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State Anger and the Risk of Injury: 
A Case-Control and Case-Crossover Study

ABSTRACT
PURPOSE Previous studies have examined anger at a given moment (state anger) 
and proxies for injury, or anger as a trait and injuries per se. Findings have been 
inconsistent. We sought to defi ne further the relationship between state anger and 
risk of injury. 

METHODS We conducted a case-control and case-crossover study in all 3 emer-
gency departments in 1 county in Missouri. Cases were patients seeking care for 
an acute injury. They were compared with 2 controls: the patient himself or her-
self 24 hours before, and an individual recruited by telephone from the commu-
nity and matched for age-group, sex, and time. Self-reported anger was assessed 
with 3 Likert scale items. Anger just before the injury was compared in case-cross-
over analyses with the respondent’s own level of anger 24 hours before, and in 
standard case-control analyses with community participants’ level of anger at the 
same hour the same day of the week in a subsequent week.

RESULTS Of 2,517 patients, 2,446 provided data on anger just before the injury, 
and 2,117 reported data for 24 hours before injury. Of 1,856 community indi-
viduals, 1,533 provided complete data. Anger was prevalent. Of injured patients, 
9%, 7%, and 4% reported feeling “quite a bit” or “extremely” “irritable,” “angry,” 
and “hostile,” respectively, just before injury. Odds ratios for risk of injury were 
notably higher for greater degrees of anger; for example, for “angry,” they were 
1.8 (95% confi dence interval, 1.1- 2.7) for “quite a bit” and 7.2 (3.9-13) for 
“extremely.” Odds ratios in women were substantially lower than those in men. 
Anger was not associated with fall and traffi c injuries, but anger was strongly 
associated with intentional injuries infl icted by another person in both men and 
women.

CONCLUSIONS High levels of self-reported state anger increase the risk of injury, 
especially among men, and specifi cally the risk of intentional injury in both sexes.

Ann Fam Med 2006;4:63-68. DOI: 10.1370/afm.390.

INTRODUCTION

Anger is a common, complex emotion that may be associated with 
health and illness1-4 and with injury risk. It can be considered as 
 state anger, an episode of anger occurring at a specifi ed time, and 

as trait anger, an aspect of personality.3,4 Findings in previous research 
into the relationship between state or trait anger and injury have been 
inconsistent.

Anger may increase the risk of injury. A cohort study of 100 drivers 
followed up for 2 weeks found associations between state anger and “near 
accidents”5 but did not address injury as such. Two other cohort studies 
found associations with trait anger, one with motor vehicle crashes6 and 
another with football injuries.7 A 6-year Finnish cohort study found base-
line trait hostility associated with subsequent all-cause injury (odds ratio 
[OR] = 1.5) among men, but not among women.8

On the other hand, anger may not be associated with injury. Case-
control studies of injured rugby players9 and people with hand injuries10 
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found no association between trait anger and injury. In 
a survey of US drivers, acting on anger by engaging in 
threatening driving behaviors was associated with the 
person’s overall crash experience, but the relationship 
between state anger and a specifi c crash event was not 
examined.11

The studies we found examined either trait anger 
and injury, or state anger and a proxy for injury. None 
examined state anger and the risk of an injury occurring 
during that episode of anger. We therefore undertook 
a case-control and case-crossover study to defi ne better 
the relationship between state anger and injury. 

METHODS
Study Participants
Cases were patients seeking care at any of the 3 emer-
gency departments in Boone County, Mo, within 48 
hours of an injury between February 1998 and March 
2000; hereafter, they are referred to as injured patients. 
Structured interviews were conducted by trained research 
staff in the emergency departments during systematically 
selected times (covered shifts) and with more severely 
injured patients in the hospital generally within 2 days of 
injury. We included injuries that had an identifi ed time of 
occurrence and a mechanism listed in the Supplementary 
Classifi cation of External Causes of Injury and Poisoning 
(E code) in the International Classifi cation of Diseases, 9th edition.

