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ABSTRACT

Objectives To explore the relationship between
immigration groups and cancer mortality, this study aimed
to explore age, period, birth cohort effects and effects
across genders and immigration groups on mortality rates
of lung, pancreatic, colon, liver, prostate and stomach
cancers and their projections.

Design, setting, and participants Death registry data in
Hong Kong between 1998 and 2021, which were stratified
by age, sex and immigration status. Immigration status
was classified into three groups: locals born in Hong Kong,
long-stay immigrants and short-stay immigrants.
Methods Age-period-cohort (APC) analysis was used to
examine age, period, and birth cohort effects for genders
and immigration groups from 1998 to 2021. Bayesian APC
models were applied to predict the mortality rates from
2022 to 2030.

Results Short-stay immigrants revealed pronounced
fluctuations of mortality rates by age and of relative risks
by cohort and period effects for six types of cancers than
those of long-stay immigrants and locals. Immigrants

for each type of cancer and gender will be at a higher
mortality risk than locals. After 2021, decreasing trends
(p<0.05) or plateau (p>0.05) of forecasting mortality rates
of cancers occur for all immigration groups, except for
increasing trends for short-stay male immigrants with
colon cancer (p<0.05, Avg+0.30 deaths/100 000 per
annum from 15.47 to 18.50 deaths/100 000) and long-
stay male immigrants with pancreatic cancer (p<0.05,
Avg+0.72 deaths/100 000 per annum from 16.30 to 23.49
deaths/100 000).

Conclusions Findings underscore the effect of gender
and immigration status in Hong Kong on mortality risks

of cancers that immigrants for each type of cancer and
gender will be at a higher mortality risk than locals.

INTRODUCTION

Several migration waves from mainland
China to Hong Kong have occurred over the
past century. These migration waves included
a large-scale migration inflow from 1945 to
1950 (the Chinese Civil War) and a few small-
scale inflows in the 1950s, 1970s and 1990s.'~
In 2016, immigrants from mainland China
formed approximately 38% of the population
of Hong Kong. These inflows have led to a
growing interest in research on the disparity
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study provides new evidence regarding the re-
lationship between immigration status and cancer
mortality, given the effects of age, period, birth co-
hort and their predictions.

= The non-identifiability problem has not been inter-
preted in age-period-cohort models.

= The future perspective of cancer therapies and
techniques has not been considered.

of health conditions between the locals and
immigrants.

Cancer has been one of the most common
causes of death, as an estimated 19.3 million
new cancer cases and 9.9 million new cancer-
associated deaths occurred worldwide in
2020." In Hong Kong, lung cancer is one of
the most common causes of cancer deaths.”°
Previous studies suggested that the primary
cause of lung cancer is cigarette smoking.”™"
Genetic factors, asbestos, radon gas, second-
hand smoke and other forms of air pollution
have been proven to influence the risk of
lung cancer.™ The overall daily smoking
rate in mainland China was approximately
23.2% in 2018," whereas the daily smoking
rate in Hong Kong was only 10.2% in 2019.%
The leading causes of liver cancer include
viral infection, drinking of alcohol and
polluted water and food supplies which are
also culprits for colon, stomach and pancre-
atic cancer.”’ Alcohol consumption per
capita in Hong Kong has reached 2.37 L in
2021, compared with 7.0 L of per capita
consumption of alcohol in mainland China
in 2018.** As approximately 99% of prostate
cancer cases occur after age 50, factors of
prostate cancer have been regarded as old
age, race, family history and the diet of red
meat consumption.”* In addition to these risk
factors, studies have suggested that cancer
mortality rates vary depending on migrant
status.”** According to data from the Census
and Statistics Department of Hong Kong,
approximately 81% of immigrants in Hong
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Kong immigrated from mainland China, Macau and
Taiwan. Immigrants from mainland China account for
the bulk of this population. Previous studies have shown
that child immigrants in Hong Kong tend to suffer from
a higher risk of wheezing disorders and cardiovascular
diseases, and immigrant women have higher age-specific
mortality rates of breast cancer than locally born women
in Hong Kong.* * However, to date, few studies have
investigated the effect of length of stay in Hong Kong and
birthplace on the risk of other types of cancer.

