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ABSTRACT
INTRODUCTION This study examined the prevalence of tobacco exposure and drinking 
and ascertained the relationships between tobacco exposure, alcohol drinking, 
concurrent smoking and drinking, and hypertension in rural southwestern China. 
METHODS Data were collected from a cross-sectional health interview and examination 
survey, which included 7572 adults aged ≥35 years, in rural China. Participant 
demographic characteristics, smoking habits, exposure to secondhand smoke 
(SHS), and alcohol drinking habits were obtained using a standard questionnaire. 
Blood pressure (BP), height, weight, and waist circumference were measured for 
each participant.
RESULTS The overall prevalence of smoking, SHS exposure, drinking, concurrent 
smoking and drinking, concurrent exposure to SHS and drinking, and 
hypertension was 37.7%, 27.4%, 16.2%, 12.6%, 1.6%, and 41.3%, respectively. 
Males had a significantly higher prevalence of smoking (74.1% vs 2.2%, p<0.01), 
drinking (31.1% vs 1.7%, p<0.01), and concurrent smoking and drinking than 
females (25.3% vs 0.3%, p<0.01). However, females had a higher prevalence 
of SHS exposure than males (30.2% vs 20.6%, p<0.01). Ethnic minorities had 
a higher prevalence of SHS exposure, drinking, and concurrent smoking and 
drinking, than Han participants (p<0.01). Participants with a higher education 
level had a higher prevalence of smoking, drinking, and concurrent smoking and 
drinking than their counterparts (p<0.01). In contrast, participants with a lower 
education level had a higher prevalence of SHS exposure than their counterparts 
(p<0.01). Multivariate logistic regression analysis found that smokers (AOR=1.31; 
95% CI: 1.13–1.51), individuals exposed to SHS (AOR=1.24; 95% CI: 1.11–
1.43), drinkers (AOR=1.31; 95%: CI: 1.15–1.50), and concurrent smokers and 
drinkers (AOR=1.45; 95% CI: 1.25–1.67) all had a higher probability of having 
hypertension (p<0.01). Additionally, concurrent smoking and drinking had the 
strongest association with the prevalence of hypertension (AOR=1.45; 95% CI: 
1.25–1.67; p<0.01). 
CONCLUSIONS Socioeconomic factors play an important role in influencing the 
prevalence of smoking, exposure to SHS, and drinking in rural southwest China. 
Interventions to prevent and reduce hypertension should, in particular, focus 
on smokers, individuals exposed to SHS, drinkers, and, in particular, concurrent 
smokers and drinkers.
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INTRODUCTION
Tobacco use is a major public health challenge 
worldwide. Smoking and exposure to secondhand 
smoke (SHS) both increase the risk of disease, 
including cancer, cardiovascular diseases, and chronic 
respiratory diseases1. Globally, there were 1.18 billion 
frequent smokers in 2020, which contributed to 7 
million fatalities and roughly one-seventh of all deaths 
that year2. With China having more than one-third of 
the global tobacco consumption in 2019, the country 
is both the world’s largest producer and consumer 
of tobacco3. According to China’s 2018 national 
survey, 68.1% of Chinese non-smokers also reported 
regular exposure to SHS4. China’s rural areas are the 
hardest hit by tobacco; rural areas consistently had a 
higher smoking prevalence than metropolitan areas 
from 2007 to 20185. In the absence of widespread 
smoking cessation, China’s tobacco-related mortality 
is expected to rise from about 1 million in 2010 to 3 
million by 20506. 

Excessive alcohol drinking is also a serious global 
public health issue. Alcohol drinking was the seventh 
leading risk factor for death and disability worldwide7. 
About 3 million alcohol-related deaths occurred 
globally in 2016, and the number of disability-
adjusted life years exceeded 130 million8. Many low- 
and middle-income countries have seen increases in 
alcohol consumption in the last 20 years, with men the 
major consumers9. The prevalence of alcohol drinking 
among Chinese adults has risen in recent years, 
reaching 43.7% from 2015 to 2017, an increase of 
13.2% compared to 2010 to 201210. Moreover, urban 
areas have a higher alcohol drinking prevalence than 
rural areas (46.5% vs 40.8%), and men have a higher 
drinking prevalence than females (64.5% vs 23.1%)11. 
Previous research has linked alcohol consumption to 
an increased risk of 61 diseases among Chinese men, 
including cardiovascular, respiratory, and digestive 
diseases12.

