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1.	 Introduction
Osteoarthritis (OA) is the most common chronic progres-
sive joint disease characterized by synovial tissue carti-
lage degeneration, inflammation, and/or thickening of the 
subchondral bone metabolism, leading to joint pain and 
stiffness and impaired physical function.1 From the epide-
miological point of view, with the increasing prevalence of 

OA and the gradual increase in life expectancy, OA has 
now become one of the most important causes of dis-
ability in the world.2 In particular, the highest prevalence 
affecting a significant percentage is among elderly peo-
ple.3 A recent study has reported that OA affects half the 
population aged 65  years or older, and the prevalence 
in postmenopausal women is double than that in men.4 
Indeed, a recent meta-analysis reported a high preva-
lence of radiographic OA in those presenting with knee 
pain, with symptomatic knee OA of approximately 50%, 
and one-fourth of them had severe, disabling pain.5,6

Several studies have shown that OA symptoms can 
seriously damage the physical and mental health and 
physical function of the patients, limiting daily activities 
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Abstract: �Objective: The aims of this study were to estimate the prevalence of radiographic osteoarthritis (OA) and to assess the association 
between smoking patterns and OA prevalence in adults aged 50 years or older belonging to the Shanxi province of China.
Methods: A cross-sectional study in the rural regions of the Shanxi province was conducted among 2638 Chinese adults (aged 
≥50 years). Demographic characteristics and behavioral information were collected through epidemiological surveys. All participants 
with joint pain underwent plain radiographic examination and were diagnosed by a professional orthopedist. Associations between 
smoking patterns and the prevalence of OA were assessed using binary logistic regression modeling.
Results: Among 2638 individuals (men, 50.3% and women, 49.7%; mean age, 61.5  years) included in the analysis, 49.8% had 
radiographic OA and 27.5% had knee OA. The prevalence of radiographic OA was higher in women than in men (P<0.001). After 
adjusting for potential confounding factors, there was a nonsignificant correlation between smoking and OA prevalence in the multivariate 
model. Odds ratios (ORs) for all types of OA and knee OA  were higher in active and passive smokers than in nonsmoking individuals 
after adjustments (OR 1.374; 95% confidence interval [CI] 1.049–1.802; OR 1.440; 95% CI 1.059–1.958, respectively).
Conclusions: This study showed that smoking may not be an independent risk factor for OA; however, there was a positive correlation 
between active and passive smoking and OA.
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and reducing quality of life.7 Some people who suffer 
from physical disabilities or need informal care lose their 
jobs, resulting in an economic burden on the family.8 
Additionally, OA has been associated with an increased 
risk of mortality among older people.9 Since 1999, China 
has become an aging society; OA is a common, fre-
quently occurring disease, and new cases are increas-
ing every year in the elderly population.10 A large-scale 
survey conducted in China has shown that the preva-
lence of OA in the knee, hand, and cervical and lumbar 
spines in adults aged >40 years is as high as 46.3%.11

According to statistics, as of 2015, the current num-
ber of cases in China has risen to 120 million. At the same 
time, the prevalence rate in women is higher than that 
in men, and the age of onset is younger in women than 
in men12; the incidence of knee OA increases sharply 
in women post retirement.11,13 A French study showed 
that the total prevalence of OA was about 15% and that 
in patients >60 years old, it was 50%.14,15 Among par-
ticipants aged >45 years in the Framingham study, the 
prevalence of knee OA was 19.2%, and the prevalence 
increased to 43.7% in people aged >80 years.16 Accord-
ing to data from the Dutch Institute for Public Health, 
the prevalence of knee OA in men aged 55  years or 
older was 15.6% and that in women was almost twice 
as high.17 There is a wide gap in OA prevalence rates 
in different regions, which may be due to differences in 
race, culture, lifestyle, and risk factors of OA.

