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Purpose  This study investigated association between smoking habit change and cancer-related mortality risk in Korean women.  
Materials and Methods  Study population were women aged ≥ 40 years who underwent two biennial cancer screenings during 
2009-2012 and were followed up until 2020. Participants were grouped into sustained nonsmokers, sustained quitters, new quitters, 
relapsers/smoking initiators, and sustained smokers. Outcomes included all-cause and cancer-related deaths. Cox regression and 
competing risk analysis was used to assess association between smoking habit change and mortality risk.   
Results  Of 2,892,590 women, 54,443 death cases were recorded (median follow-up of 9.0 years). Compared with sustained non-
smokers, mortality risk from all causes and cancer-related causes increased in all other smoking groups. Cancer-related risk inc-
reased 1.22-fold among sustained quitters (95% confidence interval [CI], 1.10 to 1.36), 1.56-fold (95% CI, 1.40 to 1.75) in new 
quitters, 1.40-fold (95% CI, 1.21 to 1.62) in relapsers/smoking initiators, and 1.61-fold (95% CI, 1.46 to 1.78) in sustained smokers 
compared with sustained nonsmokers. Women who were sustained smokers with higher smoking intensity had a higher mortality 
risk in terms of hazard ratios compared to nonsmokers (< 5 pack-years 2.12-fold, 5-10 pack-years 2.15-fold, and > 10 pack-years 
2.27-fold).    
Conclusion  Quitting smoking earlier is critical for preventing death from all causes and cancer among female smokers.     
Key words  Smoking, Smoking cessation, Neoplasms, Mortality, Cancer death, Cancer prevention
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Introduction

More than one-fifth of total cancer deaths are attributable 
to smoking, making it a strong risk factor and the most sig-
nificant preventable cause of cancer [1,2]. Tobacco use inc-
reases the risk of several types of cancer [3] and smoking 
cessation is associated with a delay and reduction in cancer-
related deaths, particularly lung cancer [4-7].

Despite the abundant evidence on cancer mortality risk 
in smokers, most existing studies measured the changes in 
smoking behavior in former and past smokers using only one 
baseline survey and did not consider longitudinal changes in 
smoking behaviors during the study period. In addition, epi-
demiological evidence on the association between smoking 
and mortality from cancer has remained limited or outdated 
[8,9] and is mainly found in Western populations [8,9].

In Asian countries, where smoking prevalence in wom-
en is much lower than in men [10], smoking or changes in 
smoking behaviors in women have been given less attention. 
Meanwhile, the smoking rate among Korean women has 
gradually increased in recent years [11]; however, epidemio-

logical studies on the effect of smoking on Korean women 
have remained limited. Therefore, this cohort study was con-
ducted to provide an updated evaluation of the association 
between longitudinal changes in smoking habits and mor-
tality risk, especially in Asian women. This study assessed 
the association between changes in smoking habits and the 
risk of death from all and cancer-related causes. We further 
assessed how mortality risk differed according to smoking 
intensity among current smokers.

Materials and Methods

1. Study participants
We used data from the National Health Insurance Service–

National Health Information Database (NHIS-NHID) [12]. In 
Korea, the NHIS provides biennial health-screening exami-
nations for all Korean individuals to assess the risk of chronic 
diseases. All inpatient and outpatient visits, procedures, and 
prescriptions were recorded in the database. 

The initial study cohort included women aged ≥ 40 years 
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who underwent breast cancer screening between 2009-2010 
(n=5,105,129) and 2011-2012 (n=5,641,764), considering the 
biennial interval of breast cancer screening in Korea. Partici-
pants were followed up until the date of death or December 
31, 2020, whichever came first. Only participants who under-
went screening in both periods, with information available 
on smoking status, were initially considered (n=3,299,776) 
(Fig. 1). Among them, participants who were aged < 40 or 
> 75 years, and who had missing information on smoking 
status, missing information on date of death, or self-reported 
history of cancer, stroke, or ischemic heart disease before the 
date of screening were excluded. We excluded participants 
aged < 40 or > 75 years on the basis of the recommenda-
tions for target ages for breast cancer screening [13,14]. After  
exclusion, 2,892,590 participants were included in the anal-
ysis. More details on the study population was described 
elsewhere [15]. The NHIS database was constructed after  
anonymization for individual identification.