China has the highest number of hypertensive 
patients in the world, with a prevalence rate of 32% 
for females and 37% for males, exceeding the global 
average of 20% for females and 24% for males13. 
Smoking and alcohol drinking have both been 
recognized as risk factors for hypertension in previous 
studies14. Additionally, alcohol use is frequently 
higher among smokers15, and smoking and drinking 

concurrently greatly raises the risk of developing 
hypertension16. Exposure to SHS can also increase 
the risk of hypertension, especially among women, 
young people, and the elderly17. 

Yunnan Province is the largest tobacco producer 
in China and a pillar industry in the region. The 
impact of tobacco on health is also among the gravest 
in Yunnan. Yunnan Province has the largest ethnic 
minority population in China. Previous research had 
found the prevalence of hypertension in Yunnan 
Province increased from 26.1% in 2011 to 40.4% in 
202118, and the prevalence of smoking and alcohol 
drinking in the region is higher than other provinces 
in China. The prevalence of SHS exposure in Yunnan 
Province was also higher than the average level in 
China (82.8% vs 68.1%). At present, there are limited 
data on the relationship between hypertension and 
tobacco exposure and alcohol drinking in rural 
southwestern China. Thus, this study examined 
the prevalence of tobacco exposure (including 
smoking and SHS exposure) and alcohol drinking, 
and simultaneously investigated the relationship of 
tobacco exposure, alcohol drinking, and concurrent 
smoking and drinking with hypertension among 
southwest China’s rural adult population aged ≥35 
years.

METHODS
Study area and population
This study was conducted in three counties of Yunnan 
Province from 2020 to 2021 using a cross-sectional 
health interview and examination survey. A multi-
stage stratified random sampling technique was used 
to select for participation rural residents aged ≥35 
years from each selected village’s committee. In the 
first stage, Yunnan Province rural population was 
divided into three categories according to per capita 
gross domestic product (GDP): high, medium, and 
low. One county was then randomly selected from 
each of these categories for a total of three selected 
counties. In the second stage, one township was 
randomly selected from each of these three categories, 
for a total of nine. In the third stage, three villages 
were chosen by probability proportional to size (PPS) 
from each of the nine townships. In the fourth stage, 
simple random sampling was conducted to select 
the sample subjects from a village based on a list 
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of individuals aged ≥35 years obtained from each 
selected village’s committee. This sampling method 
has been detailed previously19.

Sample size calculation
The formula for a cross-sectional study was used to 
calculate the sample size for each selected village:

n = 
Z2

1-α/2
×p(1-p)
δ2 ×deff

where p is the prevalence of hypertension in the 
Chinese population13, δ is the margin of error (to 
estimate prevalence with a precision  is equal to half 
of the prevalence of hypertension), and deff is the 
effect of design (deff=2). 

Data collection and measurement
A pre-tested and structured questionnaire was used 
in face-to-face interviews conducted by trained 
interviewers with participants who provided informed 
consent. It showed satisfactory psychometric 
properties, with strong internal consistency through 
a Cronbach’s alpha of 0.83, and had high test-
retest reliability, as evidenced by a high correlation 
coefficient of 0.92 for the total scale. Age, sex, 
ethnicity, annual household income, education level, 
family history of hypertension, self-reported smoking 
and alcohol drinking behaviors, and exposure to SHS 
were all included in the questionnaire. Height, weight, 
and blood pressure (BP) measurements were obtained 
for anthropometry. All measurements were carried 
out in accordance with international standardized 
procedures. Height and weight were measured 
using standardized methods and following the WHO 
STEPS20.

The American Heart Association’s suggested 
technique of measuring BP three times consecutively 
was used and the average of the three measurements 
was recorded to calculate the participants’ BP21.

