Anger, Harassment, and Cardiovascular Reactivity Among Chinese and Indian Men
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Objective: This experiment examined psychological and cardiovascular responses to experimental harassment
among Chinese and Indian men in Singapore who differed in levels of dispositional anger. Methods: Eighty-four
Chinese and Indian men participated in a laboratory experiment on cardiovascular reactivity in which mood was
rated and heart rate and blood pressure were measured during computer tasks in which they were either harassed
or allowed to complete the tasks without interruption. Results: Comparison of systolic reactivity to harassment and
nonharassment indicated, as expected, that reactivity was greater after harassment. Furthermore, a significant race
by dispositional anger by harassment effect was obtained for systolic reactivity that indicated different patterns of
reactivity for Chinese and Indian participants. In the absence of harassment, Chinese participants showed low
systolic reactivity regardless of their level of dispositional anger, whereas systolic reactivity increased as a function
of dispositional anger when they were harassed. For Indians, however, systolic reactivity was a positive function
of dispositional anger both when they were harassed and not harassed. Conclusions: These results suggest stronger
cardiovascular reactivity to stress among Indian than among Chinese men. This seems to be particularly true for
Indians high in dispositional anger. Key words: anger, cardiovascular reactivity, stress, Chinese, Indians, Singapore.

CHD = coronary heart disease; CVR = cardiovascular
reactivity; DA = dispositional anger; ECG = electro-
cardiogram; STAXI = State-Trait Anger Expression
Inventory.

INTRODUCTION

Over the last few decades, evidence has accumu-
lated on the possible role of anger and hostility in the
development of CHD. A number of studies have dem-
onstrated that high levels of anger or hostility are pre-
dictive of both CHD and all-cause mortality over peri-
ods of up to 28 years (1-3). In addition, a recent meta-
analysis of studies showed that this relationship
remains significant when other risk factors are statis-
tically controlled (4). Although not all studies have
found this relationship, current evidence indicates
that it is a stable one and that the association of anger/
hostility with CHD is at least as strong as the relation-
ships between CHD and more traditional risk factors,
such as smoking and high cholesterol (4, 5).

Currently, there are several hypotheses for this ob-
served relationship between anger/hostility and CHD.
These models are not mutually exclusive but do sug-
gest different mechanisms by which anger/hostility
may lead to CHD (5). Probably the most widely re-
searched model is the psychophysiological reactivity
model. This model hypothesizes that hostility contrib-
utes to the development of CHD, and possibly other
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diseases, through its association with heightened lev-
els of cardiovascular and neuroendocrine responses to
stress on the part of highly hostile individuals. Highly
hostile individuals are hypothesized to show greater
increases in heart rate, blood pressure, and secretion of
stress-related hormones when faced with certain types
of stressors. Individuals high in hostility are expected
to experience anger more frequently and intensely,
and this greater experience of anger is believed to
produce greater physiological reactivity, which is hy-
pothesized to, in turn, facilitate the development of
coronary artery disease and eventually CHD. In addi-
tion, increases in stress-related hormones, particularly
cortisol, are thought to impair immune functioning,
which then puts the person at greater risk for other
diseases (5, 6).

Evidence of greater levels of CVR in highly hostile
individuals has been obtained in a number of studies,
although not all. There is little evidence of heightened
reactivity in highly hostile individuals as a general
response across different tasks. However, heightened
reactivity has been found for highly hostile individu-
als when they are put into situations that can be con-
strued as involving social threat (5). For example,
higher levels of reactivity in highly hostile individuals
has been found when research participants are ha-
rassed, involved in a social interaction task involving a
high level of self-disclosure, or engaged in debate.
Greater physiological reactivity has, in turn, been as-
sociated with later development of CHD (7).

Although there is growing evidence of the relation-
ship between anger/hostility and CHD, the cross-
cultural validity of this relationship is unknown. To
date, the evidence supporting this relationship comes
primarily from studies in Western countries, predom-
inantly the United States. In addition, most studies
have been of whites (cf, Refs. 8 through 10), although
several have examined reactivity among African
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Americans (cf, Ref. 11). To the best of our knowledge,
there are no studies examining this relationship in
Asia or with Asian populations. Although it would
seem plausible that the relationships of anger/hostility
to reactivity and CHD would be stable across cultures,
this cannot be assumed. Emotions are very much a
product of culture, and even though research has dem-
onstrated certain cross-cultural universals concerning
emotions and their recognition (12, 13), there is also
evidence of substantial variation in the experience and
expression of various emotions (14). For example, Jap-
anese and Chinese persons seem to experience certain
negative emotions, including anger, less intensely and
for shorter periods than do people from other cultural
groups, such as white Americans (15, 16). Such differ-
ences in the experience of anger make it clear that
cross-cultural validity of the relationships between an-
ger/hostility and both reactivity and CHD need to be
empirically established before they can be generalized
beyond the populations in which they were tested.

