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Aims Anger may increase the risk of cardiovascular diseases (CVDs) but previous findings are inconclusive and large prospect-
ive studies are needed. We investigated whether frequency of strong anger is associated with the incidence of specific
CVDs and CVD mortality, and if sex, age, and cardiometabolic risk factors modify these associations.

Methods We used data from a population-based cohort of 47 077 Swedish adults (56—94 years of age) who completed question-

and results naires regarding their experience of anger, lifestyle habits, and health characteristics. Participants were followed for in-
cident cardiovascular outcomes and death up to 9 years through linkage to the Swedish National Patient and Death
Registers. Hazard ratios and confidence intervals adjusted for potential confounders were assessed.

In multivariable analyses, frequent episodes of strong anger were associated with an increased risk of heart failure,
atrial fibrillation, and CVD mortality [hazard ratios (95% confidence intervals) =1.19 (1.04-1.37), 1.16 (1.06-1.28),
and 1.23 (1.09-1.40), respectively]. The link between anger frequency and heart failure was more pronounced in
men and participants with a history of diabetes. No evidence of an independent association of anger frequency with
risk of myocardial infarction, aortic valve stenosis, and abdominal aortic aneurysm was found.

Conclusion Our findings indicate that anger may contribute to the development of specific CVDs and CVD mortality, especially heart
failure in men and in those with diabetes.
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Introduction

As the major cause of severe long-term disability and pre-mature
death, cardiovascular diseases (CVDs) impose a large burden on
healthcare systems and society. In addition to traditional risk factors
for CVDs (e.g. obesity, Type 2 diabetes, hypertension, and smoking),
psychological factors, such as anxiety, depression, and stress, have
been associated with an increased risk of some CVDs."™ Negative
emotions, including strong anger, may also influence the risk of
CVDs. A meta-analysis of nine case-crossover studies found an in-
creased risk of myocardial infarction (M), acute coronary syn-
dromes, stroke, and ventricular arrhythmia in the 2 h following
outbursts of anger.* While there is evidence that strong anger may
trigger acute cardiovascular events, the long-term influence of anger
on CVD events has scarcely been investigated and the scarce avail-
able data are inconsistent. Several cohort studies have indicated
that anger (higher anger expression, frequent episodes of anger, or
trait anger) is linked to higher risk of total CVD,’ atrial fibrillation
(AF).® coronary heart disease (CHD),”® heart failure (HF),” and
CVD mortality,’® but other cohort studies and meta-analyses
showed no such associations'""? or demonstrated an inverse rela-
tionship with some CVDs such as Ml and stroke.'® There appear
to be no cohort studies of anger and the incidence of aortic valve
stenosis (AVS) or abdominal aortic aneurysm (AAA). Moreover, it
remains unclear whether age, sex, and modifiable factors for CVDs
(e.g. metabolic disorders) modify these associations.

» Atrial fibrillation (5180 cases), 16% 1
> CVD mortality (3416 cases), 23% 1

>

{ No association with: }

» Myocardial infarction (2102 cases)
» Aortic valve stenosis (522 cases)

» Abdominal aortic aneurysm (672 cases)

Here we report the findings from a population-based cohort study
of 47 077 middle-aged and elderly men and women in which we in-
vestigated whether the self-reported frequency of episodes of strong
anger is associated with the later occurrence of specific CVDs, in-
cluding MI, HF, AF, AVS, AAA, as well as with overall CVD mortality.
In addition, we investigated whether age, sex, and a history of cardi-
ometabolic CVD risk factors modify these associations.

