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Abstract Hostile men have reliably displayed an exaggerated sympathetic stress response across multiple
experimental settings, with cardiovascular reactivity for
blood pressure and heart rate concurrent with lateralized
right frontal lobe stress (Trajanoski et al., in Diabetes Care
19(12):1412–1415, 1996; see Heilman et al., in J Neurol
Neurosurg Psychiatry 38(1):69–72, 1975). The current
experiment examined frontal lobe regulatory control of
glucose in high and low hostile men with concurrent left
frontal lobe (Control Oral Word Association Test [verbal])
or right frontal lobe (Ruff Figural Fluency Test [nonverbal]) stress. A significant interaction was found for Group
9 Condition, F (1,22) = 4.16, p B .05 with glucose levels
(mg/dl) of high hostile men significantly elevated as a
function of the right frontal stressor (M = 101.37,
SD = 13.75) when compared to the verbal stressor
(M = 95.79, SD = 11.20). Glucose levels in the low hostile group remained stable for both types of stress. High
hostile men made significantly more errors on the right
frontal but not the left frontal stressor (M = 17.18,
SD = 19.88) when compared to the low hostile men
(M = 5.81, SD = 4.33). These findings support our existing frontal capacity model of hostility (Iribarren et al., in J
Am Med Assoc 17(19):2546–2551, 2000; McCrimmon
et al., in Physiol Behav 67(1):35–39, 1999; Brunner et al.,
in Diabetes Care 21(4):585–590, 1998), extending the role
of the right frontal lobe to regulatory control over glucose
mobilization.
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1 Introduction
A key feature of hostility is the exaggerated and prolonged
stress response that has been implicated in the development
of cardiovascular disease [1–3], hypertension [4, 5]
atherosclerosis [6], and death [1]. Traditionally, the stress
response of hostile individuals has been examined using
cardiovascular measures. However, the mechanisms
underlying these disease processes may reside in the stressrelated products of glucose, lipids, and cholesterol that
mobilize as the body readies itself for action. Moreover, the
literature on hostility and/or anger supports variant levels
of glucose ADA [7–11], lipids [12, 13], and cholesterol
[14–16] in these individuals that are prone to develop
cardiovascular disease. Poor regulatory control of these
stress-related processes may implicate diminished frontal
capacity and especially within the right cerebral system
regulating anger.

1.1 Defining anger and anger expression
Prior to discussing hostility and anger-related problems, the
construct must be clearly defined. Definitions of these
constructs often vary as some view them as distinct and
others discuss them as components of a unitary construct
with violence-prone behavior drawn from a hostile and
cynical view toward others. For the purposes of the current
research, hostility was operationally defined from among
these multidimensional constructs with distinct affective,
behavioral, and cognitive dimensions and distinct
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physiological elements that contribute to both the experience and expression of the emotion [17]. The affective
dimension of anger refers to the emotional state that occurs
in response to an immediate stressor and may vary in both
intensity and duration [18]. The cognitive dimension of
anger, also referred to as hostility in the literature, has most
frequently been defined as a cognitive phenomenon of an
attitudinal nature that subserves the emotional process but
is not an emotion per se [19]. The behavioral dimension of
anger is simply the behavioral response to the subjective
experience of anger [20] and may be expressed outwardly
or inwardly [18].
Despite the documented association between these
constructs, controversy remains over the level of these
products in relation to hostility (i.e., too much or too
little). In addition, there are very few models of hostility
that attempt to explain how these constructs are related.
To address these concerns, The Limited Capacity Model
of Hostility was proposed by Williamson and Harrison
[21], Carmona et al. [22], and Mitchell and Harrison
[23]. Specifically, we have proposed a limitation in
capacity of the right frontal lobe to regulate posterior and
inferior cerebral systems under stress. To test this model,
blood glucose mobilization was recorded using a pre–
post-stress paradigm. However, unlike traditional stress
research, this experiment employed lateralized left and
right frontal lobe stressors using verbal or nonverbal
fluency tasks.
