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Abstract

Introduction: Socio-economic inequalities in smoking and related health problems are a public health
concern worldwide. To support the development of effective tobacco control policies, this study examines
trends in smoking rates according to socio-economic status (SES) in China.

Methods: We analysed data from repeated cross-sectional China Health and Retirement Longitudinal
Study (CHARLS) on adults aged > 45 years for the years 2011 and 2018, which involved 16,471
participants in 2011 and 19,367 in 2018. We then estimated the SES of individuals based on four types of
wealth-related variables, namely, education, occupation, household characteristics and durable consumer
goods. Principal-component analysis was conducted to measure SES, and the Erreygers normalised
concentration index (ECI) was used to calculate socio-economic inequality in current smoking by gender,
age and region.

Results: The overall ECI (95% confidence interval) for women was —0.042 (—0.054 to —0.031) and —0.038
(—0.047 to —0.029) for 2011 and 2018, respectively. The ECI (95% confidence interval) for men was
—0.077 (—0.101 to —0.050) and —0.019 (—0.042 to 0.005) for 2011 and 2018, respectively. The inequality in
smoking by SES for adults aged < 60 years in the Northeast region increased during 2011-2018, from
—0.069 (-0.144 to0 0.006) to —0.119 (—0.199 to —0.038) for women and from 0.009 (—0.115 to 0.132) to
—0.164 (—0.296 to —0.032) for men.

Conclusions: smoking inequality by socio-economic among adults aged > 45 years declined in recent
years in China. However, smoking inequality by SES increased in other population groups.

Implications: Our research indicated that socio-economic inequality of current smoking among residents
aged 45 years and older declined in 2018 when compared with 2011 numbers, particularly for men aged
> 60 years. Women in the Northeast region displayed more significant smoking inequality by SES than
women in other regions did. During the study period, there was an increase in inequality in smoking by
SES for adults aged < 60 years in the Northeast region. Thus, tobacco control policies and interventions
should be targeted at high-risk subpopulations with lower SES, particularly in Northeast China.
Keywords: China, Erreygers normalised concentration index, inequality, middle-aged and older adults,

smoking
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Introduction

Smoking is a significant risk factor for many preventable diseases, such as cardiovascular and
respiratory diseases and more than 20 different types of cancer.! In 2015, smoking resulted in 6.4 million
deaths worldwide and was one of the five major risk factors for disability-adjusted life years in 109
countries and territories in reports of the World Health Organization.” China is both the world’s largest
tobacco manufacturer and consumer, accounting for 33% of the global tobacco production and 40% of
global tobacco consumption.® The number of Chinese smokers was 316 million in 2015, almost 33% of the
world’s smoking population.* Recently, China has embarked on a massive campaign to control tobacco
use, including 19 cities with comprehensive smoke-free laws and expanded smoking cessation services.’
However, significant challenges remain to meet the 2030 Healthy China goal of reducing smoking
prevalence to 20% and to identify disadvantaged groups more vulnerable to tobacco use and multiple
inequalities, necessary for the development of precise and effective smoking prevention policies.
Addressing health inequalities is a particularly significant aspect because they can reinforce gaps in
income and wealth, which leads to a vicious cycle of health poverty traps. Poor health due to smoking can
result in reduced economic productivity, bankruptcy of households and impoverished families.®

The prevalence of smoking is often more concentrated among the population with lower socio-
economic status (SES).”® smoking inequality by SES may lead to economic and health burdens among
those with low SES. Reducing smoking inequality by socio-economic is a public health concern
worldwide; it may play a significant role in reducing health inequity and is conducive to health globally.™
smoking inequality by SES occurs due to multiple mechanisms, such as lack of social cohesion and
psychological and financial strain.™“*? Tobacco control interventions have predominately focused on
modifying individual-level tobacco-related perceptions, attitudes, and exposures, including motivation to
quit and knowledge about the harms of smoking or modification of exposure to smoking cues through
smoking bans and advertising.> However, the equity impacts of these tobacco control interventions are
less clear: only price/taxation policies demonstrate consistent evidence of equity-positive impacts." While
tobacco control efforts have reduced smoking prevalence globally, tobacco control policies may not reduce
inequality in smoking prevalence by SES. For example, mass media health education is associated with