Definitions
Hypertension was defined as average systolic blood 
pressure (SBP) of ≥140 mmHg, and/or diastolic 
blood pressure (DBP) of ≥90 mmHg, and/or currently 
receiving antihypertensive treatment, in accordance 
with the Global Guidelines for Hypertension Practice. 
A former diagnosis of hypertension at a qualified 

medical institution was also defined as hypertension 
in our study. Smoking was defined as having smoked 
continuously or cumulatively for six months or 
more and smoking more than 100 cigarettes in total, 
following WHO standards. Current smokers were 
defined as participants who smoked any type of tobacco 
product daily during the survey period. SHS exposure 
was defined as a report of exposure to ambient tobacco 
smoke for at least 15 minutes, one day a week, at work 
or home, by a non-smoker. Current alcohol drinkers 
were defined as those who consumed alcohol for 12 
days or more in the year preceding the survey. Body 
mass index (BMI) was calculated as weight (kg) 
divided by height squared (m2); participants with a 
BMI ≥28 kg/m2 were defined as obese. Illiteracy is the 
inability to read with understanding or write simple 
sentences about everyday life. Annual household 
income was defined as either low or high, with the 
median value as the cut-off point.

Statistical analysis
EpiData 3.1 software was used for double data entry, 
and SPSS 22.0 software was used for data analysis. 
Mean values of SBP, DBP, and BMI were expressed 
as mean ± standard deviation. Categorical variables 
were described as frequencies and percentages. 
Chi-squared tests were used to compare categorical 
variables while independent samples Student’s t-tests 
were used to analyze continuous measures between 
two groups. Multivariate logistic regression was used 
to analyze the association of smokers, exposure to 
SHS, drinkers, and concurrent smoking and drinking 
with the prevalence of hypertension, adjusted for 
age, sex, ethnicity, education level, level of annual 
household income, family history of hypertension, 
and obesity. The factors associated with hypertension 
were based on biological plausibility and initially 
assessed using univariable logistic regression analysis. 
Variables with p<0.05 in the univariable analysis were 
considered candidates for the multivariate logistic 
regression. Interactions were tested to determine 
whether the associations between smoking or 
drinking and the prevalence of hypertension differ 
by sex. Associations were expressed as adjusted odds 
ratios (AOR) and 95% confidence intervals (CI). All 
statistical significance decisions were based on a two-
tailed p<0.05.                                                                                   
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RESULTS
A total of 7704 individuals aged ≥35 years were 
selected via the sampling process. Of these, 7572 
people consented to participate, with a response rate 
of 98.29%.

Table 1 summarizes the demographic characteristics 
of the participants. A total of 3739 males (49.4%) and 
3833 females (50.6%) participated. Han participants 
accounted for 54.5%, while ethnic minorities 
accounted for 44.5%. Males had a higher level of 
education than females, whereas females had a 
higher prevalence of family history of hypertension, 
prevalence of obesity, and mean BMI than males 
(p<0.01).

Table 2 presents the prevalence of smoking, SHS 
exposure, and drinking among the study population. 
The overall prevalence of smoking, SHS exposure, 
drinking, concurrent smoking and drinking, and 

concurrent exposure to SHS and drinking was 37.7%, 
27.4%, 16.2%, 12.6%, and 1.6%, respectively. Males 
had a significantly higher prevalence of smoking 
(74.1% vs 2.2%, p<0.01), drinking (31.1% vs 1.7%, 
p<0.01), and concurrent smoking and drinking than 
females (25.3% vs 0.3%, p<0.01). In contrast, females 
had a higher prevalence of SHS exposure than males 
(30.2% vs 20.6%, p<0.01). Participants aged 45–
54 years had the highest prevalence of smoking and 
SHS exposure, while participants aged 55–64 years 
had the highest prevalence of drinking and concurrent 
smoking and drinking (p<0.01). Ethnic minorities 
had a higher prevalence of SHS exposure, drinking, 
and concurrent smoking and drinking than the Han 
participants (p<0.01). Participants with a higher level 
of education had a higher prevalence of smoking, 
drinking, and concurrent smoking and drinking than 
their counterparts (p<0.01). In contrast, participants 