1.2 Hostility and metabolic factors
The stress response in hostile men has been measured with
cardiovascular indices; however, additional metabolic
factors have been employed as markers of heightened
levels of arousal. Vogele [13] found high and low hostile
men to have differing lipid levels at baseline. After an
overnight fast, the hostile men had higher triglyceride
levels and very low-density lipoproteins (VLDL) when
compared to the low hostile men. In addition to the differences at baseline, Finney et al. [12] reported that men
with elevated levels of anger displayed increased lipids and
blood pressure after a stress condition. Specifically, hostile
men demonstrated lipid reactivity subsequent to a speech
stressor relative to low hostile men. Cholesterol has proven
to be more controversial with numerous contradictory
results. Richards et al. [16] found that the participants with
elevated scores on hostility and aggression measures also
had increased cholesterol levels. In a sample of hospitalized men with a history of violent behavior, cholesterol
levels were found to be lower than the general population
[15]. Despite previous associations between cholesterol
and hostility, Fowkes et al. [14] demonstrated no relationship between the two. Regardless, metabolic factors
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remain most relevant as an indicator of stress in hostile
men.
1.3 Glucose
This experiment examined the role of glucose in a hostile
population. The rational for this selection is that glucose is
an integral fuel source for the brain and despite only consisting of 2 % of an individual’s total mass, the brain
consumes almost 50 % of the available glucose [24].
Irregularities in glucose levels, such as hyperglycemia
(blood glucose over 120 mg/dl) or hypoglycemia (blood
glucose under 70 mg/dl) (ADA) have resulted in increased
hostile and aggressive behaviors [7, 8, 10, 11]. Despite this
association, a point of contention remains as to whether it
is the hypoglycemic or hyperglycemic episodes that are
responsible for the increased levels of anger, hostility, and
aggression. In addition, there has been no known research
examining the role of glucose and hostility from a neuropsychological perspective.
The ADA asserts that a key group of indicators in an
individual having a hypoglycemic episode is the ‘‘autonomic symptoms’’ (American Diabetes Association Complete Guide to Diabetes, [25]. These include the opening of
blood vessels, increased blood pressure, increased heart
rate, as well as fluctuations in emotional states to include
increased anger. The ADA also affirms that prolonged
hypoglycemic episodes have been associated with heart
disease, because individuals with hypoglycemia have
increased heart rates for extended periods. Aside from
these autonomic symptoms, the ADA describes the effect
of low blood sugar on the brain to include anger, lack of
coordination, confusion, personality change, and unconsciousness, among others (p. 161). High hostile men have
also reliably reported a lack of awareness of their hostility
classification [26, 27] compared to low hostile men. This
shared lack of self-awareness, in those with heightened
levels of hostility and those with decreased levels of blood
glucose, may be related to diminished right frontal
function.
Virkkunen [11] examined the role of hypoglycemia in
violent offenders using a glucose tolerance test, finding
habitually violent offenders to have hypoglycemic tendencies when compared to non-violent offenders. Benton
et al. [7] documented increased aggression after an induced
hypoglycemic episode. After fasting for nearly 12 h, the
men had increased levels of aggression as measured by
multiple aggression measures including the Cook-Medley
Hostility Scale (CMHO). Employing the glucose clamp
technique, McCrimmon et al. [8] reported that participants
had increased levels of anger and frustration on the StateTrait Anger Expression Inventory (STAXI) after the
hypoglycemic episode. Donhoe and Benton [28] found
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similar results with nondiabetic women. After having
participants fast overnight, the researchers administered an
oral glucose tolerance test. Lower blood glucose levels
were associated with increased scores of aggression and
frustration in the Rosenzweig Picture-Frustration Study.