Singapore provides a particularly interesting locale
for testing the relationships among anger/hostility, re-
activity, and CHD because it has three major ethnic
groups that differ culturally and in their rates of CHD.
Research on CHD death rates in Singapore has indi-
cated that Indian Singaporeans die of ischemic heart
disease at much higher rates than do Chinese or Malay
Singaporeans. For example, Hughes et al. (17) found
that among men aged 30 to 69 years, the CHD death
rates for Indians were 3.8 times those for Chinese and
1.9 times those for Malays. The differential in death
rates was particularly high for young men (age 30-39
years), with the rates for Indians being 12.5 times those
for Chinese and 4.4 times those for Malays. Similar
patterns were observed for women, but the differences
were not as marked. Among women aged 30 to 69
years, the ratio was 3.4 between Indians and Chinese
and 1.6 between Indians and Malays. For women aged
30 to 39 years, the ratio was 6.8 between Indians and
both Chinese and Malays. This pattern of high CHD
rates among Indians has also been found in other coun-
tries, such as the United Kingdom (18), South Africa
(19), and Trinidad (20).

Although studies of the role of traditional risk fac-
tors in these differences have been conducted, these
differences have remained unexplained (cf, Ref. 21).
Also, to the best of our knowledge, no studies have
examined the potential role of psychosocial risk fac-
tors in the differential rates of CHD. One study has
suggested that Indians may have higher levels of hos-
tility than Chinese or Malays (22), but this result may
have been biased by use of an unrepresentative sample
and unvalidated instruments and has yet to be repli-
cated. The study reported here is part of a research
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program aimed at examining ethnic differences in an-
ger/hostility and relating these differences to cardio-
vascular responses to stress. This study is an initial
investigation of the extent to which DA is related to
cardiovascular responses among Chinese and Indian
Singaporeans. As such, we examined the cardiovascu-
lar responses of Indian and Chinese men, who differed
in DA, to a series of computerized laboratory tasks. In
line with the finding that differences between individ-
uals with high and low levels of hostility can be ex-
pected only under conditions of social challenge, par-
ticipants were harassed during some tasks but allowed
to finish others without interruption. If the relationship
between anger/hostility and CVR is cross-culturally
valid, we would expect to find that higher levels of anger
are related to greater levels of CVR under conditions of
harassment but not in the absence of harassment. If an-
ger/hostility plays a role in the higher CHD death rate
among Indians, we would expect this pattern to be stron-
ger among Indians than among Chinese.

METHODS
Participants

Eighty-four male students at tertiary educational institutions in
Singapore took part in this study. Forty-seven participants were
Chinese, and 37 were Indian. Participants ranged in age from 17 to
32 years (mean = 22.7 years). Participants were screened before
participation to exclude those with a history of heart disease or
hypertension and were paid $12 (Singaporean; equivalent to $7.25
US) for their participation. Characteristics of this sample and base-
line values of dependent variables are given in Table 1.

Design

This study used a 2 X 2 mixed design (Chinese vs. Indian and
harassed vs. nonharassed) with race as a between-subjects factor and

TABLE 1. Participant Age, STAXI Scores, and Baseline Values
by Ethnicity

Variable Chinese  Indian Total
Group
Age (years) 22.21 23.50 22.68
STAXI score
Trait anger 21.30 23.08 22.08
Trait anger/angry reaction? 9.81 11.03 10.35
Trait anger/angry temperament 7.91 8.18 8.03
Anger out 16.26 15.27 15.82
Anger in 17.83 19.19 18.43
Anger control 22.53 23.61 23.00
Anger expression 27.41 26.85 27.17
Baseline systolic blood pressure? 123.93 11831 121.45
Baseline diastolic blood pressure 76.71 75.16 76.02
Baseline heart rate 74.83 77.51 76.01
Baseline anger index 2.30 1.86 2.05

“ Means were significantly different between ethnic groups at p <
.05.
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harassment as a within-subjects factor. In addition, DA was mea-
sured for each participant and entered into the design as a contin-
uous variable using repeated-measures regression with interactions
(23). All participants performed four different tasks, two while being
harassed and two without harassment. The tasks performed under
harassment and the order of harassment was varied between partic-
ipants. To control for possible order effects due to either task or
harassment order, four different Greco-Latin squares were used with
a total of 16 combinations. To the extent possible, an equal number
of Chinese and Indian participants were randomly assigned to each
order.

Procedure

Laboratory Arrangement. The experiment was conducted in a
psychophysiology laboratory with the participant seated before a
computer monitor in a soundproof room. A one-way mirror was
located behind the participant, allowing the experimenter to observe
the participant and to watch the monitor to control the experimental
tasks from an adjacent room. To help the participant relax before the
experiment and during baseline periods, nature posters were hung
on the walls in front and to the side of the participant, and soft
nature sounds were piped in through two loudspeakers located
behind the participant.