In this study, we compared the mortality rates of lung,
pancreatic, colon, liver, prostate and stomach cancers
between locally born residents in Hong Kong and
immigrants from mainland China. Both populations
are widely considered as ethnically homogeneous with
similar cultures. Nevertheless, due to different early life
experiences, immigrants are exposed to more various
social economy and lifestyles than locals. Therefore, it is
constructive to ascertain whether immigrants from main-
land China have a different mortality pattern of cancers
from locals to verify the significance of migration status
for this health outcome. As age-period-cohort (APC) anal-
ysis plays a vital role in studying time-specific phenomena
in epidemiology, in this study, to evaluate the effect of
immigration on cancer mortality in the past and future,
we developed APC models specified by sex and migrant
status to assess the effects of age, period, birth cohort and
of the length of stay in Hong Kong on the mortality risks
of cancers. Additionally, we explore the projection of
mortality rates for the locally born population and immi-
grants in Hong Kong who were younger or older than 60
using a predictive model, taking into account age, period
and birth cohort effects as well.

METHODS

Data

We obtained the death registry datain Hong Kong between
1998 and 2021 from the Census and Statistics Department
of Hong Kong, as the data in 2022 has not been available
up to now. The data was extracted from a routine census
held by the Hong Kong government as subjective errors
caused by resampling can be neglected. The population
data were stratified by age, sex, immigration status and
length of stay in Hong Kong. We retrieved six types of
cancer cases from the death registry data using ICD codes,
such as ICD-9 code 162 and ICD-10 codes C34.0-C34.3,
(€348 and C349 for lung cancer. To assure comparability
among registries, deaths from the age group of 35-85
years were selected, since cases younger than 35 and older
than 85 were relatively trivial for lack of statistical inter-
pretability.” Immigration status was classified into three
groups: locals born in Hong Kong, immigrants who have
lived in Hong Kong for >10 years before death defined as
long-stay immigrants, and immigrants who have lived in
Hong Kong for <10 years before death defined as short-
stay immigrants. Notably, much focus was placed on immi-
grants from mainland China, because approximately 81%

of immigrants in Hong Kong came from mainland China,
Macau and Taiwan based on the data from the Census
and Statistics Department of Hong Kong. Moreover, few
cases recorded from Macau and Taiwan are statistically
insignificant in the analysis. Demographics and popula-
tion projections from 2022 to 2030 were retrieved from
the Census and Statistics Department of Hong Kong and
estimated with cubic smoothing spline as the prerequi-
site of the predictive model. Codes for APC and Bayesian
age-period-cohort (BAPC) analysis are available in the
GitHub repository (https://github.com/kshz2164313/
APC-population-projections-for-immigration-HK).

Statistical analysis

We modelled cancer mortality rates in Hong Kong using
APC analysis based on loglinear Poisson regression
models. The model aimed to disentangle age, period
and cohort effects of time-varying phenomena simultane-
ously,”® * given that

log (Ejj) = aj+ Bj+ v+ pu +1og (6y) (1)

where Ei]. denotes expected mortality; a, ﬁ]., 7, denote
age, period and cohort effect, respectively, for =1, ..., I,
=L k=L Kwith k=I-i4). 1og(6;) is the offset. We
mainly focused on the contributions of sex and immi-
gration status due to the non-identifiability problem
that the effects of these three components are collinear
with each other (denoted as period-age=cohort).* Birth
cohort effect and period effect were assessed with rela-
tive risks to evaluate the effect of three components.
The median year of birth among cases was regarded as
the reference cohort.” *® Since death cases aged 35-85
years between 1998 and 2021 were selected, the range of
birth cohort from 1913 to 1986 covered observations and
further projections until 2030. The second and penulti-
mate period effects were constrained to the reference for
period. For sex and immigration status, maximum likeli-
hood framework was applied to estimate the relative risks
and 95% CIs by age groups, calendar period and birth
cohort.

Several projection approaches for future cancer
mortality have been developed, but a BAPC model built
on integrated nested Laplace approximations37 yields
relatively higher coverage and better performance for all
evaluated parameter combinations.” To prevent some
sampling problems caused by Markov chain Monte Carlo
(MCMC), this MCMC-ree BAPC approach was applied
to predict future cancer mortality within a fully Bayesian
inference setting and provide outputs of interest simply,
such as projected age-standardised and age-specific
rates. Convergence checks are not necessary for this
technique.37 The projections of age-standardised cancer
mortality rates for each sex, age group (younger or older
than 60 years) and migrant status, taking into account
age, period and birth cohort effects, were performed
based on the weights of population age groups from the
WHO World Standard population,39 with 95% prediction
intervals. The Mann-Kendall trend test was applied to
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Parameter estimates of age (A), cohort (B) and period (C) effects based on an age-period-cohort model of male

lung cancer mortality rates by immigrant groups: locals, immigrants have stayed in Hong Kong for more than 10 years and
immigrants have stayed in Hong Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis). Cohort
and period effects were assessed by relative risk (right axis), 95% Cls are shown as shaded bands.

verify the projection trend. Friedman’s two-way analysis of
variance was applied to test interactions between gender
and immigration groups for each year.

