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Abstract
Background Smoking withdrawal can be difficult due to nicotine dependence (ND). Individual,
environmental and social factors must be considered when researching ND. The objective of the present
study is to describe ND and to analyse associations between ND and smoking-related and background
factors among daily smoking Estonian physicians. Methods A cross-sectional postal survey was used to
collect data from Estonian physicians in 2014. The initial sample consisted of all practising physicians in
Estonia (n=5666). In total, 2939 physicians participated. The corrected response rate was 53.1%. The
current study sample was restricted to physicians who smoked daily (n=171). The outcome variable was
ND level, measured using the Fagerström Test for Nicotine Dependence (FTND). The mean age of
smoking initiation was calculated, along with the standard deviation and the distribution of ND levels
with 95% confidence intervals (CIs). T-tests and chi-square tests were used to test for differences between
groups. To compensate for non-response, the data were weighted. Using multiple logistic regression, the
association between ND level (at-least-moderate vs low) and smoking-related and background factors
was determined. Crude and fully adjusted odds ratios (ORs) with 95% CIs were calculated. Results The
mean FTND score for daily smoking physicians was 2.8±2.1, and 60.8% of them had low, 33.1%
moderate and 6.1% high ND levels. The mean age of smoking initiation differed statistically between
physicians with low and at-least-moderate ND levels (21.0±5.1 and 18.4±3.3, respectively) (p<0.001). In
the adjusted model, having at least moderate ND levels was associated with a younger age of smoking
initiation (OR=0.82, 95% CI 0.72–0.94). After adjustment, ND levels were not significantly associated with
the desire to quit, motives to quit and gender. No association was found between ND level and other
background factors. Conclusions More than half of daily smoking Estonian physicians had low ND
levels. A higher ND level was associated with a younger age of smoking initiation. Knowledge of ND and
related factors is useful in the development of smoking cessation counselling services for physicians.

Background
Physicians are considered to play a significant role in tobacco prevention and cessation (1). However,
when physicians are smokers themselves, it is more likely that patients’ smoking habits remain
unaddressed (2). According to the International Classification of Diseases, tobacco smoking as a
substance use disorder is considered a mental and behavioural disease (code F17 in ICD-10) (3). Quitting
smoking is often difficult due to nicotine dependence (ND) (4, 5). Although the prevalence of smoking has
decreased globally (6), smokers in the future might have higher ND, since only those who remain smokers
have difficulties quitting, whereas those who find it easy to quit have already done so (5).
In research on ND, the age of tobacco uptake, the speed and magnitude of nicotine delivery, and the
development of physical dependence and stimuli-linked associations are among the factors considered
(7, 8. In relation to sociodemographic factors, ND has been described to be higher among men (9),
middle-aged adults (10) and ethnic minorities (11). Behavioural factors related to smoking, such as the
desire to quit, previous quit attempts and relapses after quitting, have been found to be associated with
ND (12, 13). Among physicians, medical specialty has also been linked to the prevalence of smoking (14).
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ND is a complex syndrome that involves interaction among individual, environmental and social factors
(7, 8). Therefore, it is important to investigate factors associated with ND to better promote smoking
cessation.
In Estonia, physicians’ smoking has been surveyed in 1978, 1982, 2002 and 2014. The age-standardized
prevalence of daily smoking has decreased from 39.7% in 1982 to 14.3% in 2014 among men and from
12.2% to 5.2% among women (15). Questions measuring ND were added to the survey only in 2014 using
the six-item Fagerström Test for Nicotine Dependence (FTND). The objective is to describe ND and to
analyse the association between ND and smoking-related and background factors among daily smoking
Estonian physicians.

Methods
Design and participants
The present study followed a cross-sectional survey design. Study data were drawn from Estonian
physicians’ smoking survey conducted in 2014. Based on the Estonian Health Care Professionals
Registry, all practising physicians were included in the initial sampling. Questionnaires were mailed to
physicians’ (n=5666) home addresses, which were retrieved via data linked to the Estonian population
register. In total, 2939 physicians participated in the study. The crude response rate was 51.9%. The
corrected response rate (excluding the physicians who were unavailable, had retired, had an incorrect
address, had left Estonia or had died) was 53.1%.
FTND questions were only asked of respondents who answered ‘yes’ to whether they currently smoke
every day. Therefore, the present study sample was restricted to physicians who were daily smokers.

