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Chronic Obstructive Pulmonary
Disease in Lifelong Nonsmokers:
Results from NHANES
Alice S. Whittemore, PhD, Susan A. Perlin, ScD, and Yasamin DiCiccio

Introduction
e Chronic obstructive pulmonary dis-
ease is a process characterized by the
presence of chronic bronchitis or emphy-
sema that may lead to the development of
airways obstruction.' Chronic obstructive
pulmonary disease is a major cause of
morbidity and mortality throughout the
world; 82 384 such deaths occurred in the
United States in 1988, making the disease
the fifth leading cause of death.2 Apart
from its role as a direct cause of death,

W chronic obstructive pulmonary disease
also contributes to deaths from cardiovas-
cular disease.3 Approximately 85% of
chronic obstructive pulmonary disease
mortality in men and 69% of its mortality
in women can be attributed to cigarette
smoking." In the United States, this
higher share of mortality among men7
may reflect a higher proportion of male
cigarette smokers than of female cigarette
smokers in the past.

Little is known about the epidemiol-
ogy of chronic obstructive pulmonary
disease in lifelong nonsmokers. Here we
present age-, sex-, and race-specific chronic
obstructive pulmonary disease prevalence
rates among 12 980 never-smoking adults
(3904 men and 9076 women) who partici-

.... pated in one of three US National Health
and Nutrition Examination Surveys
(NHANES). We use these data to exam-
ine associations between chronic obstruc-
tive pulmonary disease prevalence and
certain demographic characteristics and
occupational factors.

Methods
Study subjects were participants in

either NHANES I (April 1971 to Septem-
ber 1975), NHANES II (February 1976 to
February 1980), or the Hispanic Health
and Nutrition Examination Survey

(HHANES) (July 1982 to December
1984). These surveys provide a probability
sample of the civilian, noninstitutional-
ized population of the continental United
States, aged 6 months to 74 years. This
analysis includes all participants aged 18
to 74 years (25 to 74 years for NHANES I)
who provided information on their race
and chronic obstructive pulmonary dis-
ease status and who replied negatively to
the question "Have you smoked at least
100 cigarettes during your entire life?"

A history of chronic obstructive pul-
monary disease was defined as an affirma-
tive response to either "Has a doctor ever
told you that you had chronic bronchitis?"
or "Has a doctor ever told you that you
had emphysema?" Characteristics exam-
ined in relation to chronic obstructive
pulmonary disease risk include sex, age,
race (White, non-White), income, educa-
tional level, body size, industry of princi-
pal job or business and job title, home
heating equipment and air conditioning
information, and residential characteris-
tics (e.g., urban vs rural area, population
size of area). Industries and job titles were
coded using national indexes of industries
and occupations (1970 edition8 for
NHANES I and II; 1980 edition9 for
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HHANES). None of the surveys provided
information on exposures to dusts, fumes,
or chemicals potentially associated with
chronic obstructive pulmonary disease
risk. Therefore, reported job titles were
used to classify individuals into high,
medium, or low categories based on
potential for exposure to airborne con-
taminants that may cause or exacerbate
the disease.

Multiple logistic regression imple-
mented on EGRET software10 was used
to estimate regression coefficients relating
chronic obstructive pulmonary disease
prevalence to personal characteristics and
to adjust for potential confounding fac-
tors. All P values are two tailed. The
surveys were based on a weighted sam-
pling design, with oversampling of non-
Whites, individuals of lower income, and
the elderly. Chronic obstructive pulmo-
nary disease prevalence in demographic
subgroups was computed both with and
without the sampling weights, and similar
prevalence estimates were found. Since
incorporation of the weights in logistic
regression is not straightforward, only the
unweighted prevalence estimates are pre-
sented.

Resuldt
In NHANES I, 2820 participants

(809 men, 2011 women) stated that they

were lifelong nonsmokers. This repre-
sents 41% of all 6905 participants (3166
men, 3739 women) who provided defini-
tive information about their lifelong smok-
ing habits. In NHANES II, 6886 partici-
pants (2137 men, 4749 women) declared
themselves lifelong nonsmokers, which
was 38% of all 18 337 participants (8589
men, 9748 women) who provided smoking
information. Comparable numbers for
HHANES were 3274 lifelong nonsmokers
(958 men, 2316 women), or 36% of all
9148 subjects (4111 men, 5037 women)
who provided smoking data.

Table 1 shows chronic obstructive
pulmonary disease prevalence rates by
sex, race, and age group for each of the
surveys. Prevalence increased with age
(see also Figure 1), was higher in women
(5.6%) than in men (3.7%), and, within
each sex, was higher in Whites than in
non-Whites. After adjustment for age and
race, prevalence in men did not differ
among the three surveys (P = .45). How-
ever, age- and race-adjusted prevalence in
female HHANES participants was higher
than that of women from the other two
surveys (P = .02).