14-16

greater decreases in smoking among higher SES populations. Likewise, smoke-free rules are more

likely to be implemented in professional rather than manual workplaces; similarly, smoke-free rules in
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public places are less likely to be enforced in disadvantaged compared to higher income areas; similarly,
smoke-free rules in public places are less likely to be enforced in disadvantaged compared to higher

income areas.}” %

To identify the measures most likely to reduce smoking inequality, it is necessary to
continuously monitor the status of tobacco control and inequality in smoking to support the development
of evidence-based tobacco control policies that reduce inequality.'

The relationship between SES and smoking prevalence varies across regions and times in China. Two
perspectives can be attributed as reasons. On the one hand, economic growth and rising incomes have

increased access to tobacco products. 2%

In other words, tobacco is becoming increasingly affordable
across social strata over time, which could exert a greater impact on people with low levels of income or
education.”® By contrast, the types and availability of control measures for tobacco may vary by region and

time, which leads to differential impacts on vulnerable populations.***’

For example, tobacco restrictions
in the workplace are higher in the north and east of China, whereas smoking in public places is more
common in the west, central and far northeast places.** Although previous studies reflected the socio-
economic inequality of smoking behaviour in China, only a few studies have examined smoking inequality
trends over time.?>?>?® Furthermore, the country is geographically divided into a more developed East
China and a less developed Middle and West China. The analysis of the prevalence of smoking stratified
by region (East, Middle, West and Northeast) will improve the understanding of the socio-economic
gradient of smoking in different areas of China. Changes in smoking prevalence over time among different
SES subgroups will provide valuable information on the impacts of national measures for national tobacco

control on health inequality and for the future development of tobacco control policies in the direction of

health equity.

Methods

Data sources and sample selection

We used data from the 2011 and 2018 cross-sectional surveys from China Health and Retirement
Longitudinal Study (CHARLS), a nationally representative longitudinal study of adults aged > 45 years
conducted by the China Centre for Economic Research at Peking University.” Samples were selected using
a multistage probability proportional-to-size sampling technique, stratified by regions urban districts or
rural counties, and per capita gross domestic product in that order. The sample covered 150 county-level

units, 450 village-level units and 17,708 individuals from 10,257 households across 28 provinces. The
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response rate for the survey was 80.5%.%"%

The CHARLS baseline survey was launched in 2011, where
sampling was conducted every 2 or 3 years. Face-to-face interviews were conducted to collect information
on socio-demographic characteristics and self-reported smoking status. The questionnaire provided
information about socio-demographic status, health care and status, cognition and depression, work
retirement and property status.” After excluding invalid and missing data, the number of adults aged

> 45 years enrolled in the CHARLS study was 16,471 in 2011 and 19,367 in 2018, including 12,652
individuals who participated in the 2011 and 2018 surveys. The invalid and missing values rate of this

study was 4.5%. All analyses were weighted using individual weights adjusted for non-response to obtain

robust results.

Ethics approval and consent to participate

The Biomedical Ethics Review Committee approved CHARLS for Peking University in January 2011
(approval number: IRB00001052-11015). All participants provided informed consent before interviews.
We requested approval from the CHARLS Team for this study and received anonymous participant data.*
All study procedures were approved by the Ethics Committee of Wuhan University of Science and

Technology (approval number: 202063).

Measurements

The SES of individuals may be defined according to several variables, such as education, income,
occupation, durable consumer goods and household characteristics.*** In this study, we used wealth
(durable consumer goods and household characteristics) as a proxy for income for two reasons: (1) the
number of missing values for income was substantial, and (2) in developing countries, it is frequently
difficult to measure income accurately because of its volatility.* It is well documented that wealth
represents longer-term economic status than income or consumption.***® However, the wealth index may
be an inadequate measure of SES if education and occupation are omitted.*’

Thus, this study used four types of wealth-related index variables to represent the SES of the participants:
(1) education, (2) occupation, (3) household characteristics and (4) durable consumer goods. Out of the
four variables, education was classified as no formal education, primary school, middle school and high

school and above. Occupation was categorised as either agricultural or non-agricultural. Household
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characteristics included improved or unimproved material, number of bedrooms, having a toilet,
electricity, tap water, heating, bath facility, coal gas or natural gas, telephone and Internet connection.
Durable consumer goods included owning an automobile, electric bicycle, motorcycle, fridge, washing
appliance, television, computer, sound system, video camera, camera, air conditioner, mobile phone,
furniture, musical instrument, valuable decorations, jewellery or precious metals and collectibles or artistic
works.