Methods

Study population

We used data from the national research infrastructure SIMPLER (Swedish
Infrastructure for Medical Population-based Life-course Environmental
Research) that include the Cohort of Swedish Men (COSM) and the
Swedish Mammography Cohort (SMC). COSM and SMC are population-
based longitudinal cohorts which were designed to investigate the link be-
tween dietary exposures, lifestyle, and disease outcomes.™ Details of the
study cohorts have been reported elsewhere.™ Briefly, the SMC was estab-
lished between 1987 and 1990, when all women living in Vastmanland and
Uppsala counties and born between 1914 and 1948 received a questionnaire
on dietary habits and other characteristics (90 303 women invited, 74% re-
sponse rate). The COSM was established in 1997 and included men living in
Vistmanland and Orebro counties, born between 1918 and 1952 (100303
men invited, 49% response rate).™ In 1997, the 56 030 participants of SMC
who were still alive and resided in the study area received an expanded diet
and lifestyle questionnaire similar to one sent to COSM participants (70%
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respond rate)." Questionnaire sent to the participants in 1997 did not in-
clude questions related to experience of anger. Therefore, information on
lifestyle and health characteristics for the present study was obtained with
structured questionnaires in 2008 and 2009 supplemented with national
registry information. In the present analysis, we excluded individuals who
died or had a specific CVD endpoint prior to 1 January 2009, as verified
through linkage to the Swedish National Patient and Death Registers. In add-
ition, we excluded those who had missing information on anger (see
Supplementary material online, Figure S1). This left 47077 eligible partici-
pants (21442 women and 25635 men) with a mean baseline age of 70
(56-94) years. In the statistical analysis of each CVD outcome, we excluded
individuals with a diagnosis of the corresponding specific CVD before start of
a follow up (e.g. those who received diagnosis of AF before baseline were
excluded from the analysis of AF), as determined through linkage to the
Swedish National Patient Register and based on the International
Classification of Diseases (ICD) codes. The number of prevalent CVD cases
excluded in each analysis is shown in Supplementary material online,
Figure S1. The study was conducted following the Helsinki declaration, and
has been approved by the Swedish Ethical Review Authority. Participants
provided written informed consent.

Exposure and cardiometabolic
risk factor assessment

In 2008-9, participants completed questionnaires that included in-
formation on how often they experienced strong anger. Frequency
of feelings of strong anger was assessed by a single question without
a specified period of time: ‘How often do you feel strong anger?” A
similar single question has been used in previous studies to evaluate
anger frequency.'®"® Participants indicated how many times per day
or week they generally experience strong anger. ‘Never’ or ‘seldom’
was also possible responses. Individuals were divided into two
groups: those who never or seldom felt strong anger and those
who indicated generally having feelings of strong anger at least
once a week. Educational attainment, employment status, smoking,
alcohol consumption, weight, height, physical activity, and history
of diabetes, depression, hypertension, and hypercholesterolaemia
were assessed with structured questionnaires. A history of diabetes
was defined based on the first available record of any type of diabetes
mellitus (based on the ICD 8th, 9th, and 10th revision codes) before
start of baseline, self-reported diabetes at baseline, glucose-lowering
drug prescription (based on the Swedish Prescribed Drug Register),
and information from the National Diabetes Register.

Identification of incident cardiovascular
disease outcomes, cardiovascular

disease-related mortality and follow up

Information regarding specific CVDs and death were obtained by
linkage to the Swedish National Patient Register and the Cause of
Death Register using the unique personal identification number as-
signed to all Swedish residents. The Patient Register contains infor-
mation on all inpatient diagnosis since 1987 and outpatient
specialist care since 2001." Incident cases were classified according
to the ICD 10th revision codes as follows: acute Ml (121), HF (150 and
[11.0), AF (148), AVS (I135.0 and 135.2), AAA (171.3 and 171.4), and
CVD mortality (100-199, primary cause of death). Participants were
followed up from 1 January 2009 to the date of diagnosis of CVD

or CVD mortality, death from any cause, or 31 December 2017,
whichever occurred first.

Statistical analysis

Descriptive data are presented as mean (standard deviation) or as
percentages. Cox proportional hazards regression models were
used to estimate hazard ratios (HRs) and corresponding 95% confi-
dence intervals (Cls) for specific CVDs. The main exposure variable,
frequency of the experience of strong anger, was treated as a binary
variable (at least once a week vs. never/seldom). A basic model incor-
porated age (as the time scale) and sex (as a stratification variable). In
the first multivariable model, we added social and lifestyle factors as
covariates including education (less than high school, high school, or
university), employment status (working or not working), cigarette
smoking (never, former, or current smokers), alcohol consumption
(never drinkers; past or current drinkers of <1 drink/week; <7
drinks/week; 7 to <15 drinks/week; 15-21 drinks/week; or >21
drinks/week), walking/bicycling (never/seldom; <20 min/day; 20—
40 min/day; or >40 min/day), and exercise (almost never; <1 h/
week; 1 hiweek; 2-3 h/week; 4-5 h/week; or >5 h/week). In the se-
cond multivariable model, we additionally adjusted for body mass in-
dex (weight divided by the square of height; <22.5, 22.5-24.9, 25.0—
29.9, or >30 kg/m?), and history of hypercholesterolaemia (nofyes),
depression (nolyes), diabetes (nofyes), and hypertension (nofyes).
Potential confounders were selected using directed acyclic graphs'®
based on our knowledge of the relationships among potential con-
founders, intermediate variables, exposure, and outcome variables,
as well as on existing information regarding factors associated with
CVD and anger.

