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Abstract
Background: Because the age at which a person �rst starts smoking has such a strong correlation with future
smoking behaviours, it's crucial to examine its relationship with smoking intensity. However, it is still
challenging to accurately identify this relationship due to limitations in the methodology of the performed
studies .Therefore the main purpose of this study is to evaluate this relationship and also to identify the other
risk factors affecting smoking intensity using an appropriate model.

Methods: Data from 913 Iranian male current smokers over the age of 18 was evaluated from a national
cross-sectional survey of non-communicable disease (NCD) risk factors in 2016. Individuals were classi�ed
into: light, moderate, and heavy smokers. A generalized additive model (GAM) was used to assess the
relationship.

Results: 246 (26.9%) subjects were light smokers, 190 (20.8%) subjects were moderate smokers and 477
(52.2%) subjects were heavy smokers. According to the GAM results, the relationship was nonlinear and
smokers who started smoking at a younger age were more likely to become heavy smokers. The factors of
unemployment (OR = 1.364), retirement (OR = 1.217), and exposure to secondhand smoke at home (OR =
1.364) increased the risk of heavy smoking. but, smokers with  high-income (OR = 0.742) had a low tendency
to heavy smoking.

Conclusions: GAM identi�ed the nonlinear relationship between the age of onset of smoking and smoking
intensity. Tobacco control programs should be focused on young and adolescent groups and poorer socio-
economic communities.

Background
Smoking is a social epidemic (1) that, despite its adverse effects on health and the economy, continues to be
one of the top causes of preventable disease and death globally (2). Tobacco use accounts for 15.4% of all
deaths worldwide in 2019 (3).  Smoking is one of the main factors in causing and aggravating various
diseases such as chronic obstructive pulmonary disease, neurological diseases ,cardiovascular diseases (4),
and various cancers (5). It is estimated that 1.2 million deaths per year worldwide are due to secondhand
smoking (SHS), most of which occur in children under 10 years of age (6). According to the latest reports in
2016, the prevalence of daily smoking in Iran is 9.7% and it is signi�cantly higher among men (19.6%) than
women (0.9%) (7). This is because men are considerably more prone to turn to smoking as a result of a
stronger predisposition to risky behaviours and dealing with numerous job-related di�culties, family and
social duties. Smokers can be classi�ed into three categories based on their smoking intensity: light,
moderate, and heavy (8). Based on the results of previous studies, there are important differences between
these three groups. For example, heavy smokers are more exposed to the side effects of smoking and it is also
very di�cult for them to quit smoking (9). Identifying the factors in�uencing the intensity of smoking such as
socio-demographic differences, type of smoking habit, age at smoking onset, and ability to quit smoking can
provide the information needed to adopt and implement tobacco control policies (1). The age at smoking
onset can signi�cantly predict future smoking patterns and related health consequences (10). According to a
study by Nash et al., the age at smoking onset was strongly associated with death after the age of 70, so that
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current smokers who started smoking at a younger age were at higher risk for death compared to smokers
who started later (11). Based on a considerable body of studies (12, 13), it is commonly believed that the
early age at smoking onset predicts heavy smoking in the future. Relevant researched, on the other hand, have
either not explicitly tested this association or have been hampered by methodological �aws (14). Many
studies, for example, have used binary or grouped variables to display age at onset (12, 13, 15), resulting in the
loss of potentially valuable information about the onset path over time and the inability to assess a speci�c
period of life, such as adolescence, when people are particularly vulnerable (14) . Or we can point to the lack
of an appropriate model to detect this relationship.

Usually to describe the relationship between risk factors and outcome, classical statistical models such as the
linear regression model are used. In these models, it is assumed that the relationship between risk factors and
outcome is quite clear and of linear type. In reality, however, we frequently need to model more complex
phenomena than those depicted by linear relationships. Among these, generalized additive models (GAMs)
can be considered as an intermediate between classical models and machine learning models which can both
�t complex and nonlinear relationships and act very strongly in terms of interpreting and understanding the
�tted model. In fact, GAMs allow us to model nonlinear relationships along with linear relationships with high
�exibility (16).