To measure the SES with the wealth-related index variables, we used principal-component analysis, a
standard factor analysis method to reduce a series of variables into a single index.* Based on wealth-
related index variables, principal-component analysis computes several components. Only the first
component can represent the SES because the top part of variance was explained by it (61.86% in 2011
and 61.79% in 2018).%**° Based on the first component, the participants were classified into five SES
quintiles, with Quintile 1 including the lowest 20% and Quintile 5 the highest 20%. Analysis of SES in our
study was conducted for each year.

Participants were stratified by gender (women, men), age (< 60 y and > 60 y) and region (East,
Middle, West and Northeast). The East region includes Shanghai, Beijing, Tianjin, Shandong, Guangdong,
Jiangsu, Hebei, Zhejiang and Fujian; the Middle region includes Anhui, Shanxi, Jiangxi, Henan, Hubei and
Hunan; the West region includes Yunnan, Sichuan, Guangxi, Mongolia, Xinjiang, Gansu, Guizhou,
Chongging, Shaanxi and Qinghai; and the Northeast region includes Jilin, Liaoning and Heilongjiang.

In the CHARLS, smokers were defined as those who smoked more than 100 cigarettes over a lifetime
and were classified as current and former smokers according to the following question: Do you still have

the smoking habit or have you quit?

Statistical analysis

We used concentration curve and concentration index to estimate the smoking inequality by SES. The
concentration curve plots the cumulative percentage of the current smoking (y axis) against the cumulative
percentage of the population, ranked by their SES from lowest to highest (x axis).*’ The diagonal 45° line
in the concentration curve plot is defined as the line of equality, which indicates the lack of association
between SES and smoking. If the curve is above the line of equality, it indicates that the current smoking

rate is higher among the population with lower SES. The curve that lies below the line of equality indicates
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that the relatively more affluent population has a higher rate of current smoking.®
The concentration index (C) is defined as double the area between the concentration curve and the
line of equality, which quantifies the degree of smoking inequality by SES, as shown in the following

equation:

2
C(y) = a Cov(yi. Rl)

where y; represent the health variable of individuals, u is the mean of y, and R; is the fractional ranking of

individual SES.*! The value of concentration index ranges from —1 to 1 under the assumption that a

negative (vs. positive) value suggests the health outcome as concentrated among people with lower (vs.
higher) SES. However, for the binary health variable, the concentration index ranges from u-1-1 —u. We

used the Erreyger’s method to estimate the normalised concentration index (ECI) ranging from —1 to 1,

because current smoking is a binary outcome.*? The ECI is defined in the following equation:

ECI = 4 xu* Cpy,
where the C,,y is the generalised concentration index, and the . is the mean of the health outcome.*

Results

Table 1 shows the participant characteristics by SES. The gender distribution among samples was
51.68% women versus 48.32% men for 2011 and 51.36% women versus 48.64% men for 2018. The
proportion of participants aged < 60 years decreased from 55.5% in 2011 to 43.5% in 2018, and the
proportion of those aged > 60 years increased from 44.5% in 2011 to 56.5% in 2018. This change in age
distribution over time was due to the ageing of individuals who participated in the 2011 and 2018 surveys.
Generally, the SES was lower among older adults and residents in the West region. During the study
period, the proportion of participants with lower SES increased, whereas that with high levels of SES
decreased in the Northeast region.

