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Abstract: Background: This study hypothesized that smoking cessation, among elderly population, has positive 
health effects with respect to risks of coronary artery disease (CAD), diabetes, and chronic obstructive pulmonary 
disease (COPD). To test this hypothesis, current smokers were compared with former smokers. Methods: In this 
research, 719 elderly current smokers and 349 elderly former smokers were evaluated. Propensity score match-
ing (PSM) was used to reduce confounding bias between the groups. Additionally, logistic regression analysis was 
performed on matched data to evaluate disease risks. Results: A total of 277 pairs of current and former smokers 
were matched. Logistic regression analysis demonstrated that, relative to current smokers, former smokers had 
lower risks of CAD (OR: 0.97, 95% CI: 0.68-1.38), diabetes (OR: 0.85, 95% CI: 0.57-1.26), and COPD (OR: 0.45, 95% 
CI: 0.30-0.69). However, only the difference for COPD was significant. Conclusion: Smoking cessation may have 
protective effects against COPD, among elderly people, and this study’s findings demonstrate the importance of 
implementing smoking prevention programs to educate the elderly.
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Introduction

Tobacco smoking is one of the most serious 
health problems worldwide [1, 2]. It creates a 
heavy disease burden. Among men, tobacco 
smoking is linked to a 50% higher all-cause 
mortality rate [3]. Previous studies have shown 
that smoking cessation can reduce risks of car-
diovascular disease, respiratory disease and 
infections, and cancer death. This protective 
effect has been demonstrated in the United 
States and several European countries that 
have promoted national tobacco control proj-
ects for nearly 30 years, reducing tobacco-
related cardiovascular disease and tumor 
deaths by nearly 40% [1, 4]. Regarding health 
strategies that nations can implement, smok-
ing cessation has been identified, by the WHO, 
as one of the most cost-efficient public health 
interventions [5]. In China, tobacco smoking 
produces a great burden as the country is the 
world’s largest tobacco grower and consumer, 
with 350 million smokers [6, 7]. Furthermore, 
there is low awareness of the health benefits of 

smoking cessation in China [8] and Chinese 
smokers have many misconceptions regarding 
smoking cessation [9]. In particular, the elderly 
believe that long-term smokers cannot sudden-
ly quit smoking, that smoking helps to prevent 
dementia and improve work efficiency, and that 
the longevity of many centenarians can be 
attributed to their smoking habits. Moreover, a 
few individuals believe that smoking cessation 
among the elderly can negatively affect health 
and lead to premature death.

To the best of our knowledge, only a few studies 
have investigated health effects of smoking 
cessation among a Chinese population. One 
cohort study [10] evaluated retired men in Xi’an 
and demonstrated that, compared with current 
smokers, former smokers who had quit more 
than two years ago exhibited 56% and 93% 
reduction in overall death risk and risk of death 
from coronary artery disease (CAD), respective-
ly. However, this study did not observe the pro-
tective effects of smoking cessation on chronic 
obstructive pulmonary disease (COPD) and 

http://www.ijcem.com


Smoking cessation protects against COPD in an elderly population

8629 Int J Clin Exp Med 2018;11(8):8628-8633

other chronic diseases. It was limited by the 
study population and short observation time. 
Thus, the current study was performed to 
observe health effects of smoking cessation on 
three chronic diseases (CAD, diabetes, and 
COPD), among the elderly. To increase compa-
rability between the two groups (current smok-
ers and former smokers) and to reduce the 
influence of confounding factors, propensity 
score matching (PSM) was used [11].

Materials and methods

Study sample

Data from a previous cross-sectional survey 
[12] was used, containing information de- 
scribing elderly individuals (≥60 years old) liv-

COPD) status of participants was collected 
from their medical records. Statuses were veri-
fied by doctors at Chinese PLA General Hos-
pital, utilizing general diagnostic criteria and 
recommendations of Multinational Monitoring 
of Trends and Determinants in Cardiovascular 
Diseases (MONICA) Project [14] and the Ameri- 
can Diabetes Association (ADA) [15], as well as 
standards for diagnosis and care of patients 
with COPD [16].

