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Abstract
Background: Many previous studies reported secular trend of lung cancer incidence 
and mortality, but little is known about the possible reasons for these trends.
Methods: Data were obtained from Shanghai Cancer Registry. Age-standardized 
rates were calculated and average annual percent changes (AAPCs) were evaluated 
by Joinpoint regression. Age, period, and birth cohort effects were assessed by age-
period-cohort models.
Results: From 1973 to 2010, compared with long-time slowly increasing trend in 
women, male lung cancer incidence had significantly decreased between 2001 and 
2009. After that lung cancer incidence rising sharply in women (AAPC = 14.13%, 
95%CI: 2.68%-26.86%, P = .016) and similar rising trends without statistical signifi-
cance in men (AAPC = 2.96, 95%CI: −2.47%-8.69%, P = .281) between 2010 and 
2014. Age-period cohort model showed the different patterns of period effects for 
lung cancer incidence between men and women. The period effects for lung cancer 
incidence showed rising effect for women, whereas there was decline effect for lung 
cancer incidence for men. On the other hand, the model showed a significant period 
effect in both genders with a similar fashion in mortality, yielding steady falling 
trends during the entire study period.
Conclusions: The distinctive patterns of lung cancer incidence between men and 
women may be attributable to significant period effects, which reflected the changes 
in public health policies or diagnostic practices and highlighted the urgent of contin-
ued monitoring of gender-specific risk factors for lung cancer incidence.
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1  |   BACKGROUND

China is inhabited by one-fifth of the world's population and 
contributes to almost 40% of all the lung cancer new diagno-
ses and deaths worldwide in 2018.1 Lung cancer becomes the 
most common among cancers in men and ranks only second 
to breast cancer in women; while lung cancer is the leading 
cause of deaths for both genders in 2015.2 The incidence and 
mortality rates of lung cancer in China are higher than the 
worldwide average, imposing an enormous disease burden 
and presenting a significant public health issue in China.3

Many previous studies reported distinctive patterns inci-
dence of lung cancer between men and women, such as recent 
sharply increasing trends of female lung cancer incidence 
worldwide.4-7 Dissimilar to those observed trends among 
women in Western European countries,1 the rising lung can-
cer incidence rates in Chinese women, despite their very low 
smoking prevalence, are considered to reflect exposures to 
environmental risk factors,8,9 as well as the increasing use of 
low-dose spiral computerized tomography (LDCT) screen-
ing.7 However, there is a lack of studies examined the pos-
sible reasons for different patterns of lung cancer incidence 
between men and women.

By using the long-term cancer registry data in urban 
Shanghai, we conducted population-based study, spanning 
42 years, to explore the reasons for different patterns of lung 
cancer incidence by investigating the birth cohort effect 
(commonly a proxy for increased exposures to environmental 
risk factors, such as smoking and air pollution) and period 
effects (a surrogate for changes in public health policies or 
diagnostic practices, such as tobacco control policies).

2  |   MATERIALS AND METHODS

2.1  |  Data sources

Lung cancer incidence and mortality data were obtained from 
the Shanghai Cancer Registry. Details of the cancer regis-
try data have been previously described.10,11 Briefly, com-
plete incidence and mortality data are available from 1973 
onward. Shanghai Cancer Registry in the population of the 
urban areas covering 289.4  km2 and an average of 7  mil-
lion residents have consistently reached the standards set by 
the International Agency for Research on Cancer (IARC), 
and have been published in its quinquennial publications.12 
Lung cancer cases were identified by The International 
Classification of Diseases (ICD-10) code range from 
C33 ~ C34. Each lung cancer case was reported by using a 
standardized malignant tumor case report card by all the 190 
hospitals that are capable of diagnosis of malignant tumors 
in Shanghai. In 2014, 72.33% of lung cancer incidence were 
pathologically proven, 13.12% were radiological diagnosis, 

4.51% through biochemical immunity, and nearly 10% were 
diagnosed through clinical diagnosis.7 The percentage of 
cancer cases identified by death certification only (DCO%) is 
very low, which ranged from 1.5% to 0.5% between 2005 and 
2015. Annual population data during the study period were 
provided by the Department of Vital Statistics, Shanghai 
Municipal Center for Disease Control and Prevention.

