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Abstract

Objective: To assess the association of demographic variables, socioeconomic status, mental
symptoms, incident somatic disease and lifestyle and smoking cessation.

Methods: We used a longitudinal data set extracted from the second (1995-1997) and third
wave (2006-2008) of the Nord-Trendelag Health Study (HUNT2 and HUNTS3, respectively),
which includes data from questionnaires, interviews and clinical measurements. Our study
sample consisted of those who smoked in HUNT?2, and also participated in HUNT3 (9554
individuals). Associations between the different independent variables and smoking cessation
were estimated using logistic regression. We assessed possible effect measure modification
between mental symptoms and incident somatic disease.

Results: Men, older participants and those with higher education were more likely to quit
smoking compared to women, younger and the lower educated. Participants with symptoms
of depression had an odds ratio (OR) of 0.76 (95% confidence interval (CI): 0.60-0.96) for
smoking cessation, compared with those without depression. Incident cardiovascular disease
for those without mental illness was associated with smoking cessation (OR: 2.08. 95% CI:
1.77-2.45), as was incident pulmonary disease (OR: 1.57. 95% CI: 1.18-2.08). Also for those
with symptoms of mental illness, incident cardiovascular disease had a strong association
with smoking cessation. Pulmonary disease did not show the same strong association.
Increased alcohol intake and a problematic drinking pattern was associated with reduced
likelihood of smoking cessation.

Conclusions: Symptoms of either depression or comorbid depression and anxiety were
associated with increased risk of smoking continuation. Although incident somatic disease
increased likelihood of smoking cessation, smoking cessation after incident somatic disease
was less common among participants with mental symptoms compared to those without
mental symptoms. These results might indicate the need of targeted smoking cessation

interventions in people with mental health problems..






Introduction

Smoking is a worldwide health problem causing several diseases, including lung cancer,
chronic obstructive pulmonary disease and cardiovascular diseases (CVD) (1-5). Several
political means have been made to reduce smoking prevalence. On the 1.st of June 2004 the
Norwegian government passed a law, banning smoking in all workplaces and public areas,
including hospitality venues (6). This law is a part of the Tobacco Act, originally
implemented in 1988, banning smoking from public areas, but not from hospitality venues.
The total ban of smoking in public areas was passed due to the hazards of passive smoking, to
protect people with asthma and allergies, and also to prevent young people from associating
smoking with positive socializing (6). After this public policy was introduced, we have seen a
decrease in the number of daily cigarette smokers in Norway. In 2015 in Norway, 13% of the
population defined themselves as daily smokers, which is 12 percentage points less than in
2005 (7). Prevalence of occasional smoking has been stable since 2008, at around 10% (7).
The trend with fewer daily smokers applies for the entire country, although there are regional
differences in smoking prevalence (8). However, different groups of smokers might have

experienced different rates of smoking cessation during this period.

Smoking is equally common among men and women in Norway, however, it is associated
with lower education and higher ages groups (7). Smoking is also associated with poor mental
health. Individuals with depression report greater rates of smoking than those without
depression (9), and current smokers more often present with symptoms of depression and/or
anxiety compared to non-smokers (10) or previous smokers (11). Several studies also indicate
a dose-response relationship between anxiety and depression symptoms, and the consumption
of cigarettes (12). The causality between smoking and anxiety and depression is, however, not
clear. The association can be confounded by other factors such as socioeconomic status (13,

14) and demographical factors such as sex, age and living (15).

Although poor mental health has been found to be unrelated to motivation to stop smoking,
depressed individuals appear to have more difficulty quitting smoking compared to
individuals without depression (16, 17). An American study showed that the decrease in
smoking over a period of 7 years was less among people with mental illness than mentally
healthy people (18). In addition, one found that people who were treated for anxiety or

depression during the last year were more likely to stop smoking than untreated people (18).



Lifestyle habits and somatic health are also associated with smoking status. Alcohol
consumption and smoking are strongly associated (19, 20). Studies have shown that people
who drink alcohol smoke more often and have more difficulties quitting smoking (19, 20).
Especially people with alcohol problems often have great nicotine dependence, which
contributes to their high mortality (21). Furthermore, there is an inverse relationship between
Body Mass Index (BMI) and smoking, this is to say smokers have a lower body mass index
than non-smokers (22). On the other hand, obese smokers tend to smoke more and have more
difficulties quitting than lean smokers (23), although research on smoking cessation in

relation to body weight is scarce.

The greatest motivation for smoking cessation is concerns about health (24), and the onset of
severe smoking-related disease increases motivation to quit smoking (25, 26). Although
patients with cardiovascular disease report a greater quitting rate than patients without
cardiovascular disease (27), as many as one out of five patients with coronary disease
continue to smoke, despite given a personal advice to stop (28). Even though hypertension is
one of the greatest risk factors for cardiovascular death (29), and hypertensive patients are
motivated to quit, their smoking cessation rates are almost equal to the non-hypertensive
patients (25). When experiencing smoking-related somatic disease, individuals with poor
mental health might quit smoking to a lesser degree than mentally healthy people (30). Still
few prospective studies have considered the combination of mental symptoms and incident

somatic disease in relation to smoking cessation in the general population.

The aims of the current paper were to consider the associations between demographic
variables, socioeconomic status, mental and somatic health and smoking cessation over ten
years in the general population. Based on previous research we expected high age, poor
mental health, high body mass index, low education, high alcohol intake and high smoking
intensity to be associated with decreased smoking cessation, whereas we expected onset of
somatic disease to be associated with increased smoking cessation. Furthermore, we expected
decreased smoking cessation after incident somatic disease among smokers with high mental

symptom load compared to those without mental symptoms.



