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Abstract
Objective  A growing number of studies have been conducted on the relationship between anger and hostility and the risk 
of stroke, and their conclusions are not consistent. Accordingly, we performed a meta-analysis to evaluate the relationship 
between anger and hostility and the risk of stroke.
Methods  We searched the PubMed and Embase databases for cohort studies, focusing on the relationship between anger 
and hostility and risk of stroke. Then studies were selected according to the inclusion and exclusion criteria. Study results 
were pooled using a random effects model.
Results  Ten studies from seven articles involving 52,277 participants were included in this meta-analysis. No significant 
association was found between anger and hostility level and risk of stroke (hazard ratio 1.08; 95% confidence interval 
0.79–1.47). However, a positive association was seen when people with high socioeconomic status were excluded (hazard 
ratio 1.30; 95% confidence interval 1.06–1.59).
Conclusion  A higher level of anger and hostility is not associated with elevated risk of stroke. However, the association is 
positive among people with lower socioeconomic status.
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Introduction

Anger is an emotional state encompassing feelings of dif-
fering intensities, such as mild irritation, annoyance, intense 
fury and rage [1]. Hostility is a psychological notion includ-
ing negative emotion, cognition and behaviour towards oth-
ers [2]. Prior studies have found that high level of anger and 
hostility is associated with some risk factors of cardiovascu-
lar disease, including more alcohol and tobacco use, higher 

body mass index and hypertension [3–7]. Moreover, several 
prospective cohort studies [8–10] found that people with 
high levels of anger or hostility have a high risk of coronary 
heart disease. Later, a meta-analysis confirmed that anger 
and hostility are associated not only with risk but also with 
outcomes of coronary heart disease [1].

To date, a growing number of studies on the relation-
ship between anger and hostility and stroke have emerged. 
A case-crossover study found that anger is an independent 
trigger for ischemic stroke [11]. There have been several 
cohort studies on the risk of stroke; however, the results 
of these studies are conflicting. A study in Finland with an 
average follow-up period of 8.3 years found that the risk of 
stroke in a population with a high level of expressed anger 
was twice as high as that of a population with a low level of 
expressed anger [12]. However, another study with a follow-
up of 2 years studying a cohort of professionals reached the 
opposite conclusion. They concluded that moderate anger 
expression has a protective effect [13]. In addition, other 
studies have suggested that a high level of hostility has no 
impact on stroke risk [14]. The distinct results may be due 
to the differences in the study populations, the follow-up 
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periods, and the evaluation methods. Thus, performing a 
meta-analysis of these studies was necessary to explore the 
role of anger and hostility in the pathogenesis of stroke. The 
previous review only conducted a retrospective analysis of 
the literature and did not carry out a meta-analysis based on 
the different research results. To date, no meta-analysis has 
analysed the relationship between anger and hostility and the 
risk of stroke. Therefore, we conducted a meta-analysis on 
this issue. Although there are some differences in interpreta-
tion, anger and hostility are closely related and the boundary 
between them is vague; thus, we combined anger and hostil-
ity for our analysis [1, 15, 16]. We hope that we can better 
explore the relationship between anger, hostility and stroke 
risk and provide a scientific basis for the prevention of stroke 
vis-à-vis anger and hostility.

Methods

Search strategy

This meta-analysis was conducted according to the statement 
for meta-analysis of observational studies [17]. It was regis-
tered in the International Prospective Register of Systematic 
Reviews (CRD42018097436) [18].

We searched the literature published before May 2018 
in PubMed, Embase and Web of Science for cohort stud-
ies on the association between anger and hostility and risk 
of stroke. The search terms for PubMed were (stroke OR 
cerebrovascular disorder OR cerebrovascular disease OR 
cerebrovascular attack OR cerebral infarction OR intracra-
nial haemorrhage) AND (anger OR hostility OR aggression) 
AND (humans OR persons OR inpatients OR outpatients 
OR patients OR volunteers OR subjects OR participants). 
The search terms for Embase and Web of Science were simi-
lar. Moreover, we conducted a manual search by searching 
the reference lists of relevant articles.

Study selection

We included studies meeting the following criteria: (1) Eng-
lish language publication; (2) cohort study; (3) the exposure 
of interest was anger or hostility; (4) the outcome was stroke; 
(5) a relative risk (RR) or hazard ratio (HR) was available; 
and (6) the association between anger and/or hostility and 
the risk of stroke was evaluated. Reviews, letters, com-
mentaries, animal studies, case–control studies and cross-
sectional studies were excluded. If the same populations 
were reported in different studies, we included the study 
with longest follow-up period. Two investigators on our team 
screened all studies independently. Any disagreement was 
resolved by conferring with a third investigator.