2.2  |  Statistical methods

In this study, we provided a sketchy description for lung can-
cer incidence and mortality changes at first, including the 
number of newly diagnosed cases and deaths of lung cancer 
per year, crude annual incidence and mortality rates, and age 
standardized rates. Incidence and mortality data were split 
into the number of cases by gender subgroups and 5-year age 
subgroups (0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-
39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 
80-84, and ≥85) based on their age of diagnosis. Annual in-
cidence and mortality for each gender and for each 5-year 
age group were calculated: cases to 100 000 people per year. 
Annual age-standardized rates (ASRs) per 100  000 men 
and women or both genders were calculated using the di-
rect standardization method based on Segi's World Standard 
Population (1960).13 To further characterize trends in lung 
cancer incidence and mortality rate over time, the average 
annual percent changes (AAPC) and the corresponding 95% 
confidence intervals (CI) were calculated using Joinpoint 
Regression Program (version 4.5.0.1, National Cancer 
Institute).

The observed trends in incidence and mortality rates vs 
birth cohort and period by age were graphically presented 
using a semi-log plot. The basic form of the APC model is 
as follows:

M corresponds to the incidence or mortality rate as a 
function of age and calendar period, meanwhile D corre-
sponds to the lung cancer cases and deaths, and P corre-
sponds to the population. αi, βj, and γk means the associated 
age effect estimates, period effect estimates, and cohort ef-
fect estimates, respectively. δij is the random error, normally 
distributed.14 Data were aggregated cases and population 
for 13 five-year age groups (20-24  years to 80-84  years) 
and 8 five-year periods (ie, 1975-1979 through 2010-
2014). Cohort effects by gender are presented as rate ratios 
(RRs), adjusted for age, with the 1940 birth cohort as refer-
ence. Hence, rate ratios less than 1.0 for a specific birth co-
hort indicate lower lung cancer incidence/mortality when 
compared with the 1940 cohort, whereas ratios greater than 
1.0 indicate higher incidence/mortality. The goodness of 

Mij =Dij|Pij =�+�i+�j+�k +�ij
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fit for each model was estimated using the likelihood ratio 
test and the Akaike information criterion (AIC). The model 
analysis and presentation were performed using apc pack-
age in R (version 3.5.1).

3  |   RESULTS

3.1  |  Overall trends of lung cancer incidence 
and mortality

From 1973 to 2001, lung cancer incidence in men was rela-
tively stable with no significant change (AAPC = 0.08%, 
95%CI: −0.20%, 0.37%, P  =  .558). Between 2001 and 
2010, male lung cancer incidence decreased signifi-
cantly (AAPC  =  −3.45%, 95%CI: −5.24%, −1.63%, 
P < .001). However, it is noteworthy that slightly increas-
ing trends in male lung cancer incidence from 2010 to 
2014 (AAPC = 2.96, 95%CI: −2.47%, 8.69%, P =  .281). 
Different pattern was observed in female lung cancer in-
cidence. From 1973 to 2011, female lung cancer was in-
creased very slightly with an AAPC of 0.26% (95%CI: 
0.04%, 0.48%, P =  .022). However, there were a statisti-
cally significant sharp increased trends of female lung can-
cer after 2011 (AAPC = 14.13%, 95%CI: 2.68%, 26.86%, 
P = .016) (Figure 1).

