Original Study

Anger Types: Heritability and Relation to
Blood Pressure, Body Mass Index, and

Left Ventricular Mass

Lillian Gleiberman, PhD;' Tiffany A. Greenwood, PhD;%*® Amy Luke, MD;*
Maria C. Delgado, MD;' Alan B. Weder, MD'

The relationship between anger and cardiovascu-
lar morbidity has not been investigated among
Mexican Americans. This exploratory study
examined the heritability of anger types and
their relationship to cardiovascular variables in
samples of unrelated and related Mexican
Americans residing near Chicago, Illinois. All of
the anger variables of the Spielberger Anger
Expression Scale (in, out, control, total expres-
sion) bad significant beritabilities. Using the
total sample of related individuals, higher female
anger-out scores were associated with greater
left ventricular mass after correction for height
to the 2.7 power (LVM/HT?’), systolic blood
pressure, and diastolic blood pressure. Females
had positive, significant associations for body
mass index with LVM/HT?”, systolic blood
pressure, and diastolic blood pressure; among
males, these variables were similarly but less
strongly related. Anger (coraje in Spanish) is
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discussed in the context of folk medicine as

a risk factor for cardiovascular morbidity.

J Clin Hypertens (Greenwich). 2008;10:700-706.
©2008 Le Jacq

Excessive anger and extreme styles of expres-
sion (always keeping anger in or always let-
ting anger out) have been associated with both
elevated blood pressure and increased cardio-
vascular (CV) morbidity. Data for these reports
are largely from studies of black and white
persons.”” Much less is known about the con-
sequences of anger-in and anger-out among
Mexican Americans, the fastest growing minority
in the United States, which accounted for 7.3%
of the total population in the 2000 census.® A
Medline search for the term “Mexican Ameri-
cans + anger” yielded 4 papers in contrast to 125
papers found when “African-Americans + anger”
was the search term. These 4 papers focused on
anger in schizophrenic families, discrimination,
adolescents and hostility, and attitudes/beliefs
about diabetes.*” (The paper by Coronado and
associates” is germane to our aims and will be
discussed below.) There do not appear to be any
studies examining anger, blood pressure, and CV
outcomes among Mexican Americans, although
many other biopsychosocial problems have been
addressed in this ethnic group.

The data collected for this report will allow
us to (1) examine the heritability of anger-coping
types and CV variables in a sample of Mexican
Americans and (2) examine anger-coping styles and
their associations with CV and echocardiographic
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factors. Data for the Mexican American sample
were collected by researchers from the Loyola
University site of the GenNet study in Maywood,
Illinois. GenNet represents 1 of the 4 major arms
of the Family Blood Pressure Program, a large
multicenter genetic epidemiology study of high
blood pressure and related conditions in multiple
racial groups supported by the National Heart,
Lung, and Blood Institute.®

METHODS

Sample

The sample was recruited from the communities of
Cicero and Berwyn, as well as the west side of
Chicago. The minimum unit of recruitment per
family was a sibling pair, consisting of a proband
aged 12 years or older and at least one sibling.
Attempts were made to recruit the sibling closest
in age to the proband; parents were also included
if they agreed to participate. No blood pressure
criteria were used in recruitment, and ethnicity
was self-described. In total, 738 self-identified
Mexican Americans from 350 families were
recruited. Most of the participants were immi-
grants or first-generation offspring, largely in
working-class blue-collar jobs.

Physical Data

Systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), anthropometrics, and lifestyle data
were collected for all participants; 295 participants
had 2-dimensional-guided M-mode echocardiogra-
phy. Blood pressure was measured by a trained and
certified technician using a mercury manometer.
Two measurements were taken in each individual,
and the average systolic and diastolic values
were used in the analyses. Left ventricular mass
(LVM) was calculated by the Devereux formula®
and corrected for height to the 2.7 power
(LVM/HT?*”), which normalizes ventricular mass
for body size.'® Use of this formula avoided prob-
lems in assessing the impact of being overweight
and eliminated artifacts of indexing to body surface

