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Abstract
Introduction
Cigarette smoking is usually more prevalent among those with a lower socioeconomic status (SES), which can be driven by inequalities in the initiation and cessation of smoking, giving rise to SES disparities in health. This study aimed to gauge the SES inequalities in smoking related behaviours and their evolving trends based on a nationally representative database.

Method
Data were extracted from repeated cross-sectional China Family Panel Studies (CFPS) of adults aged ≥18 and <60 years in 2012, 2014, 2016 and 2018. SES was constructed by principal component analysis based on income, education and occupation. Regression-based odds ratios and coefficients as the relative effect index of inequality were applied to quantify the degree of socioeconomic inequality in smoking related behaviours and to adjust for possible confounding factors. Multivariable regressions were utilized to explore the temporal trends in smoking inequalities.

Results
The smoking prevalence among men decreased from 61.16% to 2012 to 57.88% in 2018, cigarette consumption among current smokers declined from 16.71 to 15.49 cigs/per day, and the cessation rate increased from 17.55% to 24.08%. Cigarette consumption for women decreased from 13.39 in 2012 to 11.01 cigs/per day in 2018. Smoking prevalence showed significant SES inequalities among men and women from 2012 to 2018 (men: OR2012 (95%CI)= 0.72 (0.63, 0.83), OR2014 = 0.60 (0.52, 0.69), OR2016 = 0.58 (0.50, 0.67), OR2018 = 0.56 (0.48, 0.66); women: OR2012 = 0.63 (0.41, 0.97), OR2014 = 0.50 (0.32, 0.79), OR2016 = 0.44 (0.26,  0.73), OR2018 = 0.50 (0.30,  0.85)). Cigarette consumption showed significant SES inequalities among men from 2012 to 2018 (β2012=-1.39 (-2.22, -0.57), β2014=-2.37 (-3.23, -1.50), β2016=-2.35 (-3.25, -1.44), β2018=-2.91 (-3.86, -1.97)). In 2018, inequality emerged in smoking cessation rates among men and smoking intensity among women. However, all tests for trends in changes over time were not statistically significant (P varied from 0.072 to 0.602).

Conclusion
The smoking prevalence declined between 2012 and 2018 in China. However, SES inequalities in smoking persist, while socioeconomic inequalities in smoking were not alleviated among adults aged 18 ~ 59 in China. Tobacco control measures should be implemented by giving more attention to people with lower SES who are more vulnerable to tobacco use.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12939-023-01898-3.
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Background
Cigarette smoking is a major contributor to numerous preventable diseases [1]. By 2030, tobacco use is projected to cause 8.3 million deaths, accounting for 10% of all-cause mortality worldwide [2]. There are more than 300 million smokers in China, accounting for one-third of the world’s smokers [3]. The annual mortality toll from smoking-related diseases is thought to exceed one million in China, [4] and the direct economic burden of smoking increased from 42.8 billion RMB in 2008 (US$6.16 billion, 1 US$=6.95 RMB) to 82.63 billion RMB in 2018 (US$12.48 billion, 1 US$=6.62 RMB ), with an average annual growth rate of 6.8% [5]. Considering the enormous number of smokers and the immense health risk attributable to smoking, tobacco control and smoking cessation campaigns have been launched, including advertisement bans, smoke-free laws and tax increases. However, evidence in high-income countries (HICs) shows that some tobacco control interventions (e.g., health education, smoke-free laws, mass media campaigns) are more effective for people with higher socioeconomic status (SES) and worsened socioeconomic inequalities in tobacco use, [6, 7] although the overall smoking rate has declined. This increased inequality may lead to higher disease, disability and premature death incidences for lower SES groups.
People with a lower SES are more susceptible to the effects of tobacco and usually spend a higher fraction of their income on tobacco and the treatment of tobacco-related diseases [8]. In addition, poor health due to tobacco use can result in reduced economic productivity, household bankruptcy, and impoverished families, which is another major economic burden on low SES tobacco users [9]. Nevertheless, lower SES is associated with greater use of cigarettes and other tobacco products as well as lower odds of quitting tobacco use, with disparities increasing over time [10]. Therefore, this socioeconomic inequality in smoking may lead to more economic and health burdens among those with lower SES, which may further worsen health and socioeconomic inequalities.
This SES pattern in tobacco use, jointly with its health and economic consequences, is mounting evidence in the context of low- and middle-income countries (LMICs) and HICs, although tobacco use and the burden of tobacco-related diseases in many countries have greatly decreased [11]. Many studies on SES inequalities in smoking have been conducted in HICs and in some low- and lower-middle-income countries, while there have been limited studies in upper-middle-income countries where smoking prevalence is often the highest [12]. Several studies have explored the association between SES and smoking, [13] but few studies have assessed the trends in SES inequalities in smoking in China. LIU TY et al. (2023) examined the smoking inequality in 2011 and 2018, and Ya F et al. (2018) explored the SES inequality and its potential risk factors in cigarette consumptions using concentration index and its decomposition methods in 2013. However, these researches focused on adults aged ≥ 45 years, while did not take into account individuals aged <45 years, nor consider the inequality of smoking cessation [14, 15]. Available data have consistently demonstrated a decrease in tobacco use with comprehensive and effective tobacco control measures, [4] while further exploration is needed in the research of smoking inequality and trends, to gain a better understanding of the epidemiological status of smoking in China. In this study, we explored the trend in SES inequalities in current smoking and examined smoking cessation and intensity by gender in China. The distributions of smoking prevalence, cessation, and intensity across SES subgroups were evaluated to provide valuable insights into the consequences of Chinese tobacco control measures on health inequalities, and for the future development of equitable tobacco control policies.