Tasks. During the experiment, participants performed four com-
puterized tasks from a set of tasks developed for studies of CVR (24).
The tasks used included a target shooting task, a scanning task, a
Stroop color-word task, and a mental arithmetic task. The tasks
differed in their cognitive requirements, and the difficulty of the
tasks was standardized across participants (level of accuracy, 60%).
To standardize the difficulty of the tasks, the participant’s skill was
assessed at the beginning of each task, and difficulty was adjusted
accordingly. In the target shooting task, participants were required
to shoot a target moving across the top of the screen using a cannon
barrel displayed in the lower part of the screen. Difficulty was varied
by adjusting the speed at which the target moved across the screen.
The scanning task was a memory task in which a series of circular
icons appeared for about 1 second each in four positions across the
top of the screen. Participants were instructed to observe and re-
member the order of the positions in which the icons appeared and
then, after a 3-second delay, to reproduce the order. Difficulty was
adjusted by varying the number of icons presented in each trial. For
the Stroop color-word task, one of four color words (red, yellow,
blue, or green) appeared randomly in the center of the screen in one
of the four colors named. Simultaneously, all four words appeared at
the bottom of the screen, randomly assigned to the different colors.
Participants were required to select the word from the list at the
bottom of the screen that named the color of the word in the center
of the screen and to do so before they were given the correct answer.
Difficulty was varied by manipulating the time before the answer
was given. Finally, the mental arithmetic task presented various
arithmetic problems on the screen, each of which was followed by a
proposed answer. The participant was asked to indicate whether the
proposed answer was correct and to do so before they were given the
correct answer. As with the Stroop task, difficulty was altered by
varying the amount of time before the answer. With the exception of
the mental arithmetic task, each task was preceded by a practice
period. Each task lasted approximately 4 minutes, 10 seconds. In
addition, a baseline task that required participants to simply watch
the appearance of colored squares on the monitor and remember the
number of times a particular color appeared was included. This task
was designed to keep the participant occupied with minimal cogni-
tive involvement so that baseline physiological readings could be
obtained. The baseline task, which lasted approximately 10 minutes,
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was presented at the beginning of the experiment, between each
task, and after the final task.

Harassment Manipulation. To test the effects of harassment on
levels of anger and CVR, participants performed the tasks under
conditions involving either harassment or no harassment. For two of
the four tasks, participants were subjected to verbal harassment
through tape-recorded statements, ostensibly coming from a re-
search technician, played over the loudspeakers. Two statements
were used for each harassed task and were played 45 seconds and 2
minutes, 45 seconds into each task. The two pairs of statements were
1) “You’re not trying hard enough. You need to put in more effort!”
and “Your performance is inadequate. You need to do better.” and 2)
“You're still making too many mistakes. Concentrate, please!” and
“You're not very good at this, are you?” All statements were made by
a man, ostensibly an experimental assistant. The person on the tape
was Chinese, but every attempt was made to keep his accent as
neutral as possible. For each statement, a stern, emphatic tone of
voice was used. For tasks in the nonharassment condition, the
participant was allowed to complete the task without commentary.

Measures. The trait anger/angry reaction subscale of the STAXI
(25, 26) was used to measure differences in DA. The STAXI was
chosen because it has been shown to be the most valid and reliable
among a series of anger/hostility measures tested in Singapore (27).
Although the Cook-Medley Hostility Scale (28) has been commonly
used in studies of hostility and CHD and has been shown to have an
acceptable level of reliability in Singaporeans, the STAXI was used
because of concerns about the validity of Cook-Medley hostility
scores for Singaporeans. Attempts in our laboratory to replicate
findings such as those by Barefoot et al. (2) concerning the under-
lying structure of Cook-Medley hostility items have been unsuccess-
ful, leading us to question whether the scale measures the same
underlying construct in Singaporeans as it does in North Americans.
In contrast, examination of the structure of the STAXI yielded re-
sults similar to those reported in other studies (cf, Ref. 25). In
addition, the STAXI also measures different aspects of the experi-
ence and the expression of anger. The trait anger/angry reaction
subscale was used because it specifically targets the customary re-
sponses that a person has to anger-provoking situations. Theoretical
formulations of the role of hostility in CHD have consistently iden-
tified this as the key construct in relating anger/hostility to CVR and
CHD (cf, Refs. 5 and 29). The STAXI was completed by participants
on arrival in the laboratory and before the beginning of experimental
procedures.

Measures of changes in feelings of anger during the experiment
were obtained from mood questionnaires filled out by participants
before and after each task. Participants were asked to indicate their
current mood by rating 10 mood statements on a scale from 1
(strongly disagree) to 10 (strongly agree). Each statement began with
the stem “I feel.” The 10 mood adjectives or phrases were “anxious,”
“angry,” “tensed,” “that I am able to concentrate,” “irritated,” “mo-
tivated,” “happy,” “upset,” “frustrated,” and “that I am able to
control the situation.” For the analyses reported here, the key items
were angry, irritated, upset, and frustrated. In addition, a summary
anger scale was computed as the average of scores for these four
items.

Physiological Measures. Blood pressure readings were taken us-
ing an IBS model SD-700A automated blood pressure monitor. A
standard occluding cuff with an internal sensor for detecting Korot-
koff sounds was attached to the upper portion of the participant’s
nondominant arm, with the sensor placed over the brachial artery.
Readings were initiated by the experimenter every 2 minutes begin-
ning 45 seconds into each experimental segment by pressing a foot
pedal in the control room. Each reading took 40 to 50 seconds to
complete. Four readings were taken during each baseline period,
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and two readings were taken during each task. Heart rate for each
segment was obtained from a continuous ECG using lead 2 and
recorded digitally using a Biopac MP100 physiological recording
system.

Experimental Sequence. Participants arrived individually for the
experimental sessions and were immediately taken to the room
where the experiment was conducted. At that time, they were given
a brief description of the experiment and asked to sign an informed
consent form. The experiment was described as one concerned with
the physiological effects of playing computer games under different
conditions, some of which might be unpleasant. The physiological
measures were then described, and then electrodes for electrocar-
diographic measurements were attached and the blood pressure cuff
was placed on the participant’s nondominant arm. After a test read-
ing with the blood pressure monitor, the order of baseline and
experimental tasks was explained, and the participant was shown
the questionnaires to be completed during the experiment and given
instructions about when they were to be completed. Instructions for
the baseline and experimental tasks were given on the computer
monitor at the beginning of each segment.

