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Rationale: Smoking is a primary risk factor for chronic bronchitis, em-
physema, and chronic obstructive pulmonary disease, but since not
all smokers develop disease, it has been suggested that some indi-
viduals may be more susceptible to exogenous factors, such as smok-
ing, and that this susceptibility could be genetically determined.
Objectives: The aim of the present study was to assess, in a popula-
tion-based sample of twins, the following: (1) to what extent genetic
factors contribute to the development of chronic bronchitis, includ-
ing emphysema, taking sex into consideration, and (2) whether the
genetic influences on chronic bronchitis, including emphysema, are
separate from those for smoking behavior.
Methods: Disease cases and smoking habits were identified in 44,919
twins older than 40 years from the Swedish Twin Registry. Disease
was defined as self-reported chronic bronchitis or emphysema, or
recurrent cough with phlegm. Individuals who had smoked 10 pack-
years or more were defined as smokers. Univariate and bivariate
structural equation models were used to estimate the heritability
specific for chronic bronchitis and that in common with smoking.
Measurements and Main Results: The heritability estimate for chronic
bronchitis was a moderate 40% and only 14% of the genetic influ-
ences were shared with smoking.
Conclusions: Genetic factors independent of those related to smok-
ing habits play a role in the development of chronic bronchitis.
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Chronic bronchitis is a disease manifested by cough and sputum,
but not necessarily airflow obstruction (1). In a review of 38 stud-
ies, the pooled prevalence of chronic bronchitis in the adult pop-
ulation was 6.4% (2). The prevalence increases with age (3, 4),
and although in some individuals the symptoms are of less se-
verity and are relatively stable over time, others experience an
increase in severity and develop airflow obstruction. Obstructive
chronic bronchitis and emphysema are the main conditions in-
cluded as chronic obstructive pulmonary disease (COPD), cur-
rently the fourth leading cause of death in the world (5).

Smoking is a primary risk factor for chronic bronchitis and
emphysema, but because not all smokers develop disease, it has
been suggested that some individuals may be more susceptible
to exogenous factors, such as smoking, leading to disease and

that this susceptibility could be genetically determined. Genetic
influence on chronic bronchitis has previously been demon-
strated (6–12), although the methods did not allow for quanti-
fication of the relative importance of environmental and genetic
factors. Women more often show symptoms of chronic bron-
chitis, and it has been suggested that women may be more
susceptible to tobacco smoking–associated respiratory disease
than men (13–16), although it has not been shown whether this
sex difference is genetically mediated.

Dependence on tobacco is a complex behavior, with both
genetic and environmental factors contributing to population
variation. In a recent twin study of heritability for lifetime reg-
ular smoking, the estimates ranged from 46 to 57%, depending
on sex (17). A common genetic basis for smoking and smoking-
associated disease, such as lung cancer, was suggested in the
1950s by Fisher (18). However, methods to separate heritability
for smoking from heritability for disease were not available for
previous studies, and it has still not been shown whether the
genetic influence on chronic bronchitis is mediated through the
genetic influences on smoking behavior.

The aim of the present study was to assess, in a population-
based sample of twins, the following: (1) to what extent genetic
factors contribute to the development of chronic bronchitis,
including emphysema, taking sex into consideration, and (2)
whether the genetic influences on chronic bronchitis, including
emphysema, are separate from those for smoking behavior.

Some of the results of this study have been previously
reported in the form of abstracts (19, 20).

METHODS

Participants

The Swedish Twin Registry (STR) contains information on more than
80,000 twin pairs born from 1886 to 2000 (21). Between 1998 and 2002,
all living twins in the STR born in 1958 or earlier were contacted using
a computer-assisted telephone interview in the Screening Across the
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Lifespan Twin (SALT) study (22). The SALT interview included
introductory items concerning zygosity and a checklist of common
diseases. A series of questions related to respiratory symptoms and
chronic bronchitis was also included. Special emphasis was put on
diagnostic items that could determine whether a twin was likely to have
a disease, rather than simply asking the twin if he or she had a disease.
Informed verbal consent was obtained before the interview. The study
was approved by the Swedish Data Inspection Authority and the ethics
review board of the Karolinska Institute, Stockholm, Sweden.