Methods

Study sample

Our study sample was derived from participants in the second and third wave of the HUNT
Study (an acronym for the Norwegian name: Helseundersegkelsen I Nord-Trendelag). Data
was obtained from this total population-based cohort study carried out in Norway,
respectively in 1995-1997 and 2006-2008. All inhabitants of Nord-Trendelag aged 20 years
or older were invited to the study. A total of 65 229 participated in HUNT2 (82.6 % of those
invited to HUNT2) and 50 804 participated in HUNT3 (64.3% of those invited to HUNT3).
The HUNT Study includes data from questionnaires, interviews, clinical measurements and
biological samples (blood and urine) (31).Our study sample (n=9 554) consisted of
participants who reported to smoke daily in HUNT2, and who also participated in HUNT3,
independent of their smoking status in HUNT3 (Fig.1). Participants who reported to be

smoking only pipe or cigars were excluded from the study sample.

Invited to HUNT 2 Invited to HUNT 3
(n=78 964) (n=78 964)
[ ] [ |
Not Participated in HUNT 2 Participated in HUNT 3 Not
participated/Missing (n=65 229) (n=50 804) participated/Missing
(n=13 735) | l ] (n=28 160)
Participated in both studies
(n=37 069)
[ |
Smoked in HUNT 2 Did not smoke in HUNT 2 Missing
(n=9 687) (n=27 069) (n=313)
I |
Smoked only pipe/cigar Smoked cigarettes daily
(n=133) (n=9 554)
Our study sample

Fig. 1 Flowchart for the selection of the study population.



Outcome

Smoking cessation

In HUNT?2, participants were asked about daily smoking of cigarettes, cigars/cigarillos or
pipe. In HUNTS3, participants were asked about daily smoking, occasional smoking and age at
smoking cessation. Participants who reported to smoke in HUNT2 but not in HUNT3 were
categorized as having quit smoking, whereas daily and occasional smokers were both

considered current smokers.

Independent variables
Smoking cessation was studied in relation to different independent variables. The independent

variables were based on variables reported in HUNT2. The following were used in our study.

Demography
We categorized age at baseline as 20-29, 30-49, 50- 69, >70. Educational level was in

HUNT?2 reported as five categories; Primary School, Vocational Education, Matriculation,
College/University — less than 4 years, College/University — more than 4 years. In our study
we merged Vocational Education and Matriculation into “High School”, and
College/University — less than 4 years and College/University — more than 4 years was named
“College/University”, giving the three levels “Primary school”, “High School” and
“College/University”. We included marital status in the analyses as unmarried,

married/registered partner, widow/widower and separated/divorced.

Symptoms of anxiety and depression
Mental health was assessed using Hospital Anxiety and Depression Scale (HADS) (32), a 14

item Likert scale. The grade of anxiety is assessed with the following questions:
« [ feel tense or wound up

* | get a sort of frightened feeling as if something bad is about to happen

* Worrying thoughts go through my mind

* ] can sit at ease and feel relaxed

* | get a sort of frightened feeling like butterflies in the stomach

+ | feel restless and have to be on the move

* I get sudden feelings of panic

The grade of depression is assessed with the following questions:
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+ I still enjoy the things I used to enjoy
* I can laugh and see the funny side of things

I feel cheerful

I feel as if [ am slowed down

I have lost interest in my appearance
* I look forward with enjoyment to things

* I can enjoy a good book or radio or TV program

All questions are scored on a 4-point scale from 0-3. Answering all seven questions gives a
possible maximum score of 21 points in each subscale (32, 33). We used a score of 8 or above
for “caseness” anxiety or depression. This gives an optimal balance between sensitivity and
specificity, which lies around 0.8 for both categories. To get a valid HADS score one needs to
answer 5 or more questions in each category. If participants answered only 5 or 6 questions,
the missing responses were replaced by the sum of the answered questions multiplied by 7/5
or 7/6, respectively (34).

Based on the HADS score we generated four levels of anxiety and depression symptoms,
respectively (<5, 5-7.99, 8-10.99, >11). When considering the interaction between mental
symptoms and incident somatic disease, we had to collapse the two upper categories to
increase the number of events in each category. We also considered four mutually exclusive
categories of mental symptoms; no symptoms, caseness anxiety, caseness depression and
combined caseness anxiety and depression. Only participants with valid score on both anxiety

and depression subscales could be classified according to the latter category.

Somatic health

Cardiovascular disease status
Information about cardiovascular status was obtained in HUNT?2 and HUNT?3 from three

questions: “Have you ever had a heart attack?”, “Do you have or have you ever had angina?”
and “Have you ever had a stroke?” Based on these questions we made a variable with
participants divided into three categories: (1) No cardiovascular events, (2) Incident
cardiovascular events between the time of HUNT2 and HUNT3, (3) Prevalent cardiovascular

disease at the time of HUNT?2.
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Pulmonary disease
Information about symptoms and diseases from the airways was obtained in HUNT2 from the

questions: “Do you have or have you ever had asthma?”, “Are you using or have you ever
used asthma medication?”, “Have you had episodes with shortness of breath or wheezing
during the last 12 months?”, “Do you cough daily?”” and “Have you had cough with
expectoration in at least 3 months coherent during the last 2 years?” In HUNT3 there was also
a question about obstructive pulmonary disease: “Have you ever had chronic bronchitis,
emphysema or chronic obstructive pulmonary disease?” Based on these questions we made a
variable with participants divided into three categories: (1) No symptoms from the airways,
(2) No symptoms from the airways in HUNT2, but chronic bronchitis, emphysema or chronic
obstructive pulmonary disease in HUNT3, (3) Onset of symptoms from the airways before the

time of HUNT?2.