All analyses were performed viaRV.4.2.1 (R Core Team,
R Foundation for Statistical Computing, Vienna, Austria,
2013, http://www.R-project.org/). The APC models were
established using the Epi package, and the projections
based on Bayesian APC models were performed with the
BAPC package.

Patient and public involvement
None.

RESULTS

Figures 1 and 2 and online supplemental eFigure 1A-E
the estimates of age (assessed by cancer mortality), cohort
and period effects (assessed by relative risk) based on
APC models among three migrant groups for men and
women with six types of cancers, respectively. All the
mortality rates for each gender and immigration status
exhibit notable increasing trends with age. Age, cohort
and period effects of six types of cancer for immigrants
who stayed in Hong Kong for <10 years revealed rela-
tively more pronounced fluctuations and deviations from

Lung cancer for females
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Figure 2 Parameter estimates of age (A), cohort (B) and period (C) effects based on an age-period-cohort model of female
lung cancer mortality rates by immigrant groups: locals, immigrants have stayed in Hong Kong for more than 10 years and
immigrants have stayed in Hong Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis). Cohort
and period effects were assessed by relative risk (right axis), 95% Cls are shown as shaded bands.
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Figure 3 Projections of lung cancer mortality rates by gender and immigrant status from 2022 to 2030. Observations are
shown as dots with the predictive distribution between the 5% and 95% quantile, whereby each lighter shade of red represents
an additional 10% predictive CI. The predictive mean is shown as black solid line and the vertical dashed line indicates where

prediction started.

those effects in the other two immigration groups. Signif-
icant increasing trends of age effect occurred in all types
of cancer, regardless of gender and immigration status.
For example, while relatively insignificant differences in
lung cancer mortality rates by immigration status among
females have performed, male immigrants who remained
in Hong Kong for >10 years had higher lung cancer
mortality rates atages above 50 years and those who arrived
<10 years had lower lung cancer mortality at ages below
62 years compared with local men (figure 1). In addition
to compatible dynamics of period effect for locals and
long-stay immigrants, similar changes of relative risks by
birth cohort for locals and long-stay immigrants in lung,
colon, liver and stomach cancers occurred before 1945,
whereas significant differences of relative risks by birth
cohort between these two immigration groups occurred
after 1960 (figure 1 and online supplemental eFigure
1A,B,D). Locals and long-stay immigrants in pancreatic
and prostate cancer perform almost similar changes of
relative risks by birth cohort effects all the time (online
supplemental eFigure 1C,E). Short-stay immigrants who
have stayed in Hong Kong for <10 years had more fluctu-
ating relative risks affected by period effects before 2020
than those for locals and long-stay immigrants. Lack of
young cases, especially young short-stay immigrants, of
prostate cancer leads to significant deviations and vari-
ances in age and cohort effects.

