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ABSTRACT
Introduction: Smoking has a significant impact on the development and progression of asthma
and chronic obstructive pulmonary disease (COPD). Self-reported questionnaires and structured
interviews are usually the only way to study patients’ smoking history. In this study, we aim to
examine the consistency of the responses of asthma and COPD patients to repeated standardised
questions on their smoking habits over the period of 10 years.
Methods: The study population consisted of 1329 asthma and 959 COPD patients, who enrolled
in the study during years 2005–2007. A follow-up questionnaire was mailed to the participants 1,
2, 4, 6, 8, and 10 years after the recruitment.
Results: Among the participants who returned three or more questionnaires (N = 1454), 78.5 % of
the patients reported unchanged smoking status (never smoker, ex-smoker or current smoker)
across the time. In 4.5% of the answers, the reported smoking statuses were considered unreli-
able/conflicting (first never smoker and, later, smoker or ex-smoker). The remainder of the
patients changed their status from current smoker to ex-smoker and vice versa at least once,
most likely due to struggling with quitting. COPD patients were more frequently heavy ex- or
current smokers compared to the asthma group. The intraclass coefficient correlations between
self-reported starting (0.85) and stopping (0.94) years as well as the consumption of cigarettes
(0.74) over time showed good reliability among both asthma and COPD patients.
Conclusion: Self-reported smoking data among elderly asthma and COPD patients over a 10-year
follow-up is reliable. Pack years can be considered a rough estimate for their comprehensive
consumption of tobacco products over time. We also observed that the questionnaire we used
was not designed for dynamic changes in smoking which are rather common among heavy
smokers especially when the follow-up time is several years, as in our study.
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Introduction

Tobacco is considered one of the major public health
threats in the world and every year it causes approximately
6 million premature deaths [1–3]. Smoking data provides
important insight both for assessing the success of smok-
ing cessation as well as in estimating smoking-related
health risks [4]. Smoking is themain risk factor for chronic
obstructive pulmonary disease (COPD). Smoking has also
been associated with the onset of asthma [5]. It aggravates
the airway inflammation and consequently worsens the
symptoms of the disease. Asthmatic smokers have
a greater decline of lung function and reduced efficacy of
inhaled corticosteroids [5,6].

Currently, the only way to collect historical data on
smoking is by a structured interview or using self-
reported questionnaires [7]. Self-reported questionnaires
can be implemented rather inexpensively in large cohorts.

More importantly, they are usually tested for validity.
Biological indicators, such as urine, serum, and plasma
levels of nicotine, cotinine [8] carbon monoxide [9],
thiocynate [10], and other smoke toxicants have been
used to confirm the self-reported data [11,12], but these
tests only detect current smoking and use of nicotine
products [13,14]. Memory errors, misunderstandings
and the honesty of the participants might, however, lead
to data ambiguity [15,16]. In longitudinal studies,
response bias is also a concern.

Cross-sectional studies in general population have
shown that the accuracy of current self-reported smoking
status is rather consistent with the biomarker ratings
[15,17–19]. In addition, among Finns the validity of self-
reported smoking has been shown to be high [20]. More
variation has been observed in patient populations in
which tobacco is considered a significant risk factor,
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such as among lung cancer [21] and ischaemic heart
disease patients [22]. In addition, underrated results
have also been reported in situations where patients per-
ceive their smoking as socially unacceptable, such as
during pregnancy [23,24] or after receiving medical dis-
approval from health care providers [15,16,21,25].

To assess the consistency and stability of responses
over repeated, standardised questionnaires, ‘test-retest
reliability’ assessment has been used. Several studies
using self-reported smoking data have examined the
reliability by repeating identical questions on two or
more occasions [26–31]. Usually, the test-retest interval
is between a few weeks and 1 to 3 months. Studies on
test-retest reliability spanning years are scarce [31,32].
To our knowledge, in asthma and COPD, only cross-
sectional studies have been done. In these studies, the
validity of patients’ answer has been verified by
a biological indicator such as cotinine level [33–38].

