
scoring high on anger reaction, such as tasks involving harassment, 
interpersonal conflict, and negative verbal feedback [52,54,67].

Prior research examining the association between anger expression 
and cardiovascular reactivity has shown varying effects. Anger-in has 
been associated with both greater [70] and lower [71] cardiovascular 
stress responses. Similarly, mixed effects have also been noted for 
anger-out, with studies showing both positive [72] and negative asso
ciations [73]. However, our findings revealed no significant main effects 
for the association between anger-in or anger-out and measures of car
diovascular reactivity. However, consistent with prior research [71], 
anger control was associated with greater cardiovascular reactivity as 
well as lower levels of subjective stress. Taking into account recent 
research on blunted cardiovascular reactivity and its negative future 
health implications [74,75], these heightened responses among in
dividuals with increased control of emotional expression might be seen 
as adaptive and potentially beneficial for promoting cardiometabolic 
health, as noted in prior research [46,76]. This is plausible given that the 
greater cardiovascular responses amongst those scoring high on anger 
control were paired with reduced levels of subjective stress.

Consistent with prior research [52-56], our moderation analyses 
revealed that the influence of trait anger on measures of cardiovascular 
reactivity varies depending on the tendency by which individuals 
expressed their emotions. Prior research has predominately indicated 
that high trait anger/hostility paired with the tendency to suppress 
anger is associated with greater cardiovascular responses to stress [52,
53,56]. In contrast, our moderation analyses indicated that anger 
temperament was associated with diminished responses amongst in
dividuals who suppressed their anger. However, in line with our find
ings, more recent evidence has indicated that individuals who engage in 
emotional suppression during anger recall tasks (i.e., aimed at recalling 
and reexperiencing anger) exhibit blunted blood pressure and heart rate 
responses [77]. Additionally, one parallel line of research has indicated 
that individuals who experience high levels of negative emotions, whilst 
simultaneously inhibiting the expression of these emotions (i.e., Type D 
personality) exhibit diminished cardiovascular responses to acute stress 
[78]. While exaggerated cardiovascular reactivity has been predomi
nately associated with prospective cardiovascular health outcomes 
[79-81], diminished or blunted cardiovascular responses have been 
primarily associated with an array of non-cardiac health related out
comes [50,51,82,83]. Moreover, it has been posited that blunted car
diovascular reactivity to acute stress may serve as a marker of deficits in 
motivation and behavioral regulation [51]. Consequently, blunted car
diovascular responses have been associated with several cardiovascular 
disease risk factors (e.g., smoking status, obesity) [84-87]. Therefore, 
while some studies have reported a direct association between blunted 

cardiovascular reactivity and cardiovascular health outcomes [74], 
blunted reactivity is primarily posited to constitute an indirect pathway 
leading to poorer cardiovascular health via behavioral and psychologi
cal mechanisms [50,88]. In fact, prior research has suggested that 
blunted cardiovascular reactivity may indicate an indirect behavioral 
pathway to disease amongst highly hostile individuals [65].

Both anger-out and anger control moderated the association between 
anger reaction and cardiovascular reactivity. Here, increased anger re
action was associated with diminished cardiovascular reactivity 
amongst individuals who reported a lack of control over the expression 
of their anger, and those who reported overtly and externally expressing 
anger towards others/environment. Interesting, antithetical associations 
were observed for low anger-out expression, with anger reaction asso
ciated with greater blood pressure. Given more recent research relating 
to blunted cardiovascular reactivity and health [51], these conditional 
effects may be viewed as adaptive. Anger reaction refers the propensity 
to become angry when provoked by specific events such as personal 
criticism, rejection or neglect [27,28]. Thus, the outward expression of 
anger (e.g., striking out at perceived triggers), as well as a lack of control 
of anger expression (e.g., inability to control temper) may be particu
larly harmful for individuals who are highly anger reactive, particularly 
during anger provoking situations.