Figures 3-5, online supplemental eFigures 2—6 the
age-standardised mortality rates of six types of cancer
from 1998 to 2021 and their projections by sex, immi-
grant status and age groups from 2022 to 2030, taking
into account age, period and birth cohort effects.
Means and SD of predictive mortality rates are shown
in online supplemental eTables 1-6. For all ages projec-
tion (figure 2 and online supplemental eFigure 2-6),
as approximately significant interactions between
gender and immigration groups emerge for each type
of cancer in each year (p<0.05), given the projected
trends, immigrants for each gender, especially who
have stayed in Hong Kong for >10 years will suffer
from higher mortality rates of cancer in each year
than locals. Monotone decreasing trends or plateau
of forecasting occur for both genders and all immigra-
tion groups in cancers, except for increasing trends
for male immigrants who have stayed in Hong Kong
for <10 years with colon cancer (p<0.05, Avg+0.30
deaths/100 000 per annum) from 15.47 deaths/100
000 (95% CI'11.28,19.66) in 2021 to 18.50 deaths/100
000 (95% CI 2.31, 34.69) in 2030, and male immi-
grants who have stayed in Hong Kong for >10 years
with pancreatic cancer (p<0.05, Avg+0.72 deaths/100
000 per annum) from 16.30 deaths/100 000 (95% CI
14.38, 17.26) in 2021 to 23.49 deaths/100 000 (95%
CI 12.49, 34.49) in 2030. Most of predictive trends for
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younger cases (<60 years) and older cases (=60 years)
reach a consensus with those for all ages population,
except for two phenomena: (1) mortality rates of
lung cancer for men immigrants <10 that insignificant
trend for all ages (p>0.05) versus decline for younger
cases (p<0.05) versus increase for older cases (p<0.05);
(2) mortality rates of liver cancer for men immigrants
>10that decline for all ages (p<0.05) versus decline
for younger cases (p<0.05) versus insignificant trend
for older cases (p>0.05). Some particular cases occur
in the projection of prostate cancer that young long-
stay male immigrants (0.44 deaths/100 000, 95% CI
0, 1.05) aged less than 60 will be at lower mortality
rate than locals (0.69 deaths/100 000, 95% CI 0, 1.42)
in 2030 (online supplemental eTable 6). Compared
with other cancers and immigration groups, male
immigrants who have stayed in Hong Kong for >10
years with lung cancer would perform the most signif-
icant decline in predictive mean from 102.90 (95% CI
98.14, 107.66) to 79.55 (95% CI 47.46, 111.64) deaths
per 100000 population (Avg -2.34 deaths/100 000
per annum) (online supplemental eTable 1), while
the same immigration group with pancreatic cancer
would indicate the most significant uptrend in each
year of 16.30 (95% CI 14.38, 17.26) and 23.49 (95%
CI 12.49, 34.49) deaths per 100000 population in

2021 and 2030, respectively (Avg+0.72 deaths/100 000
per annum) (online supplemental eTable 4).

DISCUSSION

Early detection of cancer is positive and instructive
for increasing chances of cure. Nevertheless, the high
mortality rate of cancer results from late diagnosis among
most patients after progression to more advanced or
severe stages. Individuals at high risk of cancer, such as
smokers, alcoholics or those who are frequently exposed
to susceptible circumstances, should be screened for early
detections to increase opportunities for cure.* Therefore,
the differences in mortality rates among immigration
groups are synonymous with detection means, therapies,
and social history in disparate periods and areas.

While the changes in mortality rates by age for long-stay
immigrants reached approximate harmony with those
for locals, the changes in mortality rates by age for short-
stay immigrants revealed clear differences with those for
the other two populations. The group of long-stay immi-
grants had a higher risk of death from lung, colon and
liver cancers than the other two immigration groups after
the age of 60 years. Short-stay male immigrants were less
likely to die from lung cancer before the age of 65 years.
The contrastin age effects among the immigration groups
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vertical dashed line indicates where prediction started.

was partially consistent with studies® *' that highlighted
the age effects for locals and immigrants on breast cancer
mortality in Hong Kong and lung cancer incidence in
Sweden, as they both showed similar trends and magni-
tudes between locals and immigrants before the age of
60 years. They are also compatible with the results in**
that diagnosis of liver cancer is the most frequent among
populations at 55-65 years old. According to these trends,
young individuals, especially new young immigrant men,
who have benefited from all-rounded development in
mainland China and Hong Kong, are more likely to seek
early detection and be treated for cancers using more
advanced treatments.* Differences in birth cohort effects
among immigrant groups partially comply with the inter-
pretation above.

We observed significant trends of cohort effects among
locals and immigrants. These findings are partially consis-
tent but subtly different from previous findings, regarding
the effect of immigration status on cancers. Zhao et al”
described multiple peaks of cohort effects on breast
cancer mortality between locals and immigrants in Hong
Kong, as well as a significant decline in cohort effects after
1950. In contrast, Sung et al** investigated the difference
in breast cancer incidence between Chinese Americans
and non-Hispanic whites in the USA and emphasised that
Chinese Americans were at lower risk of breast cancer
than non-Hispanic whites born in the same year. Here,