Of the 61,767 twins born in 1958 or earlier who were alive in March
1998 when the SALT study started, 44,919 twins participated either
themselves or through a proxy (if the twin was unable to take part due
to cognitive impairment or hearing problems, the interviewers asked to
talk to a family member or personnel at institutions), corresponding to
a response rate of 73%. A total of 42,706 individuals had complete
answers to the respiratory symptom screening questions and could be
classified by zygosity. The analyses of chronic bronchitis are based on
4,178 complete monozygotic (MZ) twin pairs (with both members
observed), 2,249 MZ singletons (with only one member observed),
11,670 complete dizygotic (DZ) pairs, and 8,761 DZ singletons.
Information about smoking habits, measured by pack-years (referring
to the total smoking consumption during life), was available for 36,772
individuals, consisting of 3,430 complete MZ pairs, 2,740 MZ single-
tons, 9,186 complete DZ pairs, and 10,195 DZ singletons.

Definition of Chronic Bronchitis and Asthma

Individuals who responded positively to questions in SALT about
recurrent cough with phlegm production and/or had self-reported
chronic bronchitis were defined as having chronic bronchitis. Further-
more, individuals who answered ‘‘yes’’ to the question on emphysema
were included in the chronic bronchitis definition, using the rationale
that emphysema was unlikely to be present without prior symptoms of
chronic bronchitis. Individuals with negative answers to all of the
questions were considered not to have chronic bronchitis. Individuals
with self-reported asthma or asthma symptoms with an onset before
adulthood or those that were related to allergic disease were catego-
rized as positive for asthma.

Determination of Twin Zygosity

Zygosity information was obtained at the time of registry compilation
on the basis of questions about childhood resemblance. Four separate
validation studies using serology and/or genotyping have shown that,
with these questions, 95 to 98% of twin pairs are classified correctly
(22).

Statistical Methods

Prevalence. The prevalence of chronic bronchitis was calculated strat-
ified on sex, smoking habits, and zygosity, and estimates for males and
females were compared by odds ratios.

Probandwise concordance. The probandwise concordance is defined
as an individual’s risk of disease—that is, the probability that one twin
is affected, given that his or her cotwin is affected—and is calculated as
twice the number of concordant pairs divided by twice the number of
concordant pairs plus the number of discordant pairs (23, 24). It was
estimated for MZ and DZ twins separately, and stratified on sex and
age.

Tetrachoric correlations. Tetrachoric correlation is a measure of the
correlation between two continuous variables (e.g., liability to develop
disease for two individuals) that are expressed as binary variables
(presence or absence of disease for the same individuals), and was used
to calculate the resemblance in liability to develop chronic bronchitis
within twin pairs. The correlations were stratified by sex, age, and
zygosity. Because MZ twins are genetically identical, whereas DZ
twins share on average half of their segregating genes, a tetrachoric
correlation that is larger for MZ twins than for DZ twins suggests
a genetic influence on liability to develop chronic bronchitis. Tet-
rachoric correlations were also calculated after dropping all twins with
asthma from the analyses.

Univariate structural equation modeling. The relative importance of
genetic and environmental influences on the liability to develop
chronic bronchitis was also evaluated using structural equation models.
We assume a liability-threshold model, in which the liability to develop

disease is normally distributed and manifested at a certain threshold as
a categorical phenotype (25). The general idea is to decompose the
between-individual variability in disease liability into three parameters:
components attributable to genetic factors (A), shared familial envi-
ronment (C, reflecting environmental factors common to both mem-
bers in a twin pair), and nonshared environment (E, reflecting
environmental factors unique to each twin). The threshold was ad-
justed for age and sex to account for the fact that the prevalence of
chronic bronchitis depends on these factors.

A series of models, making different assumptions about the familial
influence on chronic bronchitis, were evaluated by raw maximum
likelihood using the Mx program (26). By removing parameters one
by one from the model and comparing its goodness of fit to the data
compared with a larger model, the significance of the removed param-
eter can be assessed. Models with fewer parameters are preferred, as
long as they do not have significantly worse goodness of fit. Confidence
intervals for prevalence and variance component estimates were ob-
tained on the basis of profile likelihood methods (27). Corrected P
values were obtained by halving the P values obtained from a classical
likelihood ratio test on the basis of a x2 distribution because variance
components were constrained to be nonnegative (28).

Bivariate Structural Equation Modeling

Finally, to assess to what extent the genetic influences on chronic
bronchitis are associated with those for smoking behavior, a bivariate
liability-threshold model for chronic bronchitis and smoking habits was
formulated. This model allows a quantification of how much of the
genetic (A) and environmental (E) effect is specific to chronic bron-
chitis and how much is due to A and E influences on smoking. The
analyses were adjusted for sex differences and age differences in prev-
alence of chronic bronchitis and smoking habits. Gene–environment
interactions were not modeled.