2. Measures of change in smoking status
Participants reported their smoking status using a self- 

reported questionnaire during screening. Using the respons-
es from the question, ‘Have you ever smoked 100 cigarettes 
or more in the course of your lifetime?,’ smoking habits were 
categorized into three groups: never, former, and current 
smokers. According to changes in smoking status from the 
screening in 2009-2010 to the screening in 2011-2012, partici-
pants were grouped into the following categories: sustained 
nonsmokers (those reported as never smokers in both meas-
ures), sustained quitters (those reported as former smokers 
in both measures), new quitters (those reported as current 
smokers in the first measure and former smokers in the sec-
ond measure), relapsers (former smokers in the first measure 
and current smokers in the second measure), smoking ini-
tiators (those who were never smokers in the first measure 
and current smokers in the second measure), and sustained 
smokers (those who were current smokers in both measures).  
Owing to the relatively small number of relapsers and smok-
ing initiators, these two groups were combined into one 
group during the analysis. Additionally, we excluded par-
ticipants whose smoking status has switched from current 
smokers to never smokers (n=21,304, 0.6%) or from former 
smokers to never smokers (n=8,767, 0.3%), which were con-
sidered as reporting errors. Owing to the small sample size, 
we also excluded participants whose status changed from 
never smokers to former smokers (n=13,098, 0.4%). Smok-
ing intensity was assessed using smoking-pack-years, with 
one pack-year defined as smoking 20 cigarettes per day for 
1 year.

3. Measures of outcomes 
The outcomes of interest were death from all causes, 

cancer-related causes, smoking-related cancers, and lung 
cancers. By linking our database with the Death Registra-
tion Database provided by the Korea National Statistics, we 
identified the date of death and death causes using the 10th 
International Classification of Diseases. Smoking-related 
cancers include those of the pharynx, esophagus, stomach, 
colon, rectum, liver, pancreas, larynx, lung, bladder, and kid-
ney [16].

4. Measures of other covariates
Data on health behaviors, family history of cancer, and 

reproductive factors were collected using self-administered 
standardized questionnaires during health screening bet-
ween 2009-2010. We considered the following covariates in 
our analysis: participants’ age at screening (continuous vari-
able) [17,18], body mass index (continuous variable) [18,19], 
Charlson comorbidity index (CCI) (continuous and categori-
cal variable) [20], number of parities (none, one, two, or more, 
missing) [18], age at menarche (< 15 years, 15-16 years, > 16 
years, missing) [18], menopausal status (premenopausal, 
postmenopausal, missing) [18], breastfeeding history (never, 
ever, missing) [18], oral contraceptive use (never, ever, miss-
ing) [18], family history of cancer in first-degree relatives 
(yes, no, missing) [18], alcohol consumption (yes, no, miss-
ing) [18], weekly physical activity (yes, no, missing) [18], hor-
mone replacement therapy among postmenopausal women 
(never, ever, missing) [18], and smoking amount measured 
using pack-years. The CCI was calculated based on 17 condi-
tions classified using International Classification of Diseases, 
10th revision codes within a 1-year look-back period prior 
to the screening date [20,21]. The sum of the weights score is 
the CCI and was further divided into 0, 1, 2, and 3 points or 
more [21]. 

5. Statistical analysis
Descriptive statistics of the baseline characteristics of the 

participants according to smoking pattern are presented. To 
quantify the association between changes in smoking habits 
and all-cause mortality, we performed Cox proportional haz-
ards regression analysis to estimate the hazard ratios (HRs) 
and 95% confidence intervals (CIs). To determine the associa-
tion between changes in smoking habits and cancer-related 
mortality, we used competing risk analysis, considering 
deaths from other causes as competing events. The time-to-
event period was counted in days from the date of the sec-
ond screening to the date of the event or the end of the study  
period. The cancer risk was calculated after adjusting for oth-
er covariates. Missing covariate values are treated as dummy 
variables (separate categories). 
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We assessed the mortality risk in the different smoking 
pattern groups compared with the sustained nonsmoker 
group. The smoking pattern variable, with five values cor-
responding to the five smoking groups, was included in 
one regression model, and the sustained nonsmoker group 
was used as the reference. We further assessed the mortality 
risk according to smoking intensity among sustained smok-
ers compared to sustained nonsmokers. Smoking intensity 
was measured by smoking pack-years and categorized as < 
5 pack-years, 5-10 pack-years, and > 10 pack-years. Statistical 
analyses were performed using SAS ver. 9.4 (SAS Institute 
Inc., Cary, NC). 