Blood pressure
Blood pressure was measured at the health examination site in HUNT2. Based on these

measurements combined with self-reported information about use of antihypertensives, we
generated three categories of hypertension; severe hypertension, moderate hypertension and
normal blood pressure. Severe hypertension was defined as systolic blood pressure >160
and/or diastolic blood pressure >100 or participant using antihypertensive medication.
Moderate hypertension was defined as a systolic blood pressure 140< and <160 and/or
diastolic blood pressure 90< and <100, not medically treated. Normal blood pressure was
defined as systolic blood pressure <140 and/or diastolic blood pressure <90 and no use of

antihypertensive medication.

Lifestyle
Alcohol

The quantity of alcohol consumption was assessed in HUNT2 with the question: "How many
beers, glasses of wine and spirits do you consume during a usual two-week period?” There
was also a question to indicate whether the participants were non-drinkers.
Problem drinkers were identified using the CAGE questions, where CAGE is an acronym of
the four questions (35, 36):

¢ Have you ever felt you needed to Cut down on your drinking?

* Have people Annoyed you by criticizing your drinking?

* Have you ever felt Guilty about drinking?
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* Have you ever felt you needed a drink first thing in the morning (Eye-opener) to
steady your nerves or to get rid of a hangover?
Answering “yes” to two or more of these questions indicates a problematic drinking pattern.
Based on this, the participants were put into six categories: (1) Abstainer/<0.5 drinks per

week, (2)>0.5 and < 3, (3) >3 and <5, (4) >5 and <7, (5) >7, (6) Problem drinker.

Anthropometry

Participants were weighed and measured at the health examination site, wearing light clothes
without shoes; height to the nearest 1.00 cm and weight to the nearest 0.5 kg. BMI was
calculated as weight in kg divided by the squared value of height in meters. Because a BMI
between 25 and 30 not necessarily is an unhealthy overweight due to bad lifestyle (37), we
categorized BMI>30 as overweight (BMI>30), 18.5>BMI<30 as normal weight and
BMI<18.5 as underweight. Waist-hip ratio might be a better way to predict health status than
BMI (37). We therefore also defined normal weight and overweight based on health
guidelines for waist-hip ratio for men and women. Overweight for men was defined as a
waist-to-hip ratio>0.9, and for women waist-to-hip ratio>0.8. Normal weight was defined as

waist-to-hip ratio <0.9 for men and waist-to-hip ratio <0.8 for women.

Smoking intensity
The quantity of cigarette smoking was determined in HUNT2 with the question: “How many

cigarettes do you smoke a day?” Based on this the participants were put into four categories

of smoking intensity: (1) <5, (2) >5 and <10, (3) >10 and <20, (4) >20.

Statistical analysis
All analyses were conducted using STATA 13.0. We used logistic regression to estimate the

associations between each of the different independent variables and smoking cessation, with
each independent variable considered in a separate model (see table 2). Subsequently, we
estimated the risk difference for smoking cessation given the independent variables, using the
margins function in STATA (adjusted average marginal effects). In our main model, we
adjusted for age, sex, education and marital status. Because educational achievements or
marital status can be affected by mental and somatic health, or by factors associated with
early lifestyle behavior, we also performed additional analyses without adjustment for
education or marital status. Participants with complete information on included variables were

included in the analyses; the number thus varies between different independent variables.
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To assess how mental health affected smoking cessation among those who experienced
smoking-related somatic disease, we included an interaction term between incident somatic
disease and mental health score, and estimated the likelihood of smoking cessation given

mental symptoms and somatic health (adjusted average marginal predictions).

We looked for associations with missing information on outcome or independent variables to
evaluate the appropriateness of complete case analyses. Due to incomplete participation at
follow-up and some missing, and because validity of complete case analyses could not be

confirmed, we also performed multiple imputation by chained equations.
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Results

Out of all the participants in both HUNT2 and HUNT3, 9554 (25.8%) were daily smokers in
HUNT?2 and met our inclusion criteria. Results showed that men tended to smoke more
cigarettes daily than women. The mean number of cigarettes smoked per day for men was
12.4 (sd 6.0), while the mean number for women was 10.0 (sd 4.5) cigarettes per day. The
mean age for smoking initiation for men was 18.13 years old, while the mean age for women
was 19.16 years old. In HUNT3, 3247 (34%) reported to have quit smoking. Information
about smoking status in HUNT3 was missing for 328 (3.43%). Descriptive statistics of the
samples are given in Table 1. Among our selection of smokers in HUNT2, 9311 (97.5%)
participants had a valid HADS score, and 2154 (23.1%) reported to have either anxiety,

depression or both.

Demography
Men had higher odds for smoking cessation than women (odds ratio (OR): 1.38. 95%

confidence interval (CI): 1.27- 1.51), and smoking cessation increased with increasing age
(see Table 2). Participants with higher education had a higher rate of smoking cessation
compared to participants with lower education (OR 1.70 (95% CI: 1.48- 1.94) and OR 1.18
(95% CI: 1.07- 1.31) for College/University and High School, respectively).
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Table 1

Number and percentages of participants in the different variables, and number and percentages of participants
having quit smoking in relation to the different variables.