we interpret the cohort-driven trends resulting from the
intricacy of social history and lifestyle. Compared with a
relatively stable social development in Hong Kong, repre-
senting downward trends of relative risks for locals, wars
and social instability in mainland China resulted in several
immigration waves from mainland China to Hong Kong
before 1950. Additionally, remarkable increasing trends
were recorded for new immigrants after 1950, which
corresponded to the economic downturn after wars and
famine between 1959 and 1961 during their youth.” The
increasing trends for new immigrants and similar trends
for locals and long-stay immigrants were consistent with
the finding that nutrient deficiency contributes to a
higher risk of severe mortality rates of cancers.*® Further-
more, we speculate that these trends, especially those for
locals and long-stay immigrants, are most likely attributed
to social development and personal behaviours, such as
daily habits, occupational history, different diagnoses
and treatments, and domestic environmental exposures.
Notably, short-stay immigrants suffered from a lower risk
of death from colon cancer for all ages (online supple-
mental eFigure 1A). As locals and immigrants in Hong
Kong transitioned to more westernised lifestyles, higher
consumption of meat was associated with a higher risk
of these types of cancer, whereas consumption of vege-
tables had a strong protective effect against pancreatic
cancer, and moderate consumption of coffee appeared
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to be beneficial against lung cancer.®*” Further studies on
potential risk factors are required.

Short-stay immigrants had more fluctuating and non-
stationary but inconspicuous relative risks by period
effects before 2021 than locals and long-stay immigrants.
Cumulatively, an arch pattern and fluctuating curve
depicting period effects externally resulted in an arch
pattern of age-standardised mortality rates for short-stay
immigrant women and irregular rates for short-stay immi-
grant men before 2021. The external performance of
different period effects on mortality rates could be most
likely attributed to the higher effect of different lifestyles
and social development on new immigrants than on long-
stay immigrants and locals in Hong Kong. For the age-
standardised mortality rates and projections, consistent
with previous findings,* * we predict that the mortality
rates of cancer in Hong Kong after 2021 will continue
to decline or remain relatively stable, consistent with the
trends before 2020, except for male immigrants who have
stayed in Hong Kong for <10 years with colon cancer and
male immigrants who have stayed in Hong Kong for >10
years with pancreatic cancer. Men will be at higher risk
of mortality rates of cancer than women, regardless of
immigration status. They are also compatible with the
results in* that men suffer from a higher risk of these
types of cancer than women, excluding prostate cancer.
Furthermore, new immigrant women will be at lower risk
than local women, even though long-stay immigrants
will suffer from higher mortality rates than locals in the
future. Potential interpretations could be consistent with
those for birth cohort effects, as age and period effects
are considered as confounders of cohort effects.

In the past few decades, spurred by an increasing
burden of high incidence and mortality rates of cancer,
several studies focused on the inherent identification
dilemma of three effects in the APC model. Further,
complicated population distribution and immigration
status in Hong Kong, one of the areas with the highest
population density and migration frequency in the world,
have intricate causes and inherent dynamics of cancer
and other diseases. To our knowledge, few studies have
assessed the relationship between immigration status
and cancer mortality. Therefore, this study is original to
examine the effect of the length of stay in Hong Kong
and origins of previous residence on cancer deaths,
which is instructive for further immigration policy-
making and targeted strategies of disease detection and
intervention. However, this study had several limitations.
Given the non-identifiability problem in APC models, we
could only depict trends and variations among different
immigration and sex groups, as illustrated in figures, and
insufficiently perform the estimates of the contributions
of three effects or subgroups to mortality rates. Further-
more, we adopted a cubic smoothing spline to estimate
populations of immigrants and locals due to the large
proportion of unspecified immigration status from offi-
cial demographic projections. A few acceptable cases
resulted in a limited type of cancer so that some common

cancers, such as the ovary and cervix, were discarded.
Since the issue of quantification, the future perspective of
cancer therapies and techniques has not been considered
in the model of projection.

CONCLUSION

We conclude that immigrants, especially short-stay immi-
grants, had more pronounced fluctuations of mortality
rates by age and of relative risks by cohort and period
effects for six types of cancers than those of long-stay
immigrants and locals. Male immigrants who have stayed
in Hong Kong for <10 years with colon cancer and male
immigrants who have stayed in Hong Kong for >10 years
with pancreatic cancer would perform significant uptrend
in the future, while other immigration groups for each
type of cancer would continue to decline or remain rela-
tively stable. Immigrants for each gender in Hong Kong
would suffer from higher mortality risks of cancers than
locals in the future.

Correction notice This article has been corrected since it was first published.
Affiliations have been updated.

Contributors YZ: methodology, formal analysis, data curation, writing - original
draft, writing - review and editing, visualisation, guarantor. ZZ: methodology, formal
analysis, data curation, writing - review and editing. LY: validation, writing - review
and editing. DH: conceptualisation, writing - review and editing, supervision.