Data extraction and quality assessment

Two investigators reviewed the included studies carefully 
and extracted the following information independently 
using a standard extraction form including study name, 
author, publication year, location, sample size, age, sex, 
follow-up time, exposure, categories of exposure, meth-
ods of measuring exposure, adjusted covariates, endpoints, 
outcomes ascertainment, number of cases, and RR or HR 
value with its 95% confidence interval (CI). We attempted 
to contact the authors when the information provided was 
insufficient. When different adjusted models existed in one 
study, we extracted the RR or HR value with the greatest 
number of adjusted confounding variables. Any discrep-
ancy was resolved by discussion with other investigators.

The quality of each study was assessed independently 
by the same two investigators using the Newcastle-Ottawa 
scale (NOS) [19], a nine-star scale for nonrandomized 
study quality assessment in meta-analyses. Briefly, this 
scale has three broad perspectives as follows: selection, 
comparability and outcome of studies. Studies awarded 
more than six stars were considered high-quality studies.

Statistical analysis

In the studies included in this meta-analysis, HRs or RRs 
were considered the effect size, and the majority of studies 
used Cox proportional hazard models and HRs to evalu-
ate the relationship between anger and hostility and risk 
of stroke. Thus, we chose HRs and 95%CI as the effect 
size and viewed RRs as HRs in the present meta-analysis. 
We used a random-effected model to pool the HRs in all 
the included studies and to calculate between-study het-
erogeneity. Because of different categories of exposure in 
these studies, we only used the HRs of the highest versus 
the lowest category. Heterogeneity among studies was 
assessed by the Cochran’s Q test and was considered sig-
nificant when P < 0.10. The I2 statistic was used to evalu-
ate the proportion of variance caused by heterogeneity in 
observed variance. Moreover, we used a prediction inter-
val (PI) to quantify the heterogeneity.

We also made a sensitivity analysis by removing one 
study at a time and evaluating the remaining studies to 
examine the effect of each single study and to analyse the 
source of heterogeneity. Studies included in this meta-
analysis took place in different countries and at different 
time, and the basic characteristics of the participants var-
ied. Moreover, inconsistent exposures and outcomes were 
used in these studies, and study quality was variable. As 
a result, we conducted a subgroup analysis based on the 
features of each study to explore additional details.
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All analyses were performed by Stata version 12.0 (Stata-
Corp, College Station, Texas, USA). All tests were two-
sided, and the significance level was set as 0.05, with the 
exception of the Cochran’s Q test for heterogeneity.

Results

Literature search

After searching PubMed, Embase and Web of Science, 
we identified 1515 articles (475 from PubMed, 482 from 
Embase and 558 from Web of Science). After removing 
duplicates and screening titles and abstracts, 42 articles 
remained. Then, we read the full texts carefully and fur-
ther excluded 35 articles. Finally, seven articles [12–14, 
20–23] were included in our meta-analysis. The details of 
the screening process are shown in Fig. 1.

Study characteristics

All included articles were cohort studies published between 
1999 and 2014 and involving 52,277 participants. Five arti-
cles were from the USA while two from Europe (Finland 
and Germany). The participants were all men in two articles 
and all women in one article. The mean or median follow-up 

time was more than 5 years in five articles. It is worth noting 
that the participants in two articles [14, 22] had coronary 
heart disease at baseline. Moreover, subjects in one article 
[13] were all professionals in various fields. Every article 
corrected for age, and most articles adjusted for the well-
known risk factors of stroke such as smoking, alcohol con-
sumption, body mass index and exercise. Five articles [13, 
14, 20–22] had only one measure in each of them. Except 
for three studies [13, 14, 22], the majority of the included 
studies are of high quality. The details of the study character-
istics are shown in Table 1. The result of quality assessment 
is shown in Table 2.

Meta‑analysis

Seven studies were included in the meta-analysis. The 
pooled HR was 1.08 (95% CI 0.79–1.47), with significant 
heterogeneity (I2 = 53.1%; p = 0.046; PI 0.46–2.54) (Fig. 2). 
Then, we conducted a sensitivity analysis by omitting one 
study at a time and found that one study [13] accounted 
for the observed heterogeneity (Fig. 3). In this study, the 
HR was 0.42 (95% CI 0.20–0.88). The pooled HR was 
1.30 (95% CI 1.06–1.59) with no significant heterogeneity 
(I2 = 0.0%; p = 0.478; PI 0.97–1.73) (Fig. 4) when this study 
was removed.