Outcome measure
The outcome variable was the ND level measured by the FTND (16). The test consists of six items. Based
on the answers, an ND score in the range of 0 to 10 was produced. A higher score indicates a higher ND
level. In the present study, the ND level was determined to be low if the score was 0–3, moderate if the
score was 4–6 or high if the score was 7–10 (17). For logistic regression analysis, the ND level was
dichotomized into two categories: low and at least moderate.

Smoking-related factors
The following factors were included in the analysis: age of initiation of smoking (continuous variable);
desire to quit (yes, no, cannot say); main motivation to quit smoking (single-choice question with the
following options: personal health problems; wish to set a good example; or other reasons, including
material stimulus, increase in the price of tobacco products, social pressure, and cannot say); number of
previous quit attempts (none, 1–2, 3–4, 5 and more); stress as the main reason to restart smoking (yes,
no); and agreement that smoking is harmful to health (agree, disagree).
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Background factors
Gender (male, female), age (continuous variable), ethnicity (Estonian, non-Estonian) and medical
specialty (family physician, specialist doctor, dentist, other) were included in the model to describe
participants’ background.

Data analysis
To compensate for non-response, post-stratification weights were used based on gender and 5-year age
groups of the sample of Estonian physicians (18). The mean age of smoking initiation and the mean
FTND score, along with standard deviations, were calculated. ND levels with 95% confidence intervals
(CIs) were determined. A t-test was used to test for differences between the mean age of smoking
initiation and the mean FTND scores among respondents with low and at-least-moderate ND. The chisquare test was used to test for differences in the distribution of ND levels between men and women. A
multiple logistic regression model was used to analyse the association between ND level (at-leastmoderate vs low) and smoking-related and background factors. Crude and fully adjusted odds ratios
(ORs) with corresponding 95% CIs were calculated.
In total, 171 questionnaires were included in the analysis, excluding questionnaires that lacked
information concerning smoking status and FTND questions (n=13).
Data were analysed using the statistical package Stata V 14.0 (19). The study methodology followed the
Strengthening the Reporting of Observational Studies in Epidemiology statement guidelines for reporting
observational studies (20).

Results
Among daily smoking Estonian physicians, the mean age was 54.5±12.6 years. Most (79.5%) were of
Estonian ethnicity. More than half of the physicians (55.0%) were specialist doctors, 19.3% were dentists,
18.1% were family physicians, and 7.6% worked in other positions (e.g., administrative work, clinical
research).

Nicotine dependence
Among daily smoking Estonian physicians, the mean ND score was 2.8±2.1. Among men, the mean ND
score was 3.2±2.4, and among women, it was 2.7±2.0 (p=0.385).
More than half of physicians (60.8%) had a low ND level (Table 1). Men and women did not differ
significantly in terms of the distribution of ND levels (p=0.107).
Physicians with low ND levels had a mean age of smoking initiation of 21.0±5.1, and physicians with atleast-moderate ND levels had a mean age of initiation of 18.4±3.3 (p<0.001).

Associations between nicotine dependence and smoking-related and background factors
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In the fully adjusted logistic regression model, having at-least-moderate ND levels was significantly
associated with age of smoking initiation (Table 2). When the age of smoking initiation increased by one
year, the odds of having at-least-moderate ND levels were 0.82 (95% CI 0.72–0.94) times lower. After
adjustments were made for all other variables in the model, ND levels were no longer associated with the
desire to quit, motives to quit and gender. No significant association was found between ND levels and
age, ethnicity or medical specialty.