Study sample, n = 9554

Quit smoking, n= 3247

N % N %
Sex
Female 5618 58.80 1723 31.83
Male 3936 41.20 1524 39.97
Age
<30 926 9.69 277 30.88
30 - 5342 5591 1695 32.28
50 - 3097 32.42 1199 41.17
>70 189 1.98 76 45.78
Education
Primary School 3378 36.07 1078 33.50
High School 4685 50.03 1557 34.06
College/University 1301 13.89 556 43.47
Missing 190 1.99 56 29,47
Marital status
Married/registered partnership 6034 63.16 2163 37.11
Unmarried 2119 22.18 631 30.72
Widow/widower 298 3.12 104 37.55
Divorced/Separated 1089 11.40 344 32.70
Missing 14 0.15 5 35,71
HADS score categories
Symptom free 7157 76.87 2511 36.11
Depression 353 3.79 106 31.27
Anxiety 1117 12.00 364 34.11
Comorbid; depression and anxiety 684 7.35 192 29.05
Missing 243 2.54 74 30,45
Anxiety symptom score
0- 5231 56.16 1879 36.95
5- 2283 24.51 738 33.36
8- 1131 12.14 362 33.55
11- 670 7.19 194 29.89
Missing 239 2.50 74 30,96
Depression symptom score
0- 6374 68.25 2252 36.38
5- 1921 20.57 630 34.09
8- 756 8.10 222 30.45
11- 288 3.08 78 28.06
Missing 215 2.25 65 30,23
Cardiovascular disease (CVD)
No cardiovascular events 8564 89.65 2783 33.57
Incidence of CVD 720 7.54 376 54.73
Prevalence of CVD 269 2.82 88 35.48
Missing 1 0.01 0 0
Blood pressure
Normal 6570 68.95 2193 34.37
Moderate 1885 19.78 662 36.53
Severe 1073 11.26 384 38.13
Missing 26 0.27 8 30,77
Pulmonary disease
No airway symptoms 6502 69.12 2212 35.22
Incident pulmonary disease 211 2.24 98 47.80
Prevalent airway symptoms 2694 28.64 884 33.97
Missing 425 4.45 136 32,00
Alcohol units per week
Abstainer or <=0,5 2732 33.72 886 33.91
>0,5 to <=3 3944 48.67 1393 36.37
>3 to <=5 523 6.45 191 37.45
>5 to <=7 56 0.69 19 35.19
>7 82 1.01 27 34.18
Problem drinker 766 9.45 223 30.18
Missing 1451 15.19 508 35,01
Body Mass Index
Underweight 103 1.08 27 27.27
Normal weight 8365 87.82 2867 35.47
Overweight 1057 11.10 341 33.63
Missing 29 0.30 12 41,38
Waist-hip Ratio
Normal weight 5525 58.21 1896 35.45
Overweight 3966 41.79 1329 34.85
Missing 63 0.66 22 34,92
Smoking intensity
<=5 1428 15.37 623 45.38
>5to <=10 4127 44.41 1390 34.76
>10 to <=20 3514 37.82 1078 31.59
>20 223 2.40 73 33.64
Missing 262 2.74 83 31,68

N = number of participants

missing = number of participants who did not answer the question
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Table 2

Odds ratios, 95 % confidence intervals and percentage points for smoking cessation in relation to the different

variables.
Variable Odds ratio 95% CI Percentage points (RD) 95% CI

Sex!

Female 1.0 REF 0 REF

Male 1.38 1.27- 1.51 0.07 0.05- 0.09
Age?

<30 1.0 REF 0 REF

30- 1.05 0.90- 1.22 0.01 -0.02- 0.04

50- 1.50 1.28- 1.76 0.09 0.06- 0.13

>70 1.77 1.26-2.48 0.13 0.05-0.21
Education®

Primary School 1.0 REF 0 REF

High School 1.18 1.07- 1.31 0.04 0.01- 0,06

College/University 1.70 1.48-1.94 0.12 0.09- 0.15
HADS score categories®

Symptom free 1.0 REF 0 REF

Caseness anxiety 0.99 0.86- 1.14 0.00 -0.03- 0.03

Caseness depression 0.76 0.60- 0.96 -0.06 -0.11- (-0.01)

Comorbid; depression and anxiety 0.75 0.63- 0.90 -0.06 -0.10- (-0.02)
Anxiety symptom score”

0- 1.0 REF 0 REF

5- 0.91 0.82-1.01 -0.02 -0.05- 0.00

8- 0.92 0.80- 1.01 -0.02 -0.05- 0.01

11- 0.81 0.68- 0.97 -0.05 -0.08- (-0.01)
Depression symptom score”

0- 1.0 REF 0 REF

5- 0.87 0.78-0.97 -0.03 -0.06- (-0.01)

8- 0.75 0.63-0.89 -0.06 -0.10- (-0.03)

11- 0.67 0.51-0.88 -0.08 -0.14- (-0.03)
Cardiovascular disease (CVD)*

No cardiovascular events 1.0 REF 0 REF

Incidence of CVD 2.08 1.77-2.45 0.17 0.13-0.21

Prevalence of CVD 0.89 0.68-1.17 -0.02 -0.08- 0.03
Blood Pressure*

Normal 1.0 REF 0 REF

Moderate 0.95 0.85- 1,06 -0.01 -0.04- 0.01

Severe 0.95 0.82- 1,10 -0.01 -0.04- 0.02
Pulmonary disease®

No airway symptoms 1.0 REF 0 REF

Incident pulmonary disease 1.57 1.18-2,08 0.11 0.04-0.17

Prevalent airway symptoms 0.93 0.85- 1,03 -0.02 -0.04- 0.01
Alcohol units per week*