A number of surveys have investigated risk factors 
for OA and reported factors such as age, sex, occupa-
tion, weight status, sports, and recreational activities 
as being important in the progression of OA.18 There 
is some limited evidence to suggest that mental health 
issues, heart disease, and hysterectomy may also be 
related to OA occurrence and development.6,19 How-
ever, smoking as a risk factor for OA has always been 
controversial. Smoking is a risk factor for a variety of 
diseases, including diabetes, cancer, and cardiovascu-
lar disease,6,20 and is also related to chronic pain, back 
pain, and rheumatoid arthritis (RA). However, a large 
sample size study is required to demonstrate a correla-
tion between smoking and OA.21,22 Amin et al. conducted 
a study on natural history, over a period of 30 months, 
in patients with knee OA symptoms and found that 
smoking men suffered from more severe cartilage dam-
age and more severe knee pain than nonsmokers.23 
In addition, Ding et al. reported that smoking caused 
knee cartilage loss and defective development.24 Con-
trary to this, Leung et al. showed through a prospective 
cohort study of 63257 participants, aged between 45 
and 74 years, that smoking was a protective factor for 
knee arthroplasty following total knee arthroplasty.25 The 
USA’s Health and Nutrition Examination Survey showed 

that knee OA was negatively correlated with the risk of 
smoking.26 At the same time, the Framingham popula-
tion-based prospective study also concluded that smok-
ers had a significantly lower risk of incident radiographic 
knee OA.27 Furthermore, smoking as a depressant in 
OA incidence was only observed in active smokers and 
not in passive smokers or in active and passive smok-
ers. Therefore, this study explored the occurrence of 
OA in several different statuses of smoking. Of course, 
there are a couple of limitations, such as the diagnostic 
criteria of OA and smoking behavior classification are 
different by study and analyses were not conducted for 
associations between smoking habits (smoking amount, 
period, and pack-years) and OA prevalence. In addi-
tion, only a few studies have explored the precise rela-
tionship between passive smoking, active and passive 
smoking, and the prevalence of OA.

The main purpose of this study was to investigate 
the relationship between smoking patterns and the 
prevalence of OA in elderly people aged 50  years or 
older (nonsmoking, active smoking, passive smoking, 
and active and passive smoking) using the data of the 
Shanxi province.

2.	 Methods
2.1.	 Data sources

A total of 2638 participants aged 50 years or older were 
selected for this cross-sectional study, based on their 
characteristics and smoking status assessment. Partici-
pants were selected according to the following inclusion 
criteria: (1) aged 50 years or older; (2) all baseline data 
were available, including age, sex, and body mass index 
(BMI); and (3) data on usability of living habits, such as 
ventilation, forms of heating, and alcohol consumption, 
were available. The epidemiological investigation was 
conducted in the Shanxi province.3,28 The study was 
approved by the research ethics boards at Shanxi Medi-
cal University. All data were collected directly from the 
participants. Participation was completely voluntary.

2.2.	 Osteoarthritis

All patients had symptoms of joint pain and agreed to 
undergo plain radiographic examination and diagnosis. 
Two orthopedists, without knowing participants’ clini-
cal symptoms, independently evaluated and graded all 
radiographs using the Kellgren–Lawrence scale. When 
diagnosis using the radiographic film was ambiguous, 
the final diagnosis was made after discussion. If the 
score of at least one joint was 2 or higher, the participant 
was diagnosed with radiographic OA.28
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2.3.	 Smoking status

We classified subjects on the basis of smoking behav-
ior as nonsmokers, active smokers, passive smok-
ers, and active and passive smokers. Nonsmokers  
were identified as those who never smoked or 
smoked less than five packs of cigarettes per year. 
Active smokers, namely self-smokers, were those 
who smoked more than five packs of cigarettes or 
those who smoked at least one pack of cigarettes in 
the previous month. People who have never smoked 
or who have smoked fewer than five packs of ciga-
rettes as of the date of the survey are often exposed 
to indirect smoke at home or at work; therefore, they 
were classified as passive smokers. Smokers who 
smoked regularly and were often exposed to passive 
smoking at home or at work were classified as active 
and passive smokers.

2.4.	 Covariates

Potential covariates included age, BMI, waist circumfer-
ence, hip circumference, sex, education background, 
occupation, ventilation, forms of heating, alcohol con-
sumption, and dietary habits preference.