area.w

Anger-Coping Types

Participants responded to the Spielberger State-
Trait Anger Expression Inventory, the most widely
used instrument to examine anger-coping types.
The scale was designed for individuals aged 13
and older and validated using other anger and per-
sonality measures.!! The questionnaire is com-
posed of 24 items from which 4 subscales are
derived: anger-in, anger-out, anger-control, and
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total anger expression. Respondents noted whether
they almost never, sometimes, often, or almost
always responded in a certain manner. Examples
from the anger-in subscale are “I keep things in,”
“I tend to harbor grudges that I don’t tell anyone
about”; anger-out: “I do things like slam doors,”
“I say nasty things” (there are no items about
physical violence in this scale); anger-control: “I
keep my cool,” “I can stop myself from losing my
temper.” The score for the first 3 subscales (8 items
each) was arrived at by summing the response to
each of the 8 items (rated 1-4); thus, the mini-
mum score is 8 and the maximum score is 32.
The total anger expression score represents the
score on anger-in plus the score on anger-out
minus the score on anger-control plus 16 (thus
ensuring that there are no negative scores). The
scale was translated into Spanish and then retrans-
lated back into English to be certain that the
integrity of the questions was maintained. Respon-
dents could choose to answer the Spanish version
or the English version.

Statistical Analysis

We analyzed the sample in two ways. Only the
proband in each family who had both echocardio-
graphic and anger data was used in the initial anal-
ysis to avoid stratification by familial clustering.
However, in this exploratory effort, we also com-
pared the results of the probands with that of the
total sample for whom we had both echocardiogra-
phy and anger data.

Variance component methodology, as imple-
mented in the SOLAR version 2.1.2 linkage analy-
sis package (Sun Microsystems, Santa Clara, CA),
was exploited to obtain heritability estimates for
each of the variables using the total sample of
related individuals.'* As controlling for the effects
of a known covariate is important to obtain an
accurate estimate of heritability, age and sex were
screened for significance as covariates for each vari-
able and were retained in the heritability analysis
of a particular variable only if a significant associa-
tion (P<.05) was observed. Statistical testing was
by ANCOVA, i#-test, and Pearson partial correla-
tions. For the covariance analysis, participants were
divided into quartiles of anger-in, anger-out, anger-
control, and total anger expression. Significance
was accepted at P<.05.

RESULTS

Table I presents the descriptive characteristics of
the probands (unrelated) and the entire sample
of families for which anger information and
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Table I. Descriptive Characteristics of the Samples

PROBANDS ToTAL SAMPLE

No. MEAN=SD No. MEean+SD
Sex, % (M/F) 20/80 34/66
Age, y 88 43.0+10.2 276 39.0+£15.7
Height, m 88 1.6+0.1 276 1.6+0.8
Weight, kg 88 78.0+6.5 276 76.5+2.0
Body mass index, kg/m2 88 30.4+6.5 276 29.6+7.0
SBP, mm Hg 88 116.9+15.8 276 115.9+16.9
DBP, mm Hg 88 68.2+12.2 276 66.8+12.2
Heart rate, beats/min 88 63.9+9.8 276 63.9+9.6
LVM/HT?*7 88 34.319.3 276 34.248.9
Stroke volume, mL/beat 88 1.8+0.2 276 1.8+0.2
Cardiac output, mL/min 88 4703.2+1001.0 276 4734.4+991.4
Ejection fraction, % 88 66.9+14.9 276 68.1+14.5
Anger-in* 76 15.2+3.1 205 15.0+3.3
Anger-out” 78 13.0+2.8 208 13.3+3.4
Anger-control® 77 21.7+5.0 205 21.7+5.3
Total anger expression® 74 22.3+7.2 199 22.7+8.7

Abbreviations: DBP, diastolic blood pressure; LVM/ HT?”, left ventricular mass after correction for height to the 2.7 power;
SBP, systolic blood pressure. “See Methods section for definitions.

Table II. Heritability of Echocardiographic Variables and Anger-Coping Types
COVARIATE P VALUE

No. h*+SE P VALUE AGE SEX
Body mass index, kg/m? 295 0.43+0.14 .0003 <.0001 2
SBP, mm Hg 295 0.40+0.13 .0004 <.0001 <.0001
DBP, mm Hg 295 0.35+0.14 <.0001 .001 .001
Heart rate, beats/min 295 0.23+0.13 .03 .001 8
LVM/HT?>7 295 0.55+0.14 <.0001 <.0001 <.0001
Stroke volume, mL/beat 295 0.61+0.17 .0001 <.0001 <.0001
Cardiac output, mL/min 294 0.34+0.14 .004 .05 <.0001
LV ejection fraction, % 295 0.48+0.18 .002 3 .0006
Anger—ina 711 0.22+0.08 .001 2 1
Anger-out® 710 0.15+0.08 .02 <.0001 .02
Anger-control” 704 0.16+0.08 .01 <.0001 2
Total anger expression® 687 0.30+0.08 <.0001 <.0001 .6
Abbreviations: DBP, diastolic blood pressure; h2, heritability; LV, left ventricular; LVM/ HT?”, left ventricular mass after
correction for height to the 2.7 power; SBP, systolic blood pressure. *See Methods section for definitions.

