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Objective: To examine the cross-sectional association between hostility and pulmonary function (PF) and its
consistency across race/ethnicity–gender groups. Design: Data were from the Coronary Artery Risk Devel-
opment in (Young) Adults (CARDIA) cohort study (N � 4,629). Participants were recruited from 4
metropolitan areas in the United States, ages 18–30 years at baseline in 1985–1986, approximately balanced
across race/ethnicity (Black, White) and gender. Main Outcome Measures: Main outcome measures were
percent predicted values for forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC).
Results: In full-sample multiple linear regression analyses, each 1 standard deviation (SD) increase in hostility
was associated with a 0.66% decrease in FEV1 ( p � .0002) and a 0.60% decrease in FVC ( p � .0006). This
inverse association of hostility with PF remained after controlling for age, height, current socioeconomic status
(SES), participant smoking status, and asthma and is more consistent than that of smoking and PF. In stratified
analyses, each 1 SD increase in hostility predicted statistically significant reductions in PF for Black women,
White women, and Black men. For White men, hostility showed no statistically significant relation with PF,
although the pattern relating hostility to PF was similar to the pattern in the other three groups. Further, both
of the post hoc three-way interaction terms for hostility, race/ethnicity, and gender predicting FEV1 and FVC
were nonsignificant. Conclusion: PF was inversely associated with hostility across race/ethnicity and gender,
independent of age, height, current SES, smoking, and asthma. On the basis of these cross-sectional findings,
the authors hypothesize that higher hostility will predict a more rapid decline in PF.

Keywords: hostility, pulmonary function, CARDIA study, race/ethnicity, gender

Chronic obstructive pulmonary disease (COPD) is a progres-
sive, only partially reversible condition characterized by reduced

airflow to the lungs, resulting in significant associated morbidity
and mortality (Calverley & Walker, 2003; Senior & Anthonisen,
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1998). As of 1990, COPD was the sixth most common cause of
death worldwide; it has been projected to become the third leading
cause of death by the year 2020 (Murray & Lopez, 1997). Several
risk factors have been identified, most notably smoking (Senior &
Anthonisen, 1998). Others include occupational exposures, indoor
air pollution, childhood infections, prenatal exposures, airway
reactivity, and genetic predisposition (Calverley & Walker, 2003;
Senior & Anthonisen, 1998). To date, these risk factors do not
adequately explain individual differences in who develops COPD.

Level of pulmonary function is used as a reliable risk marker of
COPD (Senior & Anthonisen, 1998). Pulmonary function reaches
a peak and then plateaus during young adulthood (Apostol et al.,
2002). The highest level of pulmonary function attained sets the
stage for health in later life (Wang, Mensinga, Schouten, Rijcken,
& Weiss, 2004). Research indicates that those who rapidly decline
in pulmonary function during older adult years are at increased risk
for morbidity and mortality (Pelkonen et al., 2001). Higher max-
imally attained pulmonary function in young adulthood affords a
greater buffer from later rapid decline (Wang et al., 2004). There-
fore, even seemingly small disparities in pulmonary function that
appear during young adulthood may be amplified over time and
exert substantial influence on later life health.

Numerous studies have suggested that psychological factors like
hostility adversely affect physical health. In particular, a consid-
erable body of evidence suggests an important role for hostility in
the development of coronary heart disease (for a review, see
Miller, Smith, Turner, Guijarro, & Hallet, 1996). For example, in
a 9-year follow-up study of 1,599 men ages 42–60 years who were
initially disease free, men with the highest levels of hostility were
at two times the risk of myocardial infarction relative to men with
the lowest levels of hostility (relative hazard ratio � 2.18, 95%
confidence interval � 1.01, 4.70; Everson et al., 1997). There is
also evidence for an association between hostility and hyperten-
sion (Yan et al., 2003), the metabolic syndrome (Niaura et al.,
2000), and all-cause mortality (Miller et al., 1996).