The experiment proper began with a 10-minute baseline period,
during which the participant was instructed to watch the computer
monitor and remember the number of times a square of a given color
was shown. During this time, recorded sounds of waves on the shore
were played softly through the speaker behind the participant. At
the end of the baseline period, participants were asked to rate their
current mood on the mood questionnaire. This was followed by the
first task. Instructions were given on the monitor, followed by prac-
tice trials for all tasks except the mental arithmetic task and then the
experimental trials. At the end of this task, participants again rated
their mood. The experiment then continued in the same manner
with the alternation of baseline and experimental tasks, after which
participants rated their current mood. After the fourth task, a final
baseline period completed the experiment proper. After the final
baseline period, the blood pressure cuff and ECG electrodes were
removed, and the participant was asked to complete a final postex-
periment questionnaire about his reactions to the experiment and
“technician.” Participants were asked to rate the extent to which
they felt they did well on the experimental tasks and found the
experiment to be challenging, difficult, frustrating, boring, and en-
joyable and to rate the technician on the extent to which they
perceived him to be hostile, friendly, aggressive, agreeable, and
rude. All ratings were made on a nine-point scale, with 1 labeled
“not at all” and 9 labeled “extremely.” After completing the ques-
tionnaire, the participant was interviewed to ascertain any suspi-
cions about the experimental procedures and then debriefed. The
entire experiment lasted approximately 90 minutes.

Data Reduction and Analysis

Baseline scores for both systolic and diastolic blood pressure
were obtained by averaging the final two readings from each base-
line period and then averaging across the five baseline averages to
obtain an overall baseline value. The final two readings were used to
maximize the likelihood that the participants’ blood pressure had
stabilized at the resting level after the immediately preceding task.
An overall baseline value, as opposed to the baseline value obtained
before each task, was used for comparison of all tasks, because
previous research (30) has shown that an overall baseline value
tends to be more stable and a better point of comparison. Overall
baseline values for heart rate were obtained by computing the heart
rate during the last 5 minutes of each baseline period from the
continuous ECG and then averaging across the five baseline values.
For blood pressure readings, task scores were obtained by averaging
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the two readings obtained during each task and then calculating
averages for each participant across harassed and nonharassed tasks.
Heart rate was computed for each task using the continuous ECG
across the entire task and then computing means for harassed and
nonharassed tasks. CVR was computed as residualized change
scores by regressing the after-task averages for harassed and nonha-
rassed tasks against baseline scores and then taking the nonstand-
ardized residuals as representing the extent to which the blood
pressure and heart rate scores for each type of task deviate from what
would be expected solely on the basis of baseline values. This
procedure, described by Manuck et al. (31), produces change scores
that are uncontaminated by differences in baseline values. Because
the mean of these residuals is zero by definition, the actual amount
of change from baseline to after the task is reduced by the overall
mean difference between the baseline and task measurements. To
facilitate interpretation of means obtained and to provide a more
direct comparison to studies measuring CVR as an arithmetic change
from baseline to task, the means are reported with the overall mean
difference between baseline and task values added to the residuals.
The same procedure was used to compute the baseline, task, and
CVR scores for mood scales. To obtain a more stable rating of
changes in anger, the four scales associated with anger (angry, frus-
trated, upset, and irritated) were averaged to obtain an overall anger
score. Correlations among the scales for baseline measures and
change scores indicated that the measures were closely related to
each other. For baseline measures, the interitem correlations ranged
from 0.55 to 0.85, whereas for change scores, correlations ranged
from 0.53 to 0.74 (p < .001 for all correlations). Coefficient a was
0.88 for the combined baseline scales and 0.87 for both changes
under harassment and changes without harassment.

Preliminary analyses of ratings of the technician indicated that
the five rating scales were highly correlated, with r values ranging in
absolute value from 0.49 to 0.80. Furthermore, principal compo-
nents analysis indicated that all scales loaded onto a single factor,
accounting for 66% of the variance. In light of this finding, a sum-
mary scale of negative feelings about the technician was constructed
by averaging across the five scales after reversing the scales of
friendly and agreeable. Coefficient « for this scale was 0.87.

Hypotheses about reactivity were tested using repeated-measures
multiple regression with interaction effects by means of the PROC
GLM procedure of SAS software (32). In these analyses, race was a
categorical variable; DA, a continuous variable; and harassment, a
within-subjects variable.

RESULTS

Psychological Responses to Harassment

Key results from this study are shown in Table 2.
Our first analyses addressed the question of partici-

TABLE 2. Summary of Reactivity Analyses
Measure F(1,80) p R?

Anger reactivity

Race 4.38 <.05 0.052

Harassment 4.30 <.05 0.051
Systolic reactivity

Harassment 5.41 <.05 0.063

Race by DA by harassment 4.78 <.05 0.056
Heart rate reactivity

DA 5.06 <.05 0.060
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pants’ psychological responses to harassment. Analy-
sis of residualized change scores for the overall anger
index computed from the mood scales of angry, frus-
trated, upset, and irritated indicated two statistically
significant effects. As expected, changes in anger were
greater when participants were harassed (mean = 1.20)
than when they were not (mean = 0.94, F(1,80) = 4.30,
p < .05, B> = 0.051). In addition, a significant main
effect for race showed that, on average, Indians
showed greater anger reactivity (mean = 1.43) than did
Chinese (mean = 0.79, F(1,80) = 4.38, p < .05, R*> =
0.052).