In the present study, there is also a nonlinear and unknown relationship between one or more features such as
age at smoking onset and outcome under consideration (smoking intensity) that conventional statistical
models will not be able to identify this type of relationship. Therefore, due to the relatively high prevalence of
smoking among Iranian men (7) and its harmful role in causing various diseases, we try to use mentioned
model and evaluate this relationship among Iranian adult male smokers over 18 years of age. In addition, by
using this model, we identify the risk factors affecting the intensity of smoking. The �ndings of this study can
be shared with health policymakers so that they can plan and implement initiatives to reduce smoking
prevalence by focusing on these factors.

Methods
Study setting, population, and sampling method

We analysed data related to tobacco use in a national cross-sectional study entitled "survey of risk factors for
non-communicable diseases (NCDs) in 2016" conducted by the NCDs research center of Iran in order to
assess the relationship between the age at which people start smoking and the intensity of smoking. Under
the direction of the World Health Organization, a survey of risk factors for NCDs is conducted in the form of a
study of the care system for risk factors for NCDs (WHO). Its overarching purpose is to build the infrastructure
needed for global NCD risk factor management, with a focus on developing countries, as well as to provide
global sources of information on the process and distribution of risk factors. The WHO STEPwise method for
 risk factor Surveillance, is called STEPs (17).

The study target group was adults over 18 years old and sampling was done from all provinces of Iran except
Qom province. Samples were selected using multi-stage cluster sampling method.

Data collection
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To acquire data on tobacco, researchers utilised the WHO's standard STEPs study questionnaire, which was
self-reported. For this purpose, the questionnaire was translated from English to Persian by two experts and
was again translated from Persian to English by two other experts so that the translation expresses the
intended goals. In order to assess the validity of the questionnaire and its questions, the opinions of experts in
the �eld were used. Cronbach's alpha coe�cient was utilised to evaluate  the questionnaire's reliability, and the
determined value was 80 percent. Data was collected using the completed questionnaire. The study protocol
contains information about this survey (17). After applying the exclusion criterion, which will be discussed in
the next section, 913 people were studied in this study.

predictor and outcome variables

Predictive variables were considered in terms of features related to demographic variables, economic status,
and smoking behavior. Demographic variables included age, residence (urban / rural), marital status (married
/ other: single, divorced, widowed), level of education (Illiterate, lower than diploma / diploma and higher).
variables including employment status (employee / worker / self-employed / retired / unemployed / others
including: student, soldier, unpaid work), monthly household income level (more than $ 175 / less than $ 175)
and health basic insurance status (yes / no) were considered as economic predictors. 

Some questions were asked to the participants in order to assess smoking behaviour among the Iranian
population.Iranian Participants were divided into three categories: never smoker, former smoker, and current
smoker, based on their answers to the questions "Have you ever smoked" and "Do you smoke now?". Non-
smokers were participants who answered "no" to both questions. If participants answered "yes" to the �rst
question and "no" to the second question, they would be classi�ed as former smokers. Participants who
answered "yes" to both of the above questions were considered current smokers. In the present study, non-
smokers as well as former smokers who quit, that is, people whose answers to the question "Have you quit
daily smoking?" were "yes" excluded from the study, and only the current smokers were studied. By applying
this exclusion criterion, the sample size was reduced to 913 people. As mentioned in the introduction, one of
the features that its relationship to the outcome (smoking intensity) is challenging, is the age at smoking
onset. This feature was measured using the question “at what age did you start smoking?” Another aspect
that is an essential indication of nicotine dependency, in addition to the age of smoking initiation, is trying to
quit smoking (18), which we tested using the question "Have you tried to quit smoking in the previous 12
months?" Because smokers are the most vulnerable group to smoking-related health risks (19), the question
"Have your doctor or healthcare professional advised you to quit smoking in the last 12 months?" also
considered as a possible predictor of outcome. We assessed exposure to secondhand cigarette smoke using
the question "Has anyone in your house or workplace smoked in your presence in the last 30 days?" in
addition to the characteristics described in regard to smoking behaviour. 