Taken together, studies to date strongly suggest a role for
hostility in cardiovascular-related outcomes. Notably, pulmonary
function is inversely related to cardiovascular disease and prema-
ture mortality (Weiss, 1991), which suggests hostility could play a
role in pulmonary health as well. In fact, proposed mechanisms by
which hostility influences health are not necessarily specific to
cardiovascular health. Hostility has been associated with a wide
array of health risk factors, ranging from dysregulated neuroendo-
crine function to smoking behavior to alcohol consumption to
social isolation (Siegler et al., 2003).

Following the theoretical model linking affective disturbances
to physical disorders set forth by Cohen and Rodriguez (1995), we
identify several biological pathways by which hostility may be
associated with pulmonary function. Researchers have found as-
sociations of hostility with immune system (fibrinogen; Pollitt et
al., 2005), sympathetic nervous system (Hughes, Sherwood, Blu-
menthal, Suarez, & Hinderliter, 2003), hypothalamic–pituitary–
adrenal axis (Butovskaya, Boyko, Selverova, & Ermakova, 2005);
and endocrine (leptin; Atmaca, Kuloglu, Tezcan, Gecici, & Us-
tundag, 2002) activity. In turn, links have been identified between
each of these biological pathways and pulmonary function: fibrin-
ogen levels (Donaldson et al., 2005), �-adrenergic responsiveness
(van der Velden & Hulsmann, 1999), cortisol dysregulation (Spar-
row, O’Connor, Rosner, Demolles, & Weiss, 1993), and leptin

secretion (Sin & Man, 2003). Thus, we believe it is reasonable to
speculate an association between hostility and pulmonary function,
given these few examples of a likely much wider array of plausible
mechanisms.

Although there is an emerging literature on the inverse associ-
ations of anxiety and depression with pulmonary function among
people with preexisting respiratory diseases, like asthma (Katon,
Richardson, Lozano, & McCauley, 2004; Ritz & Steptoe, 2000) or
COPD (Crockett, Cranston, Moss, & Alpers, 2002), scant research
has examined the association of any psychosocial factors with
pulmonary function in more representative disease-free popula-
tions. One recent study found a protective effect of optimism on
pulmonary function among older men (Kubzansky et al., 2002).
However, we know of no research to date that has focused directly
on the association between hostility and pulmonary function.

Notably, rates of COPD are increasing disproportionately for
women and people of color (Hurd, 2000), which suggests that
explanations for the recent increases in this disease must consider
these groups carefully. Women and people of color are often in
positions of low social status. As a result, they are not only more
likely to be exposed disproportionately to physical hazards be-
cause of workplace or home exposure but also likely to confront
more adversity and have fewer opportunities for positive experi-
ences than those in higher status positions (Sidanius & Pratto,
1999). Further, those who live lower in the social hierarchy may
repeatedly find themselves in situations that elicit others’, as well
as their own, hostile behaviors and feelings. The persistent adver-
sity they face may call for coping in ways that are adaptive on a
short-term basis and effective in circumscribed contexts but that
compromise long-term health (Houston & Vavak, 1991). One such
example is using aggression to minimize further threats and main-
tain safety in poor urban contexts (Tolan, Gorman-Smith, Henry,
Chung, & Hunt, 2002). Although such behavior may be adaptive
in the short term, it also creates more opportunities for injury as
well as further hostile interactions. Another example is that higher
hostility has been associated with smoking cigarettes, drinking
alcohol, and consuming high-fat foods (Siegler et al., 2003), which
may reflect efforts to decrease negative affect (Cooper, Frone,
Russell, & Mudar, 1995; Jackson, Cooper, Mintz, & Albino,
2003).