2.5.	 Statistical analysis

The prevalence of OA was obtained accord-
ing to the acquired data to determine charac-
teristics on the basis of age categories and OA 
classification. Analysis of variance was used to compare  
continuous variables between the groups, and chi-
squared tests analyzed the differences in categorical 
variables among the groups. Mean (M) and standard 
deviation (SD) and frequency and percentage (%) 
were used for continuous variables and categorical 
variables, respectively. Binary logistic regression 
analysis was used to adjust for covariates, calcu-
late odds ratios (ORs) and 95% confidence intervals 
(CIs), and assess the association between smoking-
related status and OA. Statistical analysis was per-
formed using the Stata 14.0 software, and P<0.05 
was regarded as statistically significant.

3.	 Results
3.1.	 Study participants

Of the 2638 subjects who participated in the cross-
sectional survey, 50.3% were men. The subjects’  
age ranged between 50 and 90  years, with an 
average age of 61.5  years (standard deviation  

[SD] 8.6  years). Mean BMI was 23.9  kg/m2 (SD  
3.3 kg/m2).

3.2.	 Prevalence of OA

The prevalence of OA in the Shanxi province of 
China in subjects aged 50 years or older was 49.8% 
(n=1315), with a higher prevalence in women than 
in men (54.2% vs. 45.5%, respectively) (χ2=20.05, 
P<0.001). In all types of OA, knee OA was the most 
common, accounting for 27.5% (Figure 1). The preva-
lence of OA by age group was as follows: 39.0% in 
men in their 50s, 41.6% in men in their 60s, 42.4% 
in men in their 70s, and 42.6% in men in their 80s 
and 41.3% in women in their 50s, 46.1% in women 
in their 60s, 53.5% in women in their 70s, and 62.0% 
in women in their 80s, showing a sharp increase in 
prevalence in women of older age. The prevalence in 
men and women among all age groups was statisti-
cally significant, and women had a higher prevalence 
rate than men (P<0.05) (Figure 2).

Figure 1. The distribution type of OA in Chinese adults aged 
50 years or older.
Note: OA= osteoarthritis.

Figure 2. Prevalence of OA in Chinese adults aged 50 years or older 
classified by age.
Note: OA= osteoarthritis.
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Variables a

Smoking status, n (%)

F/χ2 P value
Nonsmoker Active smoker Passive smoker

Active and 
passive smoker

Age (years) 62.8±8.7 61.2±8.2 60.6±8.7 60.7±8.6 12.3 <0.0001

BMI (kg/m2) 24.3±3.3 22.9±2.7 24.1±3.5 23.2±2.8 22.3 <0.0001

Waist circumference (cm) 81.8±8.6 80.6±8.3 80.5±8.2 81.6±7.9 4.5 0.0038

Hip circumference (cm) 90.5±7.8 88.5±7.8 89.2±7.8 89.9±7.2 6.0 0.0005

Sex

  Male 449 (33.8) 163 (12.3) 118 (8.9) 597 (45.0) 1064.2 <0.0001

  Female 537 (41.0) 30 (2.3) 721 (55.0) 23 (1.7)

Education background

  Illiteracy 214 (40.4) 30 (5.6) 215 (40.6) 71 (13.4) 113.2 <0.0001

  Elementary school graduation 335 (36.9) 66 (7.2) 329 (36.2) 179 (19.7)

  Middle school graduation 316 (36.8) 72 (8.4) 207 (24.1) 263 (30.7)

  High school graduation 80 (34.9) 21 (9.2) 47 (20.5) 81 (35.4)

  College graduation or more 9 (25.7) 4 (11.4) 14 (40.0) 8 (22.9)

Occupation

  Worker 38 (33.0) 16 (13.9) 21 (18.3) 40 (34.8) 57.5 <0.0001

  Skilled agriculture or fishery 767 (37.4) 134 (6.5) 704 (34.3) 448 (21.8)

  Office job 20 (33.3) 9 (15.0) 10 (16.7) 21 (35.0)