Method
Data sources and sample selection
Data were drawn from the China Family Panel Studies (CFPS), a national two-year repeated cross-sectional survey tracking the sociodemographic dynamics of a representative sample covering 25 out of 31 provinces (or municipalities) and representing 95% of the total population. The CFPS was conducted by the Institute of Social Science Survey (ISSS) of Peking University, with a response rate of 84.14% for the survey and a cooperation rate of 87.01% [16]. The baseline survey was formally launched in 2010, and all family members and their potential biological or adopted children were also permanently followed. Face-to-face interviews were conducted to gather information and data at three levels—individuals, families, and communities—to reflect the changes in China’s economy, society, population, development of education, individual health, etc. Further details on the design of the CFPS, including the sampling technique, can be found elsewhere [16]. Samples were collected using a multistage, probability-proportional-to-size sampling technique. Thus, a sample weighting approach was applied to fit the Chinese sociodemographic population profile pertinent to the time each survey was conducted. After discarding invalid and missing data, the number of adults aged ≥18 and aged <60 enrolled in the CFPS was 22,872 in 2012, 21,964 in 2014, 21,413 in 2016, and 20,202 in 2018.

Operational definition
Current smoking, smoking cessation and smoking intensity
The definition of smoking used by the CFPS is similar to that used in the Global Adult Tobacco Survey and the American Centers for Disease Control and Prevention [17, 18]. Current smokers were categorized as individuals who had smoked at least 100 cigarettes in their lifetime and had smoked in the past month. Smoking cessation was defined as being a former smoker who had ceased smoking at the time of the most recent survey based on the responses to the following questions from the CFPS questionnaire: “Have you ever smoked in the past month?” and “When did you quit smoking?”. Smoking intensity was defined as the average daily cigarette consumption in the past month by a current smoker.

SES measurement
Although there is no commonly acceptable method to measure SES, an accurate assessment should consider income, occupation, and education [19]. Therefore, we used individuals’ attained education level, occupation, and annual household income per capita to estimate SES. Individuals’ level of education was measured on a scale of the highest level of education attained: 0 = illiteracy, 1 = primary school, 2 = junior high school, 3 = high school, 4 = 3-year college or vocational school, and 5 = 4-year university and above. Annual household income per capita was equal to the household income divided by the family size. Occupation was measured using the Occupational Prestige Scale derived from the Chinese Standard Classification of Occupations, in which 81 occupations are rated as standardized scores from 0-100 [20]. A lower score represents the lower prestige of that occupation.