Analyses of the other six mood items indicated only
one significant effect. A significant interaction was
obtained between race and DA for motivation
(F(1,80) = 4.64, p < .05, R* = 0.055): higher levels of
DA were associated with increases in motivation for
Indians (B = 1.15) but with decreased motivation in
Chinese (B = —0.68).

Cardiovascular Responses to Harassment

The primary analyses of interest concerned the ef-
fects of harassment on CVR. Analysis of the data for
changes in diastolic blood pressure indicated no sta-
tistically significant effects. Two statistically signifi-
cant effects were obtained for changes in systolic blood
pressure. First, a significant main effect was obtained
for harassment (F(1,80) = 5.41, p < .05, R*> = 0.063).
Examination of the means indicated that, on average,
participants showed greater increases in systolic blood
pressure when they were harassed (mean = 9.30) than
when they were not (mean = 7.76). Second, a race by
DA by harassment effect (F(1,80) = 4.78, p < .05, R* =
0.056) was obtained, indicating that the relationship of
DA and harassment to systolic reactivity differed by
ethnic group. The pattern of this effect, shown in Fig-
ure 1, indicated that when Chinese participants were
not harassed, there was little difference in systolic
reactivity as a function of DA; however, when they
were harassed, Chinese participants higher in DA
showed greater reactivity. For Indian participants, a
positive relationship was obtained between DA and
systolic reactivity in both conditions. In addition, for
heart rate reactivity, a significant effect was obtained
for DA (F(1,80) = 5.06, p < .05, R* = 0.06) such that
higher levels of DA were associated with greater reac-
tivity (8 = 0.23).

Relationship Between CVR and Self-Reported
Changes in Anger

To examine the extent to which CVR during harass-
ment was accompanied by self-reported changes in
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Fig. 1. Systolic reactivity as a function of race, dispositional anger,

and harassment.

feelings of anger, changes in the summary anger index
were correlated with CVR. In line with previous work
indicating that such correlations can be expected to
differ for individuals with high and low levels of anger
(10), correlations were computed separately by level of
DA. For this analysis, participants were classified as
low or high in DA on the basis of a median split. As
expected, systolic CVR was significantly and posi-
tively correlated with anger reactivity for high-DA par-
ticipants (r(38) = 0.36, p < .05") but not for low-DA
participants (r(46) = 0.003, p = NS). Separate exami-
nation of Indian and Chinese participants indicated
that both groups showed the same pattern. For
high-DA participants, the correlations were r(21) =
0.41, p < .05 and r(17) = 0.39, p < .07 for Indians and
Chinese, respectively; the corresponding correlations
for low-DA participants were r(16) = —0.18, p = NS
and r(30) = 0.13, p = NS, respectively. For heart rate
reactivity, the correlations between changes in the
composite anger index and heart rate reactivity
showed the same pattern, with the correlation signifi-
cant for high-DA participants (r(38) = 0.41, p < .01)
but not for low-DA participants (r(46) = 0.07, p = NS).
This pattern was not obtained, however, for diastolic
reactivity, for which the correlations were —0.04 and
0.07 for high- and low-DA participants, respectively.
To examine the extent to which the statistically
significant pattern of systolic reactivity was mediated
by changes in anger, regression analyses with interac-
tions relating systolic reactivity to race, DA, and anger
reactivity were performed. Because the degree of anger
reactivity obviously depends on harassment, separate
analyses were performed for the harassment and non-
harassment conditions. In line with results obtained

! One-tailed tests of significance were used because the direction
of the correlations was predicted.
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by Suarez and Williams (10), we expected the DA by
anger reactivity effect to be significant. Results of the
analyses confirmed this prediction, with significant
effects obtained for both conditions (harassment:
F(1,76) = 6.62, p < .05, R* = 0.080; nonharassment:
F(1,76) = 17.61, p < .0001, R* = 0.188). The regression
lines for these effects are shown in Figures 2 and 3. In
both cases, individuals high in DA showed greater
systolic reactivity when they also showed higher lev-
els of anger reactivity during the task, whereas indi-
viduals low in DA tended to show less systolic reac-
tivity in conjunction with higher levels of anger
reactivity. Under harassment, this pattern was found
irrespective of race, as indicated by the nonsignificant
race by DA by anger reactivity effect (F(1,76) < 1, p
NS). When participants were not harassed, however,
this effect was significant (F(1,76) = 6.56, p < .05, R*
= 0.080). The pattern for this effect is shown in Figure
4. As shown in this figure, systolic reactivity for Chi-
nese participants showed little difference between
those high and low in DA regardless of anger reactiv-
ity. In contrast, high-DA Indians showed greater sys-
tolic reactivity in conjunction with higher anger reac-
tivity, but those lower in DA showed the opposite
pattern.