These injured patients were matched with 2 com-
parison groups. First, each injured patient’s self-reported 
level of anger just before the injury was compared with 
the same person’s anger at the same time the previous 
day, using a case-crossover design,12 which has been 
used to study alcohol and the risk of injury13 and anger 
and the risk of a myocardial infarction,14,15 but has not 
been used to study anger and injury. 

Second, controls were recruited from the commu-
nity by random-digit dialing and matched to injured 
patients from covered shifts by age-group, sex, and 
rural vs urban residence; hereafter, they are referred 
to as community participants. At the time of the 
interview, each community participant was further 
matched to a specifi c injured patient’s injury event by 
day of week, and the interview then focused on emo-
tions and other variables at the hour of injury. Inter-
views were conducted from October 1999 through 
September 2000, and were generally matched within 
2 months of the injured patient’s injury date 1 or 2 
years later. Analyses compared the injured patient’s 
level of anger just before the injury with the commu-
nity participant’s level of anger at the matched time. 
The response rate among community members was 
47%. Details of subject recruitment and enrollment 
are given in a previous report.13

Data Collection
Emotions were measured by self-report using 21 single 
words or short phrases. We chose 18 items from the 
Positive and Negative Affect Schedule (PANAS)16,17 
and added 3 others. The 21 items assessed positive 
emotions (eg, “daring,” “alert,” “excited”) and nega-
tive emotions (eg, “sad,” “sleepy,” “scared”). The items 
relating to externally directed anger were all from the 
original PANAS—”irritable,” “angry,” and “hostile.” 
Answer options used the PANAS’s original 5-point 
scale, from “not at all” to “extremely.” In selecting 
items, our goal was not to measure positive and nega-
tive affect as global constructs, but rather to measure 
different emotional states separately. Traits were not 
assessed, and questions addressed only the moments 
specifi ed. 

Interviews began with a review of the injury event 
for injured patients or, for community participants, 
activity at the matched day and hour. For both, we 
asked where they were, what they were doing, and 
whom they were with. Injured patients were asked 
these questions about location and activity a second 
time, focusing on the time 24 hours before the injury. 
Participants then responded to each of the 21 affect 
items based on their emotional state at the time in 
question. Injured patients went through the 21 items 
twice, answering how they felt just before injury and 
24 hours before. Community participants went through 
the list only once, focusing on the matched time.

All participants reported their alcohol consumption 
in the 6 hours before the injury in number of drinks. 
One drink was defi ned as 12 ounces of beer, 5 ounces 
of wine, or 1.5 ounces of liquor. Injured patients’ attri-
butions of responsibility for their injury were assessed 
with 2 items scored on ordinal 5-point scales: “How 
much do you feel you were responsible for your 
injury?” and “How much do you feel someone else was 
responsible?”

Statistical Analyses
The unit of analysis was an injury event. Odds ratios 
and 95% confi dence intervals were computed using 
conditional logistic regression,18 matching on indi-
vidual in case-crossover analyses and on age-sex-time 
strata in case-control analyses. All measures of anger 
were skewed; 63% of injured patients responded “not 
at all” to all 3 items; therefore, to determine odds 
ratios associated with different levels of anger, we used 
the Stata interaction expansion (xi) command, which 
assumes the variables are categorical, to create series of 
dummy variables in the conditional logistic regression 
analyses. For analyses of smaller subgroups, we dichot-
omized the anger variables into any self-reported 
anger vs none.
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RESULTS
Participants
Table 1 shows demographic 
information about the par-
ticipants. Of the 2,517 injured 
patients, 644 (26%) were injured 
in a fall, 601 (24%) were in a 
traffi c or motor vehicle incident, 
290 (12%) were cut with a sharp 
instrument, 277 (11%) were 
injured during sports, 103 (4%) 
had an intentional injury infl icted 
by another person, and 19 (1%) 
had a self-infl icted injury. The 
rest were injured by a variety of 
other mechanisms. The median 
time from injury to interview was 
3.5 hours, with an interquartile 
range of 1.6 to 17.9 hours.