Funding The work described in this paper was partially supported by a grant from
the Research Grants Council of the Hong Kong Special Administrative Region, China
(HKU C7123-20G).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Yanji Zhao http://orcid.org/0000-0002-2992-0164
Lin Yang http://orcid.org/0000-0002-5964-3233
Daihai He http://orcid.org/0000-0003-3253-654X

REFERENCES

1 Fan S-C. The population projection of Hong Kong. Asian J Soc Sci
1974;2:105-18.

Zhao Y, et al. BMJ Open 2023;13:072751. doi:10.1136/bmjopen-2023-072751


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2992-0164
http://orcid.org/0000-0002-5964-3233
http://orcid.org/0000-0003-3253-654X
http://dx.doi.org/10.1163/080382474X00121

2

Department CaS. Hong Kong statistics 1947-1967. Available: https://
www.statistics.gov.hk/pub/hist/1961_1970/B10100031967AN67
E0100.pdf [Accessed 04 May 2019].

Department CaS. Demographic trends in Hong Kong 1981-2011.
Available: http://www.statistics.gov.hk/pub/B1120017032012XX
XXB0100.pdf [Accessed 04 May 2019].

Sung H, Ferlay J, Siegel RL, et al. Global cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

Wang XR, Chiu YL, Qiu H, et al. The roles of smoking and cooking
emissions in lung cancer risk among Chinese women in Hong Kong.
Ann Oncol 2009;20:746-51.

Chiu Y-L, Wang X-R, Qiu H, et al. Risk factors for lung cancer: a

26

27

28

29

30

Gomez SL, Yang J, Lin S-W, et al. Incidence trends of lung cancer
by immigration status among Chinese Americans. Cancer Epidemiol
Biomarkers Prev 2015;24:1157-64.

Hemminki K, Li X, Czene K. Cancer risks in first-generation
immigrants to Sweden. Int J Cancer 2002;99:218-28.

Vanthomme K, Rosskamp M, De Schutter H, et al. Lung cancer
incidence differences in migrant men in Belgium, 2004-2013:
histology-specific analyses. BMC Cancer 2021;21:328.

Schooling M, Leung GM, Janus ED, et al. Childhood migration and
cardiovascular risk. Int J Epidemiol 2004;33:1219-26.

Leung JYY, Li AM, Leung GM, et al. Mode of delivery and childhood
hospitalizations for asthma and other wheezing disorders. Clin Exp
Allergy 2015;45:1109-17.

case—control study in Hong Kong women. Cancer Causes Control 31 Baker A, Bray |. Bayesian projections: what are the effects of
2010;21:777-85. excluding data from younger age groups? Am J Epidemiol

7 Office on S, Health. Publications and reports of the surgeon general. 2005;162:798-805.
women and smoking: a report of the surgeon general. Atlanta (GA) 32 Rosenberg PS, Anderson WF. Age-period-cohort models in cancer
Centers for Disease Control and Prevention (US); 2001. surveillance research: ready for prime time? APC models. Cancer

8 Escobedo LG, Peddicord JP. Smoking prevalence in US birth Epidemiol Biomarkers Prev 2011;20:1263-8.
cohorts: the influence of gender and education. Am J Public Health 33 Holford T. Analyzing the effects of age, period and cohort on
1996;86:231-6. incidence and mortality rates. Stat Meth Med Res 1992;1:317-37.

9 Husten CG, Shelton DM, Chrismon JH, et al. Cigarette smoking and 34 Brookmeyer R, Stroup DF, eds. Monitoring the health of populations:
smoking cessation among older adults: United States, 1965-94. Tob statistical principles and methods for public health surveillance.
Control 1997;6:175-80. Oxford University Press, 2004.

10 Bolego C, Poli A, Paoletti R. Smoking and gender. Cardiovasc Res 35 Yang Y, Land KC. Age-period-cohort analysis: New models, methods,
2002;53:568-76. and empirical applications. Taylor & Francis, 2013.

11 Doll R, Hill AB. The mortality of doctors in relation to their smoking 36 Robertson C, Gandini S, Boyle P. Age-period-cohort models: a
habits; a preliminary report. Br Med J 1954;1:1451-5. comparative study of available methodologies. J Clin Epidemiol

12 Ramada Rodilla JM, Calvo Cerrada B, Serra Pujadas C, et al. Fiber 1999;52:569-83.
burden and asbestos-related diseases: an umbrella review. Gac Sanit 37 Riebler A, Held L. Projecting the future burden of cancer: Bayesian
2022;36:173-83. age—period—cohort analysis with integrated nested Laplace

13 Collishaw NE, Kirkbride J, Wigle DT. Tobacco smoke in the approximations. Biom J 2017;59:531-49.
workplace: an occupational health hazard. Can Med Assoc J 38 Khnoll M, Furkel J, Debus J, et al. An R package for an integrated
1984;131:1199-204. evaluation of statistical approaches to cancer incidence projection.