Supplementary Table 1 shows the age-adjusted prevalence of current smokers by gender and region
for 2011 and 2018. The current smoking rate was much higher for men than it was for women; 50.3%
versus 5.5% in 2011 and 50.0% versus 4.4% in 2018. Significantly, the current smoking rates among
women in Northeast China (14.5% in 2011 and 13.2% in 2018) were much higher than they were in other

regions (4.3%-5.4% in 2011 and 3.3%-4.1% in 2018). The rate of current smoking in 2018 tended to be
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lower than that in 2011 although 95% confidence intervals indicate that the differences in smoking
prevalence between 2011 and 2018 were statistically non-significant in general.

Figure 1 presents the change in age-adjusted prevalence of current smokers by SES quintile and
gender in 2011 and 2018. The current smoking rates for women in 2018 were lower than they were in 2011
in all SES quintile groups. For the prevalence of current smokers among men, a curve with a steep slope
indicated much higher smoking prevalence in lower-SES subgroups in 2011, and a relatively more flat
curve implies reduced differences in smoking prevalence across SES subgroups in 2018 (Fig. 1). The
smoking rates in men decreased in low-SES subgroups and increased in high-SES subgroups in 2018 when
compared with the corresponding rates in 2011.

Figure 2 presents the concentration curves for current smoking by gender in 2011 and 2018. For
women, the concentration curves were clearly above the line of equality, which indicates the existence of
smoking inequality by SES. The concentration curves for 2011 and 2018 were close to each other and
suggested no significant change in SES inequality in current smoking over time. Although the
concentration curves for men were also above the line of equality in both 2011 and 2018, the concentration
curve shifted considerably closer to the line of equality in 2018, which indicated the decline of SES
inequality in current smoking in men.

Table 2 presents the ECI estimates by gender, region and age for 2011 and 2018. The overall ECI
(and 95% confidence interval) for women were —0.042 (—0.053 to —0.031) in 2011 and —0.037 (—0.046 to
—0.028) in 2018. The ECI and 95% confidence intervals for men were —0.076 (—=0.101 to —0.050) in 2011
and —0.018 (—0.042 to 0.005) in 2018. Because the 95% confidence interval overlaps with the line of
equality, the ECI for men in 2018 was statistically non-significant (P > 0.05).

For women and men, adults aged > 60 years had a higher SES inequality of current smoking in 2011.
However, the inequality in smoking by SES for adults aged > 60 years declined in 2018 when compared
with the corresponding inequality in 2011, whereas no significant changes were noted for adults aged
< 60 years over time. Particularly, the overall ECI for men aged > 60 years declined from —0.131 (—0.168
to —0.094) in 2011 to —0.041 (—0.072 to —0.010) in 2018.

Women in the Northeast region displayed higher levels of smoking inequality by SES than women in
other regions did (Table 2). The smoking inequality by SES for women aged < 60 years in the Northeast

region increased from —0.069 (—0.144 to 0.006) in 2011 to —0.119 (=0.199 to —0.038) in 2018. The
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increase in smoking inequality by SES for men aged < 60 years in the Northeast region was particularly

considerable, that is, from 0.009 (—0.115 t0 0.132) in 2011 to —0.164 (—0.296 to —0.032) in 2018.

Discussion

Our research explored the trend in socio-economic inequality of smoking among residents aged 45 years
and older in China. This study shows that the SES inequality of current smoking declined in 2018 when
compared with 2011, especially for men. Previous research found higher levels of smoking prevalence
among smokers who were less educated and with lower SES, engaged in a lower-ranking occupation or
lived in a disadvantaged area.®** Our estimated ECIs in 2018 showed negative values for both women and
men, suggesting that smoking behaviour is still concentrated among adults with lower SES.
The prevalence of current smoking among men was much higher than that among women in China, and
similar patterns in smoking prevalence have been documented in other Asian countries.® Our study showed
that the current smoking rate had a decreasing trend among those with lower SES. The decline of SES
inequality in current smoking could be attributed to the tobacco control policy in China. Some research
indicated that increasing the price of tobacco products reduces smoking inequality by SES because the
impact of price increase on smoking behaviour is larger for individuals with lower SES.*"** The tobacco
tax in China is at a low level when compared with other countries, with the growth of gross domestic
product making cigarettes more affordable over time.**® To strengthen the tobacco control policy in
China, the tobacco excise tax was raised in 2009, leading to an increase in the retail price of cigarettes by
3.4% (US$0.98 to US$1.01).*"® In 2015, the tobacco excise tax was raised again—the fourth significant
national tobacco tax reform since 1994. The retail price of cigarettes has increased by 11% (US$11.6 to
US$12.8) on average, with that of the least expensive type of cigarettes brands increasing by 20%
(US$0.38 to US$0.45) from 2014 to 2016.*° Substantial evidence has shown that raising the tobacco tax
was the most effective tobacco control policy instrument in China.*®