  Unemployment 61 (35.5) 10 (11.1) 34 (19.7) 58 (33.7)

Ventilation b

  Good 441 (31.6) 125 (9.0) 482 (34.5) 347 (24.9) 58.1 <0.0001

  General 511 (45.3) 59 (5.2) 314 (27.9) 244 (21.6)

  Poor 34 (29.6) 9 (7.8) 43 (37.4) 29 (25.2)

Forms of heating

  Heated platform 315 (28.7) 121 (11.0) 369 (33.6) 292 (26.6) 87.9 <0.0001

  Stove 445 (42.4) 51 (4.8) 336 (32.0) 218 (20.8)

  Central heating 137 (49.3) 12 (4.3) 78 (28.1) 51 (18.3)

  Air conditioning 19 (27.9) 5 (7.4) 23 (33.8) 21 (30.9)

Dietary habits c

  General 737 (36.2) 155 (7.6) 653 (32.0) 493 (24.2) 6.5 0.0890

  Special 249 (41.5) 38 (6.3) 186 (31.0) 127 (21.2)

Alcohol consumption

  Less than 4 times a month 885 (40.5) 808 (36.9) 379 (17.3) 115 (5.3) 763.7 <0.0001

  5 times a month or more 96 (22.3) 78 (18.2) 20 (4.7) 235 (54.8)

Table 1.  Characteristics of Chinese adults aged 50 years or older by smoking status (n=2638).
a Continuous variables are presented as M±SD, and categorical variables are presented as n (%). M=mean; SD=standard deviation.
b �Good refers to monthly ventilation times greater than 20 days; General refers to monthly ventilation times greater than 10 days; Poor refers to monthly ventilation less than  

10 days.
c General refers to a light diet; Special refers to one or more of diets that are salty, sweet, acidic, or pungent.

3.3.	 Characteristics by smoking status  
and risk

The demographic and lifestyle characteristics of 
the subjects are summarized in Table 1. All factors, 
including age, BMI, waist and hip circumferences, 
sex, education background, occupation, home/
residency ventilation, forms of heating, and alcohol 

consumption, showed significant differences, except 
dietary habits in nonsmokers, active smokers, pas-
sive smokers, and active and passive smokers. Com-
pared with the other groups, the number or ratio of 
the nonsmoking group was relatively high in terms 
of demographic and lifestyle characteristics data. In 
addition to age and alcohol consumption, the num-
ber of demographic and lifestyle characteristics of 
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the active smoking group was the lowest of the four 
groups.

Results of binary logistic regression modeling for 
all types of OA and knee OA are presented in Table 2. 
Within the overall sample, active and passive smok-
ing was significantly associated with the prevalence 
of OA (OR 1.374; 95% CI: 1.049–1.802; P=0.021). 
The prevalence of knee OA was slightly higher among 

subjects who were both active and passive smok-
ers compared with non-smokers (OR: 1.440; 95%  
CI: 1.059–1.958; P=0.020). There were no signifi-
cant differences in the prevalence of all patterns of 
OA and knee OA with smoking behaviors in all other  
analyses. The three different smoking statuses between 
men and women were not associated with OA or  
knee OA.

4.	 Discussion
The present study used baseline data from a cross-
sectional survey. The primary purposes of this study 
were to evaluate the prevalence of OA in people aged 
50 years or older in the Shanxi province and to identify 
its association with each smoking behavior. As it is well 
known, OA may involve any joint, usually affecting the 
knees, hips, hands, feet, and facet joints. In this study, 
knee OA was reported in 27.5% of participants, while 
the overall prevalence of OA was reported in 49.8% of 
participants (Figure 1). Knee OA was, therefore, the 
most common form of OA, and this is consistent with 
other studies.3,8,11,19,23

The prevalence of OA and knee OA was higher in 
the studies of the Shanxi province of China than esti-
mates from the Framingham OA study or other stud-
ies.14-16,29 A knee OA study by Haq and Davatchi in the 
Community Oriented Program for Control of Rheumatic 
Disorders (COPCORD) studies showed that the preva-
lence of knee OA within rural areas of Iran is ten times 
higher than that within urban areas.30 Part of the reason 
for this difference may be individual differences, mate-
rial conditions, and the socioeconomic environment. 
This research mainly concentrated on rural regions of 
the Shanxi province, resulting in prevalence of OA rela-
tively higher than the global average.