14 Dresler CM, Fratelli C, Babb J, et al. Gender differences in genetic BMC Med Res Methodol 2020;20:257.
susceptibility for lung cancer. Lung Cancer 2000;30:153-60. 39 Ahmad OB, Boschi-Pinto C, Lopez AD, et al. Age standardization of

15 Alexandrov K, Cascorbi I, Rojas M, et al. CYP1A1 and GSTM1 rates: a new WHO standard, 9. Geneva: World Health Organization,
genotypes affect benzo[a]Pyrene DNA adducts in smokers' 2001: 1-4.
lung: comparison with aromatic/hydrophobic adduct formation. 40 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
Carcinogenesis 2002;23:1969-77. GLOBOCAN estimates of incidence and mortality worldwide for 36

16 Samet JM. Radon and lung cancer. JNCI Journal of the National cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

Cancer Institute 1989;81:745-58. 41 Mousavi SM, Fallah M, Sundquist K, et al. Age-and time-dependent

17 Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung changes in cancer incidence among immigrants to Sweden:
cancer: collaborative analysis of individual data from 13 European colorectal, lung, breast and prostate cancers. Int J Cancer
case-control studies. BMJ 2005;330:223. 2012;131:E122-8.

18 Raaschou-Nielsen O, Andersen ZJ, Beelen R, et al. Air pollution 42 National Cancer Institute. SEER STAT fact sheets: liver and
and lung cancer incidence in 17 European cohorts: prospective Intrahepatic bile duct cancer;
analyses from the European study of cohorts for air pollution effects 43 Wu X, Chung VC, Hui EP, et al. Effectiveness of Acupuncture and
(ESCAPE). Lancet Oncol 2013;14:813-22. related therapies for palliative care of cancer: overview of systematic

19 2018 Summary-20190719, Available: https://www.who.int/docs/ reviews. Sci Rep 2015;5:1-5.
default-source/wpro---documents/countries/china/2018-gats-china- 44 Sung H, Rosenberg PS, Chen W-Q, et al. The impact of breast
factsheet-cn-en.pdf?sfvrsn=3f4e2da9_2 [Accessed 26 Aug 2022]. Cancer-Specific birth cohort effects among younger and older

20 Thematic household survey. Available: https://www.censtatd.gov. Chinese populations. Int J Cancer 2016;139:527-34.
hk/en/data/stat_report/product/B1130201/att/B11302702020XXXX 45 The world economy volume 1: a Millennial perspective, 2. Gurgaon,
B0100.pdf [Accessed 26 Aug 2022]. India Historical statistics: Academic Foundation; 2007.

21 GBD 2013 Mortality and Causes of Death Collaborators. Global, 46 Elias SG, Peeters PHM, Grobbee DE, et al. The 1944-1945 Dutch
regional, and national age-sex specific all-cause and cause- famine and subsequent overall cancer incidence. Cancer Epidemiol
specific mortality for 240 causes of death, 1990-2013: a systematic Biomarkers Prev 2005;14:1981-5.
analysis for the global burden of disease study 2013. Lancet 47 LiJ, Lam ASM, Yau STY, et al. Antihypertensive treatments and risks
2015;385:117-71. of lung cancer: a large population-based cohort study in Hong Kong.

22 Estimated alcohol consumption per capita in Hong Kong BMC Cancer 2021;21:1-9.

[Change4Health]. Available: https://www.change4health.gov.hk/en/ 48 DuJ, Sun H, Sun'Y, et al. Assessment of age, period, and cohort
alcohol_aware/figures/alcohol_consumption/index.html [Accessed 01 effects of lung cancer incidence in Hong Kong and projection
Dec 2022]. up to 2030 based on changing demographics. Am J Cancer Res

23 World Health Organization. Global status report on alcohol and 2021;11:5902-16.
health 2018. World Health Organization; 2019. 49 Centre for Health Protection, Department of Health - Lung Cancer.

24 Wild C. World cancer report 2014. wild CP, Stewart BW, editors. Centre for health protection. Available: https://www.chp.gov.hk/en/
Geneva, Switzerland World Health Organization; 2014. healthtopics/content/25/49.html [Accessed 10 Aug 2022].