Prior research has continued to show that both anger temperament 
and anger reaction are associated with an array of adverse car
diometabolic health outcomes. For example, trait anger temperament 
has been associated with an increased risk of coronary heart disease 
outcomes, as well as cardiac mortality [33], an increased risk of devel
oping diabetes [34], and greater atherosclerosis of the carotid artery 
[35]. Additionally, trait anger reaction has been linked to greater sys
temic inflammation [36], increased arterial stiffness [37], and greater 
intima-media thickness of the carotid artery [38]. Given recent research 
accentuating the pathogenic effects of blunted cardiovascular responses 
to acute stress on psychological, behavioral and physical health out
comes [74,75], the current study suggests that these responses may 
indicate a mechanistic pathway facilitating the association between trait 
anger and poorer cardiovascular health outcomes.

One limitation of the current study pertains to the psychological 
stressors employed. While the current study examined cardiovascular 
reactions to conventional psychological stressors including a mental 
arithmetic and Stroop task, highly anger provoking stressors such as 
harassment and interpersonal conflict tasks may be particular toxic for 
individuals who are classified as anger reactive, and who externally 
express their anger [52,54,67]. Such anger provoking stressors are likely 
to evoke deleterious psychological and physiological reactions amongst 
those scoring high on trait anger, and may constitute a more ecologically 
valid representation of stress responses exhibited in real life settings. In 
fact, a meta-analyses of studies examining the association between 
anger/hostility and cardiovascular reactivity has suggested that the 
stressor provocation moderates the association between anger/hostility 
and cardiovascular reactivity, with greater responses exhibited by high 
trait anger/hostile individuals in response to provocative stressors [89]. 
Additionally, more recent evidence has suggested that examining car
diovascular reactivity to repeated stress exposure may provide a more 
accurate indication of an individual’s general stress response tendency 
than cardiovascular reactivity to a singular stress exposure [90,91]. 
Thus, we recommend future research to examine the influence of trait 
anger and anger expression styles on cardiovascular response habitua
tion to recurring stress exposure designed to specifically elicit anger. The 
experimental manipulation of expressive suppression has been shown to 
perturb the cardiovascular system during exposure to psychological 
stress [92]. Thus, future research should extend on the current findings 
by examining if the instructional engagement in anger expression/sup
pression in the current moment moderates the association between 
facets of trait anger and cardiovascular stress reactivity. Furthermore, 
future research should examine interventions relating to the control of 
emotional expression (e.g., ability to control temper and calm down 
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faster) for promoting more healthful cardiovascular response for those 
scoring high on measures of trait anger, particularly trait anger reaction. 
Additionally, several other underlying factor structures of trait anger 
have been proposed in the literature [25,26]. Thus, while the current 
study examined the sub facets of anger temperament and anger reaction, 
future research should extend on the current findings by examining 
other proposed dimensions of trait anger, such as representing angry 
emotions, aggressive behaviors, and cynicism [26].

5. Conclusion

In sum, trait anger temperament was associated with blunted DBP 
reactivity to acute psychological stress, as well as increased levels of self- 
reported stress. The control of anger expression was associated with 
greater cardiovascular responses, and decreased levels of self-reported 
stress. Anger temperament was associated with diminished cardiovas
cular reactivity only amongst those who suppressed their anger. In 
contrast, anger reaction was associated with diminished cardiovascular 
reactions amongst those who reported lower control of anger expression, 
as well as amongst those who reported expressing their anger overtly 
and externally. These findings accentuate the importance of considering 
anger expression styles when examining the association between trait 
anger and cardiovascular stress responses.

Funding

Publicly available data from the MIDUS study was used for this 
research. Since 1995 the MIDUS study has been funded by the following: 
John D. and Catherine T. MacArthur Foundation Research Network 
National Institute on Aging (P01-AG020166), National Institute on 
Aging (U19-AG051426). Biomarker data collection was further sup
ported by the NIH National Center for Advancing Translational Sciences 
(NCATS), Clinical and Translational Science Award (CTSA) program as 
follows: UL1TR001409 (Georgetown) UL1TR001881 (UCLA) 
1UL1RR025011 (UW).

CRediT authorship contribution statement

Adam O’Riordan: Writing – review & editing, Writing – original 
draft, Formal analysis, Conceptualization. Aisling M. Costello: Writing 
– review & editing, Writing – original draft, Formal analysis, 
Conceptualization.