In contrast to hypoglycemia, evidence exists for hostility’s role in hyperglycemia. Raiikkonen, et al., [9] examined the influence of psychosocial variables on the Insulin
Resistance Syndrome (IRS) concluding that hostility,
among other constructs, was associated with the variables
of hyperinsulinemia, hyperglycemia, dyslipidemia, hypertension, and increased abdominal adipose tissue among
others. These associations between hostility and metabolic
disturbances were found in healthy, middle-aged men
employed as managers after a 12-h fast and were argued to
demonstrate the effects of personality, behavioral patterns,
and a stress-inducing lifestyle on insulin resistance.
As part of the Normative Aging Study, Niaura et al. [29]
reported that hostility was positively associated with fasting insulin level and a number of other metabolic factors.
Here, subjects were initially enrolled in 1986 and followed
thereafter. High scores on the CMHO were positively
associated not only with decreased insulin levels, but also
with waist/hip ratio, body mass index, total caloric intake,
and serum triglycerides. Path analyses revealed that the
effects of hostility on insulin, triglycerides, and high-density lipoprotein cholesterol were mediated by body mass
index.
The relationship between hostility and heightened levels
of glucose may be evident even in childhood and adolescence. In a sample of 134 African American and European
American children, Raikkonen et al. [30] found that baseline hostility scores on the CMHO predicted future metabolic syndrome diagnoses for children and adolescences
that did not have the metabolic syndrome at baseline at the
time of a 3-year follow-up. The authors suggested that
insulin resistance and obesity were primarily responsible
for the relationship between hostility and the metabolic
syndrome.
1.4 The neuropsychology of glucose levels
in the hostile population
Despite the documentation of the relationship between
hostility and glucose irregularities, the literature falls short
when providing a theory to explain this connection. From a
neuropsychological perspective, it is argued that altered
functioning in the right hemisphere may be responsible.
The right hemisphere has long been implicated in the
processing of emotion [31–33]. Our laboratory has provided evidence of four primary quadrants (anterior–posterior and left–right cerebral hemispheres) contributing to
emotional processing [34–38]. Specifically, we have
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demonstrated increased arousal for right hemispheric
auditory [26], visual [39, 40], vestibular [22], and
somatosensory processing [41, 42]. Moreover, hostile men
have shown evidence for diminished capacity within right
anterior cerebral regions, including motor [43] and premotor systems [21, 44–46]. Collectively, this approach has
culminated in the Limited Capacity Model [21–23, 35, 46].
We proposed that anger regulation and concurrent regulatory control over sympathetic drive suffer in hostile, violent-prone men due to diminished capacity within right
frontal systems.
In a test of this model, Williamson and Harrison [21]
investigated the left and right prefrontal regions in a hostile
population when evaluating cardiovascular reactivity to
lateralized prefrontal stressors. The Controlled Oral Word
Association Test (COWAT) and Ruff Figural Fluency Test
(RFFT) were used as verbal and nonverbal frontal lobe
stressors. Previous research has demonstrated the COWAT
to be sensitive to left frontal functioning [47], whereas the
RFFT is sensitive to right frontal functioning [26, 44]. The
results indicated that the verbal and nonverbal stressor tests
produced diametrically opposite effects on systolic blood
pressure in high hostile males. Specifically, systolic blood
pressure increased subsequent to the right frontal stressor,
whereas systolic blood pressure decreased subsequent to
the left frontal stressor. This research has implications for
the role of the left and right frontal regions in cardiovascular regulation in hostile men. Williamson and Harrison
[21] concluded that the right frontal regions were unable to
regulate sympathetic tone with the concurrent demand of
the lateralized stressor task proposing The Limited
Capacity Model. This research is in accord with, and
extends, previous research on the anterior–posterior model
of anger regulation, specifically supporting diminished
right frontal capacity in hostile men. Diminished capacity
within the right frontal region may be expressed in poor
regulatory control over anger and hostility and over sympathetic drive.