The study's outcome is that the intensity of smoking was examined using the question "How many cigarettes
do you currently smoke each day?" The answer to this question was classi�ed into three categories: less than
10 cigarettes/day as a light smoker, 10-19 cigarettes/day as moderate, and larger or equal to
20 cigarettes/day as a heavy smoker (8).

Statistical methods and software:
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After deleting the missing data, we described the sample using appropriate descriptive statistics. Then we
used one-way analysis of variance to compare the mean age and age at smoking onset in three groups of
smokers and to assess the association between qualitative characteristics and response variables, the chi-
square test was used. After performing univariate analysis, we used GAM regression to adjust the potential
confounder effect by each of the explanatory variables. As potential interactions in the GAM, we entered the
interactions between the variables of the level of education and employment status, as well as the interaction
between the variables of employment status and exposure to secondhand smoke at work.We entered the
variables into the model as follows: Based on the literature review, the factors that had the largest impact on
the result (marriage status, level of education, residence, employment status, and monthly household income
level) were kept �xed in the model and additional variables were selected using the backward method. After
selecting the variable by the mentioned method, the effect of each feature on the outcome is expressed using
the odds ratio (OR) criterion. Also, nonlinear relationships between age at smoking onset as well as age with
smoking intensity were presented graphically.

Generalized Additive Models (GAMs):

GAM (20) is an extension of the generalized linear model that is not sensitive to the assumption that the
relationship between the covariates and the expected value of the response variable is linear. The general
structure of GAM can be presented as follows:

respectively, are the most prevalent of the distributions accessible in GAM for the response variable. In GAM,
the main issue is estimating the unknown function f(.)This unknown function, which describes the
relationship between the explanatory variables and the response variable, is estimated using the data itself
and a variety of smoothing methods (21). Smoothing is the process of �tting a derivative curve to data.
Smoothing can be accomplished in a variety of ways, with splines being one of the most common and
powerful. A spline is a curve made up of polynomial sections that are uniformly connected at points called
nodes (16). Thin plate regression splines, cubic regression splines, and P-splines are the most prevalent
splines. The effective degree of freedom is used to calculate the degree of curvature of a smooth curve in
splines (edf). If edf = 1 then the estimated relationship will be linear. A larger edf would indicate a more
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complex relationship between the explanatory variable and the response variable (22). Refer to reference (20)
for more information on this topic and other estimation methods.

software:

SPSS software version 24 was used to describe the data. To �t the GAM, we used the ocat function included
in the mgcv package in R4.0.3 software. The expected value of a latent variable that follows the logistic
distribution is estimated using a linear predictor with the identity link function in this package for the ordinal
categorical data that the current study is based on. The probability of belonging to each category of the
ordinal categorical variable is determined by the probability of �nding this latent variable between speci�c cut-
points (23).

Results
Among 913 subjects, 246 (26.9%) subjects were light smokers, 190 (20.8%) subjects were moderate smokers
and 477 (52.2%) subjects were heavy smokers. The mean (standard deviation) age of all participants was
47.38 (13.48) years. Table 1 shows some of the demographic features of the study participants in terms of
low, medium, and heavy smoking. According to the results of this table, the mean age of heavy smokers was
higher than the two groups with light and moderate consumption (P-value = 0.008). While the mean age at
smoking onset in the heavy smokers group was lower than the other two groups (P-value <0.001). Although a
higher proportion of participants (53.1%) had income levels over $175, most heavy smokers (50.5%) had lower
income levels than light and moderate smokers, resulting in a statistically signi�cant difference between the
three groups' income levels (P-value = 0.048). Among all participating smokers in the study, 75.2% had made
no try to quit smoking in the past 12 months, and this percentage was higher for heavy smokers (79.9%)
compared to the other two groups (P-value = 0.001).

