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ABSTRACT: Studies have indicated that females are more vulnerable to the deleterious
effect of tobacco smoking than males. The current study aimed to investigate the
associations between tobacco smoking and reported respiratory symptoms, self-rated
health, and lung function by sex.
In 1995–1997 65,225 subjects aged o20 yrs (71% of invited) attended for screening
within the Nord-Trøndelag Health Study. Among these, 10,941 subjects selected
randomly or because they reported having asthma or asthma-related symptoms,
participated in the Bronchial Obstruction in Nord-Trøndelag study consisting of
spirometry and a personal interview.
Tobacco smoking was associated with increased prevalence of respiratory symptoms,
reduced lung function, and lower score on global self-rated health (SRH). Adjusted for
smoking burden and lung function, females had a higher risk for reporting respiratory
symptoms and lower SRH compared with males. Further, smoking burden was associated
with a larger relative reduction in expiratory lung function in females than in males.
Females reported more symptoms and lower self-rated health compared with males
with similar smoking burden. Even if smoking in females was associated with a larger
reduction in per cent predicted lung function compared with males, this does not fully
explain the higher symptom prevalence in females.
Eur Respir J 2003; 21: 1017–1023.

Some studies have reported higher vulnerability to the
deleterious effects of tobacco smoking in females compared
with males. These results include negative effect on lung
growth [1], lower lung function in adulthood [2], increased
bronchial responsiveness [3], higher rate of hospitalisation
for chronic obstructive pulmonary disease [4], and higher risk
of respiratory symptoms [5]. There are, however, conflicting
reports on sex differences for the negative effect on lung
function of tobacco smoking [2, 6]. Even if there are sexrelated differences in perception, reporting and interpretation
of respiratory symptoms and diseases [7], a symptom like
shortness of breath is found to be associated with quality of
life and to predict mortality equally well in both sexes [8]. It
has therefore been proposed that respiratory symptoms are
more related to general health in females and are more specific
for respiratory and cardiac diseases in males.
The objective of this study was to analyse the effect of
tobacco smoking on lung function, and to study the association between respiratory symptoms, lung function and global
self-rated health (SRH) in males and females.

Materials and methods
In 1995–1997 all inhabitants of the Nord-Trøndelag County,
Norway, aged o20 yrs were invited to the adult part of the
Nord-Trøndelag Health Study (HUNT). The invitation
included a comprehensive questionnaire on health, diseases,
symptoms and risk factors. At the screening station, a further
questionnaire with more disease-specific questions was asked.
Among the participants in the HUNT study, two groups were
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invited to the Bronchial Obstruction in Nord-Trøndelag
(BONT) study, phase I including: 1) a 5% random sample of
the total population; and 2) a symptom group with positive
answers to questions either on ever-asthma, ever-use of
asthma medication or attacks of wheezing or breathlessness
during the last 12 months. A third questionnaire focusing
on respiratory symptoms was also given to those invited to
the BONT study and those reporting persistent cough in
questionnaire I (fig. 1). The questions concerning respiratory
illnesses, diseases and smoking habits have been published
previously [5]. The question on SRH; "How is your health at
the moment?" could be answered as "poor", "not well", "well"
and "very well" [9].
The BONT study phase I consisted of flow/volume spirometry and a structured, personal interview on respiratory
symptoms, diagnosis and treatment. Flow/volume spirometry
was recorded with three pneumotachographs (MasterScope
spirometer, version 4.15; Erich Jaeger GmbH, Wuerzburg,
Germany) by trained staff in accordance with recommendations by the American Thoracic Society [10]. The predicted
forced expiratory volume in one second (FEV1) and forced
vital capacity (FVC) were calculated using prediction equations
estimated for this population [11].
The study was approved by the Regional Committee for Ethics
in Medical Research and the Norwegian Data Inspectorate.