Statistical analysis

SPSS version 19.0 was used for data analysis. 
Significance level for all tests was set at a two-
tailed α value of 0.05. Differences in means 
and proportions were evaluated using Student’s 
t-test and Chi-square test, respectively. Logistic 

Table 1. General participant characteristics of the two groups be-
fore matching

Characteristics Current smokers 
(n=719)

Former smokers 
(n=349) P

Age (years) n (%) <0.001
    60-69 368 (51.2) 101 (28.9)
    70-79 305 (42.4) 200 (57.3)
    ≥80 46 (6.4) 48 (13.8)
Gender 0.152
    Male 551 (76.6) 281 (80.5)
    Female 168 (23.4) 68 (19.5)
Marital status 0.949
    Married 617 (85.8) 300 (86.0)
    Single, divorced or widowed 102 (14.2) 49 (14.0)
Occupation 0.182
    White collar 289 (40.2) 120 (34.4)
    Light physical labor 276 (38.4) 145 (41.5)
    Hard physical labor 154 (21.4) 84 (24.1)
Education level (years) <0.001
    0-6 301 (41.9) 105 (30.1)
    7-12 251 (34.9) 114 (32.7)
    13 or more 167 (23.2) 130 (37.2)
BMI 0.004
    <23.00 199 (27.7) 72 (20.6)
    23.00-24.99 164 (22.8) 67 (19.2)
    ≥25.00 356 (49.5) 210 (60.2)
Alcohol use <0.001
    No 463 (64.4) 160 (45.8)
    Yes 256 (35.6) 189 (54.2)
Daily physical exercise <0.001
    >3 hours/day 159 (22.1) 63 (18.1)
    1-3 hours/day 380 (52.9) 248 (71.1)
    <1 hours/day 180 (25.0) 38 (10.9)

ing in the Wanshoulu district. 
Of the 3,560 participants 
(1,478 men and 2,082 wo- 
men), 2,492 people who had 
never smoked (646 men and 
1,846 women) were exclud-
ed. The remaining 1,068 par-
ticipants included 719 cur-
rent smokers (551 men and 
168 women) and 349 former 
smokers (281 men and 68 
women).

Information was collected for 
variables representing each 
participant’s gender, age, 
marital status, occupation, 
education level, alcohol con-
sumption, body mass index 
(BMI), exercise status, and 
current disease (CAD, diabe-
tes, and COPD) status.

Measurements

A current smoker was defined 
as a person who smoked 
tobacco products, regularly, 
at the time of the survey. A 
former smoker was defined 
as a person who had previ-
ously smoked, daily, for at 
least six months but, at the 
time of the survey, had not 
used tobacco products for at 
least two years [13]. 

Information on current dis-
ease (CAD, diabetes, and 
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regression models were used to identify the 
health effects of smoking cessation. 

PSM [17] was used to match current smoker 
and former smoker groups and was conducted 
using SPSS 19.0 PSM process extension. 
Gender, age, marital status, occupation, educa-
tion level, alcohol use, BMI, and exercise status 
were included as covariates. We used nearest-
neighbor matching to match former smokers to 
current smokers in a 1:1 ratio with a caliper 
width of 0.2 [18].

Ethical considerations

The Medical Ethics Committee of the Chinese 
PLA General Hospital examined and approved 
this study. Before completing questionnaires, 

Using logistic regression, we found that, rela-
tive to current smokers, former smokers had 
lower risks of CAD (OR: 0.97, 95% CI: 0.68-
1.38), diabetes (OR: 0.85, 95% CI: 0.57-1.26), 
and COPD (OR: 0.45, 95% CI: 0.30-0.69). 
However, only the difference for COPD was  
significant. After adjusting for age, gender, mar-
ital status, occupation, education level, BMI, 
alcohol use, and daily physical exercise, we 
found that adjusted ORs were similar and 
reduced risk of COPD among former smokers, 
compared to current smokers, was still signifi-
cant (P<0.001) (Table 3).

Table 4 presents associations between years 
after smoking cessation and risks of CVD, dia-
betes, and COPD. For patients with at least 10 

Table 2. General participant characteristics of the two groups after 
matching

Characteristics Current smokers 
(n=277)

Former smokers 
(n=277) P

Age (years) 0.630 
    60-69 105 (37.9) 97 (35.0)
    70-79 150 (54.2) 161 (58.1)
    ≥80 22 (7.9) 19 (6.9)
Gender 0.277
    Male 230 (83.0) 220 (79.4)
    Female 47 (17.0) 57 (20.6)
Marital status 0.362 
    Married 247 (89.2) 240 (86.6)
    Single, divorced or widowed 30 (10.8) 37 (13.4)
Occupation 0.825
    White collar 108 (39.0) 101 (36.5)
    Light physical labor 100 (36.1) 105 (37.9)
    Hard physical labor 69 (24.9) 71 (25.6)
Education level (years) 0.706
    0-6 86 (31.0) 93 (33.6)
    7-12 106 (38.3) 97 (35.0)
    13 or more 85 (30.7) 87 (31.4)
BMI 0.373
    <23.00 48 (17.3) 60 (21.7)
    23.00-24.99 71 (25.6) 62 (22.4)
    ≥25.00 158 (57.0) 155 (56.0)
Alcohol use 0.799 
    No 138 (49.8) 141 (50.9)
    Yes 139 (50.2) 136 (49.1)
Daily physical exercise 0.164
    >3 hours/day 57 (20.6) 45 (16.2)
    1-3 hours/day 176 (63.5) 197 (71.1)
    <1 hours/day 44 (15.9) 35 (12.6)