Abstainer 1.0 REF 0 REF

>0,5 to <=3 1.06 0.95-1.18 0.01 -0.01- 0.04

>3 to <=5 1.00 0.81-1.22 0.00 -0.05- 0.04

>5 to <=7 0.81 0.45-1.43 -0.05 -0.17-0.07

>7 0.79 0.49-1.29 -0.05 -0.15-0.05

Problem drinker 0.72 0.60- 0.87 -0.07 -0.11- (-0.03)
Body Mass Index*

Normal weight 1.0 REF 0 REF

Underweight 0.82 0.52-1.28 -0.04 -0.14- 0.05

Overweight 0.94 0.81-1.08 -0.01 -0.05- 0.02
Waist-Hip Ratio*

Normal weight 1.0 REF 0 REF

Overweight 0.94 0.86- 1.02 -0.01 -0.03- 0.01
Smoking intensity*

<=5 1.0 REF 0 REF

>5to <=10 0.66 0.58-0.75 -0.10 -0.13- (-0.07)

>10 to <=20 0.54 0.48-0.62 -0.14 -0.17- (-0.11)

>20 0.53 0.39-0.72 -0.15 -0.21- (-0.08)

' Adjusted for age
?Adjusted for sex

*Adjusted for age, sex and marital status

*Adjusted for age, sex, marital status and education
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Mental health
Participants with caseness depression had an OR of 0.76 (95% CI: 0.60-0.96) for smoking

cessation, while caseness anxiety was not associated with smoking cessation (OR: 0.99. 95%
CI: 0.86-1.14). Participants with both depression and anxiety had an OR of 0.75 (95% CI:

0.63-0.90) for smoking cessation. Increasing degree of depressive symptoms was associated
with a lower likelihood of smoking cessation. A similar trend was found for anxiety, but less

pronounced (see Table 2).

Somatic health
Incident cardiovascular disease between HUNT2 and HUNT3 was associated with a higher

likelihood of smoking cessation (OR: 2.08. 95% CI: 1.77-2.45), as was incident pulmonary
disease (OR: 1.57. 95% CI: 1.18-2.08). On the contrary, prevalent cardiovascular disease or
prevalent pulmonary symptoms at baseline were not associated with smoking cessation (OR:
0.89 (95% CI: 0.68-1.17) and OR: 0.93 (95% CI: 0.85- 1.03), respectively). Hypertension at
baseline was not associated with smoking cessation compared to normotensive participants
(OR: 0.95 (95% CI: 0.82-1.10) for severe hypertension and OR: 0.95 (95% CI: 0.85-1.06) for

moderate hypertension).

Lifestyle

Increasing quantity of alcohol consumption was associated with a lower likelihood of
smoking cessation. Compared to those who were abstainers, the ORs were 0.81 (95% CI:
0.45-1.43), 0.79 (95% CI: 0.49- 1.29) and 0.72 (95% CI: 0.60- 0.87) for >5 and <7 alcohol
units per week, >7 alcohol units per week and problem drinkers, respectively.

Increasing quantity of cigarettes smoked daily was inversely associated with smoking
cessation. Compared to those who smoked 5 cigarettes or less daily, the ORs were 0.66 (95%
CI: 0.58-0.75), 0.54 (95% CI: 0.48-0.62) and 0.53 (95% CI: 0.39-0.72) for >5 and <10
cigarettes per day, >10 and <20 cigarettes per day and >20 cigarettes per day, respectively.

Incident somatic disease with or without poor mental health
Figure 3.1-5. show the predicted probability of smoking cessation given different somatic and

mental health status. Incident cardiovascular disease was associated with smoking cessation
among those without symptoms of depression or anxiety (OR 2.08, 95% CI: 1.77-2.45).
Participants with no symptoms of anxiety or depression had the highest probability of
smoking cessation, compared to those with mental health symptoms (fig. 3.1). For those with

symptoms of mental illness, incident cardiovascular disease had a stronger association with
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smoking cessation than incident pulmonary disease (fig. 3.2-3.5). Higher levels of anxiety
were associated with a lower probability of smoking cessation among those who experienced
incident cardiovascular disease (fig. 3.2). Incident pulmonary disease seemed not to be
associated with smoking cessation among participants with symptoms of anxiety or

depression, however, confidence intervals were wide (fig. 3.4-3.5).

Predicted probability of smoking cessation

Anxiety Depression Comorbid
Caseness for mental symptoms

—— No CVD 95%Cl
—a— Incident CVD 95%Cl

Fig. 3.1 The graph shows predicted probability of smoking cessation with 95% confidence intervals
among participants with no cardiovascular disease and incident cardiovascular disease, given different
categories based on the HADS score.

Predicted probability of smoking cessation

58 8-11
Anxiety symptom score

—— No CVD 95%CI
—=— Incident CVD 95%CI

Fig. 3.2 Predicted probability of smoking cessation with 95% confidence intervals among participants
with no cardiovascular disease and incident cardiovascular disease, given different anxiety symptom
scores based on the HADS score.
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Predicted probability of smoking cessation

-‘R\\\—{

<5 -8 ) 8-11
Depression symptom score

—— No CVD 95%Cl
—— |Incident CVD 95%CI

Fig. 3.3 Predicted probability of smoking cessation with 95% confidence intervals among participants
with no cardiovascular disease and incident cardiovascular disease, given different depression
symptom scores based on the HADS score.

Predicted probability of smoking cessation

<5

. 58 ==8
Anxiety symptom score

———— No pulmonary disease 95%Cl
—a=— Incident pulmonary disease 95%Cl

Fig. 3.4 Predicted probability of smoking cessation with 95% confidence intervals among participants
with no pulmonary disease and incident pulmonary disease, given different anxiety symptom scores
based on the HADS score.