Analysis
Descriptive data are presented as mean¡SD as well as mean
and 95% confidence interval (CI). Analyses of variance were
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Invited HUNT 92,936 subjects
Attending HUNT screening with Questionnaire 1 (Q1)
65,225 subjects
Questionnaire 2 (Q2)
Delivered all
Answered: 57,316 subjects (87.9%)
Questionnaire 3 (Q3)

#Random + ¶symptom group

Invited BONT phase I (13,476)
#Random sample 3,296
+Symptom group 10,063
Participants BONT phase I

#Random sample 2,791 (84.7%)
+Symptom group 8,150 (80.1%)

Delieved 15,803 subjects
Answered: 11,822 subjects (74.8%) Q1: 98.8% Q2: 84.2% Q3: 70.3%
Fig. 1. – Participants and responders of questionnaires in the NordTrøndelag Health Study (HUNT) and the Bronchial Obstruction in
the Nord Trøndelag (BONT) study 1995–1997. #: 5% random sample
of the total population; }: subjects reporting ever having had asthma
or asthma-related symptoms during the last 12 months, or longstanding cough; z: subjects reporting ever having had asthma or
asthma-related symptoms during the last 12 months.

used for continuous data. Linear regression analysis was used
to evaluate the impact of independent variables on lung
function, and logistic regression to evaluate the impact of
independent variables on the risk of symptom reporting and
global SRH. Interactions between the independent variables
were tested and the results are reported where statistically
significant. SRH was used as a dependent variable both
in separate models for each level of SRH and as one
dichotomised variable (negative=poor or not well, positive=
well or very well) in the logistic regression models. Sex
differences were tested including interactions in the regression
models. In the analysis of the association between tobacco
smoking and lung function, only never- and current smokers
were included. For linear regression models, the assumptions
of linearity and homogeneity were tested, and goodness of fits
for logistic regression models were tested with Hosmer
Lemeshow tests. All p-values were two-tailed, and a pv0.05
was considered significant.
Estimation of the prevalence of symptoms in the population was restricted to the 5% random sample. In the further
analyses the group reporting respiratory symptoms was also
included.
Subjects, who reported both "ever-asthma" (having had
asthma at one time or another) and attacks of wheezing or
breathlessness during the last 12 months, were defined as
having current asthma. Chronic bronchitis was defined as
reported cough with phlegm in periods of at least 3 months
during the last 2 yrs.
The smoking status was classified as never-smokers (never
smoked daily), exsmokers (ceased smoking o1 yrs earlier)
and current daily smokers. The latter two groups were
classified as ever-smokers. Number of pack-yrs was calculated
as: years of smoking multiplied by number of cigarettes a day
divided by 20. Those reporting only current pipe smoking
(0.9% males and 0.1% females) or cigar/cigarillos smoking
(0.2% males and 0.1% females) were categorised as current
daily smokers, but number of pack-yrs could not be estimated.

Results
Participants and smoking history
In total, 65,225 subjects (71%) attended the HUNT study
and 10,941 subjects participated in BONT phase I (fig. 1). The

5% random sample did not differ from the total screening
population regarding demographical characteristics, respiratory symptoms and smoking habits except for a slightly
higher prevalence of reported daily coughing (17.6 versus
15.8%), chronic bronchitis (5.1 versus 4.0%) and neversmokers (41.1 versus 38.3%) in males, in the random sample
(all pv0.05).
Amongst all participants at the screening, there was a
minor difference in prevalence of current smokers among
females and males (30.6 versus 29.6%, p=0.01), and in the
random and symptom group, a corresponding but nonsignificant difference was found (table 1). Amongst all participants, ever-smoking males reported a higher daily cigarette
consumption (13.1 versus 9.7 cigarettes) and had started to
smoke at a younger age (18.4 versus 19.8 yrs) compared with
females (pv0.001). The current smoking females were significantly younger than males (45.7 versus 50.2 yrs), in contrast
to never-smokers (52.7 versus 44.4 yrs) (both pv0.01).
Further, 64% of all participants reported exposure to passive
smoking in childhood and 60% reported this in adulthood.
Amongst never-smokers, 48% of females and 35% of males
reported exposure to passive smoking in adulthood (pv0.01).

