@° PLOS | ONE

Check for
updates

G OPEN ACCESS

Citation: Wang Q, Shen JJ, Sotero M, Li CA, Hou Z
(2018) Income, occupation and education: Are they
related to smoking behaviors in China? PLoS ONE
13(2): €0192571. https://doi.org/10.1371/journal.
pone.0192571

Editor: C. Mary Schooling, CUNY, UNITED STATES
Received: April 15, 2017

Accepted: January 25, 2018

Published: February 8, 2018

Copyright: © 2018 Wang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The data used in this
paper are from the China Health and Retirement
Longitudinal Study (CHARLS), which is publicly
available. Researchers need to register on the
CHARLS website to access the data, and all
researchers who register and are approved will be
able to download the data. The CHARLS data can
be downloaded from the following website: http:/
charls.pku.edu.cn/en.

Funding: This study was supported by the National
Nature Science Foundation of China (grant number
71403007 for ZH and 71503059 for QW) and the
Fundamental Research Funds for the Central

RESEARCH ARTICLE
Income, occupation and education: Are they
related to smoking behaviors in China?

Qing Wang', Jay J. Shen?, Michelle Sotero?, Casey A. Li®, Zhiyuan Hou*®®+

1 School of Business, Dalian University of Technology, Panjin, Liaoning, China, 2 Department of Health Care
Administration and Policy, School of Community Health Sciences, University of Nevada Las Vegas, Las
Vegas, Nevada, United States of America, 3 Green Valley High School, Henderson, Nevada, United States
of America, 4 Department of Social Medicine, School of Public Health, Fudan University, Shanghai, China,

5 National Key Laboratory of Health Technology Assessment (Health and Family Planning Commission),
Fudan University, Shanghai, China, 6 Collaborative Innovation Center of Social Risks Governance in Health,
Fudan University, Shanghai, China

* zyhou@fudan.edu.cn

Abstract

Background

The association between socioeconomic status (SES) and smoking behaviors may differ
across countries. This study aimed to estimate the association between socioeconomic sta-
tus (income, occupation and education) and multiple measures of smoking behaviors
among the Chinese elderly population.

Methods

Using data from the China Health and Retirement Longitudinal Study in 2013, we examined
the relationship between socioeconomic status and smoking behaviors through multivariate
regression analysis. Sample selection models were applied to correct for sample selection
bias. Smoking behaviors were measured by four indicators: smoking status, cigarette con-
sumption, health risks related to smoking, and smoking dependence. Analyses were strati-
fied by gender and urban-rural residence.

Results

Among Chinese people aged 45 years or older, smokers accounted for 40% of the popula-
tion in 2013, smoking 19 cigarettes per day. It was also found that 79% of smokers were at
an increased health risk. Overall, although the influence of income on smoking behaviors
was small and even insignificant, occupation and education levels were significantly associ-
ated with smoking behaviors. Managers or professionals were more likely to smoke, how-
ever there was no significant relationship with smoking dependence. Individuals with higher
educational attainment were less likely to be associated with smoking behaviors. In addition,
gender and urban-rural differences existed in the relationship between SES and smoking
behaviors.
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Conclusions

Smoking disparities among diverse levels of socioeconomic status existed but varied greatly
by SES indicators and population characteristics. Tobacco control policies in China should
be increasingly focused on populations with low socioeconomic status in order to break the
link between socioeconomic disadvantage and smoking behaviors. Further actions should
mitigate inequalities in education, improve the social culture of cigarette use, and tailor inter-
ventions based on characteristics of the population.

Introduction

Cigarette smoking is a widespread unhealthy behaviors and a leading cause for premature
death [1]. Globally, about 20% of adults smoke cigarettes, resulting in approximately 100 mil-
lion deaths over the course of the 20th century [2]. Socioeconomic status (SES) has been con-
sidered an important determinant of smoking behaviors [3]. According to the theory of
diffusion of innovation, four stages of the smoking epidemic have been described [4, 5]. In the
first stage, smoking pervades the higher socioeconomic groups (innovators). During the sec-
ond stage, smoking spreads to the rest of the population, including the lower socioeconomic
groups (laggards). The third stage is characterized by the start of cessation in higher socioeco-
nomic groups, male dominance, and a rise in female smoking. Finally, in the fourth stage,
smoking declines among higher socioeconomic groups, but remains high among lower SES
[6]. Thus, effects of SES on smoking behaviors may differ across countries with different socio-
economic development levels. Empirical studies seem to support the theory hypothesis to
some extent. In most high-income countries (e.g. the USA, Canadian, Japan and Korea), the
prevalence of smoking was inversely related to social position [7-15]. In contrast, a positive
association between SES and tobacco use was found in some developing countries, such as
India, Thailand and Malaysia [16-23].