Statistical analysis
Principal component analysis (PCA) was used to reduce a series of variables into a single SES index (the PCA method is shown in the Supplementary Materials) [21]. Based on the SES index, participants were classified into four SES quartiles. The distributions of SES scores in 2012, 2014, 2016 and 2018 based on CFPS are shown in Figure A1. (Supplementary Materials). To mitigate the potential impact of variations in the distribution of socioeconomic status and ensure comparability of the relative inequality indices across different years, the ‘RIIGEN’ package in Stata was used to standardize the SES indices to a common ranking scale, [22, 23] which computes a robust and comparable relative index of inequality by accounting for the proportion of the population occupying lower or higher positions in the hierarchy [24].
We studied trends in the socioeconomic inequality of smoking-related outcomes in two steps. First, socioeconomic inequality was quantified at relative scales in each survey year (2012, 2014, 2016, 2018) [24]. Multivariable logistic regressions and linear regressions were used to estimate the association of SES with smoking related outcomes (i.e., current smoking, smoking cessation and smoking intensity as dependent variables) by gender, separately. The regressions were adjusted for potential confounders, including age, residence and marital status, which were related to smoking behaviours and SES. The odds ratios and coefficients derived from the corresponding logistic and linear regression models were used as relative inequality measures. The value of odds ratio ranges from 0 to +∞, with a value < 1 indicating the behaviour is concentrated among the SES unprivileged, and the farther away from 1 represents a larger inequality. The value of coefficients ranges from -∞ to +∞, with a value < 0 indicating the average daily cigarette consumption is higher in the SES disadvantaged, and the larger the absolute value of the coefficients are, the greater the inequalities are. The confounder-adjusted prevalence and smoking intensity were estimated using marginal-effect estimation through regression models [25]. As a second step, the adjusted prevalence (i.e., predicted probabilities) of smoking-related outcomes was pooled together from four waves. We performed interaction analyses for each smoking-related outcome in which the survey year (as a continuous variable) and the interaction between the survey year and SES were additionally added into the regression models in step one. A statistically significant interaction term (survey year×SES) indicated an increase or decrease in socioeconomic inequalities in smoking-related outcomes over time [26].
All analyses in our research were weighted by using individual and cross-sectional weights adjusted for nonresponse to obtain robust and representative results. Analyses were conducted using Stata/MP V16.0 (StataCorp, TX 2016). A two-sided P <0.05 was considered significant.


Results
Table A1 (Supplementary Materials) depicts the sociodemographic characteristics of adults aged 18 ~ 59 in 2012, 2014, 2016 and 2018. Table 1 summarizes the weighted prevalence of current smoking, smoking cessation and the number of daily cigarettes consumed per capita in 2012, 2014, 2016 and 2018 by gender. The prevalence of current smoking remained particularly high (> 30%) in China, although the prevalence of smoking cessation increased from 18.68% to 2012 to 25.47% in 2018, and the smoking intensity decreased from 16.59 cigs/day per capita in 2012 to 15.32 cigs/day in 2018 among smokers. Among men, the prevalence of current smoking decreased substantially from 61.16% to 2012 to 57.88% in 2016, with a significant increase in the smoking cessation rate from 17.55% to 2012 to 24.08% in 2018, and the smoking intensity decreased from 16.71 cigs/day per capita in 2012 to 15.49 cigs/day in 2018. The changes over time in smoking rates, cessation rates among women were statistically nonsignificant, while the smoking intensity decreased from 13.39 cigs/day per capita in 2012 to 11.01 cigs/day in 2018.
Table 2 presents the relative socioeconomic inequality indices for current smoking, smoking cessation and smoking intensity in 2012, 2014, 2016 and 2018. Over the 2012–2018 period, lower socioeconomic status (SES) was associated with a higher probability of being a current smoker, as indicated by the indices and 95% confidence intervals, which ranged from 0 to 1 (men: OR2012 = 0.72 (0.63, 0.83), OR2014 = 0.60 (0.52, 0.69), OR2016 = 0.58 (0.50, 0.67), OR2018 = 0.56 (0.48, 0.66); women: OR2012 = 0.63 (0.41, 0.97), OR2014 = 0.50 (0.32, 0.79), OR2016 = 0.44 (0.26, 0.73), OR2018 = 0.50 (0.30, 0.85). Similar patterns were noticed in smoking intensity for men, smokers with lower SES tended to have greater average cigarette consumption per day (β2012=-1.39 (-2.22, -0.57), β2014=-2.37 (-3.23, -1.50), β2016=-2.35 (-3.25, -1.44), β2018=-2.91 (-3.86, -1.97)). Regarding smoking cessation rates, there was no socioeconomic-related inequality in smoking cessation rates among women, as the 95% confidence intervals of relative SES inequality indices for all four years equalled 1. However, for men, statistical significance was not achieved until 2018 (OR2018 = 1.30 (1.05,  1.61)), suggesting that smoking cessation was unevenly distributed among individuals of higher socioeconomic status.
Figure 1 illustrates the distributions of the regression-based adjusted prevalence of current smoking by socioeconomic quartile and gender. Among men, the adjusted smoking rate was lower for the rich than for the poor. There also existed a decrease in smoking rates in the richest quartile from 2012 to 2014, 2016 and 2018, with a nonsignificant change in the poorest quartile, indicating a widening disparity between people with higher SES and those with lower SES, which was consistent with the downward trend reflected in the relative inequality indices from 2012 to 2018, while the trend over time did not reach the significance (P = 0.104). Figure 2 shows the adjusted distributions of the smoking cessation rates. Among men, the smoking cessation rates among different SES quartiles showed a significant increase from 2012 to 2016. However, the differences between different quartiles within each year were not statistically significant. For women, there was no significant variation in smoking cessation prevalence among different SES quartiles between different years, with a nonsignificant distribution difference within each year. Figure 3 shows the distributions of adjusted smoking intensity, which we measured with daily cigarette consumption per capita among current smokers. Among men who were currently smoking, daily cigarette consumption was higher for the poorer quartiles. There were also significant decreases in consumption in the richest 2 quartiles from 2012 to 2018, while the smoking intensity for the poorest 2 quartiles remained stable, which was consistent with the results above. Among current smokers for women, cigarette consumption was equally distributed among different SES quartiles from 2012 to 2016, whereas it was concentrated more among poorer individuals in 2018 (detailed descriptions of the smoking distribution are shown in Supplementary Materials Tables A2-4, and the crude prevalence is shown in Supplementary Materials Tables A5-7).
Table 1Trends in current smoking rates, cessation rates and smoking intensity by gender from 2012 to 2018