Reactions to the Experiment and Technician

To determine whether there were systematic differ-
ences in the way in which Chinese and Indian partic-
ipants responded to the experiment and technician,
regression analyses using race and DA and their inter-
action as independent variables were performed on
scales used to rate the experiment and technician.
Statistically significant effects were found for only two
variables. When asked to rate how enjoyable the ex-
periment was, Indian participants rated the experi-

25
— High Dispositional Anger

— = LowDispositioral Anger

2

Harassed Systolic Reactivity

Harassed Anger Reactivity

Fig. 2. Systolic reactivity under harassment as a function of dis-

positional and anger reactivity.
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Fig. 4. Systolic reactivity under nonharassment as a function of

dispositional anger, anger reactivity, and race.

ment as more enjoyable (mean = 6.82) than did Chi-
nese participants (mean = 5.69, F(1,72) = 8.95, p <
.01, R* = 0.111).

Responses to the technician were assessed through
examination of the composite scores for negative emo-
tional reactions to the technician. Analysis of these
scores revealed a significant race by DA effect
(F(1,79) = 10.85, p < .01, R* = 0.120). Examination of
this effect indicated that, whereas for Indians higher
levels of DA were associated with more negative rat-
ings of the technician (B = 1.71), for Chinese higher
levels of DA were associated with less negative ratings
of the technician (8 = —1.33).

DISCUSSION

The results of this study replicate previous findings
demonstrating higher reactivity to harassment for in-
dividuals high in DA and point out differences be-
tween Chinese and Indian Singaporeans in physiolog-
ical responses to stress. Analysis of blood pressure
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responses indicated that in Chinese participants, DA
was positively related to systolic reactivity when they
were harassed; however, when they were not harassed,
this relationship was not found. In comparison, reac-
tivity in Indian participants was a positive function of
DA scores regardless of harassment. Despite the fact
that a similar pattern was not found for self-reported
changes in anger, evidence from the correlations be-
tween anger changes and systolic reactivity as well as
analyses of systolic reactivity as a function of DA and
anger reactivity indicate that anger plays a mediating
role in the systolic reactivity for high-DA participants
of both races.

The pattern of results for systolic reactivity is in-
triguing. For Chinese participants, the results are sim-
ilar to those found in other studies of the relationship
of hostility to CVR. Several studies have demonstrated
that individuals high in anger or hostility show higher
levels of CVR to socially challenging tasks, such as
harassment, but that their CVR to nonsocial tasks is no
different than that of persons low in anger or hostility
(5, 8, 10). Previous results were obtained in North
American populations, and, to the best of our knowl-
edge, this is the first study to demonstrate this effect in
an Asian population. The fact that this pattern also
occurs among Chinese Singaporeans indicates that it
has at least some degree of cross-cultural validity. This
is particularly important given the known cultural dif-
ferences in the experience and expression of emotion
discussed earlier.

Even more interesting, however, is the pattern of
results obtained among Indians, which indicates some
of the limits of this cross-cultural validity. In Indians,
higher levels of DA were associated with greater sys-
tolic reactivity regardless of harassment. When ha-
rassed, Indians showed a pattern directly parallel to
that of Chinese participants in this study and to that of
North Americans in previous studies. However, in
contrast to the results in Chinese as well as other
groups in previous studies, the relationship between
DA and reactivity was, if anything, stronger when In-
dian participants were not harassed. Also, it is inter-
esting to note that for low-DA Indian participants,
reactivity was noticeably higher for harassed than for
nonharassed tasks, whereas for Indians high in DA,
systolic response to harassed and nonharassed tasks
was nearly identical. Furthermore, the difference be-
tween harassed and nonharassed tasks for low-DA In-
dians was about the same as that for high-DA Chinese.
Evidence from both correlations between changes in
anger and systolic reactivity and analyses examining
the join effects of DA and anger reactivity indicate that
the relationship of DA to CVR is mediated by greater
changes in anger among high-DA participants. For
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CVR under harassment, this effect was independent of
race, indicating that anger, not race, is the critical
variable. When no harassment was present, an inter-
action with race was obtained, indicating that high-DA
Indians showed greater reactivity when the task pro-
duced greater increases in anger, whereas the opposite
was true for low-DA Indians. In contrast, no relation-
ship was found for Chinese participants regardless of
DA.

Clearly this is a pattern that needs to be replicated
and explored further before firm conclusions can be
drawn. However, such a pattern suggests a generally
greater reactivity among Indians and is consistent with
the higher level of death due to CHD among Indians
noted earlier. If, in fact, higher levels of CVR are pre-
dictive of heart disease (cf, Ref. 7), then the facts that 1)
high-DA Indians showed high systolic reactivity to
both harassed and nonharassed tasks and 2) low-DA
Indians showed higher reactivity to harassed than non-
harassed tasks (a finding generally found only for in-
dividuals high in anger or hostility) would put Indians
at higher risk than Chinese.

Before such a conclusion can be drawn, however, a
number of questions must be addressed. First, the pat-
tern of findings obtained in our study must be repli-
cated, preferably with a variety of social stressors and
with other samples of participants. We found a statis-
tically significant race by DA by harassment effect for
systolic reactivity, but the actual changes in blood
pressure were relatively modest compared with those
found in previous studies. The greatest changes shown
in Figure 1 were in the range of 12 to 13 mm Hg,
compared with changes of 16 to 18 mm Hg obtained in
other studies (8, 10). Also, no effects were obtained for
diastolic blood pressure. For heart rate, a sole signifi-
cant effect was obtained for DA, indicating that heart
rate increases were unrelated to either race or harass-
ment. One likely explanation for this pattern of results
is that, for practical and ethical reasons, the harass-
ment used in this experiment was relatively mild. Had
a stronger harassment been used, the results would
most likely have been stronger. Work is currently un-
der way in our laboratory to replicate these findings
with tasks producing greater CVR and to investigate
cardiovascular responses to naturally occurring stres-
sors using an ambulatory methodology.