Our study found that all subpopulations had a decrease in SES inequality of current smoking, except
the Northeast regional population, especially among the middle-aged population, as well as middle-aged
men in the Middle and West regions. For middle-aged men in Middle and West China, the increase in SES

inequality indicated that the distribution of current smoking shifted to people with lower SES. A previous
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study showed a consistent pattern in which a less developed region had an increasing trend in current
smoking among younger men.® For the smoking inequality by SES among Northeast adults, a possible
reason is that the development speed of the Northeast region was relatively slow when compared with
other regions in 2018 and when compared with those in 2011, which resulted in the decline of SES for
adults in the Northeast region. Previous research showed that the extent of SES inequality of tobacco
expenditure was more significant in less developed regions, in which the concentration of tobacco
expenditure was among those with lower SES.**

In 2018, the Northeast region participants with lower SES had a higher prevalence of current smoking
than that for corresponding participants in other regions, for both men and women. The highest SES
inequality in all subpopulations was among the Northeast region’s middle-aged men, which indicates a
higher current smoking rate among men with lower SES. This may be due to the increased prevalence of
current smoking among the Northeast region’s men, with a significant rise among the more impoverished.
Previous findings showed that the Northeast region’s residents had a higher prevalence of current smoking
among women. These findings were consistent with our study results.”*>® Although smoking in public

places might harm public health through passive smoking,****

many people in the Northeast region did not
support the total ban on smoking in public places.®® Therefore, tobacco control policies need to pay
increased attention to health problems among the Northeast region’s population with low levels of SES.

The strength of this study is that it is the first to show the trends of socio-economic inequality in
current smoking among residents aged 45 years and older in China. We estimated the smoking inequality
according to four SES components of the wealth-related index: education, occupation, household
characteristics and durable consumer goods. This study also had some limitations. First, self-reported
prevalence of smoking may result in recall bias, and the participants excluded due to missing data may
result in error. Second, our study only presented the trends of socio-economic inequality in current

smoking rather than other smoking behaviours, such as initiation, cessation and dependence. Third, our

study did not further analyse the determinants of disparities in smoking behaviours.
Conclusions
SES inequality of current smoking among residents aged 45 years and older declined in 2018 when

compared with that in 2011, which is particularly notable for men aged > 60 years. Women in the

Northeast region exhibited high levels of smoking inequality by SES when compared with women in other
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regions. During the study period, there was an increase in the smoking inequality by SES for adults aged
< 60 years in the Northeast region. Tobacco control policies and interventions should be targeted at high-

risk subpopulations with low levels of SES, particularly in Northeast China.
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Figure 1. Change of age-adjusted prevalence of current smokers by socio-economic status and gender in
2011 and 2018.
Figure 2. Concentration curves for socio-economic status (SES) inequality in current smoking by gender

in 2011 and 2018.
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Table 1. Socio-demographic Characteristics of Participants in 2011 and 2018

Year (Participants [N]) Variables

%

Socio-economic Groups (%) by Quintile

1 2 3 4 5
(Lowest) (Highest)
2011 (16 471)
Women 51.68 20.26 20.75 20.09 1966 19.23
Gender
Men 48.32 19.73 19.19 19.89 2037 20.82
<60 55.45 13.66 1890 20.84 21.77 24.83
Age (years)
> 60 4455  27.89 21.37 1895 17.80 13.99
East 3458 13.49 1561 18.06 22.80 30.04
Middle 26.82 20.80 19.96 2227 2116 1582
Region
West 3047 2731 25.10 20.25 1572 11.63
Northeast 8.13 17.75 19.69 19.77 2034 2245
2018 (19 367)
Women 51.36  22.43 2046  20.14 19.05 17.92
Gender
Men 48.64 17.44 1951 1985 21.00 2220
<60 43.41 9.03 16.37 2050 24.77 29.32
Age (years)
> 60 56.59 28.42 22.78 19.62 16.34 12.85
East 33.83 15.14 16.07 19.34 2196 27.49
Middle 27.14  19.40 18.04 20.66 2298 18091
Region
West 31.34 26.28 2442 20.13 1557 13.60
Northeast 7.69 17.97 26.12 20.05 18.88 16.98