One study of young adults examined a host of risk factors for
cardiovascular disease, including lowered pulmonary function; a
secondary finding of a simple correlation between hostility and
lowered forced expiratory volume in 1 second (FEV1) was briefly
reported for all examined race/ethnicity (Black, White) and gender
(female, male) groups except White men (Higgins et al., 1991).
The current investigation picks up on this provocative but little-
studied finding and explores it in depth using the same data set.
The goal of our study was to examine the association between
hostility and pulmonary function during young adulthood and test
the consistency of effects across different racial/ethnic and gender
groups while controlling for a variety of potential confounders. We
asked the question, “Is hostility similarly harmful for women and
for men, for Blacks and for Whites?” By using data from the
Coronary Artery Risk Development in (Young) Adults (CARDIA)
study, we examined the relationship between hostility and two
objective, reliable, and well-regarded indices of pulmonary func-
tion: FEV1 and forced vital capacity (FVC). As well, we compared
women and men, and Blacks and Whites, as relatively healthy
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young adults, taking account of a range of potential confounders.
Because maximal pulmonary capacity is attained in young adult-
hood and implicated in the subsequent developmental course of
pulmonary function, young adulthood is an important period in
which to study the relationships between hostility and pulmonary
function. Exposures and behaviors during this time lay the ground-
work for adult hostility and later life health outcomes (Houston &
Vavak, 1991).

We hypothesized an inverse relationship between hostility and
pulmonary function; that is, with higher hostility, we expected to
see poorer pulmonary function. We expected this relationship to
persist even when accounting for standard control variables such
as age and height, as well as current socioeconomic status (SES),
smoking status, and asthma. We hypothesized that the pattern of
this association would be similar for all racial/ethnic and gender
groups: Black women, White women, Black men, and White men.
However, given previous reports that Blacks report more hostility
than do Whites and that men report more hostility than do women,
we expected absolute levels of hostility to vary across these
groups.

Method

The CARDIA study was designed to assess evolution of car-
diovascular risk factors in young adults. The human studies com-
mittees of the Brigham and Women’s Hospital and each of the
CARDIA sites approved the study. Details about study design and
recruitment are available elsewhere (Friedman et al., 1988).

The study was conducted in four urban centers in the United
States: Minneapolis, MN; Birmingham, AL; Chicago, IL; and
Oakland, CA. The following participants were included: those who
self-identified as Black or as White (U.S. Census Bureau cate-
gory), with a permanent address in the target area, free of long-
term disease or disability, and not pregnant at baseline. All data for
the current analyses were from baseline (1985–1986). Fifty percent
of eligible individuals, ages 18–30 years, took part in the study,
resulting in a total sample of 5,115 participants (2,787 women and
2,328 men) approximately balanced within each center across
gender, race/ethnicity, and SES. The inclusion criterion for the
current analyses was having complete assessments on each mea-
sure used for this study, yielding a final sample of 4,629.

Measures

Hostility. Hostility was measured using the Cook–Medley
Questionnaire, which is derived from a subset of items from the
Minnesota Multiphasic Personality Inventory (Cook & Medley,
1954) and has been used in other epidemiological studies (Miller
et al., 1996). Respondents answered true or false to each of the 50
items; scale scores could range from 0 to 50, with higher scores
indicating greater hostility. We used hostility measured as a con-
tinuous variable and checked goodness-of-fit using mean pulmo-
nary function according to quintiles of hostility. Hostility was
deemed missing if one or more of the items used to compute it
were missing. Hostility score was missing for 199 participants,
who showed no statistically significant differences compared with
the rest of the sample on any of the remaining predictor variables:
age, height, current SES operationalized by current education,
smoking, and asthma.

Other correlates of pulmonary function. Participant race/
ethnicity, gender, age, current SES, smoking status, and asthma
were ascertained by an interviewer-administered questionnaire.
Current SES was indexed by number of years of education the
participant had completed at the time of the interview. Following
previous research (Apostol et al., 2002), asthma was defined in two
levels. The first was self-reported asthma symptoms without
asthma diagnosis, namely shortness of breath “when hurrying on
the level or walking up a slight hill” in conjunction with wheezing
(either apart from colds or most days or nights). The second
asthma level was self-reported doctor or nurse diagnosis of asthma
or the participant receiving asthma medication (medicine contain-
ers checked), regardless of symptoms. Height was measured with-
out shoes to the nearest 0.5 cm.