Results

A total of 2,892,590 women were followed up during an  
average of 8.9 years (standard deviation, 0.8 years; median, 9.0 
years; interquartile range, 8.4 to 9.4 years), with 54,433 death 
cases detected (Fig. 1). Of 2,892,590 women, 49,993 (1.7%) 
were sustained smokers, 29,269 (1.0%) were new quitters, and 
45,850 (1.6%) were sustained quitters. The mean age was low-
est in the sustained smoker group (53.3±8.2) and highest in 
the sustained nonsmoker group (56.2±8.9) (Table 1). 

The risk of mortality in the other smoking groups relative 

to that in sustained nonsmokers is presented in Table 2. In the 
first model with only adjustment for age, the mortality risk 
increased in all smoking groups compared to sustained non-
smoker groups, with the HR of 1.44-fold (95% CI, 1.35 to 1.54) 
in sustained quitters, 2.05-fold (95% CI, 1.91 to 2.19) in new 
quitters, 2.10-fold (95% CI, 1.93 to 2.28) in relapsers/smok-
ing imitators, and 2.41-fold (95% CI, 2.29 to 2.53) in sustained 
smokers. After additionally adjusting for other covariates, 
such as smoking pack-years and comorbidity index, the HR 
values decreased but remained statistically significant. Com-
pared to sustained nonsmokers, the risk of mortality from 
all causes increased in all other smoking groups: 1.37-fold 
(95% CI, 1.28 to 1.46) in sustained quitters, 1.85-fold (95% CI, 
1.72 to 1.98) in new quitters, 1.82 (95% CI, 1.66 to 1.99) in 
relapsers/smoking imitators, and 2.04-fold (95% CI, 1.91 to 
2.17) in sustained smokers. In terms of cancer-related deaths, 
the highest risk was also observed in the sustained smokers 
group relative to nonsmokers (adjusted hazard artio [aHR], 
1.61; 95% CI, 1.46 to 1.78), followed by new quitters (aHR, 
1.56; 95% CI, 1.40 to 1.75), relapsers/smoking initiators (aHR, 
1.40; 95% CI, 1.21 to 1.62), and sustained quitters (aHR, 1.22; 
95% CI, 1.10 to 1.36). Compared to the overall cancer-related 
risk, a stronger association was found with the risk of death 
and smoking-related cancers, especially lung cancer. Women 
in the sustained smoking group had a 1.88-fold (95% CI, 1.67 

Excluded (n=407,186)
- Age at screening < 40 years or > 75 (n=169,090)
- Missing information of smoking status at both
  screenings (n=20,156)
- Participant with history of cancer, stroke or
  ischemic heart diseases (n=217,700)
- Missing information on date of death (n=240)

Sustained
smokers

(n=49,993)

Relapsers/
Smoking initiators

(n=19,191)

New
quitters

(n=29,269)

Sustained
quitters

(n=45,850)

Sustained
non-smokers
(n=2,748,287)

Death from
all causes
(n=1,565)

Death from
all causes

(n=548)

Death from
all causes

(n=809)

Death from
all causes

(n=896)

Death from
all causes
(n=50,615)

Women who received mammographic
breast cancer screening during 2009-2010

(n=5,105,129)

Women who received mammographic
breast cancer screening during 2011-2012

(n=5,641,764)

Women who underwent both screenings
(n=3,299,776)

Participants included in the analysis
(n=2,892,590)

Fig. 1.  Flow diagram of selection of eligible population.
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Table 1.  Characteristics of the study population by smoking pattern group

	 Sustained	 Sustained	 New 	 Relapsers/	 Sustained
Characteristic  	 nonsmokers	 quitters	 quitters	 Smoking initiators	 smokers
	 (n=2,748,287)	 (n=45,850)	 (n=29,269)	 (n=19,191)	 (n=49,993)