echocardiographic data were available. This is an
adult sample, the majority of whom are female. In
addition, this is an obese sample with no significant
differences in body mass index (BMI) between
males and females in both samples (probands:
males, 32.5+8 kg/m?, females, 30.0+6 kg/m?
entire sample: males, 30.0+6 kg/m?, females,
30.0+7 kg/m?). The means and standard deviations
for the remainder of the physical variables and the
anger-coping styles were virtually identical in these
two samples.
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Table II presents the heritability of the echo-
cardiographic  variables and the anger-coping
types, adjusted for age and sex. For this analysis,
the total sample was used. Although approxi-
mately 700 individuals responded to the anger
questions, only 295 underwent echocardiography.
All 4 anger-coping types and all echocardio-
graphic variables had significant heritabilities; total
peripheral resistance was of borderline signifi-
cance. Age and sex were significant covariates for
many of the echocardiographic variables, and age
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Table III. Quartiles of Anger-Out in Relation to Blood Pressure, BMI, and LVM/ HT?

1ST QUARTILE 2ND QUARTILE 3RD QUARTILE 4TH QUARTILE P VALUE®
SBP, mm Hg 117.3+2.8 111.6£3.0 117.9+3.1 125.3+4.0 .06
DBP, mm Hg 68.9+2.2 66.4+2.4 69.5+£2.5 71.4+3.2 NS
BMI, kg/m” 29.8+1.3 27.2+1.4 32.0£1.5 33.7¢1.9 .03
LVM/HT?>? 32.9:1.7 31.0+1.8 34.5+1.9 40.0£2.4 .03

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; LVM/ HT?7, left ventricular mass after correction
for height to the 2.7 power; SBP, systolic blood pressure. Values are mean+SE and are adjusted for age and sex (N=77).
“By ANCOVA.

Table IV. Partial Correlations (Adjusted for Age) for Mexican American Probands and Total Sample

MALES (N=13) MALES (N=60) FEMALES (N=59) FEMALES (N=14T1)

PROBANDS TOTAL SAMPLE PROBANDS TOTAL SAMPLE
SBP and LVM/HT?’ 0.15 0.14 0.51° 0.48°
DBP and LVM/HT?” 0.19 0.17 0.35" 0.37°
BMI and LVM/HT?7 0.67° 0.45" 0.68" 0.51°
Anger-out and LVM/HT?>”7 -0.20 -0.15 0.30° 0.16°
Anger-out and SBP 0.20 0.12 0.15 0.20°
Anger-out and DBP —-0.14 0.22¢ 0.10 0.23°
Anger-out and BMI -0.21 -0.16 0.29¢ 0.144
BMI and SBP 0.40 0.23¢ 0.43* 0.38°
BMI and DBP 0.55¢ 0.23¢ 0.33" 0.28"

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; LVM/ HT?7, left ventricular mass after correction for

height to the 2.7 power; SBP, systolic blood pressure. *P<.001; ®P<.01; <P<.05; ¢P<.10.

was a significant covariate for 3 of the anger
types as well.

We then examined the intercorrelations among
the 4 anger-coping types. Anger-in was significantly
correlated with anger-out (r=0.35; P<.001) and
with total anger expression (r=0.59; P<.001).
Anger-out was significantly correlated with total
anger expression (r=0.70; P<.001). Anger-control
was negatively related to the 3 other anger types
and was significant for total anger expression
(r=—0.77; P<.001) and anger-out (r=—0.28; P<.035).
We also compared the anger scores of Mexican
American males and females; males had slightly
higher scores on all 4 anger types, but there were
no significant differences (anger-in: males vs
females, 16=3 vs 15+3; anger-out: males vs females,
14+3 vs 13x4; anger-control: males vs females,
22+5 vs 21=+5; total anger expression: males vs
females, 23+8 vs 23+9).