Second, it is important to replicate this finding in
other populations. The participants in this research
were all students in tertiary educational institutions
and cannot be considered to be in any way represen-
tative of Indian and Chinese Singaporeans. Before it
can be concluded that Indians are, in fact, more reac-
tive to social stressors, this finding must be replicated
in other groups. Along these lines, we are currently
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examining these relationships in police officers, in
whom anger-provoking situations can be expected to
be relatively prevalent, and other groups to establish
the generality of the findings.

Third, the findings obtained in this study are lim-
ited because the role of the technician delivering the
harassment was played by only one person, who was
Chinese. This raises the possibility that the effects
obtained for Indians may be due to the fact that the
person delivering the harassment was of a different
race. Efforts were made to have the harassment state-
ments delivered with as neutral an accent as possible,
but participants may have been able to discern the race
of the technician. Indians are a minority in Singapore,
making up only 7% of the population, whereas Chi-
nese make up approximately 76% of the population. It
might be argued that Indians showed greater reactivity
because they particularly resented being harassed by a
Chinese person. However, if Indians discerned the
race of the technician and found harassment by a Chi-
nese to be particularly aversive as compared with Chi-
nese participants, it would seem reasonable that this
would be reflected in their ratings of the experiment
and the technician. As noted above, however, Indians
rated the experiment as more enjoyable than did the
Chinese, contradicting the argument that Indians
found the experiment more aversive. Also, no main
effect was found for race in ratings of the technician. It
is true that high-DA Indians rated the technician more
negatively than did those lower in DA. However, this
is to be expected, because individuals higher in anger
or hostility are more likely to see negative traits in
others (5). Interestingly, low-DA Chinese rated the
technician less favorably than did those higher in DA,
a difference that seems counterintuitive and for which
we have no explanation. However, this pattern of re-
sults does not support the argument that higher reac-
tivity for Indians was due to any greater aversiveness
of the harassment situation for them.

Finally, it should be kept in mind that this study
operationalized DA through use of the STAXI trait
anger/angry reaction subscale. As noted above, this
scale was chosen because it measures the extent to
which a person tends to become angry in response to
provocation, which has been identified as the key con-
struct relating anger/hostility to CVR (5, 29). The use of
this scale raises the possibility that the results ob-
tained here are not directly comparable to those of
studies that used other measures, such as the more
commonly used Cook-Medley Hostility Scale. As such,
these results must be replicated using other measures
of anger and hostility. Work is currently under way to
address this issue through the use of additional mea-
sures, including the Interpersonal Hostility Assess-
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ment Technique (33), a promising technique for as-
sessing hostility based on the Structured Interview for
Type A.

Together, the results of this study provide provoca-
tive but still preliminary evidence on ethnic differ-
ences in cardiovascular responses to stress among Chi-
nese and Indian Singaporeans. These differences seem
to be consistent with the higher CHD death rate among
Indians. However, before such a conclusion can be
drawn, these results must be replicated using other
tasks and population samples and further explored
through additional research.

This research was supported by Grant RP940029
from the Faculty Research Committee, National Uni-
versity of Singapore. Appreciation is expressed to the
University Research Committee of the National Uni-
versity of Singapore for their support of this work; to
Redford B. Williams, Jr., for his comments on a previ-
ous version of this manuscript; and to Yong-Peng Why
for his assistance in data analysis.

REFERENCES

1. Barefoot JC, Dahlstrom WG, Williams RB. Hostility, CHD inci-
dence, and total mortality: a 25-year follow-up study of 255
physicians. Psychosom Med 1983;45:59—64.

2. Barefoot JC, Dodge K, Peterson B, Dahlstrom WG, Williams RB.
The Cook-Medley Hostility Scale: item content and ability to
predict survival. Psychosom Med 1989;51:46-57.

3. Shekelle RB, Gale M, Ostfeld AM, Paul O. Hostility, risk of
coronary heart disease, and mortality. Psychosom Med 1983;45:
109-14.

4. Miller TQ, Smith TW, Turner CW, Guijarro ML, Hallet AJ. A
meta-analytic review of research on hostility and physical
health. Psychol Bull 1996;119:322—48.

5. Smith TW. Hostility and health: current status of a psychoso-
matic hypothesis. A review. Health Psychol 1992;11:139-50.

6. Williams RB. Basic biological mechanisms. In: Siegman AW,
Smith TW, editors. Anger, hostility, and the heart. Hillsdale
(N]): Erlbaum; 1994. p. 117-25.

7. Manuck SB. Cardiovascular reactivity in cardiovascular disease:
“once more unto the breach.” Int ] Behav Med 1994;1:4-31.

8. Everson SA, McKey BS, Lovallo WR. Effect of trait hostility on
cardiovascular responses to harassment in young men. Int J
Behav Med 1995;2:172-91.