In the present study, we aimed to estimate the con-
sistency of the responses made by elderly asthma and
COPD patients concerning their smoking history. The
same questions regarding the present smoking status,
starting, and stopping year, as well as the amount of
tobacco consumed were asked repeatedly six times over
a period of 10 years.

Methods

Patient characteristics

The Finnish Chronic Obstructive Airway Disease (CAD)
cohort originally comprised of 2390 asthma and COPD
patients who enrolled in the study through the
Pulmonary Clinics of the Helsinki (N = 2054) and
Turku University Hospitals (N = 336) during the years
2005–2007. The patients were identified through the
Hospital Discharge Registers. The registry was screened
using ICD10 code J44.8 or J45. All patients, who were
between 18 and 75 years of age, were invited to the study
through a two-phase mailing campaign. By evaluating
patients’medical records, a pulmonologist reassessed the
diagnosis: asthma, COPD, or asthma-COPD overlap
showing the features of both diseases [39,40]. Out of all
participants, we excluded 102 patients due defective or
poorly documented diagnosis and thus, 2288 patients
were included in this study. All participants visited the
research nurse once. During the visit, participants
donated their blood samples for DNA extraction and
gave their informed consent to collect, merge, and ana-
lyse their comprehensive medical records for the past
5–10 years to confirm the diagnosis. They also gave

consent to analyse the progression/outcomes of the dis-
ease in the forthcoming 10 years. The collected health
care information included medication, co-morbidities,
laboratory findings, lung function, and imaging results
from all healthcare providers who had treated the
patient. Deaths were followed from the population reg-
istry. In this study, COPD and asthma-COPD overlap
groups were combined, since the results did not differ
significantly from each other.

A follow-up questionnaire was mailed to the partici-
pant 1, 2, 4, 6, 8, and 10 years after recruitment. The
number of withdrawals, deaths, and responders during
the study years are shown in details in Supplement
Table 1. The mailing address of the study subjects were
updated every year from the population register. One
reminder was mailed if patients did not answer within
4 weeks. The mailings were always performed at the
same time of the year (± 1 month). The study subjects
were given a contact number and they could withdraw
from the study at any time. Each year, the questions in
each section were identical, but the included sections
varied slightly. Two of sections, 15D [41] and the
Airways Questionnaire 20 [42], measured general and
disease specific health-related quality of life (HRQoL),
respectively [43]. The other sections included smoking,
current medication, and work ability. These sections
were identical each year, with the exception of new
medicines that were added. A standard pattern of
chronic bronchitis-related questions was added in year
six. Fagestrom’s Test for Nicotine Dependence was
required once [44] as well as a separate questionnaire
on exercise habits and physical activity among patients in
the COPD/Asthma-COPD overlap cohort [45]. In the
smoking section, we first investigated the smoking status,
whether they had never been regular smokers, were
current regular smokers or former regular smokers.
Subsequently, the smokers were asked their starting
and potential stopping year as well as the number of
cigarettes and cigars they smoke or had smoked daily.
The amount of tobacco used in hand-rolled cigarettes or
pipes per week was also required and transformed into
pack years as follows: one cigar is equal to four cigarettes,
one cigarillo is equal to two cigarettes and one gram of
loose tobacco is equal to two cigarettes [46]. A heavy
smoker was defined as a person who smoked a pack or
more per day. Similar questions have been used in many
Finnish epidemiological studies [47]. The smoking-
related questions were asked first time 1 year after the
enrolment. At that point, for 1128 patients out of the
1360 former or current smokers, a complete smoking-
related data set, including starting (and quitting) year as
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well as the number of cigarettes, was available so that the
pack years could be computed (Supplementary Table 2).