Hostility, a personality trait characterized by the
increased experience of negative emotion, is conveyed
through heightened sympathetic arousal, as measured
through increases in heart rate and systolic blood pressure. Glucose levels in hostile men have yet to be
examined despite the key role of glucose in response to
threat or provocative negative emotional stress. Unlike
other arousal mechanisms, there is a finite amount of
glucose in the body, and the brain requires specific levels
to function at an optimal level. Under right frontal stress,
glucose levels should increase dramatically with sympathetic activation. Moreover, hostile men may poorly
regulate glucose mobilization because of deficient right
frontal capacity for regulatory control over the sympathetic arousal response.
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1.5 Hypotheses
1.

2.

High hostile men will have increased sympathetic
arousal, as measured by glucose, as a function of the
right frontal stressor (RFFT) and will have decreased
responses to the left frontal stressor (COWAT).
High hostiles will have lower performance scores on
the right frontal stressor.

2 Method
2.1 Participants
One hundred and fifty one men completed the online
screening in return for extra credit in their undergraduate
psychology courses. Participants were initially screened
online using the Cook-Medley Hostility Scale (CHMO).
High hostile participants were defined as those scoring 28
or above on the CHMO (maximum score = 50). Low
hostile participants were defined as those scoring 19 or
below on the CHMO. These cut-off scores represent the
upper and lower thirds of the CHMO distribution and are
consistent with previous research on hostility [26, 39, 43].
From this initial screening, 34 right-handed men met criteria as either low or high hostile men and agreed to participate in the experiment. Women participants were not
included at any point of the online screening or the
experiment due to sex differences in cerebral laterality [48–
50]. Overall, the participants reported no previous history
of developmental problems, hypoglycemia, hyperglycemia,
hypertension, hypotension, or hyperthyroidism. Participants reported no history of head injury, loss of consciousness for more than 5 min, neurological, or
psychiatric disorder, heart disease or pancreatic disease.
Participants were not currently taking allergy or ‘‘illegal’’
medications. Participants were excluded if they were
smokers of tobacco products or if they consumed three or
more drinks of alcohol more than twice a week.
Using these criteria, two participants were excluded
based on their responses on the Medical History Questionnaire. Four participants were excluded because of
variant scores on their second completion of the CMHO,
which occurred in the laboratory to ensure stable hostility
levels. One participant’s score on the CMHO changed by
10 points, resulting in a reversal of his group inclusion
from low hostile to high hostile. Three additional participants scores regressed toward the mean and did not meet
criteria for either the low or the high hostile group.
Finally, two participants from each group (high and low)
were excluded due to extreme scores on the second
measurement of the CMHO. Thus, 24 healthy, right-
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handed, nonsmoking men participated in the experiment.
Specifically, 12 high hostile and 12 low hostile men
participated in the project.

2.2 Self-report measures
The 50-item Cook-Medley Hostility Scale (CMHO) has
been frequently used as a valid predictor of hostility [51,
52]. Originally based on portions of the Minnesota Multiphasic Personality Inventory [10], the CMHO is the most
commonly used hostility measure and is a valid predictor
of medical, psychological, and interpersonal outcomes of
trait-based hostility [53]. According to Christensen et al.
[54], the CMHO has proven to have reliable internal consistency (coefficient alpha r = .86). Test–retest consistency confirmation is also reliable (r = .84).
Handedness or hemibody preference was determined
using scores on the Coren, Porac, and Duncan Laterality
Questionnaire (CPDL; [55]. Only right-handed subjects
were used scoring ?7 or above on this instrument.
Subjects also completed a Medical History Questionnaire from our laboratory to insure that they had not been
diagnosed with significant medical or psychiatric problems,
including head injury.

2.3 Blood glucose measurement
The current research on glucose measurement indicates
marked benefits from obtaining glucose from the forearm
[56–58]. The Therasense Freestyle Glucometer is a leading
device for forearm testing [59]. In comparison to the One
Touch, Ultra Blood Glucose Monitoring System, The Freestyle Glucometer maintains increased accuracy, demonstrates more clinically acceptable readings when compared
to intravenous blood samples, and requires fewer sticks [60].
