BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com



http://bmjopen.bmj.com/
info.bmjopen@bmj.com

BMJ Open

BM) Open

An age-period-cohort analysis and projection of cancer
mortality in Hong Kong, 1998-2030

Journal: | BMJ Open

Manuscript ID | bmjopen-2023-072751

Article Type: | Original research

Date Submitted by the

Author: 13-Feb-2023

Complete List of Authors: | Zhao, Yanji; The Hong Kong Polytechnic University, Department of
Applied Mathematics

Zhuang, Zian; The Hong Kong Polytechnic University, Department of
Applied Mathematics; University of California Los Angeles, Department of
Biostatistics

Yang, Lin; The Hong Kong Polytechnic University, School of Nursing

He, Daihai; The Hong Kong Polytechnic University, Department of
Applied Mathematics; The Hong Kong Polytechnic University, Research
Institute for Future Food

Keywords: | STATISTICS & RESEARCH METHODS, ONCOLOGY, Risk Factors

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 41

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

-_—

10

11

12

13

14
15
16

17

18

19

20

21

22

23

BMJ Open Page 2 of 41

An age-period-cohort analysis and projection of

cancer mortality in Hong Kong, 1998-2030

Yanji Zhao'-#, Zian Zhuang'?#, Lin Yang? and Daihai He '#*

1 Department of Applied Mathematics, Hong Kong Polytechnic University, Hong Kong,

China
2 Department of Biostatistics, University of California, Los Angeles, CA, United States
3 School of Nursing, Hong Kong Polytechnic University, Hong Kong, China

4 Research Institute for Future Food, Hong Kong Polytechnic University, Hong Kong, China

# These authors contributed equally to this work.

* To whom correspondence should be addressed:

Department of Applied Mathematics, The Hong Kong Polytechnic University, Hong Kong,
China
Tel: 852-27667864; daihai.he@polyu.edu.hk (DH).

Email of all authors

Yanji Zhao: yan-ji.zhao@connect.polyu.hk; Zian Zhuang: zianzhuang@ucla.edu;

Yang Lin: l.yang@polyu.edu.hk; Daihai He: daihai.he@polyu.edu.hk.

Word count:2954

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:yan-ji.zhao@connect.polyu.hk
mailto:daihai.he@polyu.edu.hk

Page 3 of 41

oNOYTULT D WN =

24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

BMJ Open

Abstract

Objectives: Explore age, period, birth cohort effects and effects across different 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.
The population data were stratified by age, sex, immigration status, and length of stay in Hong
Kong. Immigration status was classified into three groups: locals born in Hong Kong, long-stay

immigrants and short-stay immigrants.

Main Outcomes and Measures: Age-period-cohort analysis was used to examine age, period,
and birth cohort effects for genders and immigration groups from 1998 to 2021. Bayesian age-
period-cohort models were applied to predict the mortality rates from 2022 to 2030.

Results: Short-stay immigrants indicated relatively pronounced fluctuations in age, cohort and
period effects for six types of cancers, as increasing trends of age effect occurred for both
genders and all immigration groups. Monotone decreasing trends or plateau of forecasting
occur for both genders and all immigration groups in cancers except for increasing trends for
short-stay male immigrants with colon cancer and long-stay male immigrants with pancreatic
cancer. Long-stay male immigrants with lung cancer would perform the most significant
decline in predictive mean from 100.18 to 79.55 deaths/100,000 population, while the same
immigration group with pancreatic cancer would indicate the most significant uptrend in each

year of 17.87 deaths and 23.49 deaths/100,000 population in 2022 and 2030, respectively.

Conclusions Immigrants had more pronounced fluctuations and sharper slopes of age, cohort,
and period effects than locals. Men will be at a higher risk of mortality from cancers than
women in the future, except for prostate cancer. Long-stay immigrants for each type of cancer

and gender will be at a higher mortality risk than locals.

Keywords: Age-period-cohort analysis, immigration, mortality, lung cancer, pancreatic cancer,

colon cancer, liver cancer, prostate cancer, stomach cancer
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Strengths and limitations of this study

o  Complicated population distribution has resulted in intricate causes of cancers, while few
studies have assessed the relationship between immigration status and cancer mortality.
This study provides new evidence regarding the relationship between immigration status

and cancer mortality.
e  We could only depict trends and variations among different immigration and sex groups

and insufficiently perform the estimates of the contributions of three effects or subgroups

to mortality rates.
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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 [1-3]. 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 of health conditions

between the locals and immigrants.