               Table 1: Demographical feature and status 
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Quantitative features

Light
smokers
(Mean±SD)

Moderate
smokers
(Mean±SD)

Heavy
smokers
(Mean±SD)

Test
Statistic

 

p-value

Age (year) 45.71±14.04) 46.24±13.69 48.69±12.99 F=4.86 0.008*

Age at smoking onset (year) 23.39±8.97 21.87±8.25 20.07±6.63 F=15.86 <0.001*

 

Qualitative features

Count (%)  

p-valueLight
smokers
(n=246)

Moderate
smokers
(n=190)

Heavy
smokers
(n=477)

Total

 

Residence

Urban 167(67.9) 122(64.2) 299(62.7) 588(64.4)  

   0.383Rural 79(32.1) 68(35.8) 178(37.3) 325(35.6)

 

Marital status

Married 224(91.1) 165(86.8) 431(90.4) 820(89.8)  

0.301Other 22(8.9) 25(13.2) 46(9.6) 93(10.2)

 

 

Employment
Status

Employee 25(10.2) 19(10.0) 36(7.5) 80(8.8)  

 

0.265

Worker 37(15.0) 26(13.7) 61(12.8) 124(13.6)

Self-
employed

137(55.7) 92(48.4) 258(54.1) 487(53.3)

Retired 26(10.6) 24(12.6) 58(12.2) 108(11.8)

Unemployed 19(7.7) 22(11.6) 57(11.9) 98(10.7)

Other 2(0.8) 7(3.7) 7(1.5) 16(1.8)

 

 

Level of
education

Illiterate 24(9.8) 20(10.5) 68(14.3) 112(12.3)  

 

0.094

Lower than
diploma

157(63.8) 120(63.2) 315(66.0) 592(64.8)

Diploma
and higher

65(26.4) 50(26.3) 94(19.7) 209(22.9)

 

Income level 

Less
than 175$ 

101(41.1) 86(45.3) 241(50.5) 428(46.9)  

0.048*
More
than 175$

145(58.9) 104(54.7) 236(49.5) 485(53.1)

 

Basic insurance

No 25(10.2) 16(8.4) 55(11.5) 96(10.5)  

0.487Yes 221(89.8) 174(91.6) 422(88.5) 817(89.5)

 

Try to quite

No 165(67.1) 141(74.2) 381(79.9) 687(75.2)  

0.001*Yes 81(32.9) 49(25.8) 96(20.1) 226(24.8)

Physician 
recommendation

No 154(62.6) 104(54.7) 271(56.8) 529(57.9) 0.198
 Yes 92(37.4) 86(45.3) 206(43.2) 384(42.1)
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Expose to
secondhand
smoke at home

No 133(54.1) 101(53.2) 222(46.5) 456(49.9)  

0.097Yes 113(45.9) 89(46.8) 255(53.5) 457(50.1)

Expose to
secondhand
smoke at work

No 149(60.6) 105(55.3) 289(60.6) 543(59.5)  

0.414Yes 97(39.4) 85(44.7) 188(39.4) 370(40.5)

*  signi�cant test in level 0.05.

In order to assess the effect of the age at smoking onset on the intensity of smoking by adjusting the effect of
other features under consideration, we �tted the GAM. The result of GAM is reported in Table 2 in both
parametric and non-parametric parts. In the parametric part of the GAM, the estimation of the coe�cients of
variables, their signi�cance, and also the corresponding OR (OR of heavy smokers vs light and moderate
smokers) are reported. Income level and try to quit smoking features signi�cantly predicted the intensity of
smoking. None of the interactions between the pair of features of the level of education and employment
status, as well as the interaction between the features of employment status and exposure to secondhand
cigarette smoke at the workplace, were signi�cant. The parametric section of GAM showed that smokers with
less than a diploma and smokers with a diploma and higher had odds of more intense smoking (heavy vs
light and moderate) that were 0.932 and 0.809 times greater than illiterate smokers. To put it another way, a
higher education level was a protective factor for higher consumption. Single subjects had a higher risk of
smoking more intensely than married subjects (OR = 1.409). Furthermore, those who were exposed to
secondhand smoke at home had 1.364 times the probability of consuming more intensely than non-exposed
smokers. According to the results, the risk of more intense smoking approximately was the same among
urban and rural areas (OR = 0.916). Compared to employees, the risk of more intense smoking was higher
among the unemployed (OR = 1.364), retirees (OR = 1.217), self-employed (OR = 1.192), and workers (OR =
1.182), respectively. In addition, high-income smokers have less tendency to intense smoking than low-income
smokers (OR = 0.742). Also, smokers who had tried to quit for the past 12 months were less likely to become
heavy smokers than those who had taken no action to quit (OR = 0.629).