Discussion
The present study provided, for the first time, an overview of ND among daily smoking Estonian
physicians in Estonia who smoked daily. The aim of the study was to describe ND and to analyse the
association between ND and smoking-related and background factors among daily smoking Estonian
physicians.
According to the results of the present study, the mean FTND score of Estonian physicians who smoked
daily was 2.8 (on a scale of 0 to 10). More than half of daily-smoking Estonian physicians had low ND
levels (FTND score 0–3). This result is similar to physicians’ nicotine dependence in Germany in 2018
(22) and in Turkey or Greece from approximately 10 years ago (23, 24). Compared to the general
population worldwide, Estonian physicians’ mean FTND score was similar to those in Germany and
Norway (score 2.8 in 1990s) but lower than those in the USA (4.0 in the 1990s) and China (3.1 in 2013)
(10, 25, 26). Unfortunately, there is no general population data for Estonia concerning nicotine
dependence to add to the comparison.
The results of the fully adjusted logistic regression model showed that nicotine dependence was
significantly associated with the age of smoking initiation. The earlier the initiation of smoking was, the
higher the odds of having higher nicotine dependence. This result is in accordance with previous findings
stating that people who initiate smoking at a younger age are more likely to become nicotine dependent
(27, 28). Estonian physicians who smoked daily and who had at-least-moderate ND levels began smoking
approximately three years earlier than those with low ND levels. Previous results from the smoking survey
administered among Estonian physicians showed that in 2014, physicians started smoking at an earlier
age than in 1982 or 2002. At the same time, an increasing number of non-smokers enter the profession
(15), which creates a situation in which those who smoke have done so beginning at a younger age, while
others in the profession will not start at all.
In the present study, after adjustments were made for all descriptive variables, the ND level was not
significantly associated with the desire to quit or motives to quit. In crude models, compared to
physicians who wished to quit smoking, the odds of having at-least-moderate ND levels were almost
three times higher among physicians who did not wish to quit. Similar results were found in surveys
conducted in the USA, the UK, Canada and Australia, where a lower level of ND was shown to be related to
a higher probability of intentions to quit (29). In the current study, compared to physicians who stated
personal health problems as the main motive to quit, the odds of having at-least-moderate ND levels were
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three times higher among those whose main motives were ‘other reasons’. This group included, for
example, physicians who reported material or social pressure as the main motive to quit. On the one
hand, this finding indicates that daily smokers with existing health problems might have already quit. On
the other hand, the result could be accounted for by the notion that material reasons, although linked with
nicotine dependence among the general population (30), might not be relevant among physicians. As the
current study focused on nicotine dependence, motives to quit were not explored in detail here.
The present findings showed no association between ND level and the estimation of the harmfulness of
smoking, the number of quit attempts or stress as a reason for relapse. However, some of these factors
have been found to be related to ND in previous studies. For example, previous study data reports on the
association between work-related stress and smoking intensity among public-sector employees (31) and
between work-related stress and the use of addictive substances among physicians (22). These findings
would allow us to hypothesize that ND is higher among physicians because the profession is considered
to cause higher levels of stress. However, this association was not proven in the current study.
After adjustments were made for background factors, gender ceased to be significantly associated with
ND level. The results of the crude models showed that men were almost twice as likely as women to have
at-least-moderate ND levels. The results from other studies have similarly shown that men were more
likely to have higher nicotine dependence (25, 32). The prevalence of daily smoking among men is higher
than that among women in Estonia and in the Eastern European region in general (33), as well as among
physicians (15).
In the current study, no association was found between ND level and age, ethnicity or medical specialty.
The associations might not be evident due to the small sample size, as the prevalence of smoking among
physicians was low. In the general population in other countries, ND has been shown to be significantly
related to age. High ND has been shown to be more prevalent among 45- to 64-year-olds than among
people in younger or older age groups (10) (32, 34). In the general population of Estonia, the prevalence
of daily smoking among non-Estonians has consistently been higher than that among Estonians (35).
Additionally, the prevalence of daily smoking among physicians of non-Estonian ethnicity was somewhat
higher than among Estonians (data not shown). However, no indication of the finding that ND would be
higher among ethnic minorities was found in the present study sample of physicians. Specifically, general
practitioners in Australia tended to smoke less than specialist doctors (14). In Germany, the prevalence of
smoking was lower among those in non-surgical specialties than among those in surgical specialties
(22).
When the results of the current study are interpreted, some contextual factors should also be considered.
Estonia has led a consistent tobacco policy that has resulted in, among other outcomes, smoking being
restricted in hospitals. Several Estonian hospitals are smoke-free, and many hospitals actively promote
smoking cessation among their staff and, in some cases, pay for cessation treatment. Moreover,
according to the previous results, more than half of currently smoking Estonian physicians expressed a
desire to quit (36). The results of the present study, however, indicate that smokers might still be facing
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difficulties to do so and therefore would benefit from cessation counselling specifically tailored to
physicians’ needs.
The methodological limitations of the study are as follows. First, a possible self-representation bias of
smokers could contribute to their underreporting of their smoking habits (21). Second, the response rate
was just over 53%, and there is no information on non-respondents’ smoking habits. The prevalence of
smoking might be underestimated, since non-respondents might systematically differ from the
respondents. To compensate for non-response, data were weighted based on gender and age. Third, the
small sample size, which is related to a low prevalence of smoking among physicians, should be
considered. Fourth, respondents who answered ‘no’ when asked if they currently smoke every day were
guided past the FTND questions. This approach limits the sample size to daily smokers only and leaves
ND levels among occasional smokers unidentified. Despite these limitations, the smoking survey results
for Estonian physicians provide an excellent opportunity to analyse smoking behaviour and nicotine
dependence in a sample representing all Estonian physicians. Moreover, physicians comprise a
homogenous group in terms of educational background, which can be considered a major strength in a
study exploring health behaviour.