each involved participant sign- 
ed an informed consent form.

Results

A total of 719 current smokers 
(551 men and 168 women) 
and 349 former smokers (281 
men and 68 women) complet-
ed the survey and were intro-
duced into this study. The 
average number of years sin- 
ce former smokers had quit 
smoking was 18.05±12.05 
years (range 2-59 years). Gen- 
eral characteristics (age, gen-
der, marital status, occupati- 
on, education level, BMI, alco-
hol use, and daily physical ex- 
ercise) are presented in Table 
1. Compared to current smo- 
kers, former smokers were 
younger, more physically acti- 
ve, more educated, had higher 
BMIs, and greater alcohol use 
(P<0.05). Based on PSM, the 
average number of years since 
former smokers had quit sm- 
oking was 17.86±12.19 years 
(range 2-59 years).

After PSM, a total of 277 par-
ticipant pairs were matched. 
Current smoker and former 
smoker groups were balanced 
for age, education level, BMI, 
alcohol use, and daily physical 
exercise (Table 2).
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years after smoking cessation, ORs for CAD, 
diabetes, and COPD were 0.84 (95% CI: 0.55-
1.27), 0.94 (95% CI: 0.60-1.46), and 0.46 (95% 
CI: 0.28-0.75), respectively, after adjusting for 
age, gender, marital status, occupation, educa-
tion level, BMI, alcohol use, and daily physical 
exercise (Table 4). 

Discussion

Tobacco smoking is an important and poten-
tially preventable health problem among the 
elderly. However, to date, few epidemiological 
studies have focused on the protective health 
effects of smoking cessation among the elder-
ly. Furthermore, some misconceptions are com-
mon among the Chinese elderly population. For 
example, some believe that long-term smokers 
cannot suddenly stop smoking and that smok-
ing helps prevent dementia and improve work 

efficiency. Also, many centenarians are smok-
ers. Thus, this study was performed to observe 
the health effects of smoking cessation on 
chronic diseases (CAD, diabetes, and COPD) 
among elderly Chinese subjects. An estimate of 
the health effects obtained from simply com-
paring outcomes among current and former 
smokers would bias our results, however. 
Therefore, we used PSM to reduce bias pro-
duced by confounding variables of age, gender, 
marital status, occupation, education level, 
BMI, alcohol use, and physical training time. 
The final study sample was composed of 277 
matched pairs of current and former smokers.

After matching, any significant protective health 
effects of smoking cessation against COPD, 
among elderly Chinese population, were ob- 
served. This observation remained after adjust-
ing for confounding factors. A number of stud-

Table 3. Health effects of smoking cessation on CAD, diabetes, and COPD
Patients (%) Crude OR Adjusted OR1 Adjusted OR2

CAD Current smokers 92 (33.2) 1 1 1
Former smokers 90 (32.5) 0.97 (0.68-1.38) 0.84 (0.67-1.38) 0.99 (0.69-1.43)
P 0.856 0.843 0.974

Diabetes Current smokers 69 (24.9) 1 1 1
Former smokers 61 (22.0) 0.85 (0.57-1.26) 0.85 (0.57-1.26) 0.87 (0.58-1.30)
P 0.423 0.404 0.503

COPD Current smokers 77 (27.8) 1 1 1
Former smokers 41 (14.8) 0.45 (0.30-0.69) 0.42 (0.27-0.65) 0.42 (0.27-0.66)
P <0.001 <0.001 <0.001

Crude OR: Unadjusted. Adjusted OR1: Adjusted for age, gender, marital status, occupation, and education level. Adjusted OR2: 
Adjusted for age, gender, marital status, occupation, education level, BMI, alcohol use, and daily physical exercise.