Age (yr)	 56.2±8.9	 53.2±8.7	 53.5±8.4	 53.6±8.4	 53.3±8.2
Pack-year 	 0±0	 2.7±6.1	 2±5.7	 6.9±8.4	 9.8±9.5
Comorbidity index (CCI) 	 0.4±0.8	 0.4±0.8	 0.5±0.8	 0.5±0.8	 0.5±0.8
CCI group
    None	 1,905,615 (69.3)	 31,780 (69.3)	 19,688 (67.3)	 12,820 (66.8)	 33,335 (66.7)
    One disease	 589,658 (21.5)	 9,878 (21.5)	 6,563 (22.4)	 4,433 (23.1)	 11,669 (23.3)
    Two diseases	 169,623 (6.2)	 2,798 (6.1)	 2,025 (6.9)	 1,289 (6.7)	 3,367 (6.7)
    Three or more	 83,391 (3.0)	 1,394 (3.0)	 993 (3.4)	 649 (3.4)	 1,622 (3.2)
BMI status
    < 18.5	 52,849 (1.9)	 1,181 (2.6)	 943 (3.2)	 664 (3.5)	 2,057 (4.1)
    18.5 to < 23	 1,074,662 (39.1)	 19,912 (43.4)	 12,682 (43.3)	 8,501 (44.3)	 22,544 (45.1)
    23 to < 25	 711,962 (25.9)	 10,723 (23.4)	 6,810 (23.3)	 4,327 (22.6)	 11,002 (22.0)
    ≥ 25	 908,590 (33.1)	 14,030 (30.6)	 8,831 (30.2)	 5,698 (29.7)	 14,387 (28.8)
    Missing	 224 (0)	 4 (0)	 3 (0)	 1 (0)	 3 (0)
Age at menarche (yr)
    < 15	 630,858 (23)	 14,364 (31.3)	 7,020 (24)	 4,404 (23)	 11,996 (24)
    16-17	 1,140,298 (41.5)	 18,946 (41.3)	 12,502 (42.7)	 7,942 (41.4)	 20,836 (41.7)
    > 17	 945,906 (34.4)	 11,991 (26.2)	 9,419 (32.2)	 6,641 (34.6)	 16,694 (33.4)
    Missing	 31,225 (1.1)	 549 (1.2)	 328 (1.1)	 204 (1.1)	 467 (0.9)
Menopause status
    Premenopausal	 789,834 (28.7)	 17,986 (39.2)	 10,629 (36.3)	 6,848 (35.7)	 17,903 (35.8)
    Postmenopausal	 1,945,434 (70.8)	 27,580 (60.2)	 18,508 (63.2)	 12,261 (63.9)	 31,910 (63.8)
    Missing	 13,019 (0.5)	 284 (0.6)	 132 (0.5)	 82 (0.4)	 180 (0.4)
Birth delivery
    One	 242,918 (8.8)	 9,546 (20.8)	 5,632 (19.2)	 3,744 (19.5)	 10,668 (21.3)
    Two or more	 2,401,594 (87.4)	 30,837 (67.3)	 20,785 (71.0)	 13,582 (70.8)	 33,193 (66.4)
    None	 88,687 (3.2)	 5,129 (11.2)	 2,687 (9.2)	 1,767 (9.2)	 5,889 (11.8)
    Missing	 15,088 (0.6)	 338 (0.7)	 165 (0.6)	 98 (0.5)	 243 (0.5)
Breast feeding
    No	 360,950 (13.1)	 8,253 (18)	 4,524 (15.5)	 2,855 (14.9)	 7,602 (15.2)
    Yes	 2,329,195 (84.8)	 34,729 (75.7)	 23,186 (79.2)	 15,338 (79.9)	 39,085 (78.2)
    Missing	 58,142 (2.1)	 2,868 (6.3)	 1,559 (5.3)	 998 (5.2)	 3,306 (6.6)
Oral contraceptive use
    Never	 2,222,410 (80.9)	 32,394 (70.7)	 21,775 (74.4)	 14,095 (73.5)	 35,303 (70.6)
    Ever	 399,249 (14.5)	 10,743 (23.4)	 5,852 (20)	 4,080 (21.3)	 12,130 (24.3)
    Missing	 126,628 (4.6)	 2,713 (5.9)	 1,642 (5.6)	 1,016 (5.3)	 2,560 (5.1)
Exercise
    No	 714,710 (26.0)	 10,284 (22.4)	 9,442 (32.3)	 6,095 (31.8)	 15,763 (31.5)
    Yes	 2,030,942 (73.9)	 35,515 (77.5)	 19,800 (67.7)	 13,067 (68.1)	 34,183 (68.4)
    Missing	 2,635 (0.1)	 51 (0.1)	 27 (0.1)	 29 (0.2)	 47 (0.1)
Alcohol consumption
    No	 2,274,071 (82.8)	 26,950 (58.8)	 18,235 (62.3)	 9,397 (49)	 23,252 (46.5)
    Yes	 473,023 (17.2)	 18,856 (41.1)	 11,024 (37.7)	 9,782 (51)	 26,707 (53.4)
    Missing	 1,193 (0)	 44 (0.1)	 10 (0)	 12 (0.1)	 34 (0.1)
(Continued to the next page)
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to 2.12) and 2.67-fold (95% CI, 2.24 to 3.19) increased risk of 
smoking-related cancers and lung cancer deaths, respective-
ly. For women that were new quitters, the HR of smoking-
related cancer mortality and lung cancer mortality were 1.87 
(95% CI, 1.64 to 2.14) and 2.79 (95% CI, 2.26 to 3.43), and the 
corresponding values of relapsers/smoking initiators were 
1.56 (95% CI, 1.30 to 1.87) and 2.12 (95% CI, 1.61 to 2.79).