Consistency of the reported smoking statuses over the
years was analysed among the patients who had answered
the smoking-related questions at least three times during
the follow-up, regardless which survey year (Supplement
Table 1). In total, 1852 patients fulfilled the criteria, out of
which 1154 (62.3%) belonged to the asthma group and
698 (37.7%) to the COPD group. By choosing this sub-
group for the analysis, we were able to distinguish the
different trends better and thus improve the reliability of
the results. After selection, participants were divided into
four groups: (1) stable group that consistently reported
the same status throughout the follow-up, (2) unstable
type 1 – group that changed the status once, (3) unstable
type 2 – group that changed the status more than once,
and (4) unreliable group that reported first being
a current or a former smoker but later claiming to be
a never smoker. In addition, the changes in smoking
statuses during the follow-up were analysed using this
same subgroup, i.e. we excluded all patients who had
reported their smoking statuses only once (the analyses
of changes not possible) or twice (the responses gave
mainly in the first and second follow-up year). This way
we could get more reliable results covering the overall
follow-up period.

The study approachwas approved by the Coordinating
Ethics Committee of the Helsinki and Uusimaa Hospital
District. The permission to conduct this research was
granted by the Helsinki and Turku University Hospitals.

Statistical analysis

Statistical analyses were done with IBM SPSS Statics for
Mac, version 24.0 (SPSS Inc., Chicago, IL) and Excel
for Windows (2013). Statistical comparisons between
the groups were made by using the chi square test and
T-test. All p-values below 0.05 were considered signifi-
cant. The figures were made using SPSS.

Consistency between reported starting and stopping
years and number of reported cigarettes smoked by
a person were estimated using the intraclass correlation
coefficient (ICC) [48]. ICC values and their 95% con-
fident intervals were calculated using SPSS based on
a single-rating, absolute-agreement, 2-way mixed-
effects model. According to the guidelines, ICC values
of ≥0.90 were defined as excellent; 0.75 to 0.89 were
defined as good; 0.50 to 0.74 were defined as moderate;
and values less than 0.50 were defined as poor.

Results

Patient characteristics

The study cohort consisted of 1329 asthma and 959
COPD patients living in South-Western Finland and
recruited through two University Hospitals (Table 1).
One third of COPD patients (N = 347) showed features
both asthma and COPD [39]. The majority of the asthma
patients were women (73.9%), whereas COPD patients
were more often men (60.9%). At the time of the

Table 1. Comparison of asthma and COPD patients’ characteristics and smoking status according to the first postal
questionnaire.

Asthma N = 1329 COPD N = 959 ALL N = 2288 p-value

Male gender, N (%) 347 (26.1) 584 (60.9) 931 (40.1)
Mean age ± SD 54.9 ± 12.5 64.4 ± 7.0 58.9 ± 11.6, <0.001
Smoking statusa, N (%) <0.001

Current smoker 134 (10.1) 346 (36.1) 480 (19.2)
Former smoker 427 (32.1) 453 (47.2) 880 (38.5)
Never smoker 672 (50.6) 32 (3.3) 704 (30.8)
Did not answer 21 (1.6) 26 (2.7) 47 (2.1)
Questionnaire was not returned 70 (5.3) 72 (7.5) 142 (7.7)
Deaths 5 (0.4) 30 (3.1) 35 (1.5)

Mean pack yearsa 15.1 ± 17.1 43.5 ± 24.3 32.3 ± 25.9 <0.001
Cigarettes smoked per day – current smokersa, N (%) <0.001
<10 43/134 (32.1) 40/346 (11.6) 83/480 (17.3)
10–19 54/134 (40.3) 124/346 (35.9) 178/480 (37.1)
20–29 28/134 (20.9) 132/346 (38.2) 160/480 (33.3)
>30 5/134 (3.7) 46/346 (13.3) 51/480 (10.6)
Missing data 4/134 (3.0) 4/346 (1.2) 8/480 (1.7)

Cigarettes smoked per day – former smokersa, N (%) <0.001
<10 123/427 (28.8) 21/453 (4.6) 144/880 (16.4)
10–19 127/427 (29.7) 75/453 (16.6) 202/880 (23.0)
20–29 105/427 (24.6) 202/453 (44.6) 307/880 (34.9)
>30 22/427 (5.2) 107/453 (23.6) 129/880 (14.7)
Missing data 50/427 (11.7) 48/453 (10.6) 98/880 (11.1)

adata based on first follow up (one year after enrolment).
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enrolment, asthma patients were on average 10 years
younger (mean 53.9 years) than the patients in COPD
group (mean 63.4 years, p < 0.001).