Similar to other studies, our results showed that the 
prevalence of OA in women was greater than in men 
across all age groups between the ages of 50 and 
90 years (Figure 2). In the study by Srikanth et al., it 
is clear that the incidence of knee, hip, and hand OA in 
women was higher than that in men, and OA in women 
increased significantly after menopause.16,31 Mean-
while, prevalence data from the Framingham study 
showed that both symptom-related data and radio-
graphic data were higher in women than in men aged 
between 63 and 75 years.32,33 In view of this phenom-
enon, it has been suggested that hormones may play 
an important role in the progression of OA; however, 
this has yet to be confirmed through clinical and epide-
miological studies.34

Although it is well known that smoking has been 
associated with an increased risk of several diseases, 

Factors* n (case)
Fully adjusted‡

OR 95% CI P value

All types of OA

All

  1 986 (401) 1

  2 193 (77) 1.091 0.757–1.575 0.693

  3 839 (386) 1.240 0.988–1.556 0.063

  4 620 (268) 1.374 1.049–1.802 0.021

Men

  1 449 (170) 1

  2 163 (62) 1.036 0.679–1.581 0.870

  3 597 (253) 1.304 0.963–1.767 0.087

  4 118 (46) 1.174 0.720–1.913 0.520

Women

  1 537 (231) 1

  2 30 (15) 1.014 0.439–2.344 0.973

  3 721 (340) 1.304 0.999–1.701 0.051

  4 23 (15) 1.857 0.672–5.136 0.233

Knee OA

All

  1 986 (264) 1

  2 193 (46) 1.067 0.695–1.636 0.767

  3 839 (252) 1.215 0.946–1.560 0.127

  4 620 (164) 1.440 1.059–1.958 0.020

Men

  1 449 (103) 1

  2 163 (38) 1.003 0.610–1.649 0.992

  3 118 (25) 1.034 0.589–1.816 0.907

  4 597 (154) 1.314 0.927–1.863 0.125

Women

  1 537 (161) 1

  2 30 (8) 0.997 0.384–2.591 0.995

  3 721 (227) 1.266 0.948–1.691 0.110

  4 23 (10) 1.772 0.673–4.669 0.247

Table 2.  Associations between smoking status and OA in Chinese 
adults aged 50 years or older.
Notes: Logistic regression analysis. *1: nonsmokers; 2: active smokers, namely self-
smokers; 3: passive smokers; 4: active and passive smokers. ‡Adjusted for age, BMI, 
waistline, hipline, sex, education, occupation, home ventilation, heating, and alcohol 
consumption. OA=osteoarthritis; OR=odds ratio; CI=confidence interval; BMI=body 
mass index.
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At present, reports of the relationship between passive 
smoking and the prevalence of OA are highly rare. In 
the present study, multivariate logistic regression analy-
sis performed after adjustment for a series of factors, 
including age, BMI, waist and hip circumference, sex, 
education background, occupation, ventilation, heat-
ing, and alcohol consumption, revealed a nonsignificant 
association between passive smoking and OA (Table 2). 
However, active and passive smoking has been shown 
to be a risk factor for OA (Table 2). Although in the study 
by Kang et al., the unadjusted results partly showed that 
passive smoking in males was negatively correlated 
with OA compared to nonsmoking.6 This finding is con-
sistent with the results regarding passive smoking and 
OA after adjusting for all covariates.6 For all types of OA 
or knee OA, with status of active and passive smoking, 
the values were OR>1 and P<0.05. There was no sta-
tistical significance when studying active smokers and 
passive smokers separately. However, when studying 
active and passive smokers, this combined situation 
was confirmed as a risk factor for OA. We can further 
speculate that this may be related to the duration of 
exposure, the total amount of smoking, and other fac-
tors. Since our findings may be due to the small sample 
size in this cross-sectional observation, these results 
need cautious explanation. Further studies on the rela-
tionship between smoking and OA using larger samples 
of different smoking statuses are required to draw more 
definitive conclusions.