Pulmonary function. Assessments of FEV1 and FVC were
obtained with a Collins Survey 8-L water-sealed spirometer and
the Eagle II Microprocessor (Warren E. Collins, Inc., Braintree,
MA) while participants were standing and wearing nose clips.
FEV1 is an indicator of upper airway pulmonary obstruction, and
FVC is an indicator of total lung volume. Pulmonary function data
were acceptable if at least three reproducible (within 10% of each
other) tests of FEV1 and FVC were performed out of up to five
attempts, in accordance with American Thoracic Society standards
for pulmonary function. Of the 5,115 CARDIA participants, 4,861
(95%) yielded acceptable data for FEV1 and FVC. Percent pre-
dicted equations—derived from large population-based samples—
are used to determine how close the observed data are to values
expected for a given individual. Using the equations set forth by
Hankinson and colleagues (Hankinson, Odencrantz, & Fedan,
1999), we calculated corresponding percent predicted values as the
observed pulmonary function value multiplied by 100 and then
divided by the individually predicted pulmonary function value.
Although the percent predicted values are designed to remove
associations with race/ethnicity, gender, age, and height, we found
some residual confounding when we adjusted race/ethnicity- and
gender-specific models for age, age squared, and height. We
therefore included these variables in the reduced and full models
(see below).

Analyses

The analyses are in two parts, performed using SAS Version 9.
All analyses were run stratified by race/ethnicity and gender
(Black women, White women, Black men, and White men). First,
we computed descriptive statistics for hostility and pulmonary
function, as well as other contributors to pulmonary function.
Second, using multiple linear regression models, we examined the
associations between hostility as a continuous variable and pul-
monary function. Hostility was scaled in 1 standard deviation (SD)
units to enhance interpretability. We ran two versions of each
model: reduced (Model 1) and fully adjusted controlling for known
potential confounders (Model 2). The reduced model used hostility
as the independent variable of interest and used age, age squared,
and height as covariates. The fully adjusted model used the vari-
ables in the reduced model and further included current SES,
smoking status, and asthma as covariates. We evaluated effects on
percent predicted FEV1 and FVC in separate models.
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Results

Table 1 presents descriptive statistics on hostility, pulmonary
function, and contributors to pulmonary function, stratified by
race/ethnicity and gender group. Using a 2 (race/ethnicity) � 2
(gender) analysis of variance model (unadjusted for covariates),
we found that both race/ethnicity, F(1, 4625) � 466.03, p � .0001,
and gender, F(1, 4625) � 98.22, p � .0001, were associated with
hostility. The interaction of race/ethnicity and gender was margin-
ally associated with hostility, F(1, 4625) � 3.41, p � .0649. Mean
hostility was highest in Black men, followed by Black women,
White men, and White women (Scherwitz, Perkins, Chesney, &
Hughes, 1991). In a corresponding model, we found that both
race/ethnicity, F(1, 4625) � 1,428.35, p � .0001, and gender, F(1,
4625) � 4,553.59, p � .0001, were associated with FEV1. Further,
the Race/Ethnicity � Gender interaction was significant, F(1,
4625) � 34.22, p � .0001. For FVC, we found similar results:
Both race/ethnicity, F(1, 4625) � 1,781.63, p � .0001, and gen-
der, F(1, 4625) � 5,760.77, p � .0001, were associated, and there
was a Race/Ethnicity � Gender interaction, F(1, 4625) � 66.36,
p � .0001. Mean FEV1 and FVC were highest in White men,
followed by Black men, White women, and Black women. In
simple correlations of hostility and contributors to pulmonary
function (see Table 2), significantly higher levels of hostility were
associated with being younger, shorter (males only), less educated,
and more likely to be a current smoker.