Among sustained smokers, the risk of mortality increased, 
corresponding to a higher smoking intensity (Table 3). Com-
pared to the nonsmoker group, the overall mortality risk in 
sustained smokers with < 5 pack-years, 5 to 10 pack-years, 
and > 10-pack-years was 2.12-fold (95% CI, 1.90 to 2.35), 2.15-
fold (95% CI, 1.93 to 2.40), and 2.27-fold (95% CI, 2.12 to 2.43), 
respectively. A similar pattern was observed in the risk of 
cancer-related, smoking-related, and lung cancer deaths. The 
risk of cancer-related deaths increased 1.76-fold (95% CI, 1.41 
to 2.19), 2.19-fold (95% CI, 1.79 to 2.69), and 2.49-fold (95% 
CI, 2.02 to 2.83), respectively. Sustained smokers with > 10 
pack-years had 2.49-fold (95% CI, 2.20 to 2.83) and 4.36-fold 
(95% CI, 3.63 to 5.23) increased risk of death from smoking-
related cancers and lung cancer, respectively.

Discussion

The findings from this study add to the growing evidence 
that mortality among sustained smokers is twice as high as 
that among women who never smoked. The increased risks 
of mortality due to cancer, smoking-related cancer, and lung 
cancer ranged from 1.6-fold to 2.7-fold. We additionally 
found that mortality risk differed according to changes in 
smoking habits, with the lowest risk in sustained quitters and 
highest risk in sustained smokers. Women who had smoked 
for 10 or more pack-years might have twofold increased risk 
of dying from smoking-related cancers and 4 times increased 
risk of dying from lung cancer.

Although the smoking rate is relatively lower among Asian 
women compared to that in the female Western population 
[22], the smoking rate among Korean women increased from 

5.3% to 7.5% from 2007 to 2018 [11]. Due to the large differ-
ence in smoking rates among Korean women (7.5% in 2018) 
compared to Korean men (36.7% in 2018), epidemiological 
studies on the effect of smoking among Korean women have 
remained limited. Prior to this study, there is broad agree-
ment that cigarette smoking increased the mortality risk by 2 
to 3 times in female smokers compared to women who nev-
er smoked [8,9,23,24]. Although evidence on smoking and 
mortality risk in female smokers has been comprehensively  
reported, these findings were mostly in Western popula-
tions [8,9,23] who might have different smoking prevalence 
and smoking patterns than those of Asian female smokers. 
In line with our findings, findings from the Nurses’ Health 
Study cohort report that current smokers had a 2.8-fold (95% 
CI, 2.68 to 2.95) increased risk of total mortality [8]. Another 
pooled analysis of five US cohort studies also reported an 
overall increase of 2.8-fold (95% CI, 2.7 to 2.9) risk of all-
cause mortality in female current smokers [23]. It should be 
noted that while findings on increased mortality risk asso-
ciated with lung cancer and smoking-related factors in our 
results and previous studies are consistent, the magnitude 
of association was relatively lower than that of our findings. 
The risk of death from lung cancer increased 12-fold in the 
Nurses’ Health Study cohort [8] and 23-fold in a pooled 
analysis study [23]. The lower smoking intensity in Asian 
women [10,25], including Koreans, and the shorter follow-
up time in our study might explain the discrepancy in lung 
cancer-related risk.