Fig. 1   Flow chart of study 
selection
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Subgroup analyses were conducted based on all the stud-
ies except one [13] because of the heterogeneity it brought. 
The results of subgroup analyses are shown in Table 3. The 
positive association between anger and hostility and stroke 
risk was consistent in Americans (1.37 [1.08–1.73]; I2 = 0.0; 
p for heterogeneity = 0.41), older people (≥ 60  years) 
(1.40 [1.01–1.93]; I2 = 16.3%; p for heterogeneity = 0.30) 
and people without coronary disease (1.33 [1.06–1.67]; 
I2 = 1.8%; P for heterogeneity = 0.38). Moreover, simi-
lar associations persisted after pooling studies with more 
participants (1.45 [1.11–1.89]; I2 = 1.6%; p for heterogene-
ity = 0.31), higher quality (1.33 [1.06–1.67]; I2 = 1.8%; p 
for heterogeneity = 0.38) and follow-up longer than 5 years 
(1.34[1.09–1.66]; I2 = 0.0%; p for heterogeneity = 0.54). 
However, the association was of no statistical significance 
in Europeans, younger people, people with coronary dis-
ease, and after pooling studies with less participants, shorter 
follow-up, and lower quality. It is noteworthy that although 
the stroke risk increased significantly when we put anger 
and hostility together, neither anger (1.23 [0.97–1.57]) nor 
hostility (1.41 [0.86–2.29]) alone had a significant effect on 
the risk of stroke.

Discussion

This meta-analysis of cohort studies showed no significant 
association between anger and hostility and risk of stroke. 
However, it showed that anger and hostility significantly 
contribute to a higher risk of stroke when one study focus-
ing on male health professionals [13] was excluded, and this 
association was more obvious in Americans, people more 
than 60 years old and people without coronary disease than 
in Europeans, people less than 60 years old and people with 
coronary disease.

Most of the studies did not find a significant association 
between anger and hostility and risk of stroke. However, 
one study based in Finland [12] found that men with the 
highest level of expressed anger have double the risk of 
stroke compared to men with the lowest level of expressed 
anger. Similarly, 15 years later, another study [23] based in 
the U.S. found the same association between hostility and 
risk of stroke. However, the opposite result was shown in a 
study [13] enrolling healthy American male professionals. 
In this study, anger expression was inversely associated with 
the risk of stroke and the participants were of high socio-
economic status (SES), which may have led to a different 
conclusion. Additionally, the follow-up time in this study 
was only 2 years, which was far less than that of other stud-
ies. As a result, it is difficult to detect differences between 
control and exposed groups. Nonetheless, other factors could 
weigh heavily in studies with distinct results, such as differ-
ent measures of exposure, locations and ages of participants.Ta
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Studies have shown that people with higher levels of 
anger and hostility are more likely to have additional fac-
tors that are known to affect health, such as smoking, alco-
hol consumption, caffeine consumption, physical inactivity, 
elevated lipid ratios, elevated BMI and hypertension [6, 22, 
24], and the effect of anger and hostility on increasing the 
risk of stroke is attenuated after adjusting for these factors 
[14, 20, 23]. Thus, these factors may be potential mediators 
that increase stroke risk. A previous meta-analysis showed 
that hostility, aggression, or type-A behaviour were asso-
ciated with increased cardiovascular (heart rate or blood 
pressure) reactivity [25]. Moreover, high-hostile people had 
shorter telomeres and elevated telomerase activity, which 
can promote cellular ageing [26]. In addition, anger and 

hostility are also associated with poor endothelial function 
[27], high platelet reactivity [28, 29], high levels of inflam-
matory biomarkers [30–33] and high cortisol concentrations 
[33, 34]. All these effects may lead to increased stroke risk. 
However, the situation may be different for people with high 
SES. First, people with different SES may have different 
understandings of anger and hostility. Second, high-SES par-
ticipants may have more resources to treat the potentially 
adverse effects of anger expression [35, 36]. Third, anger 
expression may be a reliable index of social privilege for 
those who have high SES and express anger when feeling 
dominant and privileged, and anger expression may be stress 
release and thus leads to fewer negative social or physiologi-
cal consequences [37]. Under these circumstances, anger 