Respiratory symptoms, diagnosis and tobacco smoking
Adjusted for age and body mass index (BMI), females had
a significantly higher risk per 10 pack-yrs of reporting attacks
of wheezing or breathlessness (odds ratio (OR) 1.38 versus
1.25), current asthma (1.30 versus 1.15), and persistent cough
(1.48 versus 1.32) (all pv0.01) compared with males, when
all participants in the main screening were included in the
analyses [5]. A similar relationship was found among participants at BONT phase I, and statistically significant differences were found even when an intermediate variable, such as
lung function (FEV1 % predicted) and the interaction term
sex * FEV1 % pred were included in the model (data not
shown). Analyses of the interview data revealed that females,
adjusted for age and BMI, had significantly greater risk than
males of reporting wheezing (OR 1.38 (95% CI 1.35–1.45)
versus 1.25 (1.20–1.30)) and breathlessness (1.18 (1.11–1.24)
versus 1.08 (1.04–1.12)) per 10 pack-yrs. Inclusion of the group
(random sample or symptom group) as an independent
variable did not alter these results.
Exposure to tobacco smoking in childhood was significantly associated with the risk of reporting attacks of
wheezing or breathlessness in females (1.20 (1.10–1.30)) but
not in males, when age, pack-yrs, BMI, and smoking category
(never, ex- or current smoker) were included as independent
variables. Exposure to passive smoking after the age of
20 yrs, included in a similar model, was also associated with
increased risk of these symptoms, but in this case, no
difference with sex was found (1.23 (1.16–1.31)).
In the random sample, 8.7% of both females and males
reported doctor-diagnosed asthma. Further, doctor-diagnosed
chronic bronchitis/emphysema was reported by 2.3% females
and 4.0% males (pv0.01), but the difference became statistically insignificant when adjusted for BMI, FEV1 % pred and
pack-yrs. Smoking burden was not associated with being
given the diagnosis of asthma by a doctor, but the OR for
the diagnosis of chronic bronchitis/emphysema was 2.3 per
pack-yr in both sexes.

Lung function and exposure to tobacco smoking
Tobacco smoking was associated with lower lung function
in all age groups, the greatest decline being found in current
smokers (fig. 2a and b). Correspondingly, passive smoking
after the age of 20 yrs, adjusted for age and pack-yrs, was
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Table 1. – Demographical data, lung function, smoke history, reported respiratory symptoms and global self-rated health (SRH),
among participants in the Bronchial Obstruction in Nord-Trøndelag (BONT) study phase I random sample (5% random sample of
the total population) and symptom group (those reporting ever having had asthma, ever use of asthma medications or attacks of
wheezing or breathlessness during the last 12 months)
Characteristics

Number}
Age yrs
Weight kg
Height cm
Body mass index kg?m-2
Lung function
FEV1 Lz
FVC Lz
Smoking habit
Never-smoker
Exsmoker
Current smoker
Pack-yrs in ever smokers§
Respiratory symptoms/diseases
Attacks of wheezing or
breathlessness during
the last 12 months
Ever having had asthma
Ever having used asthma
medication
Current asthma
Daily coughing in periods
Cough with phlegm
Chronic bronchitis
Global SRH
Poor
Not so good
Good
Very good

Symptom group#

5% Random sample
Females

Males

Females

Males

1510 (85.5)
49.6¡16.5
70.8¡12.5
163.9¡6.4
26.3¡4.4

1281 (83.7)
50.1¡16.1
83.7¡12.4
177.4¡7.1
26.5¡3.4

4254 (82.2)
50.1¡17.1
72.7¡14.2
163.7¡6.4
27.2¡5.2

3896 (79.4)
51.5¡17.0
84.4¡13.7
176.6¡6.7
27.0¡3.9

2.80 (96.4)
3.44 (97.5)

3.82 (94.3)
4.85 (97.3)

2.56 (88.6)
3.25 (92.6)

3.40 (84.8)
4.52 (92.2)