Cancer has been one of 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 [4]. In Hong
Kong, lung cancer is one of the most common causes of cancer deaths [5, 6]. Previous studies
suggested that the primary cause of lung cancer is cigarette smoking [7-11]. Genetic factors,
asbestos, radon gas, second-hand smoke, and other forms of air pollution have been proven to
influence the risk of lung cancer [12-18]. The overall daily smoking rate in mainland China was
approximately 23.2% in 2018 [21], whereas the daily smoking rate in Hong Kong was only
10.2% in 2019 [22]. 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
pancreatic cancer [19]. Alcohol consumption per capita in Hong Kong has reached to 2.37 liters
in 2021 [23], compared to 7.0 liters of per capita consumption of alcohol in mainland China in
2018 [24]. 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
[20]. In addition to these risk factors, studies have suggested that cancer mortality rates vary
depending on migrant status [25-28]. According to data from the Census and Statistics
Department of Hong Kong, approximately 81% of immigrants in Hong Kong immigrated from
China mainland, Macau, and Taiwan. Immigrants from mainland China account for a 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 [29, 30]. 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 lifestyle than locals. Therefore, it’s constructive to ascertain whether

immigrants from mainland China have a different mortality pattern of cancers with locals to
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verify the significance of migration status for this health outcome. As Age-period-cohort (APC)
analysis plays a vital role in studying time-specific phenomena in epidemiology, in this study,
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 predicted the mortality rates for the locally born population and immigrants
in Hong Kong for the next 9 years using a predictive model, taking into account age, period,

and birth cohort effects as well.

Materials and methods

Data

We obtained the death registry data in 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 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, C348, 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
interpretability [31]. 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 immigrants 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 population projections from 2022
to 2030 were retrieved from the Census and Statistics Department of Hong Kong and estimated
with cubic smoothing spline as the prerequisite of the predictive model. Codes for APC and
BAPC analysis are available in the GitHub repository (https://github.com/kshz2164313/APC-

population-projections-for-immigration-HK).

Patient and Public Involvement

No patient involved. Death registry data was obtained from Census and Statistics Department

of Hong Kong.

Statistical analysis

We modeled cancer mortality rates in Hong Kong using APC analysis based on log-linear

Poisson regression models. The model aimed to disentangle age, period, and cohort effects of
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time-varying phenomena simultaneously [32, 33], given that
log(E;) = o, + B; + v + p+log (6,) (1)

where E;; denotes expected mortality; «;, (;,and 7, denote age, period, and cohort
effect, respectively, for ¢ =1,....1, 7=1,...;J, k=1,...,K with k=1—1i+J.
log (0,;) is the offset. We mainly focused on the contributions of sex and immigration status

due to the non-identifiability problem that the effects of these three components are collinear
with each other (denoted as period — age = cohort) [34]. The median dates of birth among
cases were regarded as the reference cohort, while the second and penultimate period effects
were constrained to the reference groups, as birth cohort effect and period effect were
assessed with relative risks. For sex and immigration status, maximum likelihood framework
was applied to estimate the relative risks and 95% confidence intervals (CIs) by age groups,
calendar period, and birth cohort.

Several projection approaches for future cancer mortality have been developed, but a
Bayesian age-period-cohort (BAPC) model built upon integrated nested Laplace
approximations (INLA) [35] yields relatively higher coverage and better performance for all
evaluated parameter combinations [36]. To prevent some sampling problems caused by
Markov chain Monte Carlo (MCMC), this MCMC-free 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-standardized and age-specific rates. Convergence
checks are not necessary for this technique [35]. The projections of age-standardized cancer
mortality rates for each sex 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 [37], with 95% prediction intervals.

All analyses were performed via R version 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.

Results

Figure lab, eFigure 1-4ab and eFigure 5a in Supplement 1 illustrate the estimates of age
(assessed by cancer mortality), period and cohort 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. Compared to other immigration groups, age, cohort and period
6

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

215
216

BMJ Open

effects of six types of cancer for immigrants who stayed in Hong Kong for <10 years revealed
relatively more pronounced fluctuations and deviations from those effects in other immigration
groups. Significant increasing trends of age effect occurred in all types of cancer, regardless of
gender and immigration status. For example, compared to no significant effects of immigration
status for women on mortality rates of lung cancer by age (Figure 1b), the higher age effect for
men who have stayed in Hong Kong for >10 years occurred after the age of 50 years and the
lower age effect of men who had short stays occurred before the age of 62 years (Figure 1a). In
addition to compatible dynamics of period effect for locals and long-stay immigrants, similar
birth cohort effects for locals and long-stay immigrants in lung, colon, liver and stomach
cancers occurred before 1945, whereas significant differences of birth cohort effects between
these two immigration groups occurred after 1960. Locals and long-stay immigrants in
pancreatic and prostate cancer perform almost similar cohort effects all the time. Local men
and women had sharper slopes of cohort effect of short stay after 1950 than other immigration
groups. Short-stay immigrants who have stayed in Hong Kong for <10 years had more
fluctuating 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 variances in age and cohort effects.

Figure 1c, eFigure 1-4c and eFigure 5b in Supplement 1 illustrates the age-standardized
mortality rates of six types of cancer from 1998 to 2021 and their projections by sex and
immigrant status from 2022 to 2030, taking into account age, period, and birth cohort effects.
Means and standard deviations of predictive mortality rates are shown in Table 1