Before 2001  years, lung cancer mortality was relatively 
stable with no significant change in men (AAPC = −0.17%, 
95%CI: −0.42%, 0.09%, P = .201) and very slightly deceas-
ing trends in women (AAPC  =  −0.38%, 95%CI: −0.66%, 
−0.10%, P = .009). While from 2001 to 2014, mortality rate 
of lung cancer showed a significantly decreasing trend in 
both men (2001-2004: AAPC = −8.22%, 95% CI: −21.46% 
- 7.26%, P  =  .271; 2004-2014: AAPC  =  −1.31%, 95%CI: 
−2.50% - −0.11%, P = .034) and women (AAPC = −2.00%, 
95% CI: −2.87% - −1.12%, P < .001) (Figure 1).

3.2  |  Time-varying trends of lung cancer 
incidence and mortality by age and gender

We further stratified the population into categories accord-
ing to gender and age at diagnosis. Interestingly, among the 
younger population, lung cancer incidence rates are higher 
among young women than among young men in under 40 
age group (ASR women vs men: 4.51 vs 3.16/100 000), with 
the pattern confined to the 2008-2014 period, whereas the 
mortality rate among the younger population similarly re-
tained low rate (ASR women vs men:1.34 vs 1.53/100 000) 
(Table 1).

Over 42  years, male lung cancer incidence increased 
significantly only in 2 age groups (80-84: AAPC  =  1.3% 

F I G U R E  1   Joinpoint analysis of trends in age-standardized (Segi's world standard population) incidence and mortality rates from lung cancer 
in both gender in Shanghai from 1973 to 2014. A, Male incidence; B, Female incidence; C, Male mortality; D, Female Mortality
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and  ≥  85: APC  =  2.2%); whereas in women, lung cancer 
incidence increased remarkably in all the age subgroups 
between 40 and 60  years old and over 80  years (AAPC 
range: 1.4%-3.0%, P < .05) (Table 2). Mortality rate of lung 
cancer revealed a significantly declined trend in both men 
(AAPC  =  −0.8%, P  <  .01) and women (AAPC = −1.0%, 
P < .01) from 1973 to 2014.

3.3  |  Age-period-cohort modeling analysis

Age-period-cohort modeling revealed significant period 
effects in lung cancer incidence, with the patterns for men 
and women distinctive from each other. For period effect 
on lung cancer incidence, using 1990-1994 as reference, 
relative risks of lung cancer in men decreased until 1985-
1989, then increased until 2000-2004, and decreased there-
after, whereas in women, relative risks slightly declined 
until 1990-1994, then increased sharply with statistical 
significance after that, showing a different period effect 
pattern (Figure 2). Age effect of incidence rates of lung 
cancer was rising by increasing age in similar monotonic 
upward patterns for both genders but with a steeper slope 
for elderly women, peaking at 80- to 84-year subgroup in 
both men and women. Using 1940-1944 birth cohort group 
as reference, the model also showed flattening of risk of 
lung cancer incidence among recent cohorts in women, and 
a fluctuate risk in men.

For lung cancer mortality, adjusted by age and cohort, the 
model showed a significant period effect in both genders with 
a similar fashion, yielding significant steady falling transitions 
in mortality trends during the entire study period. The age and 
cohort effects were similar in both genders as well. Mortality 
rates of lung cancer were rising by increasing age and slightly 
declined by recent cohort in both genders (Figure 3).

4  |   DISCUSSION

Overall, by examining 42 years of IARC quality cancer reg-
istry data, our study confirms that different pattern of lung 
cancer incidence between men and women, and a similar de-
creasing trend of lung cancer mortality in both gender among 
the entire period in Shanghai. We did, however, observe a 
significant period effects in lung cancer incidence by age-
period-cohort model analysis, with the patterns for men and 
women distinctive from each other.

