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Abstract

Background: Current and daily smoking prevalence rates have been have investigated in several cross-sectional studies. However,
analyses in terms of age-period-cohort (APC) have not been carried out. We assessed daily smoking dynamics over a 25-year
period using the APC model.

Methods: In our analyses, we used data from 214,652 people aged 15 to 64 years, collected by national health surveys conducted
in 1990-1991, 1999, 2005, 2007, 2011 and 2016. The Intrinsic Estimator model was used to analyze the impact of APC on daily
smoking prevalence.

Results: Males were found to exhibit a higher prevalence of smoking compared to females (26.0% against 2.7%). Prevalence of
smoking increased by age, peaking at the age groups of 40-44 in men and 45-49 in women, followed by a decreasing trend. The
1990 period had the highest prevalence in both genders, and the 2016 period had the lowest. The coefficients of birth cohort
effects showed different patter19s of fluctuations in the two genders with the maximum and minimum coefficients for men
calculated in the 1966-1970 and 1991-95 birth cohorts, and for females the 1931-1935 and 1971-1975 birth cohorts, respectively.
Conclusion: We showed the impact of APC on daily tobacco smoking prevalence, and these factors should be considered when
dealing with smoking.
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Introduction Considering the gravity of this global health issue, various

Since 1990, each year smoking has taken the life of
more than 5 million people, and in the year 2015 it was
reported as one of the major risk factors of diseases and
deaths globally." Recognized as a main preventable cause
of death, smoking has significantly burdened health care
systems all around the world, taking up 1.5%-6.8% of
annual national health budgets which measures up to
0.2%-0.9% of the countries’ gross domestic product.?
The trend of smoking in Iranian population decreased in
the last decade. The prevalence of smoking in 2000 was
13.5% which reached 11.3% in 2011.2

tobacco control policies and different interventions have
been implemented widely in the past decade to tackle this
epidemic, including increased tobacco taxes,® marketing
restrictions,’ strong text and graphic warnings on cigarette
packaging,” prohibition of smoking at public places,*’
and a wide range of smoking cessation programs.'’
Accordingly, observing variations in smoking prevalence
is of utmost importance in order to assess the effects of
these interventions and modify them to yield optimal
results. Therefore, various studies have aimed to evaluate
the pattern of variations in smoking prevalence in differing
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settings.'"'? Based on the latest World Health Organization
(WHO) report, it seems that smoking prevalence follows
different patterns in different populations, highlighting
the significance of observing the trend of each society
separately.

It should be also noted that the majority of the
mentioned studies have only taken one aspect of temporal
trends into account, while epidemiological studies include
three entangled temporal dimensions of cohort, age and
period effects when observing how variables behave over
a duration. In this context, age effect reflects the effects of
events that have affected subjects in a specific age group in
comparison to others. Period effect is a reflection of events
that have affected all the subjects at a specific period of
time. Cohort effect mirrors the effects of events that have
affected subjects with similar birth year. Together, these
three effects can give a more accurate description for the
trend of changes in a variable."

In this regard, the present study performed age-period-
cohort (APC) analysis for the first time in order to observe
the pattern of variations in smoking prevalence in Iranian
adolescents as well as adults aged 15 to 60 years over a
period of 25 years.

Materials and Methods

Study Approach

To analyze the impact of APC on smoking prevalence
in the population of Iranian adolescents and adults aged
15 to 64 years, data collected through six national health
surveys conducted in 1990, 1999, 2005, 2007, 2011 and
2016 were obtained and pooled. Data collection methods
of the six surveys are briefly described in the following. For
further details about the methods of the first four surveys
(1990-2007), refer to the study by Hosseini et al.'

Records

1990 and 1999 Health Surveys

From June 1990 to March 1992, this first survey reported
the smoking status of 25 745 Iranian adolescents and adults
aged 15 to 64 years. Also, the second survey was carried
out from April 1999 to February 2000 and recorded the
smoking status of 33,776 subjects aged 15-64 years with
recorded data on smoking status. Samples were selected
using random cluster sampling of households involving
subjects aged 2-69 years, representing 1/1000 of the
country’s urban and rural populations.