Table 1. General characteristics, mean blood pressure, and anthropometric measurements in adults aged ≥35 
years from a 2020–2021 cross-sectional study in rural Yunnan Province, China (N=7572)

Characteristics Male
n (%)

Female
n (%)

All
n (%)

Total 3739 (49.4) 3833 (50.6) 7572 (100)

Agea (years)

35–44 569 (15.2) 687 (17.9) 1256 (16.6)

45–54 989 (26.5) 916 (23.9) 1905 (25.2)

55–64 936 (25.0) 920 (24.0) 1856 (24.5)

65–74 810 (21.7) 860 (22.4) 1670 (22.1)

≥75 435 (11.6) 450 (11.7) 885 (11.7)

Ethnicitya 

Han 2035 (54.4) 2089 (54.5) 4124 (54.5)

Minority 1704 (45.6) 1744 (45.5) 3448 (45.5)

Education levela 

Illiterate 667 (17.8) 1063 (27.7)** 1730 (22.8)

Primary (grade 1–6) or higher 3072 (82.2) 2770 (72.3) 5842 (77.2)

Annual household incomea 

Low 1877 (50.2) 1967 (51.3) 3844 (50.8)

High 1862 (49.8) 1866 (48.7) 3728 (49.2)

Family history of hypertensiona 558 (14.9) 683 (17.8)** 1241 (16.4)

Obesitya 403 (10.8) 504 (13.1)** 907 (12.0)

BMIb (kg/m2), mean ± SD 23.6 ± 3.5** 23.9 ± 3.7** 23.7 ± 3.6**

SBPb (mmHg), mean ± SD 129.8 ± 21.6** 126.5 ± 22.7** 128.1 ± 22.2**

DBPb (mmHg), mean ± SD 81.3 ± 13.4** 78.1 ± 13.2 79.7 ± 13.4**

BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. a Difference of age, ethnicity, education level, annual household income, family history of 
hypertension and obesity between two sexes were analyzed by chi-square test. b Difference of BMI, SBP and DPB between the two sexes were analyzed by independent two-
sample t-test. Statistical significance at *p<0.05, **p<0.01.
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Figure 1. Prevalence of hypertension by sex, smoking, secondhand smoke exposure (SHS), and drinking 
status among adults aged ≥35 years from a 2020–2021 cross-sectional study in rural Yunnan Province, China 
(N=7572) 
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Table 2. Prevalence of smoking, secondhand smoke (SHS) exposure, and drinking among adults aged ≥35 
years from a 2020–2021 cross-sectional study in rural Yunnan Province, China (N=7572)

Variable Smokers

n (%)

Exposure to SHS

n (%)

Drinkers

n (%)

Concurrent smoking 
and drinking

n (%)

Total 2855 (37.7) 1461 (27.4) 1226 (16.2) 957 (12.6)

Sex

Male 2769 (74.1) ** 318 (20.6) 1161 (31.1) ** 947 (25.3) **

Female 86 (2.2) 1143 (30.2) ** 65 (1.7) 10 (0.3)

Age (years) 

35–44 406 (32.3) 264 (29.5) 160 (12.7) 127 (10.1)

45–54 773 (40.6) ** 378 (30.4) ** 326 (17.1) 257 (13.5)

55–64 739 (39.8) 372 (29.5) 362 (19.5) ** 294 (15.8) **

65–74 624 (37.4) 301 (24.2) 250 (15.0) 188 (11.3)

≥75 313 (35.4) 146 (21.2) 128 (14.5) 91 (10.3)

Ethnicity

Han 1518 (36.8) 403 (22.8) 558 (13.5) 451 (10.9)

Minority 1337 (38.8) 1185 (33.1) ** 668 (19.4) ** 506 (14.7) **

Education level

Illiterate 514 (29.7) 372 (28.1) 234 (13.5) 171 (9.9)

Primary (grade 1–6) or higher 2341 (40.1) ** 1089 (27.2) 992 (17.0) ** 781 (13.5) **

Annual household income 

Low 1458 (37.9) 777 (28.7) ** 646 (16.8) 509 (13.2)

High 1397 (37.5) 684 (26.1) 580 (15.0) 448 (12.0)

Differences between smokers, exposure to SHS, drinkers and concurrent smoking and drinking were analyzed by chi-squared test. Statistical significance at *p<0.05, **p<0.01.
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with a lower level of education had a higher prevalence 
of SHS exposure than their counterparts (p<0.01).