To estimate the associations between hostility and pulmonary
function, we conducted multiple linear regression analyses with
percent predicted FEV1 and FVC as the outcomes. In full group
analyses, each 1 SD increase in hostility was associated with a
0.66% decrease in FEV1 ( p � .0002) and a 0.60% decrease in

FVC ( p � .0006). As shown by Table 3, each 1 SD increase in
hostility predicted statistically significant reductions in pulmonary
function for Black women, White women, and Black men. For
White men, hostility showed no statistically significant effect on
pulmonary function, although the pattern of associations between
hostility and pulmonary function for White men was in the same
direction as the patterns of the other three groups. Further, post hoc
three-way interactions of hostility, race/ethnicity, and gender pre-
dicting FEV1 (b � �0.35) and FVC (b � �0.33) were each
nonsignificant. Inspection of the means of FEV1 as a function of
hostility quintiles—stratified by race/ethnicity and gender (data
not shown)—revealed that each quintile increase in hostility is
associated with a generally consistent linear decrease in FEV1, for
all groups. This inverse association of hostility with pulmonary
function is maintained after controlling for age and height, as well
as current SES, participant smoking status, and asthma. Despite
group differences in absolute levels of hostility and pulmonary
function (see Table 1), the patterning of the association between
hostility and pulmonary function is similar across all the groups.

Discussion

These findings suggest an association between hostility and
pulmonary function, such that higher levels of hostility are related
to lower levels of pulmonary function, in a healthy young adult
sample. These effects are robust across two indices of pulmonary
function (percent predicted FEV1 and FVC), even after controlling
for age, height, current SES, smoking, and asthma. As shown in
Table 3, increased levels of hostility were associated with lower
levels of percent predicted FEV1 (from 0.31% to 1.01% less than
predicted) and FVC (from 0.24% to 0.85% less than predicted) per

Table 1
Descriptive Statistics by Race/Ethnicity and Gender

Variable

Black women
(n � 1,293)

White women
(n � 1,187)

Black men
(n � 1,054)

White men
(n � 1,095)

M SD % M SD % M SD % M SD %

Hostility 20.83 8.19 16.12 7.97 23.63 8.24 18.05 7.92
Pulmonary function

FEV1

Liters 2.84 0.43 3.30 0.44 3.78 0.58 4.42 0.61
% predicted 98.84 12.74 98.50 10.55 96.40 12.77 96.35 10.90

FVC
Liters 3.36 0.50 3.95 0.54 4.61 0.69 5.49 0.75
% predicted 101.45 12.45 100.89 10.81 99.40 12.34 98.65 10.20

Contributors to pulmonary function
Age (years) 24.47 3.87 25.52 3.38 24.23 3.75 25.47 3.36
Height (cm) 163.65 6.80 165.14 6.33 177.08 6.92 178.09 6.88
Current SES (years education) 13.13 1.77 14.57 2.25 12.91 1.90 14.68 2.51
Smoking status

Ever smoker 9.05 20.39 9.20 15.71
Current smoker 31.86 27.72 37.29 26.12

Asthmaa

Symptoms 5.96 4.80 2.66 3.56
Diagnosis or medications 9.36 7.41 10.63 8.40

Note. “Never smoker” was the reference category for smoking. “No asthma” was the reference category for asthma. FEV1 � forced expiratory volume
in 1 second; FVC � forced vitality capacity; SES � socioeconomic status.
a Symptoms refers to self-reported asthma symptoms without asthma diagnosis, namely shortness of breath “when hurrying on the level or walking up a
slight hill” in conjunction with wheezing (either apart from colds or most days or nights). Diagnosis or medications refers to self-reported doctor or nurse
diagnosis of asthma or taking of asthma medication (medicine containers checked), regardless of symptoms.
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1 SD increase in hostility score. Although the levels of hostility in
this sample are higher among Blacks than Whites and among men
than women, the association between hostility and pulmonary
function is significant across three of the four race/ethnicity and
gender groups (Black women, White women, Black men) exam-
ined and in the same direction for White men.