National Surveillance of Risk Factors for Non-communicable
Diseases, 2005 and 2007

Carried out in 2005, the first round of National
Surveillance of Risk Factors of Non-Communicable
Diseases recorded smoking status of 89388 adolescents
and adults aged 15-64 years. The second round was
conducted in 2007 and provided data on smoking status
of 29893 adults aged 25 to 64 years. These studies were

implemented in accordance with the WHO guidelines®
through collaborations involving forty medical schools
from all over the country.

National Surveillance of Risk Factors of Non-communicable
Diseases 2011

In the Sixth National Surveillance of Risk Factors of Non-
Communicable Disease conducted in 2011, a multistage
sampling framework was used in which counties were
considered as primary sampling units, cities or villages
as the secondary sampling units, households as sampling
listing units and 6 to 70 year-old residents as the sampling
elementary units. Using a Kish randomization method, at
most two subjects were selected (one aged <55 years and
the other 255 years) per household. As for this study, the
smoking status of 9,810 subjects aged 15-64 years were
extracted from their database and included in the analyses.

National Surveillance of Sisk Factors of Non-communicable
Diseases 2016

The most recent national surveillance study in Iran
was also conducted according to the WHO STEPwise
approach to Surveillance (STEPS) in 2016. Participants
of this study were recruited from urban and rural areas of
30 provinces of Iran using systematic random sampling
proportional to the adult population of each province.'®
This survey recorded the smoking status of 26 066 Iranian
adolescents and adults aged 15 to 60 years.

Smoking Definition

These surveys evaluated the prevalence of daily tobacco
smoking defined as individuals who reported smoking
every day at the time of their participation in the study."”
No specific method was used to confirm the smoking
status of the subjects and merely their self-declaration was
used for their classification.

The surveys of 1990 and 1999 were received from
Professor K. Mohammad who is a co-author. The other
four surveys and their corresponding weights (due to
sampling scheme) of all the surveys were received from the

Iranian Ministry of Health.

Statistical Analysis

APC analysis, using Yang’s intrinsic estimator (IE)
approach'" was performed to describe the impacts of
APC on smoking prevalence among Iranian adolescents
and adults. Briefly, the IE method takes into consideration
the linear relationship between APC via singular value
decomposition of matrices, thereby producing unbiased
estimates with few time periods. Unlike other conventional
regression techniques, it removes the influence of the
design matrix on coefficient estimates. The advantages of
the intrinsic estimator model include: providing estimable
functions independent of selected constraints, higher
statistical efficiency compared to other methods which
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limit data so as to elude identification issues, providing
greater methodological accuracy and being theoretically
appropriate.

Analyses were conducted separately for males and
females, utilizing the “apc_ie” module from the STATA
statistical software. The input of the “apc_ie” module in
STATA is the aggregated prevalence of smoking according
to age, gender, year of study (period of 5 years) and birth
cohort (period-age). So at first, in order to account for the
sampling scheme of surveys (as described above) a weighted
analysis® was performed to calculate the prevalence of
smoking of males and females for ages 15 to 64 years for
each of the six used study data separately. These analyses
gave 100 lines of data on age, prevalence of daily smoking
and sex for each of these six surveys. Finally, in total 600
records from the data were pooled together.

Per the default setting of the “apc_ie” module, the
study periods were put in the order of 5-year intervals.
Therefore, the calculated prevalence for the study years
1999, 2003 together with 2007, 2011 and 2016 were
taken as reasonable estimates of periods 2000, 2005, 2010
and 2015. To complete the data for APC analysis as five-
year period, the prevalence of smoking for the different
age groups of males and females for the period of 1995
were predicted. The aggregated data of prevalence for
other study periods and fractional polynomial model were
used for predicting 100 prevalence data for ages 15 to 64
years of males and females for the period of 1995. Finally,
the APC analysis was performed separately for both sexes
using the “apc_ie” module in STATA. Afterwards, the
corresponding coefficients and 95% confidence intervals

(95% CI) were presented.