Our findings suggest a dose-response relationship bet-
ween smoking intensity and risk of mortality among sus-
tained smokers, with a higher HR in those with longer smok-
ing pack-years. The risk of cancer-related deaths increased 
from 1.6-fold in those with < 5 pack-years to 2-fold in those 
with more than ten pack-years, and the risk of lung cancer 
deaths increased from 2-fold to > 4-fold, respectively. Con-
sistent with our findings, previous studies also found a dose-
response relationship between the intensity of smoking, 
measured as either the number of smoked cigarettes [8,26] or 
smoking pack-years [27], and mortality risk in female smok-

Table 1.  Continued

	 Sustained	 Sustained	 New 	 Relapsers/	 Sustained
Characteristic  	 nonsmokers	 quitters	 quitters	 Smoking initiators	 smokers
	 (n=2,748,287)	 (n=45,850)	 (n=29,269)	 (n=19,191)	 (n=49,993)

Hormone replacement therapy 
  among postmenopausal women
    No	 1,377,956 (50.1)	 16,358 (35.7)	 12,057 (41.2)	 7,909 (41.2)	 20,390 (40.8)
    Yes	 300,000 (10.9)	 6,392 (13.9)	 3,422 (11.7)	 2,288 (11.9)	 6,098 (12.2)
    Missing	 1,070,331 (39)	 23,100 (50.4)	 13,790 (47.1)	 8,994 (46.9)	 23,505 (47)
Values are presented as mean±SD or number (%). BMI, body mass index; CCI, Charlson comorbidity index; SD, standard deviation. 
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ers. A pooled analysis of Asian female smokers reported a 
higher risk corresponding to higher smoking pack-years, 
with a 1.6-fold increase in all-cause mortality in those with < 
10 pack-years to a 2-fold increase in women with ≥ 20 pack-
years [27]. Although smoking intensity is lower in Asian 
women [10,25] recent studies also reported that smoking-
related cancer mortality risk increased even in low-intensity 
and lifelong non-daily smokers compared to never smokers 
[28-30]. 

In this study, the risk of death from lung cancer was found 
to be highest in the new quitter group followed by the sus- 
tained smoker group. In terms of all-cause and cancer-rela-
ted deaths, the HR of sustained smokers was higher than 
that of sustained nonsmokers, followed by new quitters. The 
unique findings regarding lung cancer might be due to the 
changed smoking status as an intermediate variable. Devel-
opment of fatal diseases or deteriorating health condition that  
occur during the period between the two measures may affect 
smoking habits and subsequently act as an intermediate var-
iable between smoking habit change and increased mortal-
ity risk. A woman might receive a lung cancer diagnosis and 
then decide to quit smoking, and this diagnosis may increase 
her risk of death due to lung cancer. In our analysis, the mean 
CCI in the new quitter group was higher than that of sus-
tained smokers, sustained quitters, and nonsmokers (0.480 
vs. 0.479, 0.443, and 0.442, respectively; data not shown). In 
our previous study [15], we found that changes in smoking 
behavior were associated with an increased incidence of 

cancer (all types), smoking-related cancers, and lung cancer. 
The risk was the highest in sustained smokers, followed by 
new quitters, relapsers/smoking inhibitors, and sustained 
quitters. Consequently, this increased cancer risk explains 
the increased mortality risk observed in the current study. 
A similar pattern was observed in the association between 
changes in smoking status and cancer-related mortality risk. 
The mortality risk from cancer-related, smoking-related, and 
lung cancers was also the highest in women who reported as 
sustained smokers or new quitters. The combined evidence 
from our previous and current studies suggests that changes 
in smoking status are associated not only with cancer risk 
but also with all-cause and cancer-related mortality risk in 
female smokers.