RESULTS

Prevalence

The crude prevalence of chronic bronchitis according to our
definition in the sample of 42,706 Swedish twins was 7.1%. Of
these, 2,592 subjects reported only productive cough and/or self-
reported chronic bronchitis, 205 subjects reported only em-
physema, and 247 reported a combination of both conditions.
Prevalence estimates, stratified on smoking habits, sex, and zy-
gosity, are presented in Table 1. Significantly higher prevalences
were seen for women than men in all groups.

Concordance Rates and Tetrachoric Correlations

The numbers of concordant and discordant pairs, probandwise
concordance rates, and tetrachoric correlations, stratified by
zygosity, sex, and age, are presented in Table 2. Probandwise
concordance and tetrachoric correlation were higher for MZ
than DZ twin pairs for all groups. The differences were more
pronounced in the younger group than in the older group, and
more pronounced in males than in females. Both probandwise
concordance and tetrachoric correlation were similar for same-
and opposite-sex DZ pairs. Excluding all subjects with asthma
symptoms had no substantial effect on the tetrachoric correla-
tions (MZ, 0.44; DZ, 0.18; compared with Table 2).

Univariate Structural Equation Modeling

The results from structural equation modeling are shown in
Table 3. The comparisons of models indicated that, for chronic
bronchitis, (1) the same genes are of importance in men and
women (model 2 vs. 1), (2) the relative importance of genes is
the same in men and women (model 3 vs. 2), and that shared
familial environmental influences are not of importance (model
4 vs. 3). The genetic effect was statistically significant (model
5 vs. 4: likelihood ratio test [LRT], 115.528; P value , 0.001).
Models 1 and 4 are presented in detail in Table 4. In the most
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parsimonious model (model 4), 40% of the variance was
attributed to genetic factors, and the rest (60%) to nonshared
environment.

Bivariate Structural Equation Modeling

The factors contributing to the association between smoking
behavior and chronic bronchitis were investigated using an AE
(shared genetic [additive] and nonshared environmental effects)
bivariate liability-threshold model. We found that a genetic path
mediating the association could not be excluded (LRT, 58.252;
P value , 0.001). Thus, the genes involved in smoking behavior
are partly associated with the genes influencing the development
of chronic bronchitis. However, they account only for a modest
portion (14%) of the genetic component for chronic bronchitis.
In other words, most of the genes that are important for the de-
velopment of chronic bronchitis are independent of those that are
important for smoking behavior. The bivariate model and param-
eter estimates are illustrated in Figure 1.

DISCUSSION

The current study on the population-based STR, showing a mod-
erate genetic effect for the development of chronic bronchitis that
does not differ by sex, is to our knowledge the first to quantify
heritability for the disease. Because smoking behavior has a
known genetic component and smoking is the primary risk fac-
tor for chronic bronchitis, the possibility of an overlap of the ge-

netic factors for disease being the same as the genetic factors for
smoking behavior was tested by bivariate structural equation
modeling. Results show that the genetic effects for the liability to
develop chronic bronchitis were largely independent from those
for smoking behavior, although some associations were found.

Higher prevalence of chronic bronchitis in women compared
with men has previously been reported. Some have suggested
that this is due to more women smoking, or because women
would be more aware of symptoms than men and therefore re-
port more chronic bronchitis (4). However, in the current study,
more men than women had smoked at least 10 pack-years.
Disease was also more common in females in opposite-sex twin
pairs, which indicates that it is not simply a reflection of the
higher age in women. It is well known that women are more sus-
ceptible to environmental factors, such as tobacco smoke, than
men (13–16).

Higher concordances and correlations were seen for MZ
than for DZ twins in the present study, indicating that genetic
factors are of importance for the development of chronic bron-
chitis. This was further supported by the results from the struc-
tural equation modeling and is in agreement with results from
early studies on chronic bronchitis and regular cough (6–8).