In the non-parametric part, which is presented in the second part of table 2, the reported edf values for the
variables of age at smoking onset and age are 1.913 and 2.974, respectively. Since these numbers are greater
than one (approximately from degree two for age at smoking onset and three for age) is indicative of a
nonlinear relationship with the outcome variable (intensity of smoking) so these nonlinear relationships are
also statistically signi�cant (P-value <0.001).

The plots of predicted smooth function with 95% Bayesian con�dence interval of these two factors in Figure 1
also shows the nonlinear relationship of these two factors with smoking intensity as an outcome.
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Figure 1 only shows the functional form of the relationship between the features and the outcome under
consideration (smoking intensity). In order to determine the effect of the variable of age at smoking onset on
the estimated probabilities of the three outcome groups, �gure 2 is presented. Based on the results of this
�gure (left panel), subjects who start smoking at a younger age are more likely to become heavy smokers.
Conversely, subjects who start smoking at an older age are more likely to become light smokers than
moderate or heavy-smokers. Also, according to Figure 2 (right panel), subjects between the ages of 40 and 70
with more probability, smoke more daily cigarettes.

Discussion
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In this study, we assessed the factors affecting the intensity of smoking. One of the factors that its
association with the intensity of smoking is important is the age at smoking onset variable. However, due to
limitations in the methodology of the  conducted research, correctly determining the connection of this feature
with smoking intensity remains a challenge (14, 24). On the other hand, based on a review of the literature, no
study has been conducted to assess the effect of the age at smoking onset on the intensity of smoking
among Iranian adults. As a result, we used GAM as a �exible modelling tool to �nd nonlinear and complex
associations between this variable and other features on smoking intensity in this study. 

According to the results of this study, more than half of the smokers (52%) smoked more than 20 cigarettes a
day. In general, it seems that smoking prevalence among Iranian men is higher than in countries in the region
such as Afghanistan (25), Pakistan (26), and Qatar (27), highlighting the signi�cance of focusing on
prevention in this area. According to multivariate analysis, there was an inverse relationship between
education levels and smoking intensity, implying that education levels had a protective impact, i.e.,
participants with lower levels of education were more likely to become heavy smokers. Rogers' idea, which
was published in 1970, can explain this �nding (28). According to this notion, individuals and groups with
more health bene�ts adopt new health ideas and practises sooner, while disadvantaged persons accept them
later (29).When compared to employees, the odds of more intense smoking were higher among the
unemployed (OR = 1.364), retirees (OR = 1.217), self-employed (OR = 1.192), and workers (OR = 1.182). The
positive association between retirement and unemployment with smoking is consistent with existing studies
in the �eld of occupational status and health because, according to the �ndings of these studies, job loss
increases unhealthy behaviors (30). For example, in the Ayyagari study, it was reported that retirement
increases the probability of intensity of smoking (30). As mentioned, self-employed individuals had higher
consumption intensity than employees. Managers smoke more than other jobs, according to the �ndings of a
study by Wang et al (19). It's probable that, unlike employees, the high rate of smoking among managers and
self-employed individuals can be attributed to superiors' lack of control over their actions. On the other hand,
the lower smoking rate among employees can be justi�ed by the fact that most organizations avoid
employing smokers for reasons such as higher costs of health care, more absenteeism, and loss of
productivity (31). In the present study, most heavy smokers (50.5%) had lower income levels than light and
moderate smokers, so that a statistically signi�cant difference was observed between the income levels of the
three groups (P-value = 0.048). According to the study by Nketiah-Amponsah et al., rich Ghanaian males were
less likely to smoke, while older men living in poorer areas were more likely to smoke (2). Household income,
on the other hand, was not a substantial predictor of smoking in a study by Villanti et al (32).This discrepancy
could be attributable to differences in the target communities under investigation. For example, in addition to
men, the study's target population included a subgroup of women who, on average, have lower income levels
than men. According to the GAM, exposure to secondhand smoke at home had a strong relationship with
smoking intensity (OR = 1.364), which is consistent with the results of the study by Itanyi et al. (33). Therefore,
due to the impact of environmental factors on people's tendency to smoke, interventions should be taken to
reduce smoking in social environments, including the workplace, and also the necessary training should be
provided to smoking parents.