Predicted probability of smoking cessation

<5

5-8
Depression symptom score

——— No pulmonary disease 95%CI
——m— Incident pulmonary disease 95%ClI

Fig. 3.5 Predicted probability of smoking cessation with 95% confidence intervals among participants
with no pulmonary disease and incident pulmonary disease, given different depression symptom
scores based on the HADS score.
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Additional analyses
Our results were not substantially different after performing analysis without adjustment for

education and marital status (see appendix, S1). Comparing those who did not respond to the
smoking status question with those who had responded, we found that the non-responders had
lower education and more symptoms of mental illness than the responders. Results from
analyses of imputated datasets were mostly consistent with results from complete case
analyses. However, the associations of high school education compared to primary school
only (OR 1.56, 95% CI 1.05-1.28) and prevalent cardiovascular disease at baseline (OR 1.13.
95% CI 0.95-1.34) with smoking cessation might have been underestimated in complete case
analyses (see appendix, S2). The association between caseness depression and smoking
cessation was slightly weaker in analyses of imputed datasets (OR 0.81. 95% CI 0.67-0.98)
compared to complete case analyses (OR 0.76. 95% CI 0.60-0.96).
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Discussion

Main findings

We found that men, older participants, and participants with higher education were more
likely to quit smoking than women, younger participants and those with lower education.
Participants with symptoms of either depression or comorbid depression and anxiety had an
increased risk of smoking continuation, but we did not find the same association for those
with only symptoms of anxiety. We also found that incident somatic disease was positively
associated with smoking cessation. However, smoking cessation after incident somatic
disease was less common among participants with mental symptoms compared to those
without mental symptoms. Lifestyle habits such as alcohol consumption showed an inverse

association between increasing consumption and smoking cessation.

Strengths and limitations
The information about smoking, lifestyle, mental and somatic health, except blood pressure

and BMI, was based on self-reporting questionnaires. Misclassification is thus possible, which
might have biased our results. However, a complete health examination in a study sample this
large, would not be feasible. The questions about symptoms of the respiratory system in
HUNT2 and HUNT3 were not the same. There was no question about chronic obstructive
pulmonary disease in HUNT2, which may have led to misclassification of the pulmonary
disease variable. Furthermore, occasional smokers could not be identified in HUNT?2.
However, the study is based on a large population sample, with a high response rate. It is

therefore likely to believe that the findings are not due to chance only.

There was a decline in participation rate from 71% in HUNT2 to 54% in HUNT3 (38). As
participation was moderate in HUNT3, participants might not be representative of the entire
population, and estimated probability of smoking cessation might thus be biased.
Langhammer et al. (2012) compared nonparticipants in HUNT3 with participants (38). They
found that nonparticipants had lower education, higher prevalence of cardiovascular disease
and mental distress. We might have underestimated associations with mental symptoms and
overestimated associations with sex if smoking cessation, being a woman and at good mental
health all increase participation at follow-up (see fig. 4). However, results from multiple
imputations suggest this was not the case. Complete case analyses provide valid results if

missing exposure information is unrelated to the outcome and vice versa (39). This could not
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be fully assessed, as there were missing in both exposure and outcome variables, but
associations between independent variables and missing outcome data suggests complete
cases analyses might be biased. However, the number of missing is quite low and is not likely
to substantially affect the estimates. Our conclusions are further supported by similar results
from analyses of original and imputed datasets. However, multiple imputation analyses
assumes data to be missing at random given other fully observed variables, an assumption
which cannot be proven. It is possible that people with mental illness were underrepresented
in the questionnaires due to nonresponse problems. Our study included the non-hospitalized
population, and will therefore not include participants with somatic or mental health problems

in the hospital setting.

There is always potential residual confounding in observational studies. For instance,
socioeconomic status might not be fully captured by educational level. We might also have
overestimated the associations between mental symptoms and smoking cessation due to

residual confounding.

Sex, age,
education and
/ i \
Mental Smoking
distress cessation

- T
\ — /

HUNT3

Fig. 4 Directed acyclic graph presenting assumed causal relationships between mental distress and smoking
cessation, participation at follow-up, sex, age, education and marital status. Assumed direction of effects on
participation at follow-up is indicated.

Demography

We found that men have a greater likelihood of smoking cessation than women. Honjo et al.
(2010) on the other hand, found that female gender was significantly associated with smoking
cessation (40). The observed difference in smoking cessation among men and women could
be explained by differences in smoking intensity. A small number of cigarettes smoked per
day were associated with smoking cessation, probably because this indicates lower nicotine

dependence. This is consistent with earlier studies (40, 41). Another potential explanation
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could be that men tend to precede women in the different phases of the smoking epidemic
(42).

Contrary to our expectation, but supported by the findings of Hymowitz et al. (24) and Lund
et al. (14), increasing age was associated with smoking cessation. This may be because the
greatest motivation for smoking cessation is concerns about health, and it is likely to believe
that these concerns increase with increasing age. Similar to findings of others (14, 24, 43), the
current study showed that higher education is associated with smoking cessation. This may be

because highly educated people respond more favorably to medical advices.

Mental health

Our results indicated that participants with symptoms of depression had lower odds for
smoking cessation than participants without such symptoms. These findings are consistent
with other studies (9, 16). Nicotine might act as an antidepressant, thus smoking can function
as a form of self-medication (11). Anxiety and depression will both increase the risk of
smoking, and determine how much one smokes. The antidepressant effect of nicotine is
supported by evidence that transdermal nicotine gives less depressive symptoms in non-
smokers (44), and that smoking cessation can precipitate depressive symptoms (44, 45).
These results support our findings of lower smoking cessation among individuals with mental
symptoms. On the other hand, several observational studies have indicated that smokers have
a greater risk of developing depression than non-smokers (11, 46-49), which would suggest
an even greater benefit of smoking cessation among people with symptoms of depression. The
association between smoking and mental health has been suggested to be mediated through
poor physical health, or by a long-term biological impact on transmitter levels (50). However,
the causal effect of smoking on symptoms of anxiety or depression has not been supported in

instrumental variable analyses (51).