Of the 2,517 enrolled injured 
patients, 2,446 (97%) provided 
data on all anger variables for the 
time just before injury, and 2,117 
(84%) provided data for the time 
24 hours before injury; 332 (13%) 
were asleep then. Of 1,856 com-
munity participants, between 7 
and 10 persons were unable to 
answer a given affect item, and 
306 (17%) were asleep at the 
matched time; in all, 1,533 provided complete data.

Anger Variables 
Descriptive data on the affect variables for injured 
patients just before injury are given in Table 2. At 
this reference time, 33.0% of community participants 
reported some degree of irritability, 11.8% reported 
feeling angry, and 8.0% reported feeling hostile. 

Among injured patients, all 3 anger variables were 
signifi cantly (P <.006) less commonly endorsed among 
those with traffi c or fall injuries. For example, 13% 
of those with traffi c injuries reported some degree of 
“angry,” compared with 20% of those with nontraf-
fi c injuries. Among community participants, at the 
matched time, 17% reported feeling at least moder-
ately “irritable,” 5% at least that degree of “angry,” and 
4% at least that degree of “hostile.”

Of the 2,517 injured patients, 332 were asleep 24 
hours before their injury, contributed no data for the 
comparison (control) time, and were omitted from 
case-crossover analyses. They were more likely to 
report anger at the time of injury than those who were 
awake 24 hours before injury, but the differences were 
small. In only one such comparison, “angry,” was the 

difference statistically signifi cant: 22% of those who 
were asleep 24 hours before their injury reported some 
degree of “angry,” compared with 18% of those who 
were awake 24 hours before injury (P = .04). The other 
absolute differences were 3% or 4%, with P values of 
.2 or greater.

Anger and Risk of Injury
In case-crossover analyses, higher levels of all anger 
variables were signifi cantly associated with increased 
injury risk among men and women combined (Table 3). 
For men, the odds ratios were signifi cant for “irritable” 
at levels of “quite a bit” or “extremely,” for “angry” at 
“moderately” and above, and for all levels of “hostile.” 
The odds ratio in men for the answer “extremely” for 
“irritable” was 4.8 (95% CI, 2.6-8.8); for “angry,” 7.3 
(3.4-16); and for “hostile,” 12 (3.4-40). Associations 
were smaller for women, among whom the 3 anger vari-
ables were all signifi cantly associated with injury only 
at the level of “extremely,” with odds ratios of 3.5 (95% 
CI, 1.6-7.8) for “irritable,” 7.4 (2.6-21) for “angry,” and 
4.3 (1.2-16) for “hostile.” Subgroup analyses for African 
Americans (n = 232) and for whites (n = 2,138) showed 
no signifi cant differences.

Table 1. Description of Participants

Characteristic

Injured Patients Community 
Participants
(n = 1,856)

No. (%)

All
(N = 2,517)

No. (%)

From Covered Shifts
(n = 2,161)

No. (%)

Sex

Female 1,085 (43.1) 967 (44.8) 908 (48.9)

Male 1,432 (56.9) 1,194 (55.2) 948 (51.1)

Age, y

18-20 419 (16.6) 379 (17.5) 201 (10.8)

21-29 716 (28.4) 636 (29.4) 560 (30.2)

30-44 761 (30.2) 658 (30.5) 616 (33.2)

45-64 421 (16.7) 325 (15.0) 329 (17.7)

≥65 200 (7.9) 163 (7.5) 150 (8.1)

Note: All percentages are column percentages. Percentages do not total to 100% because of rounding errors.