After dividing the 4 anger-coping types into
quartiles and adjusting for sex and age, we carried
out an ANCOVA. The only anger type for which
there was a significant result was anger-out
(Table III). From among all the variables described
in Table I, only body mass index, LVH/HT?*’, and
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SBP showed relationships with anger-out (P=.03,
.03, and .06, respectively), and only these variables
as well as DBP were considered in the remainder of
the analyses. For these 4 variables, the second quar-
tile of anger-out had the lowest scores. LVM was
also significantly associated with anger-out (F=3.5;
P<.05).

We next examined these variables separately by
sex, using the anger styles as quantitative linear
variables. We first used the sample of unrelated
probands in a series of partial correlations adjusted
for age. Again, anger-out was the only anger type
that manifested any significant correlations
(Table IV). Males and females appeared to have
different relationships for anger-out with some of
the variables. For females, anger-out was
significantly related to LVM/HT?*” and to BML
Further, in females, LVM/HT?*” was significantly
related to SBP and DBP. Finally, BMI was signifi-
cantly related to both SBP and DBP. For males,
inverse but nonsignificant relationships for anger-
out with BMI, LVM/HT?*’ and DBP were
observed. Significant positive correlations were
observed for males for BMI with LVM/HT*” and
DBP.
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We then carried out the same partial correlations
(adjusting for age) on the entire sample (Table IV),
which included related individuals. Results for
females were similar to those of the probands with
stronger significance levels for all the correlations
except for anger-out and BMI. For the total sample
of females, BMI and anger-out were now signifi-
cantly correlated with both SBP and DBP. For males,
the negative relationships for anger-out and BMI and
for anger-out and LVM/HT?” reflect the same find-
ings we observed with the probands; however, the
negative relationship between anger-out and DBP
was now positive and at a borderline level of sig-
nificance. The positive and significant relationship
for males between BMI with LVM/HT?*” and with
DBP was also replicated when the entire sample was
used.

DISCUSSION

This report is the first to examine the heritability of
anger-coping types as well as the relationship of
anger-coping types to physical and echocardio-
graphic variables in Mexican Americans. Heritabil-
ity was examined in the total sample of related
individuals, and virtually all of the variables were
found to be significantly heritable. The relationship
of genetic factors to anger has been examined in
few studies of whites and fewer still comparing
blacks and whites (eg, Wang and colleagues'® used
a twin sample to measure heritability in blacks and
whites). Family resemblance for anger-in, anger-
out, and anger-control were demonstrated. Except
for anger-control, however, it was not evident
whether the familiality was due to genes or envi-
ronment. To our knowledge, there have been no
epidemiologic investigations of anger and heritabil-
ity among Mexican Americans. It is reasonable to
assume that anger has a genetic component: the
emotion of anger triggers the basic mammalian
fight-flight response, which is of obvious adaptive
significance. Anger increases sympathetic nervous
system activity manifested in part by increased
blood pressure and heart rate'®; this response
evolved to prepare the body to defend against phys-
ical assault from predators and has been strongly
conserved by mnatural selection. In present-day
environments, anger is primarily aroused through
interpersonal relationships, and extremes of intense
anger expression or suppression of angry feelings
can have adverse consequences (eg, job loss or dys-
functional family interactions). Individuals need to
keep angry feelings in balance, express them to oth-
ers in a calm and reflective manner, and ultimately
resolve them; excessive anger, either expressed or
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suppressed, has been found to render both blacks
and whites at risk for CV disease.'"

Our other major finding was that higher anger-
out scores in females were significantly related to
higher LVM/HT?*” and BMI both for the probands
and for the entire sample; males, in contrast, had
negative but nonsignificant scores for these factors
which remained consistent for both probands and
the entire sample. The outcomes for BMI and the
examined correlates were similar for both sexes.
BMI was significantly related to LVM/HT>”
among the unrelated persons and the total sample
for both sexes. For males, BMI had a borderline
relationship with SBP and DBP in the total sample,
although BMI and DBP were significantly related in
the smaller proband sample. For females, BMI was
significantly related to SBP and DBP only for the
entire sample. These shifts are reasonably a reflec-
tion of the small sample size of probands. The
other 3 anger-coping types did not have any signifi-
cant association with any of the echocardiographic
variables or anthropometric variables.