Cardiovascular disease
Incident cardiovascular events and first time hospitalization is shown to increase the

likelihood of smoking cessation, both in our study and in others (28, 41). Cardiovascular
events are often traumatic for the patients and leads to increased concerns about own health,
and therefore increased rate of smoking cessation. Furthermore, the doctors are keen to
achieve appropriate risk factor management and will focus on lifestyle advices (28).

On the other hand, prevalent cardiovascular events are inversely associated with smoking

cessation. As a cardiovascular event is a strong predictor of smoking cessation, smokers with

25



prevalent cardiovascular disease are a selected group who has continued smoking despite a
strong incentive to quit. It might therefore not be surprising that they have lower odds of
smoking cessation. Hospitalization with myocardial infarction might give a relatively higher
proportion of patients who stop smoking compared to patients hospitalized with angina (28).
Our variable does not distinguish between stroke, angina and heart attack. This has to be kept

in mind when comparing our estimates to results from other studies.

Blood pressure
Hypertension, on the other hand, was not associated with changes in smoking status.

The reason for this is not certain, but there are some theories. Doctors might not convey the
association between smoking, hypertension and cardiovascular disease good enough (52).
There has also been discussed if hypertension normally is a “silent” disease with no traumatic
incidents, and therefore does not induce enough “fear or motivation” to quit smoking (41).
These findings are in line with observations made both by Tsai et al. (2012) and Honjo et al.
(2010) (40, 41). There is, however, good reason to urge hypertensive patients to quit smoking,
both because of the increased risk of cardiovascular death caused by the combination of
smoking and hypertension, and because smoking contributes to the development of

hypertension (53).

Lifestyle

Our analyses showed that a large number of alcohol units consumed per week are inversely
associated with smoking cessation. This is consistent with other studies that have shown that a
greater use of alcohol reduces the odds of quitting smoking (20, 24). Our study extended
those of previously published studies on alcohol use and smoking cessation by comparing the
abstinent with both weekly quantities of consumption and persons with a problematic
drinking pattern. Participants with a problematic drinking pattern had lower odds for smoking
cessation than those with a large number of alcohol units consumed per week. This might be
because smoking and having a problematic drinking pattern are similar lifestyle vices. It is
likely to believe that people who are problem drinkers are more likely to get treatment for
their drinking habits rather than their smoking habits. Also, it is likely to believe that
arguments concerning health effects caused by smoking cessation will not have an impact on
their smoking status because their main challenge is the large amount of alcohol consumption.
Quitting alcohol drinking increases the likelihood of smoking cessation (41), possibly because

abstinence leads to better judgment and willpower. Also, smoking cessation leads to less
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alcohol consumption (54). These two findings might reflect that participants who quit either
smoking or drinking, are motivated to make lifestyle changes and therefore we see a positive

synergistic effect.

Mental symptoms and incident somatic disease
Incident cases of both cardiovascular disease and pulmonary disease were associated with

smoking cessation among both participants with symptoms of depression and symptoms of
anxiety. However, incident pulmonary disease did not have as great effect on smoking
cessation as incident cardiovascular disease. Pulmonary diseases are often slowly developing
illnesses. One might imagine that the patients gradually accustom to the pulmonary
symptoms, and therefore do not experience the symptoms as traumatic as patients with
cardiovascular symptoms. But even though somatic disease was associated with smoking
cessation, the association was weaker among participants with symptoms of depression or
anxiety. Other studies have also found that depressive symptoms were associated with a lower
likelihood of smoking cessation in patients with either incident cardiovascular disease or
pulmonary disease (30, 43, 55, 56).

Participants with symptoms of both depression and anxiety had a higher likelihood of
smoking cessation than those with only symptoms of depression, but given the low precision,
this might be a chance finding. We need a greater understanding of the differences in these
two groups, to be able to determine why there is a difference in likelihood for smoking

cessation.
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Conclusion

During a decade where the prevalence of smoking has decreased substantially, vulnerable
groups, such as those with low socioeconomic status or poor mental health, have
accomplished smoking cessation to a lesser degree than others. Thus, current initiatives,
including general population advice, seem to be insufficient in order to reduce smoking
among these groups. People with poor mental health quit smoking less than mentally healthy,
even after incidence of severe, smoking-related somatic disease. Further research is needed to
evaluate the effect of different smoking cessation initiatives at both individual and group
levels.

Regarding individual level initiatives, smoking cessation among hypertensive patients seem to
be underachieved. Clinicians should urge hypertensive patients to quit smoking to prevent
further cardiovascular events. Furthermore, mental distress might preclude smoking cessation,

and should be taken into consideration when supporting patients through smoking cessation.
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Supplementary Table 1
Odds ratio, 95% confidence intervals and percentage points for smoking cessation in relation to the different
variable. Not adjusted for education and marital status.

Variable Odds ratio 95% CI Percentage points (RD) 95% CI

Sex!