The distinctive patterns for lung cancer incidence in men 
and women may attribute to significant period effects. The pe-
riod effect was usually considered as a surrogate for changes 
in public health policies or diagnostic practices, such as to-
bacco control policies. A recent study conducted in United 
States found that comprehensive smoke-free ordinances A
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were associated with fewer new cases of lung cancer.15 As 
one of the earliest tobacco control cities in China, Shanghai 
Municipal Government released tobacco control policies 
“Interim Provisions of Smoking Bans in Public Places in 
Shanghai” in 1994.16 With the implementation of the tobacco 
control policies and the increasing public awareness of the 
hazards of smoking, the smoking rate decreased significantly 
among men (from 73.2% in 1997 to 48.5% in 2007).17,18 The 
smoking rate was meager among women with less than 2% 
in Shanghai. In this study, we documented that the incidence 
rate of lung cancer among men decreased significantly from 
2001 to 2010 with AAPC of −3.45% (P <  .01), consistent 
with the findings that the smoking rate decreased signifi-
cantly among men.

Our findings suggest that it is difficult to explain the re-
cent rising trends in lung cancer incidence between men and 
women with the change in etiology, which may be related 
to the improvement of diagnostic methods and screening. 
The age-period-cohort model found that female lung can-
cer incidence rates significantly increased in recent years 
may attribute to the period effect as well. While the cancer 
screening factors driving the rising incidence in lung cancer 
have been discussed elsewhere,7 they found that lung can-
cer incidence in women rises significantly in urban Shanghai 
after introduction of low-dose spiral computerized tomogra-
phy (LDCT) screening19—the period effects on lung cancer 
incidence were ignored due to relatively short period (from 
2005 to 2014) in their study. It is noteworthy that regard-
less of gender, we found a similar increasing trend of lung 
cancer incidence after 2011 in both men and women, which 
might have caused by the widespread use of LDCT as phys-
ical examinations among major hospitals in Shanghai.20,21 
In a recent study of lung cancer screening using low-dose 
CT in asymptomatic population undergoing physical exam-
ination, Zhao et al reported that participation rate of women 
was higher than men (men vs women: 41% vs 59%).22 The 

difference in participation rates may contribute to the differ-
ence in the trends in incidence rates of lung cancer between 
men and women.

Another alternative explanation for the distinctive pattern 
of lung cancer incidence between men and women is that the 
association between environmental pollution and lung can-
cer risk. Dissimilar to those observed among females lung 
cancer incidence in several Western European countries, 
the prevalence of smoking among Chinese women did not 
increase substantially in recent years.23 Several epidemio-
logical studies have reported that the significant association 
of air pollution and lung cancer mainly exist in nonsmok-
ers.24-26 A recent spatiotemporal study found that the risks 
of lung cancer incidence related to a 10 µg/m increase in 
2-year average PM2.5 were higher in women (RR  =  1.15, 
95%CI = 1.12-1.18) than men (RR = 1.06, 95%CI = 1.04-
1.07).8 Probably due to the majority of Chinese women had 
to take on the responsibilities of cooking, therefore more 
vulnerable exposed to cooking oil fume, which is likely to 
be a risk factor for lung cancer.27 Especially another study 
also found that women are more susceptible to lung cancer 
caused by air pollution.28 However, due to limited historical 
data collection of air pollution in Shanghai, there still needs 
further research to explore the association between air pol-
lution and the incidence of lung cancer.

Among the younger population, lung cancer incidence 
rates are higher among young women than among young 
men, in which smoking prevalence is substantially lower. 
Lung cancer usually occurs in older patients, but there are 
many previous studies about lung cancer manifesting in 
younger patients.29 According to these studies, younger pa-
tients are more commonly nonsmoking women with an ad-
vanced stage. Many previous observational studies found that 
reproductive hormonal factors were associated with lung can-
cer risk.30-32 Also, these studies found exposure to menstrual 
and reproductive factors may play a role in the genesis of lung 

T A B L E  2   Age-specific average annual percent change in incidence and mortality rate of lung cancer in Shanghai among men and women 
stratified by age at diagnosis from 1973 to 2014

Age (y)

Average annual percent change (%)