There is much controversy concerning the at-home, selftest measurement of blood glucose levels, and all of the
glucometers assessed to date, have failed to meet the 95 %
accuracy rating standard set by the ADA [61–63]. Historically, manufacturers of home glucose monitoring devices
have recommended obtaining blood samples from the fingertips to assess blood sugar levels. There is some controversy over the accuracy of forearm testing particularly
concerning the difference between forearm and finger sites
when glucose levels are rapidly ascending or descending.
Peled et al. [64] had participants sugar load and found the
forearm testing to be less accurate at detecting the swift
change in glucose levels when compared to the finger tip
sites, yet found the forearm to be reliable, otherwise. Lee
et al. [56, 57] demonstrated a few significant differences in
the level of accuracy after employing the two methods for
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190 diabetics over the course of the day. Other researchers
have found no difference between finger-prick testing and
forearm measurements even with rapid changes in participants’ glucose levels [65]. Regardless of the controversies,
a marked benefit in forearm testing has been the ease of
obtaining a blood sample and the noteworthy decrease in
pain [56–58]. Forearm testing further increases the readiness for testing, particularly when frequent blood samples
are required.
2.4 Behavioral measures
2.4.1 Verbal stressor (verbal fluency)
The Controlled Oral Word Association Test (COWAT) is a
measure of verbal fluency [47]. The COWAT consists of
three one-minute trials in which participants are instructed
either to say as many words that begin with a specific letter
as possible. Proper names, numbers, and the same word
with a different suffix do not qualify. These responses,
scored as errors, are subtracted from the total number of
words generated on the test. In accordance with previous
research [21, 66], the letters F, S, and T were used based on
the tendency for the normal population to produce nearly
equal words for each letter (10–12 per min).
Individuals with left frontal lobe deficits often have lower
scores on this verbal fluency test when compared to a normal
population [67, 68]. In addition, individuals with lesions in
the left frontal lobe have decreased performance when compared to individuals with right frontal lobe lesions [69, 70].
2.4.2 Nonverbal stressor (nonverbal fluency)
The Ruff Figural Fluency Test (RFFT) is a paper and
pencil test consisting of five sections used as a measure of
nonverbal fluency. Within each section, there are 35 dot
matrices arranged in a 500 9 700 pattern. The participants
had 1 min to connect three or more dots, making as many
unique patterns as possible in the time allotted. Scoring
consists of counting the number of patterns minus the
number of perseverative errors for each trial. The total
score is the number of patterns produced minus the number
of perseverative errors. A perseverative error consists of a
repetition of a design. In accordance with previous research
[21, 66], three sheets containing the 35 dot matrices instead
of five sheets were used to maintain uniformity with the
COWAT. Scores were totaled across trials.
The RFFT is thought to be a measure of right frontal lobe
functioning. Previous research has demonstrated that individuals with right frontal lobe strokes or brain injuries have
significantly lower scores, or increased error ratios on nonverbal fluency tasks, compared to those without right frontal
lobe deficits [71]. More recently, Foster et al. [44]
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demonstrated the significant relationship between performance on the RFFT and right frontal capacity in healthy
young adults. More specifically, the low design fluency
group evidenced increased delta magnitude over the right
frontal region using quantitative electroencephalography.
2.4.3 Procedure
After completion of the CHMO, participants meeting the
criteria for either low or high hostility were contacted for
completion of the next phase of the experiment. Subsequent to review of the completed online Medical History
Questionnaire, participants were given a brief outline of the
experiment and informed that a forearm prick would be
administered. Before entering the laboratory, participants
were requested to abstain from caffeine, tobacco, and
alcohol and to eat a small meal or snack.
Upon arrival at the laboratory, the participant reviewed
and signed the Informed Consent Form. The CMHO was
completed again to ensure stability of the hostility scores.
The researcher left the room and repeated the following
instructions: ‘‘Please take about 1 min to become accustomed to your surroundings. Please sit still in the chair and
face forward.’’ After a 90-s adaptation period, the experimenter reentered the room and recorded baseline measures
of glucose. Blood glucose was measured at the left forearm, which was cleaned with an alcohol swab and then
quickly lanced.