This study has several limitations. First, information on 
smoking was collected from a self-reported questionnaire, 
which may not accurately reflect the participants’ smoking 
habits, especially due to the social stigma regarding smok-
ing among Asian women. A study conducted among Korean 
women recorded a self-reported smoking rate of 7.4%; how-
ever, after checking for urinary cotinine levels, the smoking 
rate was 11.8% [31]. Thus, we can assume that the current 
smoking rate in Korean women might have been underesti-
mated by 30%-40%, which could have raised potential biases 
in our study. The underestimation of current smoking status 
might cause a non-differential bias, because the degree of 
misclassification of smoking status would not be systemati-
cally different between death and survival. A non-differen-

Table 3.  Total and cancer-related death in sustained smokers relative to sustained nonsmokers by intensity of smoking 

	                Sustained		             Sustained smokers:	              Sustained smokers:	          Sustained smokers:

Death cause
	                 nonsmokers	                < 5 pack years	                       5-10 pack-years  	               > 10 pack-years

	 No. of	
HR

	 No. of	 HR	 No. of	 HR	 No. of	 HR
	 events		  events	 (95% CI)	 events	 (95% CI)	 events	 (95% CI)	

All causes
    Model 1	 50,615	 Ref.	 896	 2.26 (2.03-2.51)	 809	 2.32 (2.08-2.58)	 548	 2.52 (2.35-2.69)
    Model 2		  Ref.		  2.12 (1.90-2.35)		  2.15 (1.93-2.40)		  2.27 (2.12-2.43)
Cancer-related								      
    Model 1	 22,677	 Ref.	 383	 1.59 (1.33-1.90)	 317	 1.82 (1.53-2.16)	 201	 2.18 (1.97-2.43)
    Model 2		  Ref.		  1.56 (1.30-1.86)		  1.76 (1.48-2.09)		  2.07 (1.86-2.30)
Smoking-related cancers								      
    Model 1	 13,390	 Ref.	 244	 1.81 (1.45-2.26)	 222	 2.28 (1.87-2.80)	 134	 2.66 (2.35-3.02)
    Model 2		  Ref.		  1.76 (1.41-2.19)		  2.19 (1.79-2.69)		  2.49 (2.20-2.83)
Lung cancer								      
    Model 1	   3,731	 Ref.	   77	 2.42 (1.69-3.47)	   95	 3.29 (2.39-4.54)	   56	 4.69 (3.92-5.61)
    Model 2		  Ref.		  2.33 (1.62-3.34)		  3.12 (2.26-4.31)		  4.36 (3.63-5.23)
Model 1 was adjusted for age at screening. Model 2 was adjusted for age at screening, BMI, comorbidity index, smoking pack-years, age at 
menarche, menopausal status, parity, breastfeeding, oral contraceptive use, physical activity, alcohol consumption, and hormone replace-
ment therapy. Smoking-related cancers include those of the pharynx, esophagus, stomach, colon, rectum, liver, pancreas, larynx, lung, 
bladder, and kidney. BMI, body mass index; CI, confidence interval; HR, hazard ratio; Ref, reference group.
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tial bias could lead to an observed association with the null 
[32]. Thus, the results of this study would underestimate the 
increased mortality risk associated with changes in smok-
ing habits. Meanwhile, it should be noted that in this study, 
smoking habits were assessed twice within a two-year per-
iod in hospital settings, which might help increase the accu-
racy of smoking status. Second, we did not have information 
on the age and duration of quitting among smoking quitters; 
therefore, we were not able to perform an analysis on the ben-
efit of smoking cessation in reducing mortality risk. Third, 
the median follow-up time was 9 years, which was relatively 
short and insufficient to assess the effect of smoking on can-
cer mortality risk, especially for slow-growing diseases, such 
as cancer. Finally, our database might have been subjected to 
selection bias because women who regularly undergo cancer 
screening may be a particularly health-conscious segment of 
the population. 

The strengths of this study include a very large, female, 
population-based, longitudinal assessment of smoking sta-
tus and accurate assessment of death cases. In conclusion, 
this cohort study showed that smoking status is associated 
with all-cause and cancer-related mortality risk in female 
smokers, with the highest risk in sustained smokers, new 
quitters, relapsers/smoking initiators, and sustained quit-
ters compared with those who never smoked. In addition, a 
higher smoking intensity was associated with a higher mor-
tality risk by up to four times in lung cancer deaths among 
women with 10 pack-years or more. 
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