9. Suarez EC, Williams RB. The relationships between dimensions
of hostility and cardiovascular reactivity as a function of task
characteristics. Psychosom Med 1990;52:558-70.

10. Suarez EC, Williams RB. Situational determinants of cardiovas-
cular and emotional reactivity in high and low hostile men.
Psychosom Med 1989;51:404—18.

11. Durel LA, Carver CS, Spitzer SB, Llabre MM. Associations of
blood pressure with self-report measures of anger and hostility
among black and white men and women. Health Psychol 1989;
8:557-75.

12. Mesquita B, Frijda NH. Cultural variations in emotions: a re-
view. Psychol Bull 1992;112:179-204.

13. Russell JA. Culture and the categorization of emotions. Psychol
Bull 1991;110:426-50.

14. Kitayama S, Markus HR. Emotion and culture: empirical studies

691



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

692

of mutual influence. Washington DC: American Psychological
Association; 1994.

Bond MH. Emotions and their expression in Chinese culture.
J Nonverbal Behav 1993;17:245—-62.

Scherer KR, Wallbott HG, Matsumoto D, Kudoh T. Emotional
experience in cultural context: a comparison between Europe,
Japan, and the United States. In: Scherer KR, editor. Facets of
emotion: recent research. Hillsdale (NJ): Erlbaum; 1988. p. 5-30.
Hughes K, Lun KC, Yeo PPB. Cardiovascular diseases in Chi-
nese, Malays, and Indians in Singapore. I. Differences in mor-
tality. ] Epidemiol Community Health 1990;44:24-8.

Marmot MG, Adelstein AM, Bulusu L. Lessons from the study of
immigrant mortality. Lancet 1984;1:1455-7.

Walker ARP. The epidemiology of ischemic heart disease in the
different ethnic populations in Johannesburg. S Afr Med ] 1980;
57:748-52.

Miller GJ, Beckles GLA, Alexis SD, Byam NTA, Price SGL.
Serum lipoproteins and susceptibility of men of Indian descent
to coronary heart disease: the St. James Survey, Trinidad. Lancet
1982;2:200-3.

Hughes K, Yeo PPB, Lun KC, Thai AC, Sothy SP, Wang KW,
Cheah JS, Phoon WO, Lim P. Cardiovascular diseases in Chi-
nese, Malays, and Indians in Singapore. II. Differences in risk
factor levels. ] Epidemiol Community Health 1990;44:29-35.
Chew IKH, Chong CL. Type A personality and stress among the
Singapore Chinese, Malays and Indians. Pers Individual Differ-
ences 1991;12:753-8.

Pedhazur EJ. Multiple regression in behavioral research: expla-
nation and prediction. 2nd ed. New York: CBS College
Publishing; 1982.

Debski TT, Kamarck TW, Jennings JR, Young LW, Eddy MJ,
Zhang Y. A computerized test battery for the assessment of
cardiovascular reactivity. Int J Biomed Computing 1991;27:
277-89.

Spielberger CD. State-Trait Anger Expression Inventory (revised

26.

27.

28.

29.

30.

31.

32.

33.

G. D. BISHOP AND G. ROBINSON

research edition): STAXI professional manual. Odessa (FL): Psy-
chological Assessment Resources; 1988.

Spielberger CD, Krasner SS, Solomon EP. The experience, ex-
pression, and control of anger. In: Janisse MP, editor. Health
psychology: individual differences and stress. New York:
Springer-Verlag; 1988. p. 89—108.

Bishop GD, Quah SH. Reliability and validity of measures of
anger/hostility in Singapore: Cook & Medley Ho Scale, STAXI
and Buss-Durkee Hostility Inventory. Pers Individual Differ-
ences 1998;24:867-78.

Cook WW, Medley DM. Proposed hostility and pharisaic virtue
scales for the MMPI. ] Appl Psychol 1954;38:414-8.

Suarez EC, Williams RB. Interactive models of reactivity: the
relationship between hostility and potentially pathogenic phys-
iological responses to social stressors. In: Schneiderman N, Mc-
Cabe P, Baum A, editors. Perspectives in behavioral medicine:
stress and disease processes. Hillsdale (NJ): Erlbaum; 1992. p.
175-95.

Kamarck TW, Jennings JR, Debski TT, Glickman-Weiss E, John-
son PS, Eddy MJ, Manuck SB. Reliable measures of behavioral-
ly-evoked cardiovascular reactivity from a PC-based test battery:
results from student and community samples. Psychophysiol-
ogy 1992;29:17-28.

Manuck SB, Kasprowicz AL, Monroe SM, Larkin KT, Kaplan JR.
Psychophysiologic reactivity as a dimension of individual dif-
ferences. In: Schneiderman N, Weiss D, Kaufmann PG, editors.
Handbook of research methods in cardiovascular behavioral
medicine. New York: Plenum; 1989. p. 365—82.

SAS Institute. SAS/STAT user’s guide, version 6. Vol 2. 4th ed.
Cary (NC): SAS Institute Inc; 1990.

Haney TL, Maynard KE, Houseworth SJ, Scherwitz LW, Wil-
liams RB, Barefoot JC. Interpersonal hostility assessment
technique: description and validation against the criterion of
coronary artery disease. ] Pers Assess 1996;66:386—401.

Psychosomatic Medicine 62:684-692 (2000)