Immediately after recording baseline levels of glucose,
participants were instructed that they would complete either
the verbal or the nonverbal fluency measure, the order of
which was counterbalanced for each participant entering the
laboratory. Subjects were instructed on the fluency measure
and the task was completed. Glucose levels were assessed
again following the completion of the task. Following a 90-s
adaptation period, glucose levels were recorded again and
the second task was administered. Glucose levels were
recorded immediately after the second task.

3 Results
3.1 Self-report measures
Test-rest reliability of the CMHO yielded a value of
r = .95. This is higher than the r = .84 reported by
Christensen et al. [54]. The range for this measure was 30
with a low score of 8 and a high score of 38.
3.2 Physiological measures
A 3-way mixed design Analysis of Variance (ANOVA)
was performed on the variable of glucose level (mg/dl),
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with the fixed factor of Group (high and low hostile) and
with repeated measures for Stress Condition (verbal and
nonverbal stressor) and Trial (pre- and post-stress). Post
hoc comparisons were made using Tukey’s LSD [72]. An a
priori level of significance was set at p B .05.
High hostile men were expected to have increased
physiological arousal as measured by glucose as a function
of the nonverbal stressor and decreased physiological
arousal to the verbal stressor. A significant interaction was
found for Group 9 Condition, F (1,22) = 4.16, p B .05.
For the high hostile group, glucose levels (mg/dl) were
significantly higher for the nonverbal stressor
(M = 101.37, SD = 13.75) when compared to the verbal
stressor (M = 95.79, SD = 11.20). For the low hostile
group, glucose levels (mg/dl) remained stable, or unchanged, as a function of the nonverbal stressor (M = 95.63,
SD = 22.04) and as a function of the verbal stressor
(M = 96, SD = 21.34). Group differences in mean glucose
levels as a function of Condition can be seen in Fig. 1. The
interaction effect of Group 9 Condition 9 Trial for glucose
was not significant, F (1,22) = .53, p [ .47.
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significant interaction effect was found for Group 9 Condition, F (1,22) = 4.90, p [ .03. The high hostile men
made significantly more errors on the nonverbal stressor
(M = 17.18, SD = 19.88) when compared to the low
hostile men (M = 5.81, SD = 4.33). On the verbal stressor, the high hostile men made significantly fewer errors
(M = .04, SD = 0.66) when compared to the low hostile
group (M = 2.08, SD = 2.93) (see Fig. 2). It should noted
that due to the extreme variability in error scores
(range = 53, SD = 14.05, Variance = 197.56, CV =
176.92) the outliers (1) in each group were excluded.
However, no significant interactions were found for the
additional analyses of the behavioral measures to include
the variable of total fluency score. The interaction of Group
9 Condition, F(1,22) = .59, p B .59 for total fluency score
was not reliable and reflected no difference among groups
for the number of correct items on the verbal and the
nonverbal stressors.

4 Discussion
3.3 Behavioral measures
For the behavioral measures, total fluency scores and total
error scores were analyzed using separate 2-way mixed
design ANOVAs with the fixed effects of Group (high and
low hostile) and with the repeated measures of Condition
(verbal and nonverbal stressors). It was predicted that
group classification would affect performance on the verbal
and nonverbal stressors. Specifically, it was predicted that
the high hostile men would have lower scores on the
nonverbal stressor (RFFT) than on the verbal stressor
(COWAT) in both within group and between group comparisons. There was partial support for this prediction as a

The literature on hostility is robust with findings from
multiple areas within psychology, which reflect both the
complexity and the evolution of the construct over time
[73, 74]. In accord with previous research on hostility
evaluating cardiovascular deregulation in hostile men using
left and right frontal fluency stress [21, 75], the present
experiment employed lateralized stressors in this population with a diminished capacity for negative emotional
regulation. However, the current experiment extended this
earlier research by measuring blood glucose mobilization
as a function of concurrent left and right frontal lobe
stressors in high and low hostile men.