Because most heavy smokers began smoking near the end of adolescence or in early youth in the current
study, the mean age at smoking onset in the heavy smokers group (20.07 ± 6.63) was lower than in the other
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two groups (P-value = 0.001). This is because the transition from adolescence to youth is a vital period of life
during which young people graduate from high school and leave home to attend college or �nd a suitable
job. These changes typically lead to reduced parental control and changes in social networks and increase the
vulnerability of this age group to substance use, including smoking (34). Although it is believed that smoking
begins in adolescence, studies have shown that the onset of smoking also occurs in later life. The results of
the present study also con�rm that the onset of smoking occurs even at the age of over 50 years(Figure 1 right
panel) except that the people who begin smoking at a younger age are more dependent on nicotine and their
consumption will increase, whereas those who begin at an older age will have less intensity of consumption
(Figure 2 left panel). This result is consistent with the study of Hamzeh et al. (1). In this study, using the GAM
model, in addition to age at smoking onset, we also assessed the nonlinear effect of age on smoking
intensity (Figure 2, right panel). As a result, people between the ages of 40 and 70 are more likely to smoke
more cigarettes on a regular basis. According to a Ghanaian study, older males are more likely to smoke than
their younger counterparts, and they also consume more (2). Perhaps the probability of more smoking in this
age group can be attributed to their younger years. Most likely, these individuals began smoking throughout
their adolescence and youth, and their consumption has gradually escalated to the point where smoking has
become a habit for them and quitting is quite tough in this age range (2). In addition, adult men often have so
many �nancial responsibilities so that some of them are unable to meet the basic needs of their lives and this
has caused a lot of stress and anxiety therefore, these people turn to heavy smoking to escape the created
anxiety and stress (35). Since 12% of deaths worldwide are attributed to smoking among adults over 30 yaers
comprehensive measures are needed to prevent nonsmokers from starting to smoke in order to reduce the
burden of death caused by smoking (11). 

Limitations

Because most epidemiological studies use self-reported data without any biomedical markers for
smoking, one of the limitations of this type of study is exposure to potential biases such as recall bias (36),
from which our study also was no exception.

Conclusion
According to the results of this study, men with poorer socioeconomic status as well as men who started
smoking at a younger age were more likely to become heavy smokers. Also, men in the age group of 40 to 70
years had higher consumption intensity than other age groups. Therefore, more intensive consumption and its
adverse consequences in adulthood can be prevented by addressing and controlling these factors during
adolescence and youth.

Declarations
Acknowledgement

The authors thank the National for Health Research (NIHR), Iran for their support and for free access to the
original data of 2016 national STEPS survey.

Authors’ contributions



Page 12/16

ZM, JF, and AM contributed to designing the studyand analyzed by ZM and AM. The �nal report and
manuscript were written by ZM and AM. All the authors read and approved the version for submission.

Funding

The study was funded by Vice-chancellor for Research and Technology, Hamadan University of Medical
Sciences (No. 9904031998). 