Table 2   Quality assessment

a Adjusted variables in different studies are listed in Table 1
b Studies with more than 5 years of follow-up are indicated by ☆

References Selection Comparabilitya Outcome/exposure

1 2 3 4 1 1 2b 3

Everson et al. [12] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆
Chaput et al. [14] ☆ ☆ ☆ ☆ ☆
Williams et al. [20] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆
Eng et al. [13] ☆ ☆ ☆ ☆ ☆ ☆
Stürmer et al. [21] ☆ ☆ ☆☆ ☆ ☆ ☆
Wong et al. [22] ☆ ☆ ☆ ☆ ☆
Everson-Rose et al. [23] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

Fig. 2   Forest plot of anger and hostility and risk of stroke
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and hostility expression may be health protective, which is 
consistent with a study by Eng et al. [13].

Our study has several strengths. First, this study is the 
first quantitative analysis concerning anger and hostility 
and the risk of stroke, garnering a clearer comprehension 
on the effect of psychosocial factors. Furthermore, all the 
studies included in our analysis are cohort studies, and 

most of them are of high quality. As a result, selection 
bias, recall bias and reverse causality were largely reduced. 
Finally, PI was used to evaluate the heterogeneity in our 
analysis because the I2 statistic is not an absolute measure 
of heterogeneity according to recent findings [38]. The PI 
in this meta-analysis indicates that it is possible for future 
studies to show both increased and decreased stroke risks 

Fig. 3   Sensitivity analysis

Fig. 4   Forest plot when omitting the study enrolling people with high SES
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in people with higher anger and hostility levels compared 
to those with lower anger and hostility levels.

Our study has some limitations. First, all participants 
in our analysis were Americans and Europeans; therefore, 
the effect of anger and hostility on stroke risk may not be 
generalizable to people from other areas. Second, the level 
of anger and hostility was assessed by self-report question-
naires in all studies. Thus, measurement error may exist 
and the association between anger and hostility and risk 
of stroke may be understated. Moreover, the evaluation 
criteria for anger and hostility were not consistent between 
studies. However, the criteria used are all reliable and well 
accepted. Third, confounding factors listed in each study 
varied, and there may be other risk factors that should 
be adjusted. We chose RRs with the greatest number of 
adjusted confounding factors in our meta-analysis. Fourth, 
our meta-analysis did not focus on stroke subtypes, such 
as cerebral infarction and cerebral haemorrhage, because 
no relevant literature was found on such subtypes. Future 
studies should include specific stroke subtypes. Finally, 
considering the observational design of the included stud-
ies, the possibility of residual confounding could not be 
excluded.

Conclusions

In summary, the results from this meta-analysis do not 
support the hypothesis that a higher anger and hostility 
level is associated with elevated risk of stroke. However, 
a positive association is shown when people with high 
SES are excluded. Studies with lager sample sizes and 
longer follow-up periods are required to confirm these 
conclusions.
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Table 3   Subgroup analysis of 
the risk of stroke

No. of 
studies

HR (95%CI) p for hetero-
geneity

I 2 (%) p for test

Sex
 Male 1 1.21 (0.76–1.90) – – –
 Female 1 0.83 (0.39–1.78) – – –

Location
 U.S. 4 1.37 (1.08–1.73) 0.41 0.0 0.01
 Europe 2 1.10 (0.73–1.65) 0.37 0.0 0.65

No of participants
 ≥ 5000 2 1.45 (1.11–1.89) 0.31 1.6 0.01
 < 5000 4 1.11 (0.81–1.52) 0.59 0.0 0.52

Follow-up
 ≥ 5 years 5 1.34 (1.09–1.66) 0.54 0.0 0.01
 < 5 years 1 0.83 (0.39–1.78) – – –

Quality
 ≥ 7 5 1.33 (1.06–1.67) 0.38 1.8 0.01
 < 7 2 1.12 (0.67–1.89) 0.30 8.5 0.66

Mean age
 ≥ 60 years 3 1.40 (1.01–1.93) 0.30 16.3 0.04
 < 60 years 3 1.14 (0.84–1.55) 0.64 0.0 0.41

Exposure
 Anger 4 1.23 (0.97–1.57) 0.66 0.0 0.09
 Hostility 3 1.41 (0.86–2.29) 0.18 40.8 0.17

Participants
 With coronary disease 2 1.12 (0.67–1.89) 0.30 8.5 0.66
 Without coronary disease 4 1.33 (1.06–1.67) 0.38 1.8 0.01
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