Proportional hazard assumptions were assessed by Schoenfeld’s
test. We examined multiplicative interactions of the experience of
strong anger with sex, age, and a history of metabolic risk factors
for CVDs. The proportion of missing data on the potential confoun-
ders in the analysis was small (<3%), and a separate category for vari-
ables containing missing values was created. With regard to CVD
mortality, we performed a sensitivity analysis additionally excluding
individuals who were diagnosed with any CVD before the start of
a follow up (n=7625). All statistical tests were two sided, and the
analyses were performed using Stata version 15.1 (StataCorp,
College Station, TX, USA).

Results

In total, 4266 participants (9%) reported experiencing strong anger
once a week or more often. Baseline characteristics of study partici-
pants according to frequency of anger episodes are shown in Table 1
and Supplementary material online, Table S1. Compared with parti-
cipants who seldom or never experienced strong anger, those who
indicated frequent episodes were more likely to report a history of
depression, but there were only modest differences in age, sex, edu-
cational level, employment status, smoking status, alcohol intake,
body stature, leisure time physical activity, prevalence of diabetes,
and hypercholesterolaemia (Table 1).

The numbers of incident CVD events during up to 9 years of fol-
low up can be found in Figures 1 and 2 and see Supplementary
material online, Table S2. For example, there were 2640 incident
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Table 1 Baseline characteristics of the study participants according to reports of strong anger

Characteristics

All
Number of participants 47077
Age at baseline, years, mean (SD) 70.0 (8.1)
Men, % 545
Education >12 years, % 21.3
Full-time or part-time employed, % 26.7
Cigarette smoking, %
Former smokers 36.6
Current smokers 8.5
Alcohol intake >15 drinks/week, % 34
Walking/bicycling >40 min/day, % 333
Exercise >2 h/week, % 15.0
Body mass index, kg/mz, %
25.0-29.9 41.6
>30.0 13.3
History of depression, % 8.4
History of hypertension, % 421
History of hypercholesterolaemia, % 254
History of diabetes, % 10.8

Frequency of strong anger

42811 4266
702 (8.1) 67.9 (7.4)
548 51.3
208 26.1
26.1 334
36.1 4.1
8.4 9.6
33 44
335 316
15.0 156
416 410
130 159
75 17.3
42.1 423
25.2 27.0
107 118

SD, standard deviation.

HF events identified in this cohort during 377 406 person-years of
follow up. In the final multivariable model, frequent episodes of
strong anger were associated with a 19% higher risk of HF (HR,
1.19; 95% Cl, 1.04-1.37). In addition, a 16% higher risk of AF and
23% higher risk of CVD mortality were found in participants who re-
ported frequent episodes of strong anger (HR, 1.16; 95% Cl, 1.06—
1.28; and HR, 1.23; 95% CI, 1.09-1.40, respectively; Figure 1, see
Supplementary material online, Table S2 and Graphical abstract).
We found no link between frequency of self-reported anger and
risk of MI, AVS, or AAA (Figure 1, see Supplementary material
online, Table S2 and Graphical abstract).

No interaction between frequent experience of strong anger and
age was found for any CVD outcome (P for interaction >0.60, basic
model; in this model, age was added as a covariate, not as the time
scale). However, a statistically significant interaction with sex was ob-
served in relation to incidence of HF only (P for interaction =0.04,
basic model; in this model, sex was added as a covariate).
Subsequent multivariable analyses revealed a significant association
of anger frequency and incidence of HF in men (HR, 1.30; 95% Cl,
1.10-1.54) but not among women (HR, 1.02; 95% Cl, 0.81-1.29;
Figure 2). In addition, there was a significant interaction of anger
with diabetes history in relation to HF (P for interaction =0.048,
basic model). The association was more pronounced in participants
with a history of diabetes (multivariable HR, 1.39; 95% Cl, 1.06—1.84)
than in those without a diabetes history (Figure 2). No significant
interaction of strong anger with BMI, history of hypertension, or
hypercholesterolaemia in relation to any CVD outcome was ob-
served (P> 0.10, basic model).

In a sensitivity analysis, the findings for CVD mortality were similar
after additional exclusion of participants with any CVD before

baseline (multivariable HR, 1.28; 95% Cl, 1.08-1.53; n =39 452, num-
ber of cases=1811).

Discussion

In our large cohort study, we found positive associations of the fre-
quency of the experience of strong anger with the incidence of HF,
AF, and CVD mortality. There was some evidence that the link be-
tween frequent episodes of strong anger at baseline and risk of HF
varied by sex and history of diabetes. Thus, our findings demonstrate
that men as well as participants with a history of diabetes at baseline
who experienced frequently strong anger are at particular risk of HF.
No evidence of an association of anger frequency with risk of M,
AVS, and AAA was found.