	 	Year

	2012
	2014
	2016
	2018

	Men
	 	 	 	 
	Current smoking rate
	61.16 (60.24 to 62.09)
	57.34 (56.37 to 58.31)
	57.15 (56.17 to 58.12)
	57.88 (56.87 to 58.89)

	Cessation rate
	17.55 (16.71 to 18.38)
	21.61 (20.36 to 22.86)
	24.45 (23.48 to 25.43)
	24.08 (23.08 to 25.08)

	Smoking intensity
	16.71 (16.47 to 16.95)
	16.26 (16.01 to 16.52)
	16.14 (15.88 to 16.40)
	15.49 (15.24 to 15.75)

	Women
	 	 	 	 
	Current smoking rate
	2.30 (2.02 to 2.58)
	2.30 (2.01 to 2.59)
	2.46 (2.15 to 2.77)
	2.52 (2.20 to 2.85)

	Cessation rate
	39.44 (34.81 to 44.07)
	40.28 (34.04 to 46.51)
	42.08 (37.00 to 47.16)
	48.39 (43.36 to 53.43)

	Smoking intensity
	13.39 (12.26 to 14.53)
	12.30 (11.14 to 13.45)
	11.26 (10.23 to 12.29)
	11.01 (9.78 to 12.24)

	Total
	 	 	 	 
	Current smoking rate
	30.82 (30.21 to 31.43)
	29.39 (28.76 to 30.01)
	29.79 (29.15 to 30.44)
	31.02 (30.34 to 31.70)

	Cessation rate
	18.68 (17.85 to 19.51)
	22.57 (21.33 to 23.80)
	25.39 (24.42 to 26.36)
	25.47 (24.48 to 26.46)

	Smoking intensity
	16.59 (16.35 to 16.82)
	16.11 (15.86 to 16.35)
	15.94 (15.69 to 16.19)
	15.32 (15.06 to 15.57)


The current smoking rates and cessation rates are percentages, and smoking intensity was measured by the average number of cigarettes consumed (cigs/day per capita). All of the values were adjusted by individual nonresponse and cross-sectional weights.