<40 40- 45- 50- 55- 60- 65- 70- 75- 80- ≥85 Overall

Incidence

Men −0.7 0.2 −0.4 0.1 −0.3 −0.7 −1.1* −0.8 0.2 1.3* 2.2* −0.5

Women 2.2 2.3* 3.0* 1.8* 1.4* 0.7 0.2 0.2 0.7 1.9* 6.0* 1.0*

Total −0.2 1.1 1.0 0.4 0.1 −0.3 −0.6 −0.4 0.8 1.8* 4.5* 0.1

Mortality

Men −4.1* −3.0* −1.0 −0.7 −1.3* −1.7* −2.1* −1.0 0.4 1.0* 2.2* −0.8*

Women NA −0.9* −0.2 −1.2* −1.9* −2.1* −2.1* −1.0* 0.3 1.7* 5.2* −1.0*

Total −1.7* −1.1 −1.2 −0.9* −1.4* −1.8* −1.9* −0.7 0.8 1.5* 3.7* −0.7*

Abbreviation: NA, Not available.
*Indicate average annual percent change significantly different from 0 ( Two-sided P < .05) 
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cancer in women, yet the mechanisms remain unclear.33 The 
potential biological mechanism for women being more sen-
sitive to air pollution than men might be that the interaction 
effect of environmental factors and reproductive hormonal 
factors. Further studies collecting demographic, behavioral, 
and clinic data may help elucidate why women are likely to 
be more vulnerable than men.

Our study has some limitations. First, as an ecologic study, 
our analysis was unable to quantify the relative contributions 

of risk factors that may have resulted in the changes in in-
cidence or mortality over study period. As known, cigarette 
smoking is one of the most crucial causal risk factors for the 
development of lung cancer. However, detailed information 
on cigarette smoking, alcohol drinking, and other known 
risk factors for lung cancer is not routinely captured by can-
cer registries records, so we were unable to directly measure 
the contribution of these risk factors to the distinctive pat-
tern of incidence between men and women. However, the 

F I G U R E  2   Age-period-cohort 
modeling for age-standardized incidence 
rates for lung cancer in Shanghai (1973-
2014). A, Male incidence; B, Female 
incidence. Shaded bands indicate 95% 
confidence intervals. Dash lines indicate 
reference period (1990-1994 as reference) 
and cohort (1940-1944 birth cohort group as 
reference), respectively

A B
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prevalence of smoking among women was lower than 2% 
and decreased slightly after the release of tobacco control 
policies. Second, the pathologic stages of lung cancer were 
not available due to the long period; this is a major limita-
tion of this study. Thus, subgroup analyses and comparisons 
may not be feasible due to the unavailability or incomplete-
ness of certain variables, such as stratified by squamous cell 
carcinoma and adenocarcinoma. Third, age-period-cohort 
modeling was used to examine age, period, and birth cohort 
effects. However, as calendar year minus age equals birth 
year, there is a perfect co-linearity among age, period, and 

cohort effects, which makes it impossible to truly disentan-
gle these effects.34 Fourth, the changes in the coverage of 
cancer registration during 30  years probably affect the re-
sults in both cancer incidence and mortality rates. Shanghai 
Cancer Registry was established in 1963, and complete inci-
dence and mortality data have been collected since 1973 for 
urban areas and since 2002 for rural areas. Since Shanghai 
Cancer Registry has consistently reached the standards set 
by IARC and has been published in its quinquennial pub-
lications,35 results from SCR after 1973 would have high 
validity and good coverage of the population of Shanghai.

F I G U R E  3   Age-period-cohort 
modeling for age-standardized mortality 
rates for lung cancer in Shanghai (1973-
2014). A, Male mortality; B, Female 
mortality. Shaded bands indicate 95% 
confidence intervals. Dash lines indicate 
reference period (1990-1994 as reference) 
and cohort (1940-1944 birth cohort group as 
reference), respectively

A B
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5  |   CONCLUSIONS

In summary, 42 years of cancer registry data indicated that 
distinctive patterns for lung cancer incidence between men 
and women may be attributable to significant period effects. 
While period-specific effects may partly reflect the effective-
ness of primary prevention measures, it also emphasize the 
urgency of continued monitoring of gender-specific risk fac-
tors of lung cancer incidence.
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