Table 3 and Figure 1 indicate the prevalence of 
hypertension by sex, smoking, SHS exposure, and 
alcohol drinking status. The overall prevalence of 
hypertension in the surveyed population was 41.6% 
(44.5% for males and 38.7% for females). Males had 
a higher prevalence of hypertension than females 
(p<0.01). Smokers, individuals exposed to SHS, 
drinkers, and concurrent smokers and drinkers 
had a higher prevalence of hypertension than their 
counterparts (p<0.05). 

Table 4 displays the results of multivariate 
logistic regression analysis of the prevalence of 
hypertension by smoking, exposure to SHS, and 
drinking status after adjusting for age, sex, ethnicity, 

education level, annual household income, family 
history of hypertension, and obesity. Smokers 
(AOR=1.31; 95% CI: 1.13–1.51), individuals 
exposed to SHS (AOR=1.24; 95% CI: 1.11–1.43), 
drinkers (AOR=1.31; 95% CI: 1.15–1.50), and 
concurrent smokers and drinkers (AOR=1.45; 95% 
CI: 1.25–1.67) all had a higher probability of having 
hypertension (p<0.01). Additionally, concurrent 
smoking and drinking had the strongest association 
with the prevalence of hypertension (AOR=1.45; 
95% CI: 1.25–1.67; p<0.01). Although we tested 
for possible interactions, there were no significant 
interactions between smoking or drinking and 
hypertension and sex.

DISCUSSION
The findings reveal that there are significant 
socioeconomic differences in the prevalence of 
tobacco exposure and drinking in rural southwest 
China. Further, it demonstrates smokers, individuals 
exposed to SHS, drinkers, and concurrent smokers 
and drinkers had a higher probability of having 
hypertension. 

In the present study, while males smoked and 
drank more frequently than females, the prevalence 
of SHS exposure was higher in females than in 
males. These findings are in line with previous 
studies22. Furthermore, the prevalence of smoking 
and drinking among males in our study was 
higher than the prevalence rate observed in urban 
Chinese populations as well as that in other Asian 
countries5,22,23. Thus, effective smoking prevention and 

Table 4. Logistic regression for prevalence of 
hypertension by smoking, secondhand smoke 
exposure (SHS), and drinking status among adults 
aged ≥35 years from a 2020–2021 cross-sectional 
study in rural Yunnan Province, China (N=7572)

Variable Hypertension (Ref: no)

AOR 95% CI

Smokers (Ref: no) 1.31** 1.13–1.51

SHS exposure (Ref: no) 1.24** 1.11–1.43

Drinkers (Ref: no) 1.31** 1.15–1.50

Concurrent smoking and drinking (Ref: no) 1.45** 1.25–1.67

Adjusted for age, sex, ethnicity, education level, annual household income level, family 
history of hypertension, and obesity. Statistical significance at *p<0.05, **p<0.01.

Table 3. Prevalence of hypertension by sex, smoking, 
secondhand smoke exposure (SHS), and drinking 
status among adults aged ≥35 years from a 2020–
2021 cross-sectional study in rural Yunnan Province, 
China (N=7572) 

Variable Hypertension
 n (%)

No Hypertension 
n (%)

Sex

Male 1663 (44.5) ** 2076 (55.5)

Female 1485 (38.7) 2348 (61.3)

Smoker

Yes 1308 (45.8) ** 1547 (54.2)

No 1840 (39.0) 2877 (61.0)

SHS exposure 

Yes 641 (43.9) * 820 (56.1)

No 1565 (40.4) 2307 (59.6)

Drinker

Yes 548 (44.7) * 678 (55.3)

No 2600 (41.0) 3746 (59.0)

Concurrent smoking and 
drinking

Yes 444 (46.4) ** 513 (53.6)

No 2704 (40.9) 3911 (59.1)

Concurrent SHS 
exposure and drinking 

Yes 36 (42.4) 49 (57.6)

No 2170 (41.3) 3078 (58.7)

Differences between hypertension and no hypertension were analyzed by chi-squared 
test. Statistical significance at *p<0.05, **p<0.01.
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cessation measures should, in particular, target males 
to reduce male hypertension as well as prevent female 
SHS exposure. In addition, measures should be taken 
to attempt to reduce the intake of alcohol, especially 
among men. 