Young adulthood is a time of continued change: socially, psy-
chologically, and physically. As such, it is interesting to find a
relatively consistent pattern of results during this period across
race/ethnicity and gender. Although the absolute values of the
slopes of pulmonary function across hostility are small, note that in
full-sample analyses, they remain statistically significant after
accounting for an array of possible confounders. Even being a
current smoker does not show an association with pulmonary
function in this relatively young, healthy sample. Effects of hos-
tility, like smoking, are posited to accumulate over the course of
many years, gradually taking a toll on health. In fact, we expect
any incremental difference seen in this young a sample only to be
amplified over time. Given that FEV1 is a marker of upper airway
functioning and FVC a marker of total lung volume, it is not
surprising that the association of hostility appears to be stronger
with FEV1 and evident to a lesser degree with FVC. The upper
airways are constantly responding to environmental demands (e.g.,
cold, air particles, and stress), whereas total lung volume changes
over a much longer time frame (e.g., months and years, depending
on the phase in lung development over the life course). In subse-
quent work with follow-up through older adulthood, it will be
important to ascertain whether hostility predicts change over time
and ultimately disease outcomes like COPD, as well as whether
these effects hold across race/ethnicity and gender groups.

Although for White men the decrements in pulmonary function
by hostility were not as large as those in other groups, or enough
to be statistically significant, when we examine mean pulmonary
function by quintile of hostility (data not shown), similar to the
other three groups, we see a trend of a gradient effect between
higher levels of hostility and lower pulmonary function for this
group. Were this a true effect, we might expect to see effects of
hostility on pulmonary function for White men appear later in life.

Our team is beginning to examine this possibility with other data.
Put differently, the association between higher hostility and lower
pulmonary function may hold for all four groups but could be
accelerated in lower status groups. This is consistent with the
notion of “weathering” (Geronimus, 2001), which has been used to
conceptualize the earlier origins of health problems for Black
versus White American women in other health domains.

We do not have the data here to fully understand this finding,
although we can speculate about mechanisms. One explanation
may be that displayed hostility among Black women, White
women, and Black men is met with harsher social sanctions than
among White men. Of interest, behavioral displays that are inter-
preted as hostile when enacted by members of lower status groups
may be seen as markers of authority when enacted by members of
high-status groups. Indeed, research suggests that there are nor-
mative expectations for people to display anger in high-status roles
(Tiedens, 2001), which then reinforces their status roles. People in
lower status roles who act in violation of role expectations (e.g.,
displaying hostility as a woman or person of color) may elicit
social ramifications far more negative or punishing than those for
people acting in accord with social expectations (Tiedens, 2001),
resulting in heightened stress, which in turn may compromise
pulmonary function (Wright, Rodriguez, & Cohen, 1998). Another
pathway by which those in lower social positions may come to
experience greater hostility arises from lower status groups con-
tending with more adversity and thus having more opportunities to
experience hostility.

It is interesting to speculate about whether the association of
hostility and pulmonary function is modified by race/ethnicity and
gender, but we are cautious about overstating the meaning of the
nonsignificant findings for White men. The finding that hostility is
associated with lower pulmonary function seems robust given that
it holds even after accounting for an array of covariates and in
full-group analyses as well as three of the four subgroup analyses.
It is important to keep in mind that in post hoc full-group analyses,
the interaction of hostility, race/ethnicity, and gender itself was not
statistically significant.

Table 2
Correlations of Hostility and Pulmonary Function With Study Variables by Race/Ethnicity and Gender

Variable

Black women (n � 1,293) White women (n � 1,187) Black men (n � 1,054) White men (n � 1,095)

Hostility FEV1 (L) FVC (L) Hostility FEV1 (L) FVC (L) Hostility FEV1 (L) FVC (L) Hostility FEV1 (L) FVC (L)

FEV1 (L) �.07* — .89*** �.07* — .85*** �.09** — .85*** �.08* — .83***

FEV1 (% P) �.09** .82*** .66*** �.07* .84*** .64*** �.09** .84*** .63*** �.05 .83*** .57***

FVC (L) �.06* .89*** — �.06* .85*** — �.10** .85*** — �.08** .83*** —
FVC (% P) �.07** .69*** .79*** �.05† .66*** .82*** �.09** .65*** .81*** �.04 .62*** .79***

Age �.13*** �.08** .02 �.10*** �.04 .07* �.16*** �.00 .09** �.07* �.12*** �.03
Height �.02 .51*** .57*** �.04 .58*** .62*** �.07* .53*** .59*** �.08** .57*** .65***