50.7
18.9
30.0
11.5¡8.8

41.1**
29.3**
29.6
15.5¡14.8**

43.1
19.5
37.3
12.9¡9.9

29.7**
33.9**
36.2
17.9¡15.6**

13.7

13.9

73.0

73.3

8.6
8.1

8.4
7.9

54.5
53.3

53.4
46.6**

5.6
15.3
8.4
3.2

4.6
17.6**
10.2
5.1*

33.8
47.8
27.9
12.6

30.9**
44.4**
28.7
14.4*

1.5
27.4
56.4
14.7

1.6
23.1*
59.1
16.1

3.3
44.8
44.8
7.1

4.2*
39.9**
49.1**
6.8

Data are presented as mean¡SD or mean (%) unless otherwise stated. #: excluded those who reported symptoms in the 5% random sample; }: (per
cent of those invited to BONT phase I among participants at the main screening); z: % predicted; §: adjusted by age. In each sample the difference by
sex was tested by the Chi-squared test for proportions and variance analyses for mean number of pack-yrs. FEV1: forced expiratory flow in one
second; FVC: forced vital capacity; SRH: self related health. *: pv0.05; **: pv0.01.

associated with 1.5% lower FEV1 % in both sexes (pv0.05),
compared with nonexposed. When the analyses were restricted
to never-smokers, a minor and nonsignificant (p=0.07) lower
FEV1 % pred was found in females exposed to passive smoking compared with those without such exposure (fig. 2b).
Decreased FVC, FEV1, FEV1/FVC (fig. 3), and forced
expiratory flow at 25–75% of forced vital capacity (FEF25–75)
(data not shown) were associated with tobacco smoking in
ever smokers according to both pack-yrs and current daily
cigarette consumption (pv0.01 for trend). No sex difference in
absolute values was found for any of the lung function
parameters and this was independent of age. Age and height
adjusted FEV1, FVC and FEF25–75 were associated with a
reduction of 12, 10, and 27 mL?s-1 per pack-yr, respectively.
However, this means that females have a larger reduction in
these lung function parameters in % pred terms than males.
One pack-yr was associated with 0.52 and 0.32% lower FEV1
% pred in females and males (pv0.001), respectively, and the
corresponding figures for FVC% reduction were 0.28 and
0.16% (pv0.001).

and when the analyses were restricted to only the 5% random
sample. Further, females aged w60 yrs had significantly
higher FEV1 % pred compared with males, regardless of
reporting respiratory symptoms or doctor-diagnosed respiratory disease (pv0.01) (fig. 5).
In the total BONT sample, SRH was reported to be "poor"
in 2% and "very well" in 16% of cases, independent of
sex. Independent of lung function, the category "well" was
reported by fewer females than males (23.2 versus 27.8%),
with reciprocal results in the category "not very well" (both
pv0.01). A similar pattern was found for SRH, dichotomised
in those reporting "positive" and "negative" score by FEV1 %
pred adjusted for age and pack-yrs (fig. 6).
A decreased score in SRH was associated with specific
respiratory symptoms, including attacks of wheezing, breathlessness, or cough, without any difference with sex. These
results were not significantly influenced by pack-yrs, level of
education and BMI as covariates in the model.

Discussion
Respiratory symptoms, diagnosis, and self-rated health
by lung function and sex
Females reported a higher prevalence of wheezing or
breathlessness and coughing, independent of FEV1 % pred,
compared with males for both the total BONT sample (fig. 4)

A higher proportion of females reported respiratory symptoms compared with males, adjusted for smoking burden and
lung function. Further, reporting of respiratory symptoms
was associated with poorer SRH in both sexes, but females
reported poorer SRH compared with males independent of
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Fig. 2. – Forced expiratory volume in one second (FEV1) in %
predicted by age, among never-smokers exposed (+) and not exposed
(h) to passive smoke, and among ever-smokers ($) in a) males and
b) females.

lung function. The results from this study confirm previous
findings of a dose-dependent increase in prevalence of
respiratory symptoms and a corresponding negative effect
on lung function with tobacco smoking [12]. However,
females had a larger reduction in lung function in terms of
% pred than males.
BONT was part of a comprehensive cross-sectional study
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Fig. 5. – Forced expiratory volume in one second (FEV1) % predicted
in males (–) and females (------), reporting no respiratory symptoms
and respiratory symptoms with and without diagnosis of respiratory
disease, by age. h: no respiratory symptoms; $: respiratory
symptoms; %: respiratory symptoms and doctor diagnosed asthma or
chronic bronchitis/emphysema.
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of a complete adult population, including a 5% representative random sample of the total population and a symptom
group, both with high attendance rate [5]. A study of nonresponders at the main screening did not reveal any specific
selection biases [5]. The level of industrial and traffic pollution
is very low in Nord-Trøndelag County, Norway, the population is homogenous, and the combination of questionnaires
and interviews secured high-quality data for the explored risk
factors. Nevertheless, the authors fully realise the limitations
of the cross-sectional design, and therefore report presence of
associations and not causal relationships.