SES has different measures, including but not limited to education, income and occupation.
However, most studies focus on smoking disparities by education rather than other measures.
Although education is an important socioeconomic indicator, studies suggest other SES indi-
cators (e.g. occupation and income) may independently influence smoking [19,22]. Each of
these indicators may influence smoking behaviors through different mechanisms. For exam-
ple, education may reflect a person’s knowledge and ability to make health-conscious deci-
sions, including smoking behaviors [24]. Occupation, a measure of one’s position in the
socioeconomic hierarchy, is more closely connected with working conditions than other socio-
economic indicators [7]. Household income, indicating one’s possession of material resources,
may present access to tobacco and tobacco control interventions. Psychologically speaking, it
has been found that people may smoke to cope with stress induced by socioeconomic circum-
stances [8].

In addition, the relative importance of different SES measures may change over the course
of an individual’s life. Education, which is generally determined during adolescence and early
adulthood, might be a strong predictor of exposure to tobacco and smoking behaviors. In con-
trast, the relevance of income and occupation may increase for older adults, affecting cigarette
consumption levels and smoking cessation [9]. Recent studies conducted in the European
Union, Estonia, Thailand, and Malaysia found that education and income affected smoking
behaviors differentially [11,19].
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The various measures of smoking behaviors may play a role on the unique relationship with
SES. In addition to the prevalence rates of smoking, several studies employed information on
smoking initiation, cessation rates, and consumption levels to investigate smoking disparities
by SES [7]. The effects of SES on different smoking measures were found heterogeneous [20,
21]. Among well-educated Canadian citizens, smoking ratios decreased while cessation ratios
increased by education [25]. In Thailand, a higher level of education was found to be strongly
associated with smoking prevalence, but not associated with cigarette consumption. In Malay-
sia, however, higher income was strongly associated with having self-efficacy to quit but not
associated with the other smoking measures [21].

Given the variation in the association of SES and smoking behaviors across countries, it is
particularly interesting to examine the issue in China contexts. China, the leading country in
cigarette production and consumption, produced and consumed more than 30% of the world’s
total cigarettes in 2014 [26, 27]. Tobacco control policies in China are usually examined for the
national population as a whole and without a specific focus on socioeconomic inequalities.
This may come from the lack of comprehensive understanding of the SES differences in rela-
tion to smoking behaviors [7]. Therefore, it is necessary to identify high-risk SES populations
for smoking behaviors and track the patterns of tobacco consumption by SES. This informa-
tion may be helpful to tailor tobacco control policies in China.

In addition, the association between SES and smoking behaviors may differ by gender and
rural-urban areas. In the international literature, patterns of smoking disparities in SES were
found to differ by gender. Among European Union countries, income was related to smoking
for males but not for females.” In regard to smoking initiation in France, no educational gradi-
ent appeared in males, but there was a positive gradient in women [18]. In South Korea, SES
was inversely associated with smoking among both genders. In China, smoking behaviors
were predominantly driven by males. According to the 2013 wave of China Health and Retire-
ment Longitudinal Study (CHARLS), 74% of males were smokers, whereas only 8% of females
were smokers [1]. China was found to be one of the countries with the highest male-to-female
ratio of smoking prevalence. The CHARLS data also showed that urban residents reported
higher SES than rural residents. Therefore, it is also meaningful to examine the association
between SES and smoking behaviors by rural-urban areas in China.

According to our knowledge, no study has utilized various measures to compare multiple
SES differentials in smoking behaviors with nationally representative data in China [28-34].
Therefore, using the CHARLS national data, this study aims to estimate the relationship
between SES (including the income, occupation, and educational attainment) and smoking
behaviors among the Chinese population aged 45 and above. We further stratified our analysis
to examine the association of SES and smoking by gender and rural-urban areas. This may be
the first study to evaluate the effects of SES on multiple measures of smoking behaviors among
the under-studied elderly population in China.

Methods

Study design and data

This study used data from the 2013 wave of CHARLS, which is publicly available on the follow-
ing website: http://charls.pku.edu.cn/en. CHARLS is a nationally representative sample of Chi-
nese residents aged 45 and above. The cut-off age of CHARLS was chosen because 45 is the
minimum retirement age (the minimum age for receiving pension) in China [35]. For the pur-
poses of our study, the higher smoking prevalence among this sample made the population
attractive [36]. It covers approximately 10,000 households in 150 counties/districts (a total

of 450 villages/resident communities) and adopts the multi-stage stratified probability
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proportional to its size sampling technique. CHARLS is similar to the Health and Retirement
Study in the United States, the English Longitudinal Study of Aging in the United Kingdom,
and the Survey of Health, Aging and Retirement in Europe. The CHARLS questionnaire
includes the following modules: demographics, family structure, health status, functioning,
biomarkers, income, consumption, assets (individual and household), and community-level
information. Ethical consent was approved by the Institutional Review Board of Peking Uni-
versity, and informed written consents were obtained from the participants. After excluding
the observations with missing values, 17,495 individual observations were available for statisti-
cal analysis.