25 Zhao S, Dong H, Qin J, et al. Breast cancer mortality in Chinese
women: does migrant status play a role? Ann Epidemiol
2019;40:28-34.

8 Zhao Y, et al. BMJ Open 2023;13:e072751. doi:10.1136/bmjopen-2023-072751


https://www.statistics.gov.hk/pub/hist/1961_1970/B10100031967AN67E0100.pdf
https://www.statistics.gov.hk/pub/hist/1961_1970/B10100031967AN67E0100.pdf
https://www.statistics.gov.hk/pub/hist/1961_1970/B10100031967AN67E0100.pdf
http://www.statistics.gov.hk/pub/B1120017032012XXXXB0100.pdf
http://www.statistics.gov.hk/pub/B1120017032012XXXXB0100.pdf
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1093/annonc/mdn699
http://dx.doi.org/10.1007/s10552-010-9506-9
http://dx.doi.org/10.2105/ajph.86.2.231
http://dx.doi.org/10.1136/tc.6.3.175
http://dx.doi.org/10.1136/tc.6.3.175
http://dx.doi.org/10.1016/s0008-6363(01)00520-x
http://dx.doi.org/10.1136/bmj.1.4877.1451
http://dx.doi.org/10.1016/j.gaceta.2021.04.001
http://dx.doi.org/6498670
http://dx.doi.org/10.1016/s0169-5002(00)00163-x
http://dx.doi.org/10.1093/carcin/23.12.1969
http://dx.doi.org/10.1093/jnci/81.10.745
http://dx.doi.org/10.1093/jnci/81.10.745
http://dx.doi.org/10.1136/bmj.38308.477650.63
http://dx.doi.org/10.1016/S1470-2045(13)70279-1
https://www.who.int/docs/default-source/wpro---documents/countries/china/2018-gats-china-factsheet-cn-en.pdf?sfvrsn=3f4e2da9_2
https://www.who.int/docs/default-source/wpro---documents/countries/china/2018-gats-china-factsheet-cn-en.pdf?sfvrsn=3f4e2da9_2
https://www.who.int/docs/default-source/wpro---documents/countries/china/2018-gats-china-factsheet-cn-en.pdf?sfvrsn=3f4e2da9_2
https://www.censtatd.gov.hk/en/data/stat_report/product/B1130201/att/B11302702020XXXXB0100.pdf
https://www.censtatd.gov.hk/en/data/stat_report/product/B1130201/att/B11302702020XXXXB0100.pdf
https://www.censtatd.gov.hk/en/data/stat_report/product/B1130201/att/B11302702020XXXXB0100.pdf
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
https://www.change4health.gov.hk/en/alcohol_aware/figures/alcohol_consumption/index.html
https://www.change4health.gov.hk/en/alcohol_aware/figures/alcohol_consumption/index.html
http://dx.doi.org/10.1016/j.annepidem.2019.10.006
http://dx.doi.org/10.1158/1055-9965.EPI-15-0123
http://dx.doi.org/10.1158/1055-9965.EPI-15-0123
http://dx.doi.org/10.1002/ijc.10322
http://dx.doi.org/10.1186/s12885-021-08038-6
http://dx.doi.org/10.1093/ije/dyh221
http://dx.doi.org/10.1111/cea.12548
http://dx.doi.org/10.1111/cea.12548
http://dx.doi.org/10.1093/aje/kwi273
http://dx.doi.org/10.1158/1055-9965.EPI-11-0421
http://dx.doi.org/10.1158/1055-9965.EPI-11-0421
http://dx.doi.org/10.1177/096228029200100306
http://dx.doi.org/10.1016/s0895-4356(99)00033-5
http://dx.doi.org/10.1002/bimj.201500263
http://dx.doi.org/10.1186/s12874-020-01133-5
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1002/ijc.27334
http://dx.doi.org/10.1038/srep16776
http://dx.doi.org/10.1002/ijc.30095
http://dx.doi.org/10.1158/1055-9965.EPI-04-0839
http://dx.doi.org/10.1158/1055-9965.EPI-04-0839
http://dx.doi.org/10.1186/s12885-021-08971-6
http://dx.doi.org/35018232
https://www.chp.gov.hk/en/healthtopics/content/25/49.html
https://www.chp.gov.hk/en/healthtopics/content/25/49.html

	Age-­period-­cohort analysis and projection of cancer mortality in Hong Kong, 1998–2030
	Abstract
	Introduction﻿﻿
	Methods
	Data
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	Conclusion
	References