Table 2. Injured Patients’ Self-Reported Levels of Emotions Just 
Before Injury

Level Reported

Irritable
(n = 2,451)

No. (%)

Angry
(n = 2,452)

No. (%)

Hostile
(n = 2,450)

No. (%)

Not at all 1,673 (68.3) 2,007 (81.9) 2,126 (86.8)

A little 357 (14.6) 161 (6.6) 146 (6.0)

Moderately 183 (7.5) 97 (4.0) 69 (2.8)

Quite a bit 128 (5.2) 79 (3.2) 54 (2.2)

Extremely 110 (4.5) 108 (4.4) 55 (2.2)

Note: All percentages are column percentages. Percentages do not total to 100% because of rounding errors.
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In case-control analyses, results were similar (Table 
3). Associations were again stronger for men, among 
whom the odds ratios for the answer “extremely” were 
3.5 (95% CI, 1.7-7.5) for “irritable,” 8.2 (3.2-21) for 
“angry,” and 6.2 (1.8-21) for “hostile”. Among women, 
only the odds ratios for “angry” and “hostile” were signif-
icant, and then only at the highest level (“extremely”): 
2.8 (1.3-5.9) for “angry” and 6.0 (1.3-27) for “hostile.” 
More injured patients (10.4%) than community partici-
pants (6.7%) were African American, but controlling for 
race in case-control analyses did not signifi cantly affect 
the associations between anger and injury risk.

Mechanism of Injury
In subgroup analyses by mechanism of injury, case-cross-
over analyses of traffi c injuries and falls showed trends 
toward greater risk at greater levels of anger, but odds 
ratios were lower than in analyses including all injured 
patients and generally not signifi cant. For example, at 
the level of “extremely,” “angry” had an odds ratio of 4.2 
(95% CI, 0.9-20) for traffi c injuries, and an odds ratio 
of 2.9 (0.7-12) for fall injuries. Case-control analyses 
showed odds ratios signifi cantly lower than 1 for traffi c 
injuries for most levels of “irritable” and the lowest level 
of “angry,” and no odds ratio for traffi c injuries was sig-
nifi cantly greater than 1. No case-control odds ratios for 
fall injuries was signifi cant. In case-control analyses for 
angry, the odds ratio for the answer “extremely” was 4.6 
(95% CI, 0.8-28) for traffi c injuries and 2.8 (0.7-11) for 
fall injuries. The case-crossover and case-control fi ndings 
regarding traffi c injuries changed little when the analyses 
were limited to those injured patients who were driving 
the vehicle and whose vehicle was moving at the time of 
the injury, or to those who reported feeling responsible 
for their own injury. 

In both case-crossover and case-control analyses, 
the odds ratios for injuries intentionally infl icted by 

another person (as reported by 
the injured patient) were high 
and generally statistically signifi -
cant. Dichotomizing each anger 
variable into any level of the par-
ticular emotion vs none, the odds 
ratios for men were 5.7 (95% CI, 
1.7-19) for “irritable,” 7 (2.1-23) 
for “angry,” and 20 (2.7-150) for 
“hostile.” For women, they were 
11 (1.4-85) for “irritable,” 14 (1.8-
106) for “angry,” and 11 (1.4-85) 
for “hostile.”

Responsibility for Injury
Injured patients who were angered 
by the injury may have projected 

that postevent anger back to preinjury time, distorting 
their perception of their pre-event anger. One factor 
that may have provoked such postinjury anger could 
have been the perception that someone else was respon-
sible for the injury. We therefore did subgroup analyses, 
including among the injured patients only those who 
reported that no one else was responsible at all for their 
injury (n = 1,517). In case-crossover analyses, the asso-
ciations were signifi cant only for “extremely” “irritable” 
(odds ratio = 3.8, 95% CI, 1.9-7.4) and “angry” (4.9, 
2.2-11); other odds ratios were between 0.8 and 1.6 and 
not signifi cant. In case-control analyses, only the odds 
ratio for “angry” and the answer “extremely” was signifi -
cantly greater than 1 (2.9, 1.5-5.6).