Female 1.0 REF 0 REF

Male 1.38 1.27- 1.51 0.07 0.05- 0.09
Age'

<30 1.0 REF 0 REF

30- 1.05 0.90- 1.22 0.01 -0.02- 0.04

50- 1.50 1.28-1.76 0.09 0.06- 0.13

>70 1.77 1.26-2.48 0.13 0.05-0.21
Education'

Primary School 1.0 REF 0 REF

High School 1.17 1.06- 1.30 0.03 0.01- 0.06

College/University 1.70 1.48-1.95 0.12 0.09- 0.15
HADS score categories'

Symptom free 1.0 REF 0 REF

Caseness anxiety 0.97 0.85-1.12 -0.01 -0.04- 0.02

Caseness depression 0.73 0.58-0.93 -0.07 -0.12- (-0.02)

Comorbid; depression and anxiety 0.72 0.69- 0.86 -0.07 -0.11- (-0.03)
Anxiety symptom score’

0- 1.0 REF 0 REF

5- 0.90 0.81- 1.00 -0.02 -0.05- 0.00

8- 0.90 0.78- 1.04 -0.02 -0.05- 0.01

11- 0.78 0.65- 0.94 -0.05 -0.09- (-0.02)
Depression symptom score'

0- 1.0 REF 0 REF

5- 0.85 0.76- 0.95 -0.04 -0.06- (-0.01)

8- 0.73 0.62- 0.86 -0.69 -0.10- (-0.03)

11- 0.64 0.49- 0.84 -0.10 -0.15- (-0.04)
Cardiovascular disease'

No cardiovascular events 1.0 REF 0 REF

Incidence of CVD between H2 and H3 2.04 1.74-2.40 0.17 0.13-0.21

Prevalent CVD in H2 0.85 0.64- 1.11 -0.04 -0.09- 0.02
Pulmonary disease'

No airway symptoms 1.0 REF 0 REF

Incidence of pulmonary disease 1.53 1.16-2.03 0.10 0.03-0.17

Prevalent airway symptoms 0.92 0.84- 1.02 -0.02 -0.04- 0.00
Blood pressure'

Normal 1.0 REF 0 REF

Moderate 1.01 0.84- 1.22 0.00 -0.04- 0.04

Severe 0.95 0.82- 1.10 -0.01 -0.05-0.02
Alcohol units per week'

Abstainer 1.0 REF 0 REF

>0,5 to <=3 1.10 0.98-1.22 0.02 -0.00- 0.04

>3 to <=5 1.07 0.87- 1.30 0.01 -0.03- 0.06

>5 to <=7 0.90 0.51- 1.60 -0.02 -0.15-0.10

>7 0.87 0.54- 1.41 -0.03 -0.13-0.07

Problem drinker 0.75 0.63-0.91 -0.06 -0.10- (-0.02)
Weight'

Normal weight 1.0 REF 0 REF

Underweight 0.80 0.50- 1.23 -0.05 -0.01- 0.04

Overweight 0.91 0.80- 1.05 -0.02 -0.05-0.01
Waist-hip Ratio

Normal weight 1.0 REF 0 REF

Overweight 0.92 0.84- 1.01 -0.18 -0.04- 0.00
Smoking intensity"

<=5 1.0 REF 0 REF

>5to <=10 0.63 0.56-0.72 -0.11 -0.14- 0.08

>10 to <=20 0.52 0.45-0.59 -0.15 -0.18- (-0.12)

>20 0.50 0.37- 0.68 -0.16 -0.22- (-0.09)

1. Adjusted for sex and age
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Supplementary table 2
Multiple imputation by chained equations on outcome and independent variables

Variable Odds ratio 95 % CI
Sex!

Female 1.0 REF

Male 1.38 1.26-1.50
Age?

<30 1.0 REF

30- 1.08 0.92-1.25

50- 1.56 1.30-1.88

70- 2.26 1.74-2.92
Education®

Primary school 1.0 REF

High school 1.56 1.05- 1.28

College/University 1.66 1.45- 1.90
HADS score categories®

Symptom free 1.0 REF

Caseness anxiety 0.94 0.82-1.07

Caseness depression 0.81 0.67- 0.98

Comorbid; depression and anxiety 0.73 0.63-0.85
Anxiety symptom score”

0- 1.0 REF

5- 0.92 0.84-1.01

8- 0.88 0.77-1.00

11- 0.77 0.66- 0.90
Depression symptom score”

0- 1.0 REF

5- 0.88 0.79- 0.98

8- 0.77 0.67-0.90

11- 0.68 0.55-0.84
Cardiovascular disease®

No cardiovascular events 1.0 REF

Incidence of CVD 2.02 1.73-2.37

Prevalence of CVD 1.13 0.95-1.34
Pulmonary disease®

No airway symptoms 1.0 REF

Incident pulmonary disease 1.55 1.15-2.09

Prevalent airway symptoms 0.93 0.86- 1.01
Blood pressure*

Normal 1.0 REF

Moderate 0.97 0.87-1.09

Severe 1.04 0.90- 1.20
Alcohol units per week*

Abstainer 1.0 REF

>0,5 to <=3 1.02 0.92-1.13

>3to<=5 0.95 0.78-1.15

>5 to <=7 0.78 0.46-1.33

>7 0.80 0.49- 1.30

Problem drinker 0.72 0.60- 0.86
Weight*

Normal weight 1.0 REF

Underweight 0.90 0.63- 1.29

Overweight 0.98 0.86- 1.11
Waist- Hip Ratio*

Normal weight 1.0 REF

Overweight 0.97 0.89- 1.05
Smoking intensity*

<=5 1.0 REF

>5to <=10 0.75 0.67-0.84

>10 to <=20 0.61 0.54-0.68

>20 0.47 0.35- 0.62

' Adjusted for age, marital status and education
*Adjusted for sex, marital status and education
*Adjusted for sex, age and marital status

*Adjusted for sex, age, marital status and education