Conclusions
More than half of physicians in Estonia who smoked daily had low nicotine dependence. Higher nicotine
dependence among physicians was associated with a younger age of smoking initiation. Knowledge of
nicotine dependence and related factors is useful in the development of smoking cessation services
targeted towards physicians.
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Tables
Table 1. Weighted prevalence of nicotine dependence levels (%) among Estonian physicians
smoking daily, 2014.
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ND level
Low
Moderate
High

%
51.6
41.3
7.1

Men
95% CI
38.8–64.1
29.4–54.4
2.64–17.8

%
67.8
26.8
5.4

Women
95% CI
58.4–76.0
19.3–36.0
2.4–11.5

%
60.8
33.1
6.1

Total
95% CI
53.1–68.0
26.3–40.7
3.3–11.1

Table 2. Nicotine dependence level and factors associated with nicotine dependence among
Estonian physicians smoking daily, 2014.
Variables
ND level (%)
Crude OR
Adjusted OR*
(95% CI)
(95% CI)
Low At-least-moderate
Smoking-related factors
Age of smoking initiation**
0.83 (0.74–0.92) 0.82 (0.72–0.94)
Desire to quit
Yes
61.8
48.4
1
1
No
15.8
35.5 2.88 (1.33–6.21) 1.89 (0.71–5.04)
Cannot say
22.4
16.1 0.92 (0.40–2.13) 0.88 (0.31–2.44)
Motivation to quit
Personal health problems
68.5
66.3
1
1
Wish to set a good example
10.2
5.2 0.53 (0.16–1.82) 0.79 (0.19–3.31)
Other
6.2
17.9 3.00 (1.06–8.52) 2.67 (0.63–11.30)
Cannot say
15.1
10.6 0.72 (0.28–1.85) 0.55 (0.20–1.55)
Previous quit attempts
None
23.6
34.0
1
1
1–2
43.9
38.9 0.61 (0.29–1.31) 0.60 (0.24–1.51)
3–4
20.6
21.7 0.73 (0.29–1.82) 0.72 (0.24–2.14)
5 and more
11.9
5.4 0.32 (0.07–1.30) 0.26 (0.05–1.44)
Stress as main reason for relapse
No
63.4
64.0
1
1
Yes
36.6
36.0 0.97 (0.50–1.89) 1.66 (0.73–3.79)
Smoking is very harmful to health
No
41.5
51.2
1
1
Yes
58.5
48.8 0.68 (0.36–1.27) 1.11 (0.50–2.45)
Background factors
Gender
Male
36.7
53.5
1
1
Female
63.3
46.5 0.51 (0.27–0.96) 0.77 (0.34–1.75)
Age**
1.00 (0.98–1.03) 1.02 (0.99–1.06)
Ethnicity
Estonian
80.4
75.6
1
1
Non-Estonian
19.6
24.4 1.33 (0.62–2.84) 1.55 (0.60–4.00)
Medical specialty
Family physician
17.1
16.7
1
1
Specialist doctor
52.4
61.7 1.21 (0.52–2.79) 1.05 (0.35–3.13)
Dentist
23.5
12.2 0.53 (0.17–1.61) 0.61 (0.17–2.23)
Other
7.0
9.4 1.37 (0.36–5.14) 1.21 (0.22–6.48)
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*Adjusted to all other variables in the table.
** Continuous variable.
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