Tobacco smoking and lung function
Tobacco smoking has a noxious effect on the airways.
In this study, a strong, dose-dependent association between
tobacco smoking and reduced FEV1, FVC and FEV1/FVC
was found in both sexes. This is in agreement with the
results from a meta-analysis of eight large US populationbased studies [6] and a longitudinal study from Netherlands
[13]. But, other cross-sectional studies, such as the Beijing
respiratory health study [2], a Canadian study [14], the French
Cooperative study [8], the Tucson Airways study [15] and
both a cross-sectional and longitudinal study from Copenhagen
[4, 16] have reported a greater decline in lung function among
females than males, associated with tobacco smoking. On
the other hand, opposite results have been found in both
cross-sectional and longitudinal studies, such as the Six Cities
study [17], the Tucson Airways Study [18], the cross-sectional
part of the Netherlands study [13], the Copenhagen study
(after redefining exclusion criteria, but not adjusting for
quantity smoked) [19], an Italian study [20] and the UCLA
study from Los Angeles [21]. Comparisons between crosssectional and longitudinal studies are distorted, as those with
better lung function are more likely to continue in longitudinal studies [13].
The healthy-smoker effect (i.e. without respiratory symptoms) and different smoking prevalence could partly explain
the divergent results found in previous studies, when neversmokers are used as reference groups. XU et al. [22] showed
that in the studies reporting greater smoking effects on lung
function in females than in males, there was a relatively
low prevalence of male never-smokers (11–25%), whilst the
opposite results were found in studies with higher prevalence
of male never-smokers (27–43%). Given that "unhealthy"
subjects (i.e. with respiratory symptoms) are a constant
proportion of the population, and because such subjects with
respiratory and cardiovascular diseases have a lower tendency
to start or continue smoking compared with healthy subjects,
the proportion of these in a never-smoking reference group
would be higher in populations with a low prevalence of
never-smokers. Any smoke-related difference between smokers
and never-smokers would then be diluted. The present study,
with a prevalence of never-smokers of 38.3% in males and
49.7% in females, is probably not prone to such prevalence
effects.
Different sex effects of tobacco smoking could also be
influenced by the fact that female never-smokers were older
than female smokers, in contrast to that was found in males,
but adjustments for age should take account of this.