Table 2 presents odds ratios (ORs)
relating chronic obstructive pulmonary
disease prevalence to sex and race, by
survey. After adjustment for age, race,
and survey, prevalence was significantly
higher in women than in men. The overall

odds ratio was 1.4, with 95% confidence
interval (CI) of 1.1, 1.7. Age-adjusted
prevalence of the disease was higher for
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TABLE 1 The Prevalence of Self-Reported Physician-Diagnosed Chronic Obstructive Pulmonary Disease among Ufelong
Nonsmokers in NHANES, by Age, Sex, Race, and Survey

NHANES 1, 1971-1975 NHANES II, 1976-1980 HHANES, 1982-1984 Total

Observed Observed Observed Observed
No. with No. with No. with No. with

No. COPD % No. COPD % No. COPD % No. COPD %

Men

WhHtes 688 31 4.5 1842 68 3.7 941 36 3.8 3471 135 3.9
Non-Whites 121 0 0 295 7 2.4 17 3 17.6 433 10 2.3
Age, y
<50 423 13 3.1 1291 31 2.4 719 26 3.6 2433 70 2.9
50-69 317 1 3 4.1 656 35 5.3 212 1 2 5.7 1185 60 5.1
70+ 69 5 7.2 190 9 4.7 27 1 3.7 286 15 5.2

Subtotal 809 31 3.8 2137 75 3.5 958 39 4.1 3904 145 3.7

Women

Whites 1736 92 5.3 4028 233 5.8 2257 141 6.2 8021 466 5.8
Non-Whites 275 10 3.6 721 34 4.7 59 2 3.4 1055 46 4.4
Age, y

< 50 921 43 4.7 2107 70 3.3 1535 90 5.9 4563 203 4.4
50-69 885 48 5.4 1953 142 7.3 692 48 6.9 3530 238 6.7
70+ 205 11 5.4 689 55 8.0 89 5 5.6 983 71 7.2

Subtotal 2011 102 5.1 4749 267 5.6 2316 143 6.2 9076 512 5.6

Total 2820 133 4.7 6886 342 5.0 3274 182 5.6 12 980 657 5.1

Note. NHANES = National Health and Nutrition Examination Survey; HHANES = Hispanic Health and Nutrition Examination Survey; COPD = chronic
obstructive pulmonary disease.

Note. Bars represent plus or minus one
standard error.

FIGURE 1-Chronic obstructive
pulmonary disease
(COPD) prevalence
vs age among male
and female lifelong
nonsmoking partici-
pants In combined
data from three
NHANES surveys.
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Whites than for non-Whites in each
survey and sex, but these differences were
not statistically significant. The overall
odds ratios for non-Whites relative to
Whites were 0.87 (95% CI = 0.45, 1.7) for
men and 0.77 (95% CI = 0.56, 1.1) for
women.

Table 2 also shows chronic obstruc-
tive pulmonary disease prevalence in
relation to household income, by sex and
survey. Odds ratios are adjusted for age,
ethnicity, and education. In NHANES II
and HHANES but not in NHANES I,
strong and statistically significant trends
are seen with decreasing household in-
come for both men and women. These
trends also are evident when all three
surveys are combined. By contrast, only
weak and inconsistent trends are seen
with educational level after adjusting for
age, ethnicity, and income. As an excep-
tion, prevalence was elevated among
women in NHANES II who did not
complete high school compared with
prevalence among those with a college
degree (OR = 1.8; 95% CI = 1.2,2.7).

After adjustment for age, race, and
income, chronic obstructive pulmonary
disease prevalence was unrelated in either
sex to body size (height, weight, weight-for-
height), type of home heating equipment,
and presence of home air conditioning.
Information on type of fuel used for
cooking (available only for HHANES)
revealed no association with chronic ob-
structive pulmonary disease risk. Simi-
larly, we found no consistent or statisti-
cally significant associations between
chronic obstructive pulmonary disease
and area (urban vs rural) or population
size of city or town of residence. Other
characteristics examined and found unre-
lated to prevalence were employment in
jobs with high potential for exposures to
dusts and fumes, and nativity (US vs
foreign born).

There were few individuals who
never smoked cigarettes but who used
pipes or cigars, and the chronic obstruc-
tive pulmonary disease prevalence rates
were unchanged when they were ex-
cluded.

Discussion
We have examined the prevalence of

chronic obstructive pulmonary disease in
never-smoking participants of three US
national surveys. Chronic obstructive pul-
monary disease prevalence increased with
age and was higher in women than in men,
higher in Whites than in non-Whites, and
higher in low-income than in affluent

individuals. No clear or consistent associa-
tions were seen with body size, area of
residence (urban vs rural), type of home
heating equipment, home air condition-
ing, or type of occupation.