Our study indicates ethnic disparities in the 
prevalence of SHS exposure and alcohol drinking; 
ethnic minorities had a higher prevalence of SHS 
exposure and alcohol drinking than Han participants. 
Previous research also demonstrated that ethnic 
minorities consume alcohol at higher levels than 
Han individuals24. This may result from genetic or 
cultural differences that lead to differing drinking 
behavior across ethnic minority groups25. The higher 
prevalence of SHS exposure among ethnic minorities 
suggests it is essential to strengthen awareness of 
tobacco hazards to reduce SHS, particularly in ethnic 
minority communities in rural China.

While several studies have shown that lower 
levels of education are associated with higher risks 
of smoking and environmental tobacco exposure26, 
our study showed that education level was positively 
associated with the prevalence of smoking, and there 
was no association between education level and SHS 
exposure. The causes of this inconsistent effect of 
education on smoking behaviors remain unclear, 
and further investigation is needed to examine the 
exact nature of the association between education 
and smoking behaviors in rural China. However, our 
results are consistent with prior studies indicating a 
positive effect of education on drinking behaviors, 
with people with a higher level of education more 
likely to drink frequently27. People with a higher 
level of education may be more likely to have higher 
socioeconomic status and thus stronger purchasing 
power for and higher consumption of alcohol28. 
Our results highlight the importance of targeting 
individuals with a higher level of education in efforts 
to reduce alcohol consumption.

Our study showed no association between 
individual income and smoking or drinking. These 
findings on smoking are in line with previous Chinese 
research29 but differ from findings in low- and middle-
income countries where the prevalence of smoking 
was high in poor areas30,31. However, the relationship 
between income and drinking continues to be debated 
worldwide, with studies in high- and middle-income 

countries finding that people with high income were 
more likely to drink alcohol32,33 and in low-income 
countries were more likely to drink alcohol than 
low-income people34. More research is needed to 
fully uncover the nature of the relationship between 
income, drinking, and smoking. 

The prevalence of hypertension in this study was 
41.6%, a rate that exceeds that observed in other 
regions of China as well as other Asian countries35,36. 
Our findings, therefore, indicate that it is crucial to 
implement effective hypertension prevention and 
management measures in rural China. Furthermore, 
the findings indicate that smokers, individuals exposed 
to SHS, drinkers, and concurrent smokers and drinkers 
had a higher probability of having hypertension. This 
finding is consistent with previous research16,17. Our 
study in this way suggests that comprehensive blood 
pressure control measures should take into account 
health education about smoking and alcohol use. In 
addition, we observed an increase in the strength of 
the link between concurrent smokers and drinkers 
with hypertension, compared with smoking or 
drinking alone. Concurrent smoking and drinking 
can work together to raise blood pressure and 
significantly increase future hypertension risk14. Thus, 
our findings suggest reducing tobacco and alcohol 
use concurrently may improve health outcomes by 
lowering the risk of hypertension. 

Limitations
The study findings are limited in three ways. First, 
the self-reported prevalence of tobacco exposure 
and drinking is subject to recall bias, which may lead 
to underestimating the true prevalence of tobacco 
exposure and drinking in the study population. 
Second, the cross-sectional design of this study limits 
the ability to determine causal relationships. Third, 
the findings were based on a random sampling of 
three counties, limiting their generalizability.

CONCLUSIONS
Socioeconomic factors play an important role in 
influencing the prevalence of smoking, exposure 
to SHS, and drinking in rural southwest China. 
Future hypertension interventions should focus on 
smokers, individuals exposed to SHS, drinkers, and, 
in particular, concurrent smokers and drinkers. 
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