Our findings of a positive association between anger and incident
HF agrees with the results from a cohort of 13 171 middle-aged men
and women in the USA, which indicated a 26% increased risk of HF in
men with high trait anger compared with low trait anger. No evi-
dence of the association of anger-proneness and risk of HF was ob-
served in women in this study.” In contrast, a multiethnic
population-based study of 6782 initially healthy individuals (242 total
incident HF cases) did not find an association of anger and other psy-
chosocial factors with risk of incident HF."" The observed inconsist-
ency of these findings with the others could be related to the smaller
sample size and relatively small number of cases in the latter study."’

Prospective cohort studies evaluating the association of anger and
risk of AF are limited and inconsistent. Our analysis indicates that fre-
quent episodes of anger may increase the risk of AF. Another cohort
study of 3873 men and women (age range 18-77 years) also
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Qutcome Number of cases HR (95% Cl)

Strong anger

No Yes
Myocardial infarction 1919 183 - 1.10(0.94, 1.28)
Heart failure 2414 226 4 1.19 (1.04, 1.37)
Atrial fibrillation 4720 460 —_— 1.16 (1.06, 1.28)
Aortic valve stenosis 478 44 ¢ 1.12 (0.82, 1.53)
Abdominal aortic 616 56 0.99 (0.75, 1.30)
aneurysm
CVD mortality 3141 275 4 1.23 (1.09, 1.40)

T T T T
0.75 1 1.25 1.5 16

HR (95% CI)

Figure 1 Multivariable hazard ratio (95% confidence interval) of cardiovascular diseases and cardiovascular disease mortality according to reports
of frequency of strong anger. The Cox proportional hazards regression model was adjusted for age (underlying time scale), sex (as a stratification
variable), education, employment status, cigarette smoking, alcohol intake, walking/bicycling, exercise, body mass index, and history of hyperchol-
esterolaemia, hypertension, diabetes, and depression. Cl, confidence interval; HR, hazard ratio.

demonstrated a relationship of measures of anger and hostility and
increased risk of AF in men.® However, no association of anger
and AF risk was observed in a multiethnic study of 6644 partici-
pants.” Several studies investigated the link of different anger-related
measures, mainly hostility, and all-cause mortality risk, indicating a

61819 or null findings.m'20 In addition, a recent

positive association
cohort study of 17 352 men reported that frequent episodes of an-
ger are associated with a 17% increased risk of CVD death over the
20-year follow-up period."® Our study, which included women as
well as men, confirms these findings.

Our results on anger and Ml support findings of other cohort stud-
ies that did not find a significant association of measures of anger and
risk of MI”?! but our estimates cannot rule out modestly strong as-
sociations. Other cohort studies in men have reported that high le-
vels of hostility or anger are associated with a considerably elevated
risk of acute MI.**?? Interestingly, a study of 23 522 male health pro-
fessionals (aged 50-85 years) demonstrated a reduced risk of non-
fatal Ml during a 2-year follow up in participants with moderate levels
of anger-out expression (outwardly expressive behaviour in re-
sponse to feeling angry), whereas no association of high levels of an-
ger expression and incidence of Ml was observed."® The conceptual
difference between anger, cynical hostility, and aggression used as ex-
posure variables in different studies could explain discrepancies

between findings of the studies’ in relation to MI. For example, hos-
tility is considered as a cognitive characteristic, a negative aggressive
attitude towards other people consisting of denigration, enmity, and
ill will. 2* Anger, on the other hand, is a negative emotion of different
intensity and as a personality trait, it refers to the tendency to experi-
ence frequent episodes of this emotion.?* Aggression is described as
a verbal and physical behaviour involving attacking and destructive ac-
tions.* We are unaware of any study of anger measures in relation
to risk of AVS and AAA.

In the available literature, anger-related measures were evaluated
with various instruments (e.g. the Spielberger Trait Anger Scale or

. 10,17
Framingham scales®'®

10,13
quency

or with a single question of anger fre-
). The discrepancies in the results of different studies
that investigated the relationship with the risk of specific CVDs or
CVD mortality may be at least partially explained by differences in
methodological tools or small number of cases. In addition, a number

of studies had a case-crossover design®>*

27-29

or were performed on
populations with pre-existing CVDs, and so were open to re-
porting bias or reverse causation. Another consideration is that
the associations of anger with CVDs may vary by ethnicity.’