The study has several limitations.
First, the findings are based on self-
reported history of physician-diagnosed
chronic obstructive pulmonary disease
rather than on lung function measure-
ments. Use of the latter to define the
disease would have reduced the sample
size since spirometry data were not
available for all participants. Apart from
loss of power, the use of spirometry data
could introduce bias by excluding those
individuals unable to provide reproduc-
ible lung function measurements.11 Never-
theless some individuals with asthma,
idiopathic interstitial fibrosis, or acute
bronchitis may misclassify themselves as
having chronic obstructive pulmonary dis-
ease, leading to an overestimation of
prevalence. Moreover, differential errors
by race or socioeconomic status could
introduce bias.

Second, the surveys lack information
on exposures to environmental tobacco
smoke. Such exposures have been associ-
ated with decreased pulmonary function
in nonsmoking women12 and chronic
obstructive pulmonary disease in non-
smoking adults.13'14 They could account
for the higher prevalence observed in
women compared with men (since non-
smoking women are more likely than
nonsmoking men to have a smoking
spouse15) and for the trend of increasing
risk with decreasing income (since house-
hold income and household smoking
prevalence are inversely related). Finally,
sparse numbers of chronic obstructive
pulmonary disease outcomes among non-
smokers and possible misclassification of
occupational potential for exposure to
airborne contaminants limit the study's
sensitivity to detect occupational risk
factors.

Despite these limitations, some con-
clusions seem warranted. In particular,
the disease is not vanishingly rare in
lifelong nonsmokers. The overall preva-
lence in adults aged 18 to 74 is about 4%
to 6%. The observed chronic obstructive
pulmonary disease prevalence of 3.7% in
men is similar to the prevalences of 3.7%
and 3.4%, respectively, noted in Finnish
nonsmoking farmers (although these data
included ex-smokers, and sex-specific rates
were not provided) and a nonsmoking
comparison group.16 The present preva-
lence rates also are similar to those noted
for self-reported prevalence of chronic

cough, phlegm, or wheezing (symptoms
consistent with chronic obstructive pulmo-
nary disease) in lifelong nonsmoking men
and women in Finland.17 Unlike the
present study, however, the Finnish study
did not find an excess of symptoms in
women.

The elevated chronic obstructive pul-
monary disease prevalence in Hispanic
women and in economically disadvan-
taged adults of both sexes suggests that
environmental factors associated with
poverty may increase risk for the disease
in nonsmokers. Because most chronic
obstructive pulmonary disease is due to
cigarette smoking, relatively little is known
about such factors. Acute respiratory
infections in childhood may increase risk
for disabling lung disease in adulthood.18
Increased exposure to environmental to-
bacco smoke, particularly in childhood,
may be involved. Occupational exposures
to inorganic dusts and fumes,1920 resi-
dence in urban areas,21 and use of gas for
cooking22 have also been implicated in
elevated rates of chronic obstructive pul-
monary disease. Additionally, chronic
obstructive pulmonary disease has been
linked to decreased levels of serum
retinol.23A small fraction of the disease in
nonsmokers is due to inherited deficiency
of an a1-proteinase inhibitor (formerly
called a1-antitrypsin), although not all
individuals who inherit this deficiency
develop chronic obstructive pulmonary
disease.24 Further research is needed to
determine any environmental factors that
increase risk of both the inherited and
noninherited forms of the disease. O
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The Epidemiology of Walking for
Exercise: Implications for Promoting
Activity among Sedentary Groups
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and Gregory W Heath, DHSc, MPH
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Introduction
Evidence for the health benefits of

regular physical activity has mounted in
recent years,1- and an increasing number
of health-related organizations have advo-
cated increased physical activity as a
critical step toward a healthier popula-
tion.7-10 For several reasons, walking is of
special interest in this regard. It is
becoming increasingly apparent that light-
to moderate-intensity activities such as
walking may provide some of the same
health benefits as do more vigorous types
of physical activity,1043 along with a lower
risk of injury and sudden death.14

Walking also has unique epidemio-
logical features. First, walking is widely
reported as the most popular form of
physical activity.1-S8 Second, unlike most
other leisure-time activities, particularly
the more vigorous ones, walking for
exercise has been shown to be as preva-

lent among people with low family in-
comes as it is among people with higher
incomes."6,19 The apparent preference for
walking among persons of low socioeco-
nomic status (SES) is of particular inter-
est because low SES has been associated
with decreased physical activity participa-
tion.'l2` Based on this association, na-
tional health objectives for the year 2000
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