Drinking and Injury
Drinking during the previous 6 hours was strongly 
associated with injury risk.13 Among injured patients, 
the number of drinks in the 6 hours before the injury 
and the anger variables were correlated, with Spearman 
coeffi cients of 0.08 (for “irritable”) to 0.19 (for “hostile”) 
(P values all <.001). Entering the number of drinks and 
each anger variable separately into case-crossover mod-
els, the odds ratios changed little. Education, marital sta-
tus, employment status, and insurance status likewise had 
little effect on the fi ndings in case-control analyses, and 
of course were matched in case-crossover comparisons.

DISCUSSION
In this study, emotions refl ecting externally directed 
anger were common. The prevalence of anger among 
injured patients was as folows: 31.7% reported some 
degree of “irritable” just before the injury, 18.1% 
reported feeling “angry,” and 13.2% reported feeling 
“hostile”. More surprising was the prevalence of anger 
among the community participants, for whom the refer-

Table 3. Odds of Injury at the Specifi ed Level of Each Emotion

Emotion
A Little

OR (95% CI)
Moderately
OR (95% CI)

Quite a Bit
OR (95% CI)

Extremely
OR (95% CI)

Case-crossover 
analyses

Irritable 1.1 (0.9-1.4) 1.0 (0.7-1.3) 1.7 (1.2-2.3) 4.2 (2.6-6.9)

Angry 1.1 (0.8-1.4) 1.9 (1.3-2.9) 1.8 (1.1-2.7) 7.2 (3.9-13)

Hostile 1.3 (1.0-1.9) 2.2 (1.3-3.5) 2.7 (1.5-4.7) 7.9 (3.3-19)

Case-control 
analyses

Irritable 0.8 (0.6-1.0) 0.7 (0.5-0.9) 1.1 (0.8-1.6) 1.9 (1.2-3.1)

Angry 1.1 (0.8-1.5) 1.6 (1.0-2.4) 2.1 (1.2-3.7) 4.6 (2.6-8.2)

Hostile 1.4 (1.0-2.0) 1.0 (0.7-1.7) 2.3 (1.2-4.6) 6.1 (2.4-16)

OR = odds ratio; CI = confi dence interval. 
Note: Comparison group was “not at all.” Values are for men and women combined. Odds ratios are from condi-
tional logistic regression models in which the different levels of anger are treated as if each variable were categorical.
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ence time was essentially random: 33.0% reported some 
degree of “irritable,” 11.8% reported feeling “angry,” and 
8.0% reported feeling “hostile.” Although much of that 
self-reported anger was mild, 5% of community partici-
pants reported feeling at least moderately “angry” and 
4% reported feeling at least moderately “hostile.”

Anger was associated with injury in this study pri-
marily at higher levels of anger. In case-crossover and 
case-control analyses, respectively, odds ratios for the 
answer “extremely” were 4.2 and 1.9 for “irritable,” 7.2 
and 4.6 for “angry,” and 7.9 and 6.1 for “hostile.” The 
associations were stronger in men than in women.

The association between anger and injury varied 
substantially by injury mechanism. Traffi c and fall inju-
ries were generally not associated with anger in either 
case-control or case-crossover analyses. This fi nding 
is consistent with a Finnish cohort study that found 
no association between (trait) anger and traffi c-related 
injuries.8 Anger while driving may not be as common 
as lay press reports might suggest; it was signifi cantly 
less common among patients with traffi c injuries in our 
study. Acting on that anger in ways likely to cause injury 
(eg, deliberately running into another vehicle) may also 
be uncommon.11 Even among those injured patients who 
acknowledged some responsibility for their own injury, 
the odds ratios were still close to 1 and not signifi cant.