Availability of data and materials

The datasets presented in this article are not readily availablebecause: The authors need to grant permission
of the NationalInstitute of Health of Iran. Requests to access the datasets shouldbe directed to Ali-Asghar
Kolahi, a.kolahi@sbmu.ac.ir.

Ethics approval and consent to participate

The study was approved by research ethics committee of Hamadan University of Medical Sciences. The
written informed consent was obtained from all the participants. 

Consent for publication

Not applicable.

Competing interests

The authors report no con�ict of interest in the undertaking of this research.

References
1. Hamzeh B, Farnia V, Moradinazar M, Pasdar Y, Shakiba E, Naja� F, et al. Pattern of cigarette smoking:
intensity, cessation, and age of beginning: evidence from a cohort study in West of Iran. Substance abuse
treatment, prevention, and policy. 2020;15(1):1-9.

2. Nketiah-Amponsah E, Afful-Mensah G, Ampaw S. Determinants of cigarette smoking and smoking intensity
among adult males in Ghana. BMC public health. 2018;18(1):1-10.

3. Murray CJ, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden of 87 risk
factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease
Study 2019. The Lancet. 2020;396(10258):1223-49.

4. Das SK. Harmful health effects of cigarette smoking. Molecular and cellular biochemistry. 2003;253(1):159-
65.

5. Vineis P, Alavanja M, Bu�er P, Fontham E, Franceschi S, Gao Y-T, et al. Tobacco and cancer: recent
epidemiological evidence. Journal of the National Cancer Institute. 2004;96(2):99-106.



Page 13/16

6. Hay S, Collaborators GRF. Global, regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks, 1990–2016: a systematic analysis
for the Global Burden of Disease Study 2016. The Lancet. 2017;390(10100).

7. Sohrabi M-R, Abbasi-Kangevari M, Kolahi A-A. Current tobacco smoking prevalence among Iranian
population: a closer look at the STEPS surveys. Frontiers in Public Health. 2020;8.

8. Okuyemi KS, Ahluwalia JS, Richter KP, Mayo MS, Resnicow K. Differences among African American light,
moderate, and heavy smokers. Nicotine & Tobacco Research. 2001;3(1):45-50.

9. Wilson D, Parsons J, Wake�eld M. The health-related quality-of-life of never smokers, ex-smokers, and light,
moderate, and heavy smokers. Preventive medicine. 1999;29(3):139-44.

10. The W. Curbing the epidemic: governments and the economics of tobacco control. Tobacco control.
1999;8(2):196.

11. Nash SH, Liao LM, Harris TB, Freedman ND. Cigarette smoking and mortality in adults aged 70 years and
older: results from the NIH-AARP cohort. American journal of preventive medicine. 2017;52(3):276-83.

12. Breslau N, Fenn N, Peterson EL. Early smoking initiation and nicotine dependence in a cohort of young
adults. Drug and alcohol dependence. 1993;33(2):129-37.

13. Fernandez E, Schia�no A, La Vecchia C, Borràs JM, Nebot M, Saltó E, et al. Age at starting smoking and
number of cigarettes smoked in Catalonia, Spain. Preventive Medicine. 1999;28(4):361-6.

14. Morrell HE, Song AV, Halpern-Felsher BL. Earlier age of smoking initiation may not predict heavier cigarette
consumption in later adolescence. Prevention Science. 2011;12(3):247-54.

15. Eisner MD, Yelin EH, Katz PP, Shiboski SC, Henke J, Blanc PD. Predictors of cigarette smoking and smoking
cessation among adults with asthma. American journal of public health. 2000;90(8):1307.

16. Hastie T, Tibshirani R, Friedman J. The elements of statistical learnin. Cited on. 2009:33.

17. Djalalinia S, Modirian M, Sheidaei A, Yoose� M, Zokaiee H, Damirchilu B, et al. Protocol design for large–
scale cross–sectional studies of surveillance of risk factors of non–communicable diseases in Iran: STEPs
2016. Archives of Iranian medicine. 2017;20(9).