Table 4. Health effects of years after smoking cessation on CAD, diabetes, and COPD
Patients (%) Crude OR Adjusted OR1 Adjusted OR2

CAD Current smokers 92 (33.2) 1 1 1
Smoking cessation for <10 years 33 (38.4) 1.25 (0.76-2.07) 1.35 (0.81-2.26) 1.37 (0.81-2.31)
Smoking cessation for ≥10 years 57 (29.8) 0.86 (0.57-1.27) 0.79 (0.53-1.19) 0.84 (0.55-1.27)
P 0.501 0.330 0.475

Diabetes Current smokers 69 (24.9) 1 1 1
Smoking cessation for <10 years 17 (19.8) 0.74 (0.41-1.35) 0.73 (0.40-1.34) 0.71 (0.39-1.31)
Smoking cessation for ≥10 years 44 (23.0) 0.90 (0.59-1.39) 0.90 (0.58-1.39) 0.94 (0.60-1.46)
P 0.594 0.572 0.702

COPD Current smokers 77 (27.8) 1 1 1
Smoking cessation for <10 years 10 (11.6) 0.34 (0.17-0.70) 0.32 (0.15-0.67) 0.33 (0.16-0.70)
Smoking cessation for ≥10 years 31 (16.2) 0.50 (0.32-0.80) 0.45 (0.28-0.74) 0.46 (0.28-0.75)
P 0.002 0.001 0.001

Crude OR: Unadjusted. Adjusted OR1: Adjusted for age, gender, marital status, occupation, and education level. Adjusted OR2: 
Adjusted for age, gender, marital status, occupation, education level, BMI, alcohol use, and daily physical exercise.
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ies have shown that cigarette smoking is an 
important risk factor for COPD [1, 19, 20] and 
that smoking cessation can help alleviate 
symptoms of COPD [21, 22]. Furthermore, 
many studies have demonstrated that smoking 
cessation can reduce pathological bronchial 
epithelial transformations [23], macrophage 
polarization changes, and inflammatory reac-
tions [24] that can lead to progression of patho-
physiological changes in COPD. Thus, physio-
logical evidence shows that smoking cessation 
can protect against COPD. Additionally, most 
studies evaluating smoking cessation as an 
intervention approach were performed in a 
clinic and considered only COPD patients. Few 
field studies have evaluated the health effects 
of smoking cessation on COPD. One field study 
by Murray et al. found that smoking cessation 
played a protective role against chronic lung 
diseases [1]. To the best of our knowledge, this 
present study is the first to observe health 
effects of smoking cessation in an elderly com-
munity population. These results may reveal 
that. even in an elderly population, smoking 
cessation still protects against COPD.

This present study, additionally, showed that 
former smokers had lower risk of CAD and dia-
betes than current smokers, but these results 
were not significant. A previous cohort study 
found that smoking cessation could reduce 
CAD deaths by 56%, among retired men [25]. 
The current study did not observe a significant 
health effect of smoking cessation on CAD, 
perhaps due to the small sample size and 
because some former smokers chose to quit 
as a result of smoking-related illnesses.

Health effects of smoking cessation on diabe-
tes have not been clearly established. A prior 
study, conducted in Guangdong Province, dem-
onstrated that incidence of diabetes among 
former smokers and current smokers was 5.4% 
and 2.5%, respectively [26]. In a cohort study, 
an analysis of long-term risk of diabetes after 
smoking cessation indicated that the highest 
risk occurred during the first 3 years (hazard 
ratio, 1.91 [95% CI, 1.19 to 3.05]) and that this 
risk gradually decreased to 0 within 12 years 
after smoking cessation [27]. In the current 
study, no significant health effects of smoking 
cessation on diabetes were found.

One major limitation of this study, which is 
inherent to cross-sectional studies, was that a 

causal relationship between smoking cessa-
tion and reduced COPD risk could not be con-
firmed. Another limitation was that certain for-
mer smokers quit smoking due to illness. This 
phenomenon could have caused an underesti-
mation of the health effects of smoking cessa-
tion. The third limitation was that lung function 
and CO level tests were not used to confirm 
smoking cessation status. Smoking cessation 
status, however, was checked face to face or  
by telephone with relatives living with the 
participants.

In summary, this present study was the first to 
examine the health effects of smoking cessa-
tion on chronic diseases (CAD, diabetes, and 
COPD), among an elderly Chinese population. 
Improved comparability of current and former 
smokers was ensured using the PSM method. It 
was found that smoking cessation may have 
protective effects against COPD, among the 
elderly. Further cohort studies should be con-
ducted to verify the causal relationship. This 
study’s findings demonstrate the importance of 
implementing smoking prevention programs to 
educate the elderly.
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