Fig. 1 Group differences in Glucose levels (mg/dl) at a function of
Condition (verbal or nonverbal stressor)

Fig. 2 Mean error score as a function of Group and Condition (verbal
or nonverbal stressor)
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Two primary findings from the current experiment add
to the existing hostility literature. The first is that high and
low hostiles mobilize glucose at different rates as a function of lateralized frontal stressors. Specifically, high hostile men mobilize heightened levels of glucose to nonverbal
stress when compared to both verbal stress and to low
hostiles. Further, the glucose levels of the low hostile men
remain stable despite the completion of the left and the
right frontal stressors. These findings potentially support
the interpretation of limited right frontal capacity in hostile
men with diminished regulatory control over anger and
cardiovascular function, whereas the present results
implicate poorly regulated blood glucose levels in this
group under right frontal lobe stress.
The second major finding is that high hostiles make
more errors on a design fluency task, when compared to the
verbal fluency task and to the errors made by the low
hostile group. This finding indicates that high hostile men
have difficulty manipulating spatial arrangements under a
time constraint. Moreover, the results support the limited
right frontal lobe capacity interpretation, where high hostiles deregulate glucose when confronted with a dual task
challenge for the right frontal region. The results support
increased frontal regulatory capacity among low hostiles
where there is glucose stability with verbal or nonverbal
stressors and where performance on these measures is
superior to the high hostile men.
The findings from this experiment support a right
hemispheric model of hostility. Here, hostility has been
previously associated with increased activation for auditory
[26], visual [39, 40], vestibular [22], and somatosensory
modalities [41, 42]. Diminished regulatory capacity of the
right frontal regions has received further support from
investigations of motor [43] and premotor systems [21].
Within this model, high hostile men have a diminished
capacity for concurrently completing a right frontal lobe
stressor, while inhibiting or regulating sympathetic systems. Thus, right frontal stress results in the increased
activation and exaggerated responses for cardiovascular
systems [21–23] and altered sensory and perceptual
appraisal of emotional stimuli across modalities.
Previous research on emotion has focused on the negative valences, including hostility, from a functional cerebral systems perspective to determine neuropsychological
evidence of laterality effects and of regulatory control
mechanisms. Shapiro et al. [76] used single-photon emission computed tomography (SPECT) to measure cerebral
blood flow following administration of a stressor (mental
arithmetic) to hostile men. These researchers demonstrated
that the stressor decreased prefrontal blood flow in the left
frontal-temporal regions in the high hostile group. The high
hostile group also showed marginal increases in heart rate
during the stressor. The authors did not appreciate the
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relative right cerebral deactivation associated with
increased heart rate. Shapiro et al. [76] conclude that the
prefrontal regions may regulate cardiac changes. Moreover, hostility may exacerbate these conditions with characteristic features of deregulation and reactivity to stress.
In efforts to establish the cerebral mechanisms responsible for hostility, Louis et al. [77] administered PET scans
to 10 normal adult men (mean age = 25). The PET scans
were purported to assess ongoing metabolic processes and
to provide a more direct means of localizing cerebral
metabolic glucose rates. After the infusion of
D-[F] deoxyglucose (FDG), participants reported their
thoughts, feelings, and free associations, which were
blindly scored using the Gottschalk-Gleser Anxiety and
Hostility Scale with 90 words or more being the criterion
for a reliable sample. Examination of the white matter
revealed significant positive correlations between hostility
and glucose metabolic rates at the right superior frontal, the
right superior parietal, and the right occipital lobes.
Heightened metabolic rates provided supportive evidence
of right cerebral activation with hostility.