Current SES �.25*** .03 .04 �.14*** .03 .03 �.27*** .11*** .13*** �.13*** .06* .06*

Current smoker .21*** �.09** �.03 .13*** �.07* .01 .16*** �.04 .00 .15*** �.11*** �.07*

Asthma .04 �.11*** �.03 �.00 �.13*** �.03 .04 �.17*** �.04 .04 �.13*** �.02

Note. Current smoker was coded so that 0 � not a current smoker, and 1 � current smoker. Asthma was coded so that 0 � no symptoms; 1 � self-reported
asthma symptoms without asthma diagnosis, namely shortness of breath “when hurrying on the level or walking up a slight hill” in conjunction with
wheezing (either apart from colds or most days or nights); and 2 � self-reported doctor or nurse diagnosis of asthma or taking of asthma medication
(medicine containers checked), regardless of symptoms. FEV1 � forced expiratory volume in 1 s; L � liters; FVC � forced vitality capacity; % P � percent
predicted; SES � socioeconomic status.
† p � .10. * p � .05. ** p � .01. *** p � .001.
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Table 3
Parameter Estimates for Hostility and Covariates Predicting Pulmonary Function

Predictors

FEV1 % predicted FVC % predicted

Model 1 Model 2 Model 1 Model 2

b SE b SE b SE b SE

Black women (n � 1,293)

Intercept 105.69*** 17.43 104.43*** 17.27 119.64*** 17.06 119.29*** 17.05
Hostilitya �1.10** 0.36 �0.83* 0.37 �0.85* 0.35 �0.78* 0.37
Age 0.95 1.25 1.01 1.26 �0.19 1.22 �0.07 1.24
Age squared �0.02 0.03 �0.02 0.03 0.01 0.03 �0.00 0.03
Height �0.11* 0.05 �0.10† 0.05 �0.10† 0.05 �0.09† 0.05
Current SES �0.02 0.21 �0.10 0.21
Smoking status

Ever smoker 1.08 1.28 2.48* 1.26
Current smoker �1.03 0.82 0.39 0.81

Asthma
Symptoms �5.14*** 1.51 �3.42* 1.49
Diagnosis or medications �4.99*** 1.21 �1.49 1.19

White women (n � 1,187)

Intercept 42.97* 17.57 45.57** 17.45 50.11** 18.03 51.82** 18.09
Hostilitya �0.69* 0.31 �0.63* 0.31 �0.47 0.31 �0.54† 0.32
Age 3.24* 1.28 3.12* 1.30 2.75* 1.32 2.66* 1.35
Age squared �0.06* 0.03 �0.06* 0.03 �0.05† 0.03 �0.05† 0.03
Height 0.09† 0.05 0.09† 0.05 0.09† 0.05 0.10† 0.05
Current SES �0.00 0.15 �0.10 0.16
Smoking status

Ever smoker 1.78* 0.80 2.10* 0.83
Current smoker �1.41† 0.76 0.74 0.79

Asthma
Symptoms �2.70† 1.45 �1.31 1.50
Diagnosis or medications �4.27*** 1.15 �0.12 1.20

Black men (n � 1,054)

Intercept 74.02*** 19.93 77.10*** 19.71 52.98** 19.08 54.99** 19.13
Hostilitya �0.93* 0.40 �0.74† 0.40 �0.71† 0.37 �0.66† 0.39
Age 2.09 1.45 1.86 1.45 3.70** 1.39 3.45* 1.41
Age squared �0.03 0.03 �0.03 0.03 �0.06* 0.03 �0.06* 0.03
Height �0.03 0.06 �0.05 0.06 �0.01 0.05 �0.02 0.05
Current SES 0.29 0.23 0.20 0.23
Smoking status

Ever smoker 0.67 1.38 1.71 1.34
Current smoker 0.14 0.88 1.22 0.85

Asthma
Symptoms �2.87 2.41 �2.77 2.34
Diagnosis or medications �7.13*** 1.25 �0.75 1.21

White men (n � 1,095)