Results

Data from a total of 214652 individuals aged 15 to 64
years (48.4% males) were included in our analyses. Table
1 demonstrates the number of participants included from
each of these surveys by their gender. Accordingly, the
2005 study accounted for the highest percentage (41.7%)
of our studied population, whereas individuals included
from the 2011 study comprised the smallest proportion
with 4.6% of the sample size. Also, Table 1 shows that
the total percentage of missing data were only 1.1% and
ignored in the analysis.

Table 1. Demography of Study Population

Males were found to have a higher prevalence of
smoking compared to females (26.0% against 2.7%).
Table 2 presents the prevalence of smoking by age and
gender for each of the six surveys. Based on these figures,
the prevalence of smoking in men rose with increasing
age and reached its maximum of 35.9% in the age group
40-44 years and then declined to reach 26.0% for the
age of 60-64. As for women, the prevalence showed a
constant increase from 0.3% at the age of 15-19 to 4.4%
at 45-49 years. It then fluctuated and eventually reached
its maximum rate of 6.0% at the age group of 60-64 years.
The 1990 period was found to have the highest smoking
prevalence in both genders (31.1% in males and 5.4% in
females), while the prevalence was reported to be lowest in
both genders of individuals included from the 2016 period
(19.5% in males and 1.0% in females).

The prevalence of smoking by birth cohort and gender
for each of these surveys is presented in Table 3. Subjects
born in the birth cohort of 1931-1935 to 2000-2005
were included in our analyses, totaling fifteen 5-year birth
cohorts. Follow-up was conducted only for participants of
five birth cohorts (1956 to 1980) all through the period
of 25 years. The estimated coefficients for APC impact on
smoking prevalence are presented separately for the two

genders in Table 4 and Figure 1.

The APC Changes

Impact of Age

The coefficient for the effect of age on smoking prevalence
showed an increasing trend among men, from a minimum
of -19.4 (95% CI: -21.4, -17.5) at the age of 15 to its
maximum of 7.1 (95% CI: 5.3, 8.9) at the age group
40-44, and afterwards followed a decreasing trend to reach
-1.3 (95% CI: -3.3, 0.7) at the age of 60-64. The female
data also showed an increasing trend from -3.4 (95% CI:
-4.6, -2.2) at age 15 to its maximum of 2.0 (95% CI: 1.0,
3.1) at age 45, followed by a minor drop and then rise to
1.9 (95% CI: 0.7, 3.2) at the age of 60-64 (Figure 1A and
1B).

Period Effects

The coefficients calculated for the effect of period on
the prevalence of smoking fluctuated in women, starting
with a drop, a rise, and again a decline to their minimum

Period Male (%) Female (%) Total (%) Percentage of Missing Percentage From Total
1990 12007 (46.7%) 13712 (53.3%) 25719 (100%) 3.7% 12.0%
1999 15466 (45.8%) 18310 (54.2%) 33776 (100%) 1.2% 15.7%
2003 45073 (50.4%) 44315 (49.6%) 89388 (100%) 0.2% 41.7%
2007 14930 (49.9%) 14963 (51.1%) 29893 (100%) 0.9% 13.9%
2011 4082 (41.6%) 5728 (58.4%) 9810 (100%) 0.8% 4.6%
2016 12322 (47.3%) 13744 (52.7%) 26066 (100%) 1.7% 12.1%
Total 103880 (48.4%) 110772 (51.6%) 214652 (100%) 1.1% 100%
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Table 2. Daily Smoking Prevalence in Terms of Age, Gender and Year