Two previous studies, a twin study by Cederlöf and col-
leagues (6) and a family study by Higgins and Keller (8), have
shown that genetic influences seem to be strongest in the youn-
ger age groups. Higgins and Keller suggested that this could be
explained by heredity being less important in older ages, or that

TABLE 2. ESTIMATES OF PROBANDWISE CONCORDANCE RATES, AND TETRACHORIC
CORRELATIONS, FOR CHRONIC BRONCHITIS

Twin Group

Concordant

Unaffected Discordant

Concordant

Affected

Probandwise

Concordance Rate (SE )

Tetrachoric

Correlation (SE )

Total sample

MZ 3,699 414 65 0.239 (0.024) 0.445 (0.042)

DZ 10,209 1,368 93 0.120 (0.011) 0.178 (0.031)

Younger than 60 yr

MZ 2,485 245 40 0.246 (0.032) 0.477 (0.052)

DZ 6,726 743 35 0.086 (0.014) 0.123 (0.045)

60 yr or older

MZ 1,214 169 25 0.228 (0.038) 0.388 (0.070)

DZ 3,483 625 58 0.157 (0.018) 0.197 (0.044)

Sex

MZ M 1,625 148 28 0.275 (0.041) 0.531 (0.061)

MZ F 2,074 266 37 0.218 (0.030) 0.385 (0.056)

DZ M 2,351 253 14 0.100 (0.025) 0.173 (0.074)

DZ F 2,826 423 32 0.131 (0.021) 0.180 (0.055)

DZ OS 5,032 692 47 0.120 (0.016) 0.175 (0.044)

Definition of abbreviations: DZ 5 dizygotic; DZ OS 5 dizygotic opposite-sex twins; F 5 female; M 5 male; MZ 5 monozygotic.

TABLE 1. PREVALENCE OF CHRONIC BRONCHITIS STRATIFIED BY SEX, SMOKING HABITS,
ZYGOSITY, AND ASTHMA

All Men Women Women vs. Men

n CB (%) n CB (%) n CB (%) OR 95% CI

Total sample 36,772 7.17 16,414 6.04 20,358 8.08 1.37 1.26–1.48

Never smokers 17,831 5.57 7,229 4.19 10,602 6.52 1.59 1.39–1.83

Ex-smokers 11,586 6.90 6,199 6.08 5,387 7.83 1.31 1.14–1.52

Current smokers 7,355 11.46 2,986 10.45 4,369 12.15 1.19 1.02–1.38

Less than 10 pack-years 24,070 5.47 9,844 4.29 14,226 6.28 1.50 1.33–1.69

More than 10 pack-years 12,702 10.39 6,570 8.68 6,132 12.23 1.47 1.31–1.65

MZ 9,241 7.02 4,007 6.11 5,234 7.72 1.28 1.09–1.51

DZ SS 14,165 7.07 6,280 5.89 7,885 8.00 1.39 1.22–1.59

DZ OS 13,366 7.38 6,127 6.15 7,239 8.41 1.40 1.23–1.60

With asthma 2,429 24.04 1,059 18.79 1,370 28.10 1.69 1.39–2.05

Definition of abbreviations: CB 5 chronic bronchitis; CI 5 confidence interval; DZ OS 5 dizygotic opposite-sex twins; DZ SS 5

dizygotic same-sex twins; MZ 5 monozygotic.
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fewer hazardous environmental exposures were shared between
offspring and parents, or that the offspring over 40 years with
surviving parents could be a healthier, unrepresentative segment
of the population. The fact that the prevalence of chronic bron-
chitis increases by age had to be accounted for in the current
study to avoid an overestimation of shared environment.

The design of previous studies has not allowed for explora-
tion of how the familial influences for chronic bronchitis can be
separated from those for smoking, although attempts were
made to control for smoking habits (6, 10, 12), indicating that
the results were not only a reflection of heredity for smoking
habits. The present study used bivariate analyses, adjusted for
age and sex differences in prevalence, to show a significant asso-
ciation between the genetic influences on chronic bronchitis and
smoking behavior. Nevertheless, this correlation only accounted
for 14% of the genetic variance for chronic bronchitis. There-
fore, chronic bronchitis has a moderate genetic influence that is
largely independent from that for smoking behavior. This should,
however, not be interpreted to mean that smoking has no effect
in certain individuals, keeping in mind that the prevalence of
chronic bronchitis in smokers was twice as high as in nonsmokers.
Smoking may directly influence development of chronic bron-
chitis regardless of the (genetic) reasons for smoking.

The prevalence of chronic bronchitis strongly depends on how
the disease is defined, the age of the population, and smoking
habits. A previous Swedish study of an adult population aged 40–59
years, with 30–38% smokers and 24–34% ex-smokers, reported
self-reported chronic bronchitis prevalences of between of 3.8 and
6.1% in males and 5.5 and 6.5% in females (4). The current study
had similar disease prevalence (7%) and smoking habits (32%
smokers and 20% ex-smokers). Although it should be noted that
the population is older and wider inclusion criteria were used, it
should be reasonable to assume that the twin population can be
regarded as representative of the rest of the population (22).