Declaration of competing interest

The authors declare that they have no conflict of interest.

Data availability

The data that support the findings of this study are openly available 
and can be accessed via the MIDUS Portal (https://midus.colectica. 
org/).

References

[1] World Health Organization. Cardiovascular diseases (CVDs) 2021.
[2] H.B. Hubert, M. Feinleib, P.M. McNamara, W.P. Castelli, Obesity as an independent 

risk factor for cardiovascular disease: a 26-year follow-up of participants in the 
Framingham Heart Study, Circulation 67 (1983) 968–977.

[3] J. Stamler, O. Vaccaro, J.D. Neaton, D. Wentworth, Diabetes, other risk factors, and 
12-yr cardiovascular mortality for men screened in the multiple risk factor 
intervention trial, Diabetes Care 16 (1993) 434–444.

[4] M. Helfand, D.I. Buckley, M. Freeman, R. Fu, K. Rogers, C. Fleming, et al., 
Emerging risk factors for coronary heart disease: a summary of systematic reviews 
conducted for the U.S. preventive services task force, Ann. Intern. Med. 151 (2009) 
496–507.

[5] K.M. MacMahon, G.Y. Lip, Psychological factors in heart failure: a review of the 
literature, Arch. Intern. Med. 162 (2002) 509–516.

[6] Z. Khayyam-Nekouei, H. Neshatdoost, A. Yousefy, M. Sadeghi, G. Manshaee, 
Psychological factors and coronary heart disease, ARYA Atheroscler. 9 (2013) 
102–111.

[7] C. Albus, C. Waller, K. Fritzsche, H. Gunold, M. Haass, B. Hamann, et al., 
Significance of psychosocial factors in cardiology: update 2018: position paper of 
the German cardiac society, Clin. Res. Cardiol. 108 (2019) 1175–1196.

[8] M. Friedman, R.H. Rosenman, Overt behavior pattern in coronary disease. 
Detection of overt behavior pattern A in patients with coronary disease by a new 
psychophysiological procedure, JAMA 173 (1960) 1320–1325.

[9] S. Sahoo, S.K. Padhy, B. Padhee, N. Singla, S. Sarkar, Role of personality in 
cardiovascular diseases: an issue that needs to be focused too!, Indian Heart J. 70 
(Suppl 3) (2018) S471–S4s7.

[10] A. Steptoe, G.J. Molloy, Personality and heart disease, Heart. 93 (2007) 783–784.
[11] M. Friedman, R.H. Rosenman, Association of specific overt behavior pattern with 

blood and cardiovascular findings; blood cholesterol level, blood clotting time, 
incidence of arcus senilis, and clinical coronary artery disease, J. Am. Med. Assoc. 
169 (1959) 1286–1296.

[12] M. Friedman, R.H. Rosenman, R. Straus, M. Wurm, R. Kositchek, The relationship 
of behavior pattern A to the state of the coronary vasculature. A study of fifty-one 
autopsy subjects, Am. J. Med. 44 (1968) 525–537.

[13] M. Friedman, S.O. Byers, R.H. Roseman, F.R. Elevitch, Coronary-prone individuals 
(type A behavior pattern. Some biochemical characteristics, JAMA 212 (1970) 
1030–1037.

[14] A. Rozanski, J.A. Blumenthal, J. Kaplan, Impact of psychological factors on the 
pathogenesis of cardiovascular disease and implications for therapy, Circulation 99 
(1999) 2192–2217.

[15] M. Myrtek, Meta-analyses of prospective studies on coronary heart disease, type A 
personality, and hostility, Int. J. Cardiol. 79 (2001) 245–251.

[16] R.B. Williams Jr., Refining the type A hypothesis: emergence of the hostility 
complex, Am. J. Cardiol. 60 (1987) 27j–32j.

[17] Y. Chida, A. Steptoe, The association of anger and hostility with future coronary 
heart disease: a meta-analytic review of prospective evidence, J. Am. Coll. Cardiol. 
53 (2009) 936–946.
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