Period
Ages (y) & Gender 1990 1999 2003 2007 2011 2016 Total
Male
15-19 3.0 2.2 2.5 3.1 2.4 2.9 2.7
20-24 19.2 15.8 10.8 14.7 5.5 4.7 11.8
25-29 34.6 29.0 19.5 26.5 13.9 12.3 22.6
30-34 40.5 33.7 28.6 28.8 26.9 16.9 29.2
35-39 40.0 39.8 33.2 33.4 31.4 239 33.6
40-44 37.5 36.9 359 41.0 38.9 25.1 35.9
45-49 36.4 31.7 34.6 39.0 32.6 28.3 33.8
50-54 34.2 28.2 32.2 38.4 33.4 30.2 32.8
55-59 33.4 32.2 29.1 33.9 27.9 26.4 30.5
60-64 31.4 25.5 25.8 27.1 22.6 23.6 26.0
Total 31.1 27.6 25.3 28.7 23.6 19.5 26.0
Female
15-19 0.5 0.1 0.5 0.1 0.2 0.2 0.3
20-24 0.9 0.2 1.0 0.5 0.5 0.7 0.6
25-29 2.1 0.4 2.2 1.0 0.4 0.5 1.1
30-34 3.6 0.6 2.7 0.5 1.0 0.6 1.5
35-39 3.5 1.2 3.5 0.5 1.6 0.6 1.8
40-44 5.4 2.1 4.5 9.2 0.7 0.6 3.8
45-49 8.1 2.8 4.8 8.1 0.9 1.5 4.4
50-54 8.6 2.7 5.8 3.1 1.8 1.0 3.8
55-59 9.5 4.1 5.8 3.1 1.5 2.5 4.4
60-64 12.2 3.9 6.2 8.5 3.9 1.1 6.0
Total 5.4 1.8 3.7 3.3 1.2 1.0 2.7

values, while the calculated coefficients in men exhibited
a declining pattern during the studied period. Maximum
coefficients in both genders (male = 3.1, 95% CI: 1.8, 4.5;
female = 2.0, 95% CI: 1.2, 2.9) were observed in 1990,
while the 2016 period had the lowest coefficients (male
= -6.0, 95% CI: -7.4, -4.5; female = -2.0, 95% CI: -2.8,
-1.1) (Figure 1C and 1D).

Birth Cohort Effects

The impact of birth coefficients on the prevalence of
smoking exhibited different patterns of fluctuations in the
two genders. Among men, the maximum and minimum
coefficients were calculated for the 1966-70 (4.8, 95%CI:
2.8, 6.8) and 1991-1995 (-6.9, 95% CI: -9.2, -4.7) birth
cohorts. As for females, the coefficient was found to be
highest for the 1931-1935 (4.7, 95% CI: 1.9, 7.6) birth
cohort and lowest for the 1971-1975 (-2.2, 95% CI: -3.4,
-0.9) birth cohort (Figure 1E and 1F).

Discussion

The present study is the first survey that applied the APC
model to investigate the 25-year dynamics of smoking
prevalence among Iranian adolescents and adults aged
15-65 years. In its 2015 global report, the WHO used
the data gathered through five national surveys conducted

during a six-year period, in 2005, 2007, 2008, 2009 and
2011, to describe the trends of smoking prevalence of
Iranians whose age fell between 15 and 64 years."" The
source of three of the used surveys in this report (2005,
2007 and 2011) are the same with the current study, but the
figures on prevalence of smoking reported by us in Table 2
and those by the WHO 2015'"'? are slightly different. The
differences can be mainly due to our weighted analysis of
prevalence and/or the number of data used for the WHO
report which is not clear on the corresponding report.
Our results showed that the age-standardized prevalence
of daily smoking in Iranian males was similar to that of a
recent analysis by the Global Burden of Disease (26.0%
vs. 25.0%) while there was a marked difference for females
(2.7% vs. 5.4%)* Furthermore, the rate of smoking in
males in our study was similar to those of Middle Eastern
countries including Turkey and Egypt. Comparison was not
made with developed countries such as the United States,
United Kingdom and Canada since these countries have
a very different history regarding the tobacco epidemic.
The price of tobacco has been reported to be far lower
in developing countries compared to developed nations,*
which could be considered a possible reason for the
observed difference. It has also been estimated that a 70%
increase in tobacco price could prevent 25% of expected
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Table 3. Daily Smoking Prevalence in Terms of Birth Cohort, Study Year and Sex