Sociocultural traditions influence how individuals
handle angry feelings. Mexican Americans have a
number of traditional folk medicine beliefs. A sub-
stantial proportion of this cultural group believe
that anger (coraje in Spanish) and fear or frightful
experiences (susto in Spanish) can cause diabetes.
For example, one person interviewed in Yakima
County, California, expressed herself in this man-
ner: “I felt very hungry and had a lot of coragje . . .
my husband was an alcoholic and T was always
alone and this gave me much corgje. 1 took care of
my children, feeling my mouth really dry, and very
hungry, and coraje. 1T went to the doctor, who
gave me a checkup and told me that I had
diabetes . . .”” More detailed information comes
for the most part from communities in Mexico;
whether these beliefs and their consequences can be
applied to Mexican Americans is uncertain but
appears reasonable.

Similar beliefs are found in other Mexican com-
munities. The Mexicans of Kumiai in Baja Califor-
nia believe that anger or rage can be a cause of
high blood pressure."® Mexicans from Oaxaca con-
sider anger a cause of illness, such as heart disease
and diabetes.'® The illness depends upon where in
the body the anger falls (ie, is experienced). Some
village women wear belts under their dresses; they
believe that the practice keeps the anger in the
stomach area and prevents it from traveling to a
person’s heart, where it can cause death. In addi-
tion, some believe that anger can be transmitted
from person to person and result in disease.'®
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Because of these fears, daily frustrations may often
not be expressed or resolved. Among Mexicans
who have emigrated to the United States, such tra-
ditional beliefs may persist and be a factor in unit-
ing and supporting the community in a new and
nonwelcoming culture.

The finding that among women, anger-out was
associated with higher LVM/HT?*” seems reason-
able. Mexican American women may feel that
suppressing anger is more appropriate and may feel
guilty if feelings are outwardly manifested. Women
in Mexico are more susceptible than men to
experiencing anger as a somatic experience (eg,
described as headache or diarrhea).'® Perhaps the
taboo against expressing anger and the fear that its
contagion will harm someone is strong enough to
alter physiologic pathways that can lead to nega-
tive CV consequences; clearly, the outward expres-
sion of some degree of anger is inevitable and may
cause guilt and distress. To our knowledge, the
only other finding relating anger and LVM was
our earlier observation that high anger-in was
related to higher LVM in white females in
Tecumseh, Michigan.!”

The negative association of males’ high scores of
anger-out with BMI and LVM/HT?*’ may be
understood from the sex differences in behavior
that serve as norms in Mexican societies and that
may persist in Mexican Americans. Men may go
out in the evening to a canteen and drink alcohol
with their companions to dissipate their emotional
strains'®;  domestic violence is common among
men, although less so in Mexican Americans born
in Mexico than in the United States.'” On the other
hand, the small sample size of the male cohort
would suggest less confidence in these results and
speculations.

Both excessive expression and suppression of
anger have been shown to be associated with ele-
vated blood pressure and CV morbidity in blacks
and whites,"* but the relationships have not been
studied in Mexican Americans. High blood pressure
and left ventricular hypertrophy are conditions
without symptoms; the prevalence of essential
hypertension among Mexican Americans is similar
to or less than white Americans*>*! and thus may be
of less interest to researchers examining emotional
attitudes and disease within specific ethnic groups.

CONCLUSIONS

This is the first report in Mexican Americans to
demonstrate heritability of anger types and to show
that anger-out is related in females to LVM/HT>’
and BMI (both of which have a significant heritable
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component). One limitation of this paper is the
small sample size, particularly for the male pro-
bands; future studies should address this problem.
The findings for females also need to be replicated
before further hypotheses about anger and CV fac-
tors are examined in Mexican American samples.
Cultural attitudes toward anger that are specific to
Mexicans (and reasonably to Mexican Americans)
recommend further investigation of the qualitative
nature of the anger experience within acculturated
communities in the United States. Mexican Ameri-
cans represent a distinct subset (58%)** of Hispan-
ics that is continually growing. Like all minorities,
this population is subject to a variety of prejudices
and stresses in the workplace and in social rela-
tions; anger is surely increased in those Mexican
Americans who must deal with the problems of
being illegal immigrants. Physicians treating
Mexican Americans should become conversant
with ethnic traditions and beliefs about emotions
and disease to communicate better and to encour-
age compliance with treatment.
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