In contrast, injuries intentionally infl icted by 
another person were strongly associated with anger in 
both case-crossover and case-control analyses. We do 
not have data on the injured person’s assessment of the 
assailant’s affect just before the injury or self-assessment 
by the assailant; in addition, our fi ndings do not clarify 
the pathways by which one’s anger might increase 
one’s risk of being injured. The fi ndings do, however, 
indicate an association that may guide development of 
injury prevention strategies.

Self-reports of emotional states just before injury 
may have been biased, especially by anger aroused by 
a belief that someone else was responsible for caus-
ing the injury. When we included in the analyses only 
injured patients who reported no such attribution, the 
anger-injury association was substantially less. This 
fi nding could mean that the self-reports on which our 
analyses relied are unreliable, but 2 arguments can be 
made against that conclusion. First, those who ascribe 
responsibility for their injury to someone else might be 
expected to underreport rather than overreport their 
preinjury anger, to further defl ect blame to the other 
person. Second, an external attributional style (a ten-
dency to see others as responsible for one’s problems) 
is associated with anger.19,20 We would therefore expect 
the bias to be in the opposite direction: injured patients 
with an external attributional style may have been more 
likely both to actually be angry before their injury and 

to ascribe responsibility for their injury to someone 
else, whether correctly or not. If this reasoning is cor-
rect, omitting from the analyses patients who blamed 
someone else would exclude persons who actually had 
preinjury anger, weakening the association between 
anger and injury.

Recalling emotional states 24 hours before injury 
(for injured patients) and at a random time the day 
before (for community participants) may have been 
more diffi cult than recall (by injured patients) of emo-
tions right before injury. Anticipating this problem, we 
tried to facilitate accurate recall by asking participants 
to recall where they were, what they were doing, and 
whom they were with. In addition, more salient emo-
tions such as anger may have been recalled more easily.

Anger is a complex emotion. In assessing it, we used 
only 3 items without defi nition or clarifi cation, each 
self-reported on a 5-point Likert scale. Measurement 
error and misclassifi cation bias may have occurred; 
however, we used 3 of the 6 original 60 PANAS items 
related to anger (the ones we omitted were “scornful,” 
“disgusted,” and “loathing”),17 and we used its original 
answer options. We furthermore believe it is reason-
able to assume that injured patients defi ned terms 
such as “angry” the same way for both case time and 
control time, minimizing misclassifi cation bias at least 
in case-crossover analyses. Finally, our reliance on 
simple assessment of anger is not unprecedented. The 
case-crossover studies of anger and myocardial infarc-
tion both used a single item with a 7-point Likert scale 
answer to assess state anger.14,15

In case-crossover analyses, data were missing for 
13% of the injured patients because they were asleep 
at the matched time the day before, and the effects 
of these missing data on the fi ndings are uncertain. 
Among those without data for the day before, however, 
self-reported anger just before the injury was slightly 
more common than among those who were awake 24 
hours before injury; therefore, the case-crossover odds 
ratios reported here may be underestimated.

Because each injured person was compared with 
himself or herself the day before, all stable personal 
characteristics were perfectly matched in case-cross-
over analyses. These characteristics include trait anger 
and other personality constructs, to the extent they 
are invariant from one day to the next. Given the low 
response rate among the community and the possibility 
of residual unmeasured confounding in the case-control 
analyses, the case-crossover analyses may provide more 
reliable estimates of the anger-injury association.

For some mechanisms of injury, especially intentional 
injury, anger is signifi cantly associated with injury risk. 
The association is stronger among men than among 
women. Because of the sources of potential bias outlined 
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above, these fi ndings should be considered tentative. 
Studying anger at a given moment and the risk of an 
injury occurring at that moment is inherently chal-
lenging methodologically, however; measuring anger 
prospectively and assessing its relationships with actual 
injury events is not feasible. These fi ndings, though 
tentative, provide provocative insights into the possible 
complex associations between state anger and injury risk.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/4/1/63. 
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