Cohorts & Study Year

Gender 1990 1999 2003 2007 2011 2016 Total
Male

1931-1935 31.4 31.4
1936-1940 33.4 33.4
1941-1945 34.2 25.5 30.3
1946-1950 36.4 32.2 25.8 27.1 30.9
1951-1955 37.5 28.2 29.1 33.9 22.6 30.7
1956-1960 40.0 31.7 32.2 38.4 27.9 23.6 324
1961-1965 40.5 36.9 34.6 39.0 33.4 26.4 34.9
1966-1970 34.6 39.8 359 41.0 32.6 30.2 35.7
1971-1975 19.2 33.7 33.2 33.4 38.9 28.3 31.1
1976-1980 3.0 29.0 28.6 28.8 31.4 25.1 24.3
1981-1985 15.8 19.5 26.5 26.9 239 22.5
1986-1990 2.2 10.8 14.7 13.9 16.9 11.7
1991-1995 2.5 3.1 5.5 12.3 5.9
1996-2000 2.4 4.7 3.6
2000-2005 2.9 2.9
Total 31.1 27.6 25.3 28.7 23.6 19.5 26.0
Female

1931-1935 12.2 12.2
1936-1940 9.5 9.5

1941-1945 8.6 3.9 6.5

1946-1950 8.1 4.1 6.2 8.5 6.5

1951-1955 5.4 2.7 5.8 3.1 3.9 4.2

1956-1960 3.5 2.8 5.8 3.1 1.5 1.1 3.0
1961-1965 3.6 2.1 4.8 8.1 1.8 2.5 3.8
1966-1970 2.1 1.2 4.5 9.2 0.9 1.0 3.1

1971-1975 0.9 0.6 3.5 0.5 0.7 1.5 1.3

1976-1980 0.5 0.4 2.7 0.5 1.6 0.6 1.1

1981-1985 0.2 2.2 1.0 1.0 0.6 1.0
1986-1990 0.1 1.0 0.5 0.4 0.6 0.5

1991-1995 0.5 0.1 0.5 0.5 0.4
1996-2000 0.2 0.7 0.4
2000-2005 0.2 0.2

Total 5.4 1.8 3.7 3.3 1.2 1.0 2.7

premature deaths from tobacco.”? Therefore, we propose
an upward review in tobacco taxes; an approach which has

yielded significant outcomes in previous studies®*¢

as one
of the ways of reducing the prevalence.

We showed that daily smoking prevalence increased
among young Iranian adults with increasing age, and the
rate showed a slight increase in the more recent periods
and birth cohorts. Possible reasons for this change could be
the ban on public sale and use of tobacco enforced by the
government in 1997, the Vice President’s decree in 2002,
and the Comprehensive National Tobacco Control Law
adopted in 2006.

Prevalence was also higher for males compared to females.
In general, smoking is more common in men than women
worldwide.?! This difference is more prominent in the

Iranian society. Cigarette smoking stigma in Iranian culture
causes women to smoke less than men. In addition, the
lower prevalence of smoking in women could be attributed
to the conservative Iranian society in which the practice
of smoking among females is usually frowned upon as an
unacceptable behavior. This could lead to underreporting
of smoking among the female gender as shown in a study
by Sarafzadegan et al, in which a significant difference was
observed between the rates of self-report and chemical
indices of smoking in females (1.3% versus 6.7%).
Daily smoking prevalence in older women was markedly
high. This could likely be due to marital status and low
educational level of older compared to younger women.3!
In addition, widowhood or divorce are more common in
older women than younger women, which in part affects
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Table 4. Intrinsic Estimates of Prevalence of Daily Cigarette Smoking of Iranian by Sex