Table 2Relative socioeconomic inequality indices in current smoking, smoking cessation and smoking intensity by gender for adults aged 18–59 from the China Family Panel Studies 2012–2018


	 	Year
	P for trend

	 	2012
	2014
	2016
	2018

	Men
	 	 	 	 	 
	Current smoking a
	0.72 (0.63 to 0.83)
	0.60 (0.52 to 0.69)
	0.58 (0.50 to 0.67)
	0.56 (0.48 to 0.66)
	0.104

	Smoking cessation a
	1.07 (0.87 to 1.31)
	1.12 (0.91 to 1.36)
	1.06 (0.87 to 1.30)
	1.30 (1.05 to 1.61)
	0.285

	Smoking intensity b
	-1.39 (-2.22 to -0.57)
	-2.37 (-3.23 to -1.50)
	-2.35 (-3.25 to -1.44)
	-2.91 (-3.86 to -1.97)
	0.072

	Women
	 	 	 	 	 
	Current smoking a
	0.63 (0.41 to 0.97)
	0.50 (0.32 to 0.79)
	0.44 (0.26 to 0.73)
	0.50 (0.30 to 0.85)
	0.602

	Smoking cessation a
	0.77 (0.37 to 1.62)
	0.98 (0.47 to 2.08)
	1.15 (0.51 to 2.57)
	1.68 (0.79 to 3.56)
	0.216

	Smoking intensity b
	0.51 (-3.60 to 4.62)
	-0.87 (-3.16 to 4.90)
	-1.01 (-4.83 to 2.80)
	-3.93 (-8.23 to -0.37)
	0.123


aThe regression-based relative effect index was estimated according to the adjusted odds ratio of SES for smoking behaviours. Relative inequality was considered significant if the 95% confidence interval did not cross one
bThe regression-based relative effect index was estimated according to the adjusted coefficient of SES for smoking intensity. Relative inequality was considered significant if the 95% confidence interval did not cross zero
Bold indicates P < 0.05
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Fig. 1Trends in the adjusted prevalence of current smoking by socioeconomic quartile and gender. The prevalence was adjusted by SES, age, residency, and marital status; quartile 1 refers to the poorest quartile, and quartile 4 refers to the wealthiest quartile
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Fig. 2Trends in adjusted prevalence of smoking cessation by socioeconomic quartile and gender. The prevalence was adjusted by SES, age, residency, and marital status; quartile 1 refers to the poorest quartile, and quartile 4 refers to the wealthiest quartile
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Fig. 3Trends in adjusted smoking intensity (cigarette consumption) by socioeconomic quartile and gender. The prevalence was adjusted by SES, age, residency, and marital status; quartile 1 refers to the poorest quartile, and quartile 4 refers to the wealthiest quartile