18. Lam E, Giovino GA, Shin M, Lee KA, Rolle I, Asma S. Relationship Between Frequency and Intensity of
Cigarette Smoking and TTFC/C Among Students of the GYTS in Select Countries, 2007‐2009. Journal of
school health. 2014;84(9):549-58.

19. Wang Q, Shen JJ, Sotero M, Li CA, Hou Z. Income, occupation and education: Are they related to smoking
behaviors in China? PloS one. 2018;13(2):e0192571.

20. Hastie T, Tibshirani R. Generalized additive models London chapman and hall. Inc. 1990.



Page 14/16

21. Mahmoud HF. Parametric versus Semi and Nonparametric Regression Models. arXiv preprint
arXiv:190610221. 2019.

22. Wood SN. Generalized additive models: an introduction with R: CRC press; 2017.

23. Wood S, Wood MS. Package ‘mgcv’. R package version. 2015;1:29.

24. Reidpath DD, Ling M-L, Wellington E, Al-Sadat N, Yasin S. The relationship between age of smoking
initiation and current smoking: an analysis of school surveys in three European countries. nicotine & tobacco
research. 2013;15(3):729-33.

25. Surveillance. NSAtCDRF, https://www.who.int/ncds/surveillance/steps/afghanistan/ Aoa, en/ (accessed
November 5.

26. Surveillance. NSAtCDRF, https://www.who.int/ncds/surveillance/steps/pakistan/ Aoa, en/ (accessed
November 5.

27. https:// Q-GATSAoa, November ewinipca, 5.

28. Graham H. Smoking prevalence among women in the European community 1950–1990. Social science &
medicine. 1996;43(2):243-54.

29. Rogers EM. Diffusion of innovations: Simon and Schuster; 2010.

30. Ayyagari P. The impact of retirement on smoking behavior. Eastern Economic Journal. 2016;42(2):270-87.

31. Houle B, Siegel M. Smoker-free workplace policies: developing a model of public health consequences of
workplace policies barring employment to smokers. Tobacco Control. 2009;18(1):64-9.

32. Villanti AC, Johnson AL, Rath JM. Beyond education and income: identifying novel socioeconomic
correlates of cigarette use in US young adults. Preventive medicine. 2017;104:63-70.

33. Itanyi IU, Onwasigwe CN, Ossip D, Uzochukwu BS, McIntosh S, Aguwa EN, et al. Predictors of current
tobacco smoking by adolescents in Nigeria: Interaction between school location and socioeconomic status.
Tobacco induced diseases. 2020;18.

34. O'Loughlin JL, Dugas EN, O'Loughlin EK, Karp I, Sylvestre M-P. Incidence and determinants of cigarette
smoking initiation in young adults. Journal of Adolescent Health. 2014;54(1):26-32. e4.

35. Widome R, Joseph AM, Hammett P, Van Ryn M, Nelson DB, Nyman JA, et al. Associations between
smoking behaviors and �nancial stress among low-income smokers. Preventive medicine reports. 2015;2:911-
5.

36. Erbas B, Knudsen TM, Janson C, Nilsen RM, Accordini S, Benediktdottir B, et al. Critical age windows in the
impact of lifetime smoking exposure on respiratory symptoms and disease among ever smokers.
Environmental research. 2018;164:241-7.



Page 15/16

Figures

Figure 1

Estimating the smooth function of the relationship between: left) age and smoking intensity, right) age at
smoking onset and smoking intensity. The numbers displayed in brackets in the y-axis title represent the edf
of smooth curves. The linear predictor scale is used to present the results. The ‘rug plot’ at the bottom of each
graph indicates the covariate values. The points on the graph are residuals. The grey region represents the
Bayesian con�dence interval of 95%.

Figure 2
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Plot of response probabilities in three groups with low, moderate, and heavy consumption vs. age of onset of
smoking (left) and age (right). The sum of the three probabilities is equal to one.