The present study has some limitations. First, it should be
noted that the results are based on questionnaire-based tele-

phone interview data only, and not obtained by objective ex-
amination. The criterion used to define chronic bronchitis was
wider than the classical criterion of ‘‘cough with phlegm produc-
tion for at least 3 months during at least 2 consecutive years’’ (29).
The use of a wider criterion might better mirror the respiratory
problems of the population, but also falsely classify healthy
subjects as diseased. The stricter criteria might exclude true
disease and, from the questionnaire data, very few twins fulfilled
the classical criteria. However, because the data were used for
heritability estimates, the misclassification will only be a prob-
lem if it is differential between MZ and DZ twins. Furthermore,
we chose to include emphysema in the definition of chronic
bronchitis. The rationale for this was not only to mirror what we
today would call COPD but also to ensure that subjects who
might have passed from chronic bronchitis to emphysema were
not falsely excluded, as they might mention ‘‘COPD’’ or ‘‘em-
physema’’ rather than chronic bronchitis. Second, smoking was
dichotomized, using 10 pack-years as a cutoff, which means that
light smokers were classified as nonsmokers. The motivation
for using this measure was to make sure that those classified
as smokers had smoked enough to damage the lungs. Again,
misclassification of smoking habits will only be a problem if the
misclassification is differential between MZ and DZ twins. Third,
it is conceivable that part of the genetic influence attributed to

Figure 1. Bivariate path diagram describing the genetic (A) and
nonshared environmental (E) effects that are common to smoking

and chronic bronchitis, as well as the genetic and nonshared environ-

mental effects that are unique to each phenotype, adjusted for

prevalence differences related to age and sex. The observed traits
(smoking and chronic bronchitis) are represented by rectangles,

whereas unobserved (latent) genetic and nonshared environmental

variables are represented by circles. The parameter estimates (arrows)

are path coefficients, indicating the relative importance of the latent
variables A and E to smoking and chronic bronchitis. The square of

these estimates represents the variance of the trait accounted for by

that specific latent factor. *Common genetic path.

TABLE 3. GOODNESS-OF-FIT STATISTICS FROM STRUCTURAL
EQUATION MODELING OF CHRONIC BRONCHITIS

Model 22log–likelihood LRT* P Value

1 15,540.658

2 15,541.315 0.657 0.418

3 15,543.867 2.552 0.466

4 15,543.867 0 0.500†

5 15,659.395 115.528 ,0.001†

Models: (1) rg (genetic correlation) free for DZ OS (dizygotic opposite-sex

twins), ACE different for males and females; (2) rg fixed at 0.5 for DZ OS, ACE

different for males and females; (3) rg fixed at 0.5 for DZ OS, ACE same for males

and females; (4) rg fixed at 0.5 for DZ OS, AE; (5) rg fixed at 0.5 for DZ OS, E.

* Likelihood ratio test for comparing the model versus the proceeding model.
† Accounting for the fact that a test of a variance component is a boundary

problem.

TABLE 4. ESTIMATES OF PERCENTAGES OF VARIANCE EXPLAINED BY GENETIC FACTORS (A),
SHARED FAMILIAL ENVIRONMENT (C), AND NONSHARED ENVIRONMENT REFLECTING
ENVIRONMENTAL FACTORS (E) AND 95% CONFIDENCE INTERVALS

Males Females

A C E A C E rg

Full model

(model 1)

0.49

(0.29–0.60)

0

(0–0.15)

0.51

(0.40–0.58)

0.38

(0.12–0.47)

0

(0–0.20)

0.63

(0.53–0.73)

0.38

(0.10–0.50)

Most parsimonious

model (model 4)

0.40

(0.33–0.47)

0.60

(0.53–0.60)

Definition of abbreviation: rg 5 genetic correlation.
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chronic bronchitis could partly be due to heritability for atopy,
which is a known risk factor for the development of asthma.
However, the exclusion of all subjects with asthma symptoms did
not influence the heritability estimates for chronic bronchitis
substantially.

From the results of this study, we conclude that heritability
has a moderate influence on the development of chronic bron-
chitis, and that the genes that are involved are largely indepen-
dent of those related to smoking habits. We have also confirmed
that chronic bronchitis seems to be more prevalent among
females. The cohort will also be suitable for studies of markers
for development of COPD, although the diagnosis needs to be
confirmed by spirometry.
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