The sex-specific association of anger with HF observed in our
study may be related to different ways of anger expression and cop-

ing style among women and men,* biological (e.g. levels of sex
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Number of cases HR (95% CI)
Strong anger

No Yes
Women 945 78 + 1.02 (0.81, 1.29)
Men 1469 148 o 1.30 (1.10, 1.54)
No history of DM 1973 167 4 1.14 (0.97, 1.34)
History of DM 441 59 . g 1.39 (1.08, 1.84)

T T T T
0.79 1 1.3 1.6 1.9

HR (95% CI)

Figure 2 Multivariable hazard ratio (95% confidence interval) of heart failure according to anger frequency stratified by sex and history of dia-
betes. The Cox proportional hazards regression model was adjusted for age (underlying time scale), sex (as a stratification variable, analysis by dia-
betes history), education, employment status, cigarette smoking, alcohol intake, walking/bicycling, exercise, body mass index, and history of
hypercholesterolaemia, hypertension, diabetes (analysis by sex), and depression. Cl, confidence interval; HR, hazard ratio; DM, diabetes mellitus.

hormones)®' and lifestyle differences, and comorbidities. Several
previous studies and meta-analyses have also reported sex-specific
relationship of anger measures with CVD events and cardiometa-
bolic risk factors, and demonstrated a stronger association in men
than in women.3%*3

There is still uncertainty in the findings of anger and specific CVDs
risk, and factors other than sex and age may influence these associa-
tions. Besides sex differences, we have found that the association of
anger frequency and risk of HF is stronger in participants with a his-
tory of diabetes, suggesting that diabetes may modify this association.
Evidence suggests that the prevalence of anxiety and depression is
higher in individuals with diabetes mellitus than in healthy con-

3435
trols,”™

and mood changes associated with fluctuations of blood
glucose levels in participants with insulin-dependent diabetes mellitus
have been previously reported.*® Mood changes such as anger and
hostility often accompany depression including patients with dia-
betes.>” However, these relationships are likely bidirectional, and
psychosocial factors may increase the risk of diabetes.*® In addition,
diabetes is associated with a higher risk of CVDs and CVD mortal-
ity.>? For example, epidemiological and clinical studies report a
high prevalence of HF in patients with prediabetes or diabetes.*
Although the exact biological mechanism by which anger may in-
crease the risk of specific CVDs remains unknown, several potential
pathways may explain the role of anger in the development of CVDs
such as exposure to stress and physiological response to stress (e.g.

increased heart rate and blood pressure), inflammation, unfavourable
lifestyle, and behaviour choices. Irritability and anger can appear as a
consequence of acute or chronic stress. Psychosocial stress activates
neuroendocrine stress—response systems, the sympathetic—adrenal—
medullary system, and hypothalamus—pituitary—adrenal—cortical axis
system, which results in release of adrenaline, noradrenaline, and cor-
tisol as well as increased heart rate and blood pressure.*! For ex-
ample, anger and hostility have been linked to elevated cortisol
Ievels,42 which have been associated with cardiometabolic risk fac-
tors such as metabolic syndrome components® as well as with
AF,** CVD morbidity** and mortality.*®

Strength and limitations

There are several strengths of our study, including a large sample size
providing a large number of cases of a broad range of CVD out-
comes, complete case identification with no loss to follow up, adjust-
ment for potential confounders, and inclusion of both women and
men. We cannot exclude that pharmacological agents used to treat
metabolic conditions and not considered in the present analysis,
could affect the expression of anger and risk of CVDs. In addition,
as anger was measured with a single question, we cannot distinguish
between ‘anger-in’ (anger suppression and direction it towards
themselves) and ‘anger-out’ (anger expression directed towards



Anger frequency and cardiovascular health

others) behaviours.*” Furthermore, although we excluded individuals
with prevalent specific CVDs based on the ICD codes, participants
did not undergo clinical diagnostic investigations at baseline, and
therefore we cannot rule out any pre-existing but undiagnosed
forms of CVD. We conducted several interaction analyses for several
outcomes, and we cannot rule out that the observed interactions are
chance findings. Since our study included women and men of mainly
northern European origin, our findings might be not generalizable to
other ethnic groups. Finally, due to the observational nature of this
study, we cannot exclude residual and unmeasured confounding.

Conclusion

In the present study, frequent experience of strong anger was asso-
ciated with increased risk of HF, AF, and CVD mortality in the initially
healthy middle-aged and older individuals. A stronger association of
anger frequency with risk of HF was found in men and participants
with a history of diabetes. Our findings extend the recent biological
and epidemiological findings that anger may contribute to the devel-
opment of specific CVDs and CVD mortality.
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