Response rates, deaths, and withdrawals during
the study

In the first year, the response rates were extremely good
(95–98%) decreasing gradually over time to 67–70% in
both patient groups (Supplementary Table1). The med-
ian follow-up times among asthma and COPD patients
were 9.3 ± 2.4 years and 8.2 ± 2.9 years, respectively
(from first to last questionnaire or from first question-
naire to death/withdrawal). Throughout the follow-up
period, the response rates of asthma patients were
slightly higher than among the COPD group. Of all
respondents, very few left the smoking section of the
questionnaire unanswered: 8.8% (192/2185) no more
than once, 1.6% (32/2059) twice, and 0.5% (10/1890)
three or more times. Almost 75% of the respondents,
with incomplete smoking information, had stable smok-
ing status based on the given answers.

During the follow-up, the mortality rate was signifi-
cantly lower among asthma patients (82/1329 = 6.2%)
when compared to that in the COPD group (381/
959 = 39.7%, p < 0.001). However, withdrawing was
rather even in both, asthma and COPD groups (48/
1329 = 3.6% vs. 24/959 = 2.5%, p = 0.1). The smoking
statuses of the withdrawals did not significantly differ
in either of the disease groups.

Smoking in the beginning and changes during the
follow-up

Asthma and COPD patients showed significantly dif-
ferent smoking statuses when evaluated for the first
time 1 year after the enrolment (Table 1). Half of the
asthma patients had never smoked and only 10.1%
were current smokers, whereas only 3.3% of COPD

patients were never smoker and 36.1% current smo-
kers. In addition, the consumption of cigarettes was
much higher in the COPD group. Of the COPD
patients, 51.4% (178/346) were heavy smokers, which
was significantly higher than the proportion of those
among the asthma patients (33/134 = 24.6%, p < 0.001).
A similar trend was seen among ex-smokers.

A heavy smoking history of COPD patients was also
observed when pack years were compared between the
patient groups (Supplementary Table 2).

Next, we studied the potential changes in the parti-
cipants’ smoking habits and the reliability of reported
outcomes. To improve the reliability of the statistical
analysis, we included only the patients who had
answered the smoking-related questions at least three
times (N = 1852). The majority of the participants
(N = 1454, 78.5%) reported an identical smoking status
throughout the follow-up (Table 2). The status was
changed most frequently (former smoker to current
smoker and vice versa) once or more in the COPD
group. To evaluate the degree of success concerning
smoking cessation, we analysed participants first and
last given smoking status using this same subgroup
(N = 1852). Based on the first given smoking status,
1030 asthma and 420 COPD patients were smoke free.
During the follow-up, out of all the current smokers
33.9% (42/124) of the asthma and 44.6% (124/278) of
the COPD patients quit smoking (smoke free in their
last report). In the end of the follow-up, 91.5% asthma
patients and 73.1% COPD patients were smoke free.
Based on the latest questionnaire, 49 of 105 smokers
struggling with relapses (unstable 2 -group, changing
status between current and former smoker) were
smoke free. Compared to the COPD group, the asthma
patients more frequently gave an unreliable pattern of
responses (5.8% vs. 2.3%, p < 0.0004).