Intercept 75.80*** 18.99 82.64*** 18.93 50.86** 17.72 51.67** 17.87
Hostilitya �0.48 0.33 �0.31 0.33 �0.31 0.31 �0.24 0.31
Age 1.45 1.42 0.86 1.44 2.69* 1.33 2.67* 1.36
Age squared �0.03 0.03 �0.02 0.03 �0.05† 0.03 �0.05† 0.03
Height 0.03 0.05 0.02 0.05 0.08† 0.04 0.07† 0.05
Current SES 0.17 0.15 0.02 0.14
Smoking status

Ever smoker 1.85* 0.94 2.01* 0.89
Current smoker �0.92 0.83 0.10 0.79

Asthma
Symptoms �2.76 1.80 �3.22† 1.70
Diagnosis or medications �5.41*** 1.18 �0.26 1.11

Note. Predictors in Model 1 are hostility, age, age squared, and height. Predictors in Model 2 include those in Model 1 and current SES, participant’s
smoking status (reference group is never smoker), and asthma (reference group is no asthma; comparison groups are �a� self-reported asthma symptoms
without asthma diagnosis, namely shortness of breath “when hurrying on the level or walking up a slight hill” in conjunction with wheezing [either apart
from colds or most days or nights] and �b� self-reported doctor or nurse diagnosis or taking of asthma medications [medicine containers checked], regardless
of symptoms). FEV1 � forced expiratory volume in 1 s; FVC � forced vitality capacity; SES � socioeconomic status.
a Hostility is scaled to represent the effect of a 1 standard deviation (SD) change on the outcome pulmonary function variable; thus, slopes are in units of
percent predicted per standard deviation.
Standard deviations are listed in Table 1 and are approximately 8 units on the Cook–Medley scale for each race/ethnicity and gender group.
† p � .10. * p � .05. ** p � .01. *** p � .001.



We controlled for smoking; however, smoking itself may be on
the causal pathway between hostility and pulmonary function. It
could be that individuals with high levels of hostility are more
likely to smoke as a form of coping with emotional distress
(Siegler et al., 2003). Further, individuals higher on hostility may
begin smoking at an earlier age and smoke in heavier doses. If
smoking attenuates the relationship between hostility and pulmo-
nary function, then controlling for smoking would result in an
underestimate of the hostility–pulmonary function association.
Given that our final models included smoking, this suggests that
our analyses may be particularly conservative.

We cannot make causal claims, of course, with cross-sectional
data. It could be that lower pulmonary function causes greater
hostility. However, this seems unlikely. Although there is variabil-
ity among participants in this sample, they have relatively normal
levels of pulmonary function expected for this age range (cf. Wang
et al., 2004). Another explanation for the findings may be that
some third variable we did not account for contributes to both
hostility and pulmonary function. For example, environmental
toxins may both increase hostility and decrease pulmonary func-
tion. We were not able to investigate this hypothesis in the current
study. Moreover, findings are consistent with other research that
finds a role for hostility in the development of major health
outcomes (Miller et al., 1996). Importantly, one advantage of using
pulmonary function as an index of health is that it can be objec-
tively and reliably measured over a wide range of values. Thus, it
is less susceptible to the problem of restricted range, also referred
to as disease-based spectrum bias (Miller et al., 1996), that has
been found in research on the effects of hostility on congenital
heart disease. That is, research on hostility and congenital heart
disease that examines associations in high-risk populations may
show attenuated relationships between hostility and disease be-
cause, by definition, there is less between-subjects variability in
the outcome compared to a less restricted population.

This study is the first to make a detailed examination of the
inverse link between hostility and pulmonary function; further, it
examines this link in relation to race/ethnicity and gender. It
appears that harboring hostility hurts, insofar as it is associated
with lowered pulmonary function. More research is needed to
establish whether hostility is prospectively associated with change
in pulmonary function or is associated with pulmonary function at
other points in the life course, especially during older adulthood.
As well, the possible influence of social status on personality
functioning and in turn pulmonary health deserves further explo-
ration.
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