Measure of smoking behaviors

Smoking behaviors were measured by four indicators: smoking status, cigarette consumption,
health risks related to smoking, and smoking dependence. Each measure depicted different
phases of smoking behaviors. By using these measures together, we were able to obtain a com-
plete picture of overall smoking tendencies among respondents. Smoking status was classified
into two categories: smoker, and non-smoker. Smoker was classified as respondents who have
ever smoked or currently smoke. Cigarette consumption was defined as the number of ciga-
rettes an individual smoked per day, which was based on the responses to the following ques-
tion from the CHARLS questionnaire: “How many cigarettes do you smoke each day now?”
Moreover, log transformation of cigarette consumption was used for the analysis to minimize
skewness [37].

Health risks related to smoking were measured by smoking index, combining measures of
smoking intensity and duration. The smoking index was calculated using the number of ciga-
rettes smoked daily multiplied by the years of smoking. For instance, if an individual smoked
for 20 years and, on average, smoked a pack of cigarettes per day, his/her smoking index was
20%20 = 400. A person whose smoking index is equal to or greater than 400 is regarded as a
heavy smoker and considered to have a high risk for lung cancer [38]. Therefore, a dummy
variable was used to indicate high-risk smokers or not. The variable takes the value of 1 for
high-risk smokers and 0 for non-high-risk smokers.

In addition, some smokers try to quit smoking, but fail repeatedly. Nicotine dependence is
a great barrier to smoking cessation since smoking prevents and reduces nicotine withdrawal
symptoms [39-42]. Individuals addicted to smoking were identified as the most vulnerable
group to health risks associated with smoking. Thus, the last indicator was smoking depen-
dence, which was measured by the Heaviness of Smoking Index (HSI). In the CHARLS ques-
tionnaire, the only measure of nicotine dependence is the HSI. The HSI score is calculated
based on two items: the number of cigarettes smoked per day and the time of the first cigarette
after waking up, both taking values from 0 to 3. The number of cigarettes smoked per day was
recoded into an ordinal variable from 0 to 3 representing the level of smoking (0 = smoked
0-9 cigarettes per day; 1 = smoked 10-19 cigarettes per day; 2 = smoked 20-29 cigarettes per
day, 3 = smoked more than 30 cigarettes per day). The time of the first cigarette after waking
up was classified into 4 groups with 0 = more than 1 hour, 1 = within 31-60 minutes, 2 = with
6-30 minutes and 3 = within 5 minutes. These two items are then summed and as a result, the
value of the HSI ranges from 0 to 6 [43, 44]. Smoking dependence was then classified into
three ordered categories: 0, 1-3, and 4-6.

In the CHARLS survey, all smoking data was self-reported. Validation studies indicate that
self-reported measures of smoking behaviors are broadly reliable for adult and non-pregnant
populations, with no systematic socioeconomic biases in under-reporting [45, 46].
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Measure of SES

Our independent variables of interest consisted of three SES measures: income, occupation,
and educational attainment. They are the most commonly used SES measures in health and
smoking behavioral research [9, 47].

Household income per capita was used to measure income in our study and was captured
by several income questions in CHARLS [48]. The income questions pertained to labor
earnings such as wages and salaries or self-employment income, non-labor income including
interest, dividends, or rental income, private transfer income such as alimony or workers’
compensation and public transfer income such as unemployment insurance, welfare, social
security. Irregular income, such from stock options and capital gains, was not considered.
Family size was defined as a census subfamily, which includes all related individuals in a
household. Accordingly, the income was adjusted for family size by dividing it. Subsequently,
household income per capita was ranked and divided into three quintiles (high, middle and
low), with the low group as the reference group.

Occupation categories were coded from self-reported job descriptions. According to Erik-
son and Goldthorpe and Portocarero Class Categories, occupation was compressed to the fol-
lowing five categories for this study: managers and professionals, self-employed, agricultural
workers, manual workers, and unemployed, with unemployed as the reference group [49, 50].

Education was measured by a question referencing completed general or vocational educa-
tion. Educational attainment was attributed at five levels: no formal education, no formal edu-
cation but can read and write, elementary school, junior high school, and high school and
above. Four dummy variables were created for educational attainment, with no formal educa-
tion serving as the reference group.

Statistical analysis

We first conducted the descriptive analysis of the sample characteristics totally and separately
for those over the age of 45 by gender and urban-rural residence. To control for individual
demographic characteristics, multivariate regressions were then used to identify the associa-
tion between SES measures and smoking behaviors. According to CHARLS 2013, the large
variation in smoking behaviors was revealed by gender and SES differences by urban-rural res-
idence. As a result, regression models were fitted separately by gender and urban-rural
residence.

A nonrandom sample selection may occur because cigarette consumption, health risks
related to smoking, and smoking dependence may hinge on the decision to smoke (smoking
status). To address this issue, the sample selection model (SSM), a two-stage procedure that
addresses sample selection bias in the regression analysis, can be applied. The SSM estimates
the parameters in two stages with a selection equation and an outcome equation. The selection
equation predicts the influence of each independent variable on prevalence of the smoker, con-
trolling for individual demographic and SES factors and their father’s education. The father’s
education was classified into no formal education, no formal education but can read and write,
elementary school, and junior high school and above, with no formal education serving as the
reference group. The father’s education was found to be a determinant of smoking status but
did not significantly affect cigarette consumption levels [51]. Demographic variables included
age, gender, marital status, and urban or rural residence.

The outcome equation predicts cigarette consumption, health risks related to smoking, and
smoking dependence, conditional on the selection equation. When the error terms from these
two equations are significantly correlated, standard regression techniques applied to the
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outcome equation alone can yield biased results. As a result, the issue of selection bias needs to
be addressed [52].

To check the sample selection bias, the correlation in the error terms and the significance of
the t-ratio associated with the inverse Mills ratio (IMR) were tested. Based on the IMR test
result, the association of SES and cigarette consumption would be affected by the sample selec-
tion bias for males (IMR: 3.34; P: 0.014). Hence, the SSM was applied to evaluate the associa-
tion of SES and cigarette consumption for the male sample. However, sample selection bias
was not observed to influence the relationship between SES and other smoking measures.
Therefore, the ordinary least squares (OLS) and Logit or ordered Logit regressions were
applied for the smoker subsample to estimate the relationship between SES and health risks
related to smoking, and smoking dependence respectively. Odds Ratios (OR) with 95% Confi-
dence Intervals (CI) were reported for Logit / Ordered Logit regressions. Coefficients with
Standard Error (SE) were reported for OLS/SSM regressions. All statistical analyses were per-
formed using STATA 14.0.

Results
Characteristics of the survey respondents

Table 1 presents the descriptive statistics of the CHARLS 2013 sample. About 40% of the
respondents over the age of 45 identified themselves as smokers. The average number of ciga-
rettes smoked per day was 19, with a HSI score of 2.57. Additionally, 79% of them were consid-
ered to be at high health risk as measured by the smoking index.

Opverall, 48% of the respondents were male, and the average age was 59 years. The house-
hold income per year per capita was 7,631 CNY ($1,108 USD). About 15% of the respondents
were managers and professionals, 8% self-employed, 37% agricultural workers, and 23% man-
ual workers. Nearly half of those surveyed had no formal education and only 10% had high
school education or above.

It was found that 74% of males and 8% of females were smokers. On average, males and
females smoked 20 and 14 cigarettes daily respectively. There were 80% of males and 67%
of females with high health risks related to smoking. Compared to females, males reported
higher SES measured by a higher proportion of managers and professionals, higher household
income per capita, and educational attainment.

Smoking behaviors and SES were also different between urban and rural residents. As
expected, urban residents had higher SES than rural residents. In comparison with urban resi-
dents, rural residents had higher smoking prevalence (41% vs 37%), higher health risks (81%
vs 74%), and higher smoking dependence (2.74 vs 2.29).

Association between SES and smoking behaviors

Table 2 shows the association of SES and smoking status controlling for all other covariates by
Logit models among the middle aged and elderly Chinese population. Higher income and
being managers or professionals were positively associated with being a smoker for males,
whereas no significant association was found for females. Income and occupation had little
influence on smoking status both for urban and rural residents. Compared with respondents
with no formal education, those with no formal education but can read/write significantly
increased the smoking probability. Those with high school education or above decreased the
smoking probability regardless of their gender or residence.

Table 3 shows the association of SES and cigarette consumption by SSM or OLS models
among the middle aged and elderly Chinese population. The results showed that income was
insignificantly related to cigarette consumption. Compared with the unemployed, managers
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Table 1. Characteristics of the survey respondents, CHARLS 2013 (%).

Total Male Female Urban Rural
n=17,495 n = 8,389 n=9,106 n =7,042 n =10,453
Smoking behaviors
Smoking status
Smoker 39.66 73.84 8.17 37.42 41.17
Non-smoker 60.34 26.16 91.83 62.58 58.83
Cigarette consumption for smokers (Mean+SD) 19.00+12.57 19.61+11.64 13.92+12.64 18.47+12.49 19.32+12.62
Smoking Initiation for smokers (Age, Mean+SD) 22.77+8.92 22.30+8.09 26.68+13.29 22.52+8.92 22.92+8.91
High health risks related to smoking for smokers 78.51 79.84 67.43 74.41 81.02
Smoking dependence for smokers (Mean+SD) 2.57+1.96 2.57+1.94 2.56+2.12 2.29+1.89 2.74+1.98
Socio-economic status (SES)
Income
Household income per capita (CNY, Mean+SD) * 7631.42+11640.90 7735.60£11935.93 7536.89+11362.3 11285.12+14975.88 5170.14+7796.84
Employment Status
Unemployed 17.93 11.28 24.06 16.74 18.73
Manual workers 22.86 23.05 22.65 37.45 13.03
Agricultural workers 36.73 35.24 38.10 17.88 49.44
Self-employed 7.79 9.55 6.17 9.44 6.68
Managers and professionals 14.69 20.88 8.99 18.49 12.13
Education
No formal education 27.17 12.87 40.35 17.20 33.89
No formal education but can read/write 17.81 18.15 17.50 14.98 19.72
Elementary school 21.59 25.99 17.53 20.51 22.32
Primary school 23.18 29.78 17.10 29.88 18.67
High school and above 10.25 13.21 7.52 17.44 5.41
Demographic characteristics
Male 47.95 100 0 46.71 48.79
Age (Mean+SD) 59.03+10.13 59.55+9.73 58.56+10.47 58.93+10.26 59.10+10.04
Unmarried 12.71 9.27 15.88 12.31 12.98
Urban residence 40.25 39.21 43.21 100 0
Father’s education
No formal education 55.58 59.94 62.64 47.25 64.60
No formal education but can read/write 11.19 10.53 11.63 12.69 9.58
Elementary school 23.65 21.17 25.30 27.07 19.94
Primary school and above 9.58 8.35 10.4 12.99 5.89

21 USD = 6.88 CNY, 2017-01-31. Smokers include current and ever smokers. SD: Standard deviations.

https://doi.org/10.1371/journal.pone.0192571.t001

and professionals consumed more cigarettes by 0.09 and 0.17 in urban and rural areas respec-
tively. Those with a high school education or above significantly decreased cigarette consump-
tion for females and urban respondents by 0.05 and 0.23 respectively.

Table 4 presents the associations between SES and high health risks related to smoking by
Logit models among the middle aged and elderly Chinese population. Income was not related
to health risks. Compared to the unemployed, all employed groups had significantly higher
risks. For example, higher risks were found for managers and professionals among males,
urban and rural residents by 91%, 82% and 90%, respectively. Compared to those with no for-
mal education, lower risks were observed for those with high school education and above
among males, females, and urban respondents by 39%, 77%, 55%, respectively.
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Table 2. Association between SES and smoker using Logit model (non-smoker as reference): OR with 95% CI.

VARIABLES Male Female Urban Rural
OR OR OR OR
(95%CI) (95%CI) (95%CI) (95%CI)
Income (low level as reference)
Middle level 1.13 1.00 1.00 1.11
(0.98-1.30) (0.81-1.23) (0.80-1.26) (0.97-1.28)
High level 1.17** 0.88 1.09 1.02
(1.00-1.36) (0.69-1.11) (0.87-1.35) (0.87-1.20)
Occupation (the unemployed as reference)
Manual workers 1.15 0.84 0.91 0.86
(0.92-1.44) (0.64-1.11) (0.69-1.19) (0.67-1.10)
Agricultural workers 1.42%** 0.90 1.04 1.11
(1.16-1.74) (0.71-1.13) (0.78-1.39) (0.92-1.35)
Self-employed 1.18 0.63* 0.84 1.00
(0.91-1.52) (0.40-1.02) (0.60-1.18) (0.76-1.32)
Managers and professionals 1.46"** 0.66" 1.00 1.27
(1.15-1.85) (0.42-1.03) (0.73-1.37) (0.99-1.64)
Education (no formal education as reference)
No formal education but can read/write 1.37%** 1.23* 1.20 1.25%*
(1.10-1.70) (0.97-1.56) (0.89-1.64) (1.03-1.51)
Elementary school 0.98 1.09 0.98 0.92
(0.80-1.19) (0.85-1.41) (0.73-1.32) (0.76-1.10)
Primary school 0.92 0.76 0.88 0.87
(0.75-1.14) (0.55-1.07) (0.65-1.19) (0.71-1.07)
High school and above 0.75%* 0.62* 0.68** 0.79*
(0.59-0.95) (0.38-1.01) (0.49-0.94) (0.61-1.02)
N 8,389 9,106 7,042 10,453

Note: Demographic characteristics and father’s education were controlled.

Significance level:
#* p<0.01,

** p<0.05,

* p<0.10.

OR: odd ratio. CI: confidence interval.

https://doi.org/10.1371/journal.pone.0192571.t1002

Table 5 presents the associations between SES and HSI by Logit models among the middle
aged and elderly Chinese population. Although agricultural workers were more likely to report
higher HSI, there was no significant evidence supporting a relationship between smoking
addiction and having a higher income, being a manager or other working professional. Indi-
viduals with higher educational attainment were less likely to experience smoking dependence.
Compared to those with no formal education, smokers with high school education and above
were less likely to be addicted to smoking by 31%, 65%, 36% and 27% among males, females,
urban residents and rural residents, respectively.

Discussion

Using nationally representative data in China, our study estimated the association between
SES and smoking behaviors measured by smoking status, cigarette consumption, health risks,
and smoking dependence among the middle aged and Elderly Chinese population. Although
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Table 3. Association between SES and cigarette consumption using the sample selection model /OLS: Coefficient with standard error.

Income (low level as reference)
Middle level

High level

Occupation (the unemployed as reference)

Manual workers

Agricultural workers

Self-employed

Managers and professionals

Education (no formal education as reference)

No formal education but can read/write

Elementary school

Primary school

High school and above

N

Male Female Urban Rural
-0.25% 0.00 0.00 -0.03
(0.15) (0.01) (0.03) (0.03)
-0.08 -0.02 0.00 -0.01
(0.14) (0.01) (0.03) (0.03)
0.08 0.00 -0.03 0.02
(0.17) (0.02) (0.03) (0.04)
0.14 0.01 0.05 0.13***
(0.19) (0.01) (0.04) (0.03)
0.10 -0.03 0.01 0.13**
(0.23) (0.02) (0.05) (0.05)
0.32 -0.03 0.09** 0.17**
(0.22) (0.02) (0.05) (0.05)
0.19 0.00 -0.02 0.05*
(0.19) (0.01) (0.04) (0.03)
0.07 -0.01 0.00 -0.06%*
(0.19) (0.01) (0.04) (0.03)
0.32 -0.02 -0.04 0.01
(0.24) (0.02) (0.04) (0.03)
0.07 -0.05** -0.23*** -0.02
(0.29) (0.02) (0.04) (0.06)
8,389 9,106 7,042 10,453

Note: The Sample Selection Model was used for male, and OLS was applied for female, urban and rural respondents. Demographic characteristics were controlled.

Significance level:
% p<0.01,

** p<0.05,

* p<0.10.

https://doi.org/10.1371/journal.pone.0192571.t003

discrepancies were observed in the relationship between multiple measures of SES and smok-
ing behaviors, in general, China fit characteristics in the third or fourth stages of the smoking
epidemic model. Our results revealed a small or insignificant relationship between income and
smoking behaviors, and a significant gradient in multiple measures of smoking behaviors by
occupation and education.

First, although managers and professionals were more likely to smoke than unemployed
respondents in China, they were not more likely to develop smoking dependence. This asso-
ciation may be related to Chinese socio-cultural characteristics.[53] In Chinese society, ciga-
rettes are generally considered as popular gifts, and the gifting and exchanging of cigarettes
appears to be very common [54,55]. Gifting cigarettes may help build interpersonal relation-
ships through a number of daily interactions and social occasions [2,3]. The gifting of expen-
sive premium cigarettes may play an important role in displaying social position, and
facilitating business and government affairs [46]. Therefore, individuals with occupations
such as managers and professionals appear particularly prone to the cigarette-gifting norm
[56]. Since managers and professionals may only consider cigarettes as a means of social
communication, they may be at less risk of developing smoking dependence.
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Table 4. Association between SES and high health risk related to smoking using Logit model: OR with 95% CI.

Male Female Urban Rural
Income (low level as reference)
Middle level 0.89 0.86 0.91 0.88
(0.76-1.04) (0.50-1.45) (0.71-1.17) (0.73-1.07)
High level 0.95 0.94 0.91 0.97
(0.82-1.10) (0.55-1.59) (0.74-1.12) (0.79-1.19)
Occupation (the unemployed as reference)
Manual workers 1.30** 1.27 1.20 1.41**
(1.03-1.65) (0.71-2.27) (0.87-1.67) (1.03-1.93)
Agricultural workers 1.72%%* 1.57 1.49** 1.76***
(1.37-2.15) (0.88-2.83) (1.03-2.17) (1.36-2.28)
Self-employed 1.85%** 0.73 1.87*** 1.69***
(1.39-2.46) (0.19-2.74) (1.23-2.84) (1.19-2.40)
Managers and professionals 1.91%%* 1.09 1.82%** 1.90%**
(1.48-2.46) (0.40-2.98) (1.26-2.62) (1.39-2.60)
Education (no formal education as reference)
No formal education but can read/write 0.98 1.06 0.83 1.05
(0.78-1.22) (0.61-1.84) (0.56-1.23) (0.82-1.35)
Elementary school 0.93 1.05 1.02 0.87
(0.75-1.16) (0.56-1.95) (0.70-1.48) (0.68-1.11)
Primary school 0.85 0.81 0.82 0.85
(0.68-1.06) (0.38-1.71) (0.57-1.20) (0.66-1.10)
High school and above 0.61%** 0.23* 0.45*** 0.87
(0.47-0.79) (0.05-1.10) (0.30-0.68) (0.62-1.23)
N 6,194 744 2,635 4,303

Note: Demographic characteristics were controlled.
Significance level:

% p<0.01,

** p<0.05,

* p<0.10.

OR: odd ratio. CI: confidence interval.

https://doi.org/10.1371/journal.pone.0192571.t1004

Second, income was found to be small or even insignificantly related to smoking behaviors
in China. Studies from high-income countries revealed that the independent effect of income
was less pronounced or absent, but indeed occurred in low-income countries and some mid-
dle-income countries [57-59]. A possible explanation is that cigarette consumption only
accounts for a small share of an individual’s disposable income in high-income countries but a
large share of income in low-income countries. Therefore, in high-income countries, budget
concerns may not force individuals to reduce cigarette consumption or quit smoking. In
China, household income has grown considerably faster than expenditure on cigarettes in
recent years. From 1990 to 2005, the growth of household income was nearly three times
greater than cigarette expenditure, and the ability to pay for cigarettes has doubled [60]. In
addition, high-income individuals are more prone to increased work-related stress, which
could be overbearing. As a result, there is a chance that high-income individuals may cope
with job-related stress by smoking [61]. Job stress may cushion the potential favorable effects
of income on smoking. These findings may explain why income had little influence in smok-
ing behaviors in China.
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Table 5. Association between SES and Heaviness of smoking index using ordered Logit model: OR with 95% CI.

Male Female Urban Rural
Income (low level as reference)
Middle level 1.01 1.00 1.18 0.92
(0.89-1.14) (0.71-1.41) (0.96-1.44) (0.79-1.06)
High level 0.96 0.83 1.00 0.90
(0.86-1.09) (0.59-1.17) (0.84-1.18) (0.77-1.05)
Occupation (the unemployed as reference)
Manual workers 1.01 1.17 0.98 1.16
(0.83-1.22) (0.81-1.71) (0.76-1.27) (0.91-1.47)
Agricultural workers 1.36*** 1.46* 1.46** 1.40%**
(1.13-1.63) (1.00-2.13) (1.08-1.98) (1.15-1.71)
Self-employed 1.15 0.63 1.12 1.11
(0.91-1.45) (0.31-1.30) (0.81-1.57) (0.84-1.48)
Managers and professionals 1.00 0.77 0.96 1.05
(0.82-1.22) (0.41-1.44) (0.72-1.29) (0.84-1.32)
Education (no formal education as reference)
No formal education but can read/write 0.94 1.01 0.98 0.95
(0.79-1.12) (0.69-1.47) (0.71-1.34) (0.79-1.14)
Elementary school 0.82** 0.91 0.95 0.80"
(0.69-0.97) (0.62-1.33) (0.71-1.27) (0.67-0.96)
Primary school 0.73*** 0.72 0.87 0.68"**
(0.62-0.87) (0.41-1.26) (0.65-1.18) (0.56-0.83)
High school and above 0.59%** 0.35%** 0.54%** 0.73**
(0.48-0.72) (0.16-0.75) (0.39-0.75) (0.57-0.95)
N 6,194 744 2,635 4,303

Note: The Heaviness of Smoking Index was classified into three ordered categories: 0, 1-3, and 4-6. Demographic characteristics were controlled.
Significance level:

% p<0.01,

** p<0.05,

* p<0.10.

OR: odd ratio. CI: confidence interval.

https://doi.org/10.1371/journal.pone.0192571.t1005

Third, in accordance with the findings from high-income countries, our results indicate
that individuals with less education exhibit a greater degree of smoking behaviors. The associa-
tion of education and smoking behaviors may be mediated by health knowledge. It is well
known that education is a robust determinant of health awareness [62]. Exposure to health
education improves understanding of the association between health behaviors and outcomes,
positively contributing to healthy behaviors [63]. There is plenty of evidence supporting the
viewpoint that higher educational levels and better health knowledge can promote healthy
behaviors [64]. Furthermore, less educated individuals may be less responsive to health pro-
motion, receive less information about the consequences of smoking, and have limited access
to cessation services [65].

Our findings also indicated that in China, education displayed a stronger relationship with
smoking than income. Similar relationships were also found in European Union data [19].
Huisman et al. provided several explanations for this phenomenon. Education, instead of
income, provides individuals with more health knowledge, and prevents them from coping
with adverse events related to smoking [19]. In addition, because school performance is
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associated with smoking initiation and socioeconomic status during early life, it is a decisive
period for future smoking status. In general, educational levels were found to be an indicator
of future smoking status [66, 67]. Thus, education can reflect these effects more accurately
than income.

Furthermore, smoking patterns in SES differed by urban and rural residence. No significant
difference in cigarette consumption and smoking-related risks was observed between respon-
dents with high school education and above or those with no formal education in rural areas.
Conversely, urban residents with high school education and above were likely to have lower
cigarette consumption and health risks related to smoking. These differential smoking patterns
in SES may be due to the educational background among rural or urban residents. Compared
to urban residents, educational attainment was significantly lower in rural areas. Additionally,
17% of middle aged and elderly urban respondents had a high school education or above,
whereas only 5% of rural counterparts had a similar education level. As a result of the small
proportion in rural areas, respondents with a high school education or above were more likely
to be exposed to a smoking environment and obtain an insignificant difference in cigarette
consumption by education.

The comparison of smoking patterns in SES by gender were more complex. We found that
males were more likely to smoke and have health risks if they had a higher income or worked
as a manager or other professional. Conversely, their female counterparts were observed to be
insignificantly or negatively associated with smoking and related health risks. In addition,
females with high school education or above smoked fewer cigarettes than other groups, how-
ever this association was not found for males. The Chinese socio-cultural characteristics might
be a major factor in the large discrepancy between males and females. Although the Chinese
society has been influenced by the western culture during past decades, it remains quite con-
servative and rooted into the traditional Confucian culture. The Chinese society is quite toler-
ant to male smoking but not female smoking [68]. Females with higher SES may be more
sensitive to social norms against smoking, and more likely to be exposed to smoking restric-
tions and social pressures at their workplace [69,70].

Opverall, our findings highlight the comprehensive approaches to smoking reduction and
cessation. First, to reduce the smoking prevalence among managers and professionals, social
culture and attitudes toward gifting cigarettes should be improved. Policies that make cigarette
packaging less attractive would probably reduce the value of cigarettes for gifting. Second, due
to the negative association between individual education and smoking behaviors, tobacco con-
trol policies should focus on populations with a low level of education in China. To break the
link between educational disadvantage and smoking status, tobacco control policies should
pay more attention on enhancing health literacy and anti-smoking education initiatives.
Third, the tailored interventions should target smoking characteristics of different SES groups.
The tailored interventions may include the improvement of awareness regarding social norms
of tobacco control for low-income females, and offering social support for rural residents.
Therefore, the tobacco control policies should not only address individual behaviors, but also
mitigate broader inequalities in educational opportunities and cultural backgrounds [71].

Contributions and limitations

The study makes three major contributions to the existing literature. Primarily, this is the first
study that evaluates the effects of SES on smoking behaviors in the under-studied middle aged
and elderly Chinese population using nationally representative data. Most evidence about the

effects of SES on smoking has been derived from data reported in developed countries. Given

the low levels of tobacco consumption in developed countries, the estimations may not be
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valid in developing countries. On the other hand, the macroeconomic environment and edu-
cation levels of the population in China are drastically different from those of developed coun-
tries. Thus, investigating these relationships in China and comparisons to the developed
countries may be insightful.

Second, different indicators of SES and smoking behaviors were included in the study.® The
current literature generally estimated only single measures of SES or smoking behaviors, such
as smoking prevalence rates by educational level. This study evaluated the effects of SES
(income, occupation and education) on various measures of smoking, including smoking
dependence. A comprehensive understanding of the socioeconomic determinants of smoking
behaviors would support the tailored interventions by SES to reduce unhealthy smoking habits.

Third, cigarette consumption, health risks, and smoking dependence may be a non-random
sample of all respondents if SES variables affect the decision to smoke. As a result, the OLS or
Logit model may produce biased results in the sample of smoking accumulation. In our study,
the SSM model was used to adjust for the selection bias.

The interpretation of our results is subject to the current study’s limitations. First, the evi-
dence that relates SES to smoking behaviors is restricted in the cross-sectional study and
among Chinese aged 45 and above. A Longitudinal study aiming to examine trends in the
association between SES and smoking behaviors targeting whole Chinese population would be
more valuable, and would accurately determine the stage in the smoking epidemic model. Sec-
ond, qualitative research is recommended to understand the reasons for smoking patterns by
SES. Our study showed that reducing the current high smoking prevalence among men with
low SES is an important public health goal in China. Achieving this goal will require more
knowledge regarding how SES influences smoking behaviors.

Conclusions

Our study adds to the growing body of literature on the relationship between SES and smoking
behaviors, and found discrepancies in the relationship between multiple measures of SES and
smoking behaviors. Although we detected a small or insignificant relationship between income
and smoking behaviors, a significant gradient in multiple measures of smoking behaviors by
occupation and education were observed among the middle aged and elderly Chinese populai-
ton. Individuals with less education exhibit a greater degree of smoking behaviors. Managers
and professionals were more likely to smoke than the unemployed, but there was no significant
relationship with smoking dependence. Furthermore, gender and urban-rural differences
were found in the relationship between SES and smoking behaviors. Accordingly, our study
suggests China’s tobacco control policies should mitigate inequalities in education, improve
the social culture of cigarettes, and tailor interventions based on the characteristics of the
population.
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