To understand how reliably the patients reported
the year they started and stopped smoking, we studied
the variances and ICCs among their answers during the

Table 2. Comparison of smoking status between the disease groups throughout the 10-year follow-up.
Asthma

N = 1154a
COPD

N = 69 8a
All

N = 1852a p-value

Stable, N (%) 985 (85.4) 469 (67.2) 1454 (78.5) <0.001
Smoking (%) 63 (6.4) 122 (26.0) 185 (12.7)
Non-smoking (%) 922 (93.6) 347 (74.0) 1269 (87.3)

Unstable, changing once, N (%) 60 (5.2) 150 (21.5) 210 (11.3) <0.001
Smokingb 10 (16.7) 32 (21.3) 42 (20.0)
Non-smokingb 50 (83.3) 118 (78.7) 168 (80.0)

Unstable, changing more than once, N (%) 42 (3.6) 63 (9.0) 105 (5.7) <0.001
Smokingb 23 (54.8) 33 (52.4) 56 (53.3)
Non-smokingb 19 (45.2) 30 (47.6) 49 (46.7)

Unreliable, N (%) 67 (5.8) 16 (2.3) 83 (4.5) 0.0004
aincluding all patients who had answered at least three times to the smoking-related questions during the 10-year follow-up
bin their last report
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follow-up (Figure 1, Table 3). When interpreting ICCs,
we found good reliability of starting years in all groups.
The reliability of stopping years was excellent in the
stable and the unreliable -groups. In addition, to find
out the possible differences between the disease group
and the smoking -group, we also calculated ICC values
for these groups. The reliability of starting years was
higher among asthmatics (ICC 0.90, CI 0.88–0.91) than
among COPD -patients (ICC 0.83, CI 0.81–0.85).
When comparing ICC -values among smokers, we
found good reliability of starting years among former
smokers (ICC 0.83, CI 0.80–0.85) and excellent relia-
bility among current smokers (ICC 0.91, CI 0.88–0.93).

Discussion

In the present study, we analysed the consistency and
reliability of self-reported smoking history among
elderly asthma and COPD patients over 10 years.

Similar questions have been used previously in many
Finnish epidemiological studies before ours. The parti-
cipants’ self-reported smoking statuses were analysed
between the follow-up years to find out the unreliable
path of responses. Only 5.8% of asthma and 2.3% of
COPD patients reported unreliable results. Most of
these unreliable answers (67/83) belonged to asthma
patients. The results might suggest that asthma patients
have a stronger response to social pressure that is
caused by the rising disapproval towards smoking.

We used a test-retest method for assessing the consis-
tency of the other smoking-related variables such as starting
and quitting year, and number of smoked cigarettes. Intra
individual variation between questionnaires (ICC values)
for starting year was good, for stopping year excellent, and
for cigarette consumptionmoderate. In COPD, only the less
advantaged cases who survived longer during the follow-up
could be included. Therefore, the results observed here may
not be applicable in end-of-life COPD. Obviously, the
quitting year was remembered better since it was closer to
the time of study. Most variation was seen in tobacco
consumption, due to misremembering or real fluctuation.
Nowadays, smoking may not be as stable a habit as it was
previously, especially in patient-cohorts who are actively
reminded of the dangers of smoking and encouraged to
quit. The pack years among COPD patients were higher
even though the younger average age of the asthma cohort
was taken into account. The smoking initiation ages were
rather equal in both groups (mean 17–19 years).

In the majority of these elderly patients, the smoking
status remained consistent throughout the study, but
8.5% of asthma and 26.9% of COPD patients struggled
with smoking cessation. In the latter group, almost all
patients were either current or former smokers, which
explains the observed fluctuation. Smoking is an addic-
tive habit, caused by nicotine [49] and behaviour
dependency. It typically requires three to four attempts
before a smoker is able to quit smoking [50]. In the
present study, 92% asthma patients and 73% COPD

Figure 1. Variation of self-reported starting (left) and stopping (right) years within the four groups, into which the patients were
divided according to their smoking statuses throughout the study.

Table 3. Variation of self-reported starting year, stopping year
and consumption of cigarettes.