Two potential explanations are offered in the interpretation of these results. Initially, the high hostiles’ increase
in glucose levels to the nonverbal stressor provides evidence for a faulty system with a diminished capacity for
regulation of the appropriate glucose levels. In accord with
Kinsbourne’s Functional Cerebral Space Model [78, 79],
the completion of the nonverbal stress by the high hostiles
produced an interference effect with the regulation of the
sympathetic nervous system [21, 22]. This interference
effect is also evident in the increased mobilization of
glucose as the high hostiles have a diminished capacity to
concurrently regulate both systems. It follows that the overappraisal of negative affect among those exhibiting emotional lability for anger would occur with physiological
responses in preparing for ‘‘fight’’ or ‘‘flight’’ to include
glucose mobilization, as demonstrated here, and potentially
cholesterol and other substances, which negatively affect
long-term health and cardiovascular disease.
A second interpretation of these findings may support
Selye’s [80] model of stress whereby the stress that is
applied to a system causes a response to remove the stress
and to return to ‘pre-stress’ levels. Applying this concept to
the current experiment provides evidence for the diminished capacity of the high hostiles in regulating their stress
response albeit a stress response regulated by right frontal
systems that play a role in anger modulation and mobilization for the sympathetic nervous system.
It may also be the case that the high hostiles require this
influx of fuel to cope with stress, or in the case of this
experiment, to complete the right frontal stressor. The high
hostiles may potentially be metabolizing glucose at a
greater rate to compensate for regions with diminished
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capacity, specifically the right anterior cites. Dwyer [81]
who reports that glucose is the primary fuel for the brain
and that this substance is involved in nearly all of the
brain’s activities, to include all cognitive abilities and
nearly all cellular processes, finds support for this. Dwyer
further notes that the regulation of glucose is not fully
understood, especially at a global level, however, glucose
dysregulation has been associated with depression [82] and
schizophrenia [83] as well as diabetic and hypoglycemic
conditions that underlie cardiovascular disease.
Global changes are evident in those with diabetes. In a
review of the literature on glucose, McCall [84] finds that
those with diabetes have between a two-and a six-fold risk
of experiencing a stroke. Further, those surviving a stroke
will have greater difficulty with recovery, as neurotransmitter metabolism is altered. Interestingly, McCall sites
Woo et al. [85] who reports that the increased risk of stroke
in diabetics may be the result of the stress response.
Specifically, when diabetics are experiencing a hyperglycemic episode, they continue to mobilize glucose in
response to stress, thereby further increasing their glucose
levels, and eventually resulting in a vascular accident. It
appears as if glucose regulatory dysfunction often leads to
heightened dysfunction subsequent to stress. From a
functional cerebral systems view, it appears that the right
frontal region in particular is unable to inhibit a reflex
glucose release, resulting in continued glucose mobilization and instability in the associated affective, sympathetic,
and cognitive processing systems.
Although there may be additional mechanisms linking
glucose dysfunction and hostility, it appears as if both
variables are involved in the stress response. Unfortunately,
the long-term consequences of an exaggerated stress
response, as experienced by those with heightened levels of
hostility, can be deadly. Previously, hostility has been
linked to heart disease, cardiovascular disease, hardening
of the arteries [51, 86, 87], altered cholesterol levels [88,
12], lipid dysregulation [13], and most notably glucose
dysregulation [8, 10, 28]. Interestingly, as part of the
Atherosclerosis Risk in Communities (ARIC) study
researchers examined over 6000 participants and reported
that glucose and heart function are strongly intertwined.
The presence of one of these factors increases the likelihood of the other. The report ultimately states that the
researchers are unsure how changes in glucose levels and
changes in heart function are related. However, those
individuals with cardiac problems have a grim prognosis if
glucose dysregulation is present [89].
The present experiment provides for evidence of functional neural systems differentially responding to verbal as
opposed to nonverbal figural fluency stressors. The project
sets within a line of systematic research on the hostility
construct, anger, and violence-prone behavior (see [90].
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However, the present project remains limited due to the
small sample sizes and potentially from the limited statistical approach, where the groups were identified using cutoff scores rather than a continuous measure.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
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