Our study has several strengths. The wide range of 
people in this study can represents middle-aged and 
elderly people in the northwest of China. The Shanxi 
COPCORD study represents the middle-aged and 
elderly people in the northwest of China. We determined 
the final participants through rigorous multistage sam-
pling procedures and conducted strict quality control of 
the survey. Therefore, this study can objectively describe 
the prevalence of OA in northwest China according to 
social, economic, and geographical location factors. In 
addition, considering the confounding effects of smok-
ing and OA prevalence, we made targeted corrections 
to improve the accuracy of the statistical analysis. Our 
findings will contribute to the development of disease 
prevention and health promotion strategies and help 
to elucidate the potential etiology of radiographic OA in 
Chinese patients.

This study has some limitations. A major limitation is 
that only associations between smoking and OA preva-
lence could be drawn due to the cross-sectional design. 
Another limitation is that the participants were aged 
50 years or older and were often accompanied by other 
diseases with intake of a large number of drugs, includ-
ing those for treatment of many other diseases; this 

such as diabetes, cancer, cardiovascular diseases, 
respiratory diseases, stroke, RA, and musculoskeletal 
diseases, so far reports of the consequences of smok-
ing on OA are conflicting.21,35 This study showed that 
there was no significant association between active 
smoking and nonsmoking in both knee OA and all 
types of OA, and the prevalence of OA and smoking 
behavior were not significantly different between sexes 
(Table 2). Active smokers were leaner, and residual 
confounding from the higher BMI among the nonsmok-
ers could lead to no association observed in the study. 
However, the study of the effects of smoking on knee 
OA in the Framingham study showed that even adjust-
ing for weight or BMI did not change the conclusion 
that smoking was harmless in terms of OA.23 Several 
cross-sectional and longitudinal studies have con-
firmed that smoking seemed to decrease the risk of 
OA or showed no correlation.25,27,36-38 A study showed 
that when nicotine concentration is 25–100 ng/ml, the 
mRNA and protein expression of type II collagen in 
chondrocytes of the articular cartilage increase signifi-
cantly and the proliferation of cells increases.39 Some 
researchers have suggested that this may be related 
to smoking and reduced physical activity. Lastly, the 
effects of smoking may differ for incident and prevalent 
knee OA. When cartilage damage is caused by other 
mechanisms, the further study of the harmful effects 
of smoking on articular cartilage may result in false-
positive results. According to a study by Schouten et 
al., the risk of knee OA in smokers did not increase 
during 12 years of follow-up.40 The latest research on 
Chinese people aged 45–74  years in Singapore has 
shown no difference in total joint replacement between 
active smokers and nonsmokers.25

Our analysis of smoking and OA showed sex dif-
ferences that were not significant (Table 2). It is well 
known that OA is the most common cause of disability 
in the elderly, while women usually suffer from a higher 
prevalence of cartilage dysplasia, menopausal cartilage 
damage, and cartilage loss.41 A recent meta-analysis 
showed that differences in smoking patterns between 
sexes were not related to the occurrence of knee OA.42 

The present study showed that smoking differences 
between men and women were not a risk factor for OA 
considering four different smoking patterns, which was 
consistent with the results of recent studies.

The smoke inhaled by indirect smokers contains 
more toxic and harmful substances because they inhale 
smoke not filtered by cigarette filters.43 According to rel-
evant reports, nonsmokers exposed often to second-
hand smoke will be at an increased risk of bronchitis, 
asthma, pneumonia, otitis media, macular degeneration, 
neurological disorders, and other related diseases.43,44 
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would have affected the prevalence of OA and analysis 
of the influencing factors. Furthermore, there were no 
data concerning activities of participants, and correla-
tion results were limited.

5.	 Conclusions
Using data from the COPCORD study, we observed 
that the prevalence of radiographic knee OA in  
the Shanxi province of China was high. The 
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