Difference in responses

N
Mean
SDa

Median
SDa ICC (95% CI)b

Starting Year 1010 2.51 1.20 0.85 (0.84–0.87)
Stable 724 2.09 1.08 0.87 (0.86–0.89)
Unstable 1 169 3.40 1.79 0.78 (0.74–0.82)
Unstable 2 88 4.11 1.97 0.82 (0.77–0.87)
Unreliable 29 2.99 1.70 0.91 (0.85–0.95)

Stopping year 782 2.01 0.89 0.94 (0.94–0.95)
Stable 635 1.92 0.84 0.94 (0.93–0.94)
Unstable 1 84 2.44 0.58 0.88 (0.85–0.92)
Unstable 2 37 2.69 2.08 0.88 (0.82–0.93)
Unreliable 26 1.94 1.08 0.98 (0.97–0.99)

Consumption of Cigarettes 1084 3.74 2.36 0.74 (0.73–0.76)
Stable 774 3.57 2.36 0.77 (0.75–0.79)
Unstable 1 182 4.35 3.39 0.57 (0.51–0.64)
Unstable 2 96 4.09 3.42 0.70 (0.60–0.81)
Unreliable 32 3.10 1.44 0.71 (0.64–0.78)

aSD = Standard deviation
bICC = Intraclass coefficient correlation, counted for patients who answered
at least three times to the certain question. CI = Confidence interval
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patients were smoke free in the end of the follow-up.
Out of all current smokers, 41.3% succeeded in quitting
during the follow-up. We have shown previously, in
this same cohort, that smoking cessation is associated
with the severity of airway obstruction [44]. COPD is
a progressive disease and its symptoms often force the
patient to quit smoking.

The set of questions about smoking was rather simple
in our questionnaire, but unfortunately, it was not opti-
mally designed to take into account the dynamic changes
in patients’ smoking habits. For example, the questions
did not take into account potential gaps in smoking.
Therefore, pack years has to be considered only as
a rough estimate. Some of the participants realised the
problem and additionally described their complete smok-
ing history as free text on the questionnaire. Another
downside in the questionnaire was that the participants
were unable to report possible changes in the type and
amount of tobacco products they have used over time.
The patients remembered the starting year rather well
also in cases where the patient had remained an ex-
smoker for many years (mean variation 2.1–4.1 years).

The response rates across time were very good
decreasing gradually during the last year to the level
of 69%. As expected, the mortality rate was signifi-
cantly higher among COPD patients compared to that
in asthma (39.7% vs. 6.2%, p < 0.001). In total, 72
(3.1%) of the participants withdrew from the study,
but the withdrawals did not show any difference con-
cerning their smoking habits. This suggests that no
significant response bias was developed in the results.
Among the respondents, the smoking-related questions
were rather often left unanswered. Almost 9% of all
participants who returned the questionnaire omitted
the smoking section once or more. One reason for
this might be frustration over answering the repeated
questions, especially if their status had remained
unchanged (75% had a stable smoking status).

Reliability of self-reported smoking data among adult
COPD and asthma patients have been examined before in
cross-sectional studies [33–38]. All of the studies have
used biochemical validation for the patients’ current
smoking status. The misreporting rates have varied
greatly from 1 up to 52%. Compared to our study, the
sample sizes have mainly been small and only Murray’s
study for early stage COPD patients has had over 1000
participants [33]. Higher misreporting rates have been
reported in smoking-cessation studies [33,36–38],
whereas epidemiological studies without any expectations
of succeeding in smoking cessation have announced mis-
reporting rates of around 10% or lower [33,35]. The
intensity of a cessation programme and cultural factors
seems to affect results. However, the comparison is not

completely straightforward. Some studies have compared
the number of unreliable answers to the whole study
population while others compared it to subgroups (for
example those taking part in the cessation programme).

Our study showed that the great majority of elderly
asthma and COPD patients showed good adherence to
the longitudinal study design. Their self-reported smok-
ing data was shown to be reliable and consistent with the
exception of pack years that can only be used as a rough
estimate for comprehensive consumption of tobacco
products over time. In about 20% of the patients, the
smoking status can fluctuate or the responses can have
uncertainties to some extent.
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