Male Female
Age, Period and Cohort
Coefficients* 95% ClI P Coefficients* 95% Cl P
Ages (y)
15-19 -19.4 -21.3 -17.5 <0.001 -3.4 -4.6 -2.2 <0.001
20-24 -9.5 -11.3 -7.8 <0.001 -2.5 -3.5 -1.4 <0.001
25-29 0.04 -1.7 1.8 0.961 -1.4 -2.5 -0.3 0.010
30-34 4.7 29 6.5 <0.001 -0.8 -1.9 0.3 0.156
35-39 6.5 4.7 8.3 <0.001 -0.2 -1.3 0.9 0.747
40-44 7.1 5.3 8.9 <0.001 1.6 0.5 2.7 0.005
45-49 4.9 3.1 6.7 <0.001 2.0 1.0 3.1 <0.001
50-54 4.2 2.4 6.0 <0.001 1.4 0.3 2.5 0.014
55-59 2.8 1.2 4.5 0.001 1.3 0.3 2.3 0.011
60-64 -1.3 -3.3 0.7 0.204 1.9 0.7 3.2 0.002
Period
1990 3.1 1.8 4.5 <0.001 2.0 1.2 2.9 <0.001
1995 1.8 0.4 3.2 0.010 0.9 0.1 1.7 0.037
2000 1.2 -0.2 2.6 0.084 -0.7 -1.6 0.1 0.096
2005 1.3 0.3 2.4 0.015 1.1 0.5 1.8 0.001
2010 -1.5 -2.9 -0.1 0.030 -1.4 -2.2 -0.6 0.001
2015 -6.0 -7.4 -4.5 <0.001 -2.0 -2.8 -1.1 <0.001
Cohort
1931-1935 3.7 -1.0 8.3 0.126 4.7 1.9 7.6 0.001
1936-1940 2.0 -1.1 5.1 0.214 2.4 0.5 4.3 0.013
1941-1945 0.5 -2.2 3.2 0.724 0.7 -0.9 2.4 0.392
1946-1950 1.1 -1.2 3.4 0.340 0.4 -1.0 1.8 0.587
1951-1955 0.3 -1.8 2.4 0.758 -1.3 -2.6 -0.1 0.040
1956-1960 2.3 0.3 4.3 0.023 -2.0 -3.2 -0.8 0.001
1961-1965 4.3 2.3 6.3 <0.001 -1.1 -2.3 0.1 0.070
1966-1970 4.8 2.8 6.8 <0.001 -1.3 -2.5 -0.04 0.044
1971-1975 2.3 0.3 4.3 0.022 -2.2 -3.4 -0.9 <0.001
1976-1980 -2.0 -3.8 -0.1 0.042 -1.6 -2.8 -0.5 0.005
1981-1985 -3.5 -5.5 -1.5 <0.001 -0.9 -2.1 0.3 0.154
1986-1990 -6.88 -8.97 -4.80 <0.001 -0.7 -1.9 0.6 0.299
1991-1995 -6.94 -9.19 -4.70 <0.001 -0.3 -1.6 1.1 0.714
1996-2000 -4.3 -7.3 -1.3 0.005 1.3 -0.6 3.1 0.173
2000-2005 2.4 -2.6 7.3 0.346 1.8 -1.2 4.8 0.238
Constant 26.0 253 26.8 <0.001 3.5 3.1 4.0 <0.001

* The decreasing coefficients show decreasing prevalence of smoking while increasing coefficients show increasing smoking prevalence.

their mental health and leads to depression. The higher
prevalence of depression in old age may be the cause of the
higher rate of smoking in old women.?'

Regarding drawbacks, one is lack of adjustment of APC
analyses for other demographic factors except gender, as
these data were not collected in some surveys. Another
limitation was possible small differences in performance of
operating teams in different surveys, as the central teams
responsible for data collection changed in different surveys
during the period of 25 years when these six surveys were
carried out. Also, the intrinsic model was used in 5-year
intervals. But the time intervals between the surveys were
varied, so the prevalence rates computed for study years
1991, 1999 and 2011 were taken as estimations for years

1990, 2000 and 2010. The average of the prevalence rates
for the years 2003 and 2007 was used for 2005. Besides, by
fitting a regression model, we estimated the corresponding
prevalence for 1995. However, in the overall APC analysis
for this study, the trends in coefficients of age, period and
cohort of these approximations were fine and errors were
negligible.

In conclusion, the findings from the present study
showed that the prevalence of daily tobacco smoking was
affected by age, period and birth cohort. The prevalence of
daily tobacco smoking increased with increasing age. This
observation is most evident in women. However, during
the period 1990-2015, the overall prevalence of smoking
decreased in both gender. In addition, a slight increase
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Figure 1. Impact of Age (A and B), Period (C and D), and Birth Cohort (E and F) on the Prevalence of Daily Smoking. The decreasing slope shows the
decreasing prevalence of smoking and the increasing slope shows the increasing smoking prevalence.

in the prevalence of smoking was observed in the more
recent periods and birth cohorts. Therefore, policy makers
should put these factors into consideration in their bid to
address issues arising from smoking.
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