Discussion
The analysis of data from the CFPS shed light on changes in smoking status between 2012 and 2018 in China. The prevalence of smoking and cessation found in this study was similar to results from the Global Adult Tobacco Survey (GATS) in China (the 2-year cessation rates were annualized by Eq. 1, Supplementary Materials Table A8), [4, 27] indicating the representativeness of the CFPS. The current smoking rate is close to 60% among men and less than 5% among women, reflecting the fact that, in East Asia, smoking is more socially acceptable for men than for women [12]. In traditional Chinese culture, smoking is perceived as a manifestation of masculinity, and offering cigarettes or smoking during social events is considered a means of demonstrating mutual respect and expressing gratitude, and tobacco companies in the Chinese market tend to emphasize advertising campaigns targeting men. Nonetheless, traditional norms dictate that smoking is inappropriate behaviour for women, as it may compromise their feminine image [28]. Our study also showed a decline in the smoking rate and an increase in the cessation rate among men, while these changes among women were not significant. One of the reasons may be the lack of antismoking campaigns that target women who currently smoke [29]. Nonetheless, the prevalence of current smoking and cessation may not reflect the whole picture of smoking status because tobacco control measures may reduce cigarette consumption rather than smoking cessation [30]. Therefore, smoking intensity as measured by the number of cigarettes smoked daily was presented by gender and SES quartile. Between 2012 and 2018, current smokers experienced a noteworthy reduction in cigarette consumption from 16.59 to 15.32 cigarettes per day. This decline may be attributed to the implementation of smoking restrictions in public spaces across some regions of China starting in 2015 [31]. Such measures have proven effective in curbing smoking intensity and reducing tobacco use prevalence [28].
Our findings show that SES inequalities in smoking persist in China. For smoking prevalence, there was a SES distribution concentrated among both poorer men and women, suggesting that people with a lower SES were more likely to smoke. Although the statistical test for this upward trend over time was not significant, these widening disparities may be worsening among men attributed to the fact that the smoking prevalence of the highest quartile decreased more than that of the other quartiles, which was in accordance with the report in some HICs [32–34]. In addition, the same pattern was observed in cigarette consumption among men who currently smoke. Men with lower SES were more likely to have a higher level of smoking intensity, while this inequality did not emerge among women smokers until 2018. Heavy smoking was more common among people with lower SES, which is similar to findings of previous studies within developed countries [35]. These results indicate that cigarette smoking has double the negative effect on socioeconomically disadvantaged individuals: they are not only more likely to smoke but also smoke more cigarettes per day [36].
Disadvantaged individuals are more vulnerable to smoking, while poor health due to smoking results in reduced SES [37]. International evidence suggests that low SES groups have the highest smoking rates because they are more likely to try smoking; for example, disadvantaged adolescents may have difficulties withstanding peer pressure and be prone to develop a regular smoking habit [38]. Moreover, some tobacco control policies are more effective for people with higher SES [36]. For instance, people with lower SES associated with a lower level of schooling are less influenced by mass media and less likely to participate in prevention programs or cessation interventions, and smoking bans are also less common in socioeconomically disadvantaged communities [39]. In addition, several studies have found an association between SES and quitting success, [40] and people with lower SES are less likely to succeed in smoking cessation [36, 39]. However, in this research, the differences in cessation rates among different SES quartiles in each year were not significant. This could be attributed to the smoking cessation indicator utilized, which is a 2-year smoking cessation rate derived from both current and past smoking statuses. This method may potentially inflate quit rates by categorizing certain individuals who have made attempts to quit as successfully having quit.
China issued its first smoke-free law in 1987, marking the beginning of antismoking. Subsequently, the Chinese National People’s Congress ratified the World Health Organization Framework Convention on Tobacco Control (WHO FCTC) on 27 August 2005, and new antismoking laws came into effect. In October 2016, an ambitious Healthy China 2030 target was announced, which included a decrease in the overall smoking rate from 27.7% to 2015 to 20% by 2030, with a series of regional tobacco control policies being promulgated. These tobacco control policies have mostly concentrated on awareness and behaviour modification initiatives, without giving attention to escalating inequalities. Several systematic reviews have documented evidence on the impact of smoking control interventions on SES inequalities in smoking [7, 36, 41, 42]. The findings of systematic reviews indicate that tobacco taxation/price measures are effective in decreasing smoking inequalities by having greater effects among people with lower SES [7]. However, China’s cigarette tax accounts for only 56% of the price of cigarettes, [43] which is much lower than the WHO recommended share of 70% of the retail price at a minimum, [44] although the tobacco excise tax was raised 4 times since the tobacco tax reform in 1994. In fact, spending on 100 cartons of cigarettes as a percentage of gross domestic product (GDP) per capita decreased from 2.0 to 1.5% in 2018 [4]. Substantially higher tobacco taxes will be needed in China to achieve the Healthy China 2030 target and curb rising inequalities [28].
Although this study provided some potentially insightful evidence that SES inequalities in cigarette smoking persist in China, there are still several limitations. First, the CFPS 2012 data indicated that the occupational prestige and educational attainment of the national population were notably lower than in subsequent years. This disparity resulted in an incomparability of socioeconomic status (SES), which may have had a partial impact on this study’s findings. In addition, data on cigarette smoking from the CFPS were self-reported and may have suffered from social desirability bias. Finally, the indicator of smoking cessation was constructed from the current and previous smoking status in different waves, which probably overestimated the smoking cessation rate and omitted some information.

Conclusion
The overall prevalence of smoking in China has declined, especially among men. However, SES inequalities in smoking behaviour persist. People with lower socioeconomic status are more likely to be current smokers and men with lower SES tend to smoke more. More targeted tobacco control measures and policies on smoking are needed, particularly with an aim to reduce inequalities for people with lower SES.
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