Tobacco smoking and respiratory symptoms
The authors have previously reported that adjusted for age
and smoking burden, more females than males reported
respiratory symptoms, such as wheezing, breathlessness and
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cough without phlegm [5]. In the present study, similar sex
associations independent of lung function were found, and
significant higher FEV1 % pred in females compared with
males aged w60 yrs in asymptomatic and symptomatic subjects, independent of doctor-diagnosed lung disease or not.
Even if tobacco smoking in females was associated with greater
percentage reduction in FEV1, FVC, and FEF25–75 compared
with males, this does not fully explain the discrepancy in
symptom reporting related to smoking burden between sexes.
There are many different contributory factors to this. First,
females might be more aware of illness and diseases than
males. Assuming that FEV1 and FVC reflected all deleterious
effects of tobacco smoking in the airways, the present results
of a higher prevalence of symptom reporting in females
compared with males at similar levels of lung function, would
have supported such an explanation. However, conflicting
results on this issue have been reported. MACINTYRE et al. [23]
did not find any sex differences in the reporting of conditions,
including trivial and mental conditions. Further, GIJSBERS et
al. [24] found that even if females, when compared with males,
reported more physical symptoms, they reported similar
illness behaviour. In addition, different work exposure rather
than different vulnerability has been found to explain sex
differences in health [25].
Secondly, there could be a selection bias among current
smokers if symptomatic males succeeded in smoking cessation
more often than symptomatic females. In the present population, males reported smoking cessation more frequently than
females, regardless of reporting respiratory symptoms [5].
However, even if analyses revealed a lower OR for respiratory
symptoms by number of pack-yrs when the analyses were
restricted to never-smokers/exsmokers compared with neversmokers/current smokers, similar difference with sex in reporting symptom by pack-yr was found (data not shown).
Thirdly, respiratory symptoms might be more strongly
associated with global health and less specific for lung diseases
in females compared with males [8]. The authors9 assessed
global health by using a SRH measure with four steps, as this
had been used previously in Norwegian population-based
studies [9]. Generally, the differences between SRH measures
are marginal, females9 rate poorer or similar to males, and in
both sexes SRH measurements are found to be powerful
predictors of future morbidity and mortality [26]. In the
present study, the association between respiratory symptoms
and SRH was independent of sex, indicating a similar influence of respiratory symptoms on quality of life in males and
females, independent of objective measurements, such as flow
volume spirometry. Higher risk for reporting SRH "not very
well" by pack-yr among females than among males is consistent
with sex difference in association between pack-yrs and
respiratory symptoms.
Fourthly, sex differences in symptoms could be due to
differences in airway diameter. As the resistance to flow in a
tube is inversely proportional to the fourth power of its
radius, a similar reduction in radius in a small and large tube
would influence the flow most in the former. In the present
study, when including FEV1 % pred and thus taking different
airway calibre into account, the sex difference in respiratory
symptoms was still present, as also found by LEYNAERT et al.
[3].
Fifthly, symptoms could be a more sensitive parameter of
vulnerability in the peripheral airways, compared with FEV1
and FVC, reflecting changes mainly in the larger airways.
There are differences in airway calibre and lung size between
males and females of the same size, and this might influence
the deposition of tobacco-smoke products [27]. Females with
smaller airway diameter would thus theoretically be more
vulnerable to noxious gases deposited in the peripheral
airways. Experimental studies by WAGNER et al. [28] on
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patients with mild asthma, showed a considerable increase in
peripheral resistance, despite having a normal lung function
measured as FEV1 and FVC. WAGNER et al. [28] also showed
a strong correlation between increase in peripheral resistance
and degree of bronchial hyperresponsiveness to methacholine.
Interestingly, studies have shown a higher smoke-related
bronchial hyperresponsiveness in females compared with
males [3] and lower cough threshold in females than males
when they were exposed to cough stimuli (capsaicin) [29].
Further measurements of bronchial hyperresponsiveness in
population-based studies might clarify this. So far, these have
been mainly direct provocation tests (methacholine and
histamine), but results regarding sensitivity and specificity of
studies of simpler, indirect tests (mannitol) are promising for
inclusion of such tests in large-scale studies [30].
Sixthly, there could be sex differences in validity of selfreported smoking behaviour and of inhalation pattern and
exposure for passive smoking. Both estimation of pack-yrs
and smoking behaviour have been reported to be fairly
accurate in most studies [31, 32]. The authors do not have
data on whether there are different inhalation patterns
between sexes. Due to a higher prevalence of smokers and
smoking burden in males compared with females, both
smoking and nonsmoking females have probably been
exposed to more passive smoking than males, and this
would dilute any deleterious effect of tobacco smoking in
females compared with males. However, including passive
smoking in the analyses did not influence the results in the
present study.
To conclude, smoking burden was associated with similar
absolute reduction in expiratory lung function measures in
males and females, meaning that females had larger relative
reductions in lung function. However, adjusted for age and
pack-yrs, more females than males reported respiratory symptoms and the category "not very well" on self-rated health,
adjusted for lung function. The associations between respiratory symptoms and self-rated health were independent of sex.
This might support the hypotheses that females have greater
perceived vulnerability for the deleterious effect of tobacco
smoking than males. Whether this increased perception of
symptoms are reflecting unmeasured pathological changes in
the peripheral airways in addition to changes reflected by lung
function measurements such as forced expiratory volume in
one second or forced vital capacity, cannot be answered in
this study. Use of more sophisticated lung function measurements and/or prospective follow-up of those with and without
reported symptoms are possible ways of establishing whether
symptom perception is a more sensitive tool indicating early
deteriorating changes in the lower airways.
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