Note. in the % column and the Socio-economic Groups (%) by Quintile column, these figures refer to a

percentage.
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Table 2. Erreygers Normalised Concentration Indexes (ECI) by Gender and Region for Current Smoking

in 2011 and 2018
ECI (95% Confidence Interval)
Age
Gender Region 2011 2018
(Years)
Women East <60 —0.017 (=0.039 to 0.004) —0.021 (—0.040 to —0.001)
>60 —0.055 (-0.092 to —0.019) —0.047 (-0.071 to —0.024)
all —0.046 (—0.066 to —0.027) —0.045 (-0.061 to —0.029)
Middle <60 —0.023 (-0.041 to —0.004) —0.014 (=0.032 to 0.004)
>60 —0.042 (-0.076 to —0.008) —0.022 (—0.047 to 0.002)
all —0.042 (-0.061 to —0.024) —0.03 (—0.045 to —0.014)
West <60 —0.024 (—0.045 to —0.003) —0.011 (—0.029 to 0.007)
> 60 —=0.036 (—0.065 to —0.007) —0.017 (—0.038 to 0.003)
all —0.033 (—0.050 to —0.015) —0.019 (—0.032 to —0.005)
Northeast <60 —0.069 (—0.144 to 0.006) —0.119 (=0.199 to —0.038)
> 60 —0.187 (=0.294 to —0.080) —0.133 (—0.212 to —0.054)
all —0.128 (—0.191 to —0.066) —0.130 (—0.186 to —0.073)
Total <60 —0.023 (—0.035 to —0.010) —0.024 (-0.036 to —0.013)
> 60 —0.066 (~0.100 to —0.032) —0.034 (—0.047 to —0.020)
all —0.042 (—0.053 to —0.031) —0.037 (—0.046 to —0.028)
East <60 —0.106 (—0.166 to —0.046) 0.008 (=0.058 to0 0.075)
Men > 60 —0.086 (~0.154 to —0.018) 0.005 (=0.050 to 0.060)

—0.076 (—0.121 to —0.031)

0.028 (—0.015 to0 0.070)
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Middle <60 ~0.052 (—0.117 t0 0.012) ~0.099 (~0.165 to —0.033)
> 60 ~0.140 (—0.208 to —0.072) ~0.039 (~0.096 to 0.018)
all ~0.066 (~0.113 to —0.019) 0.009 (~0.035 to 0.053)
West <60 0.006 (~0.055 to 0.067) ~0.087 (~0.149 to —0.024)
> 60 ~0.162 (~0.226 to —0.099) ~0.076 (~0.129 to —0.022)
all ~0.064 (—0.108 to —0.019) ~0.048 (~0.089 to —0.007)
Northeast <60 0.009 (-0.115 to 0.132) ~0.164 (~0.296 to —0.032)
> 60 ~0.148 (~0.292 to —0.003) ~0.091 (-0.211 to 0.029)
all ~0.052 (—0.146 to 0.042) ~0.091 (~0.18 to —0.001)
Total <60 ~0.046 (~0.066 to ~0.027) ~0.067 (~0.103 to —0.031)
> 60 ~0.131 (~0.168 to —0.094) ~0.041 (~0.072 to —0.010)

~0.076 (~0.101 to —0.050)

~0.018 (~0.042 to 0.005)
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Figure 1

Downloaded from https://academic.oup.com/ntr/advance-article/doi/10.1093/ntr/ntac158/6619283 by University of East Anglia user on 04 July 2022
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Figure 2

Downloaded from https://academic.oup.com/ntr/advance-article/doi/10.1093/ntr/ntac158/6619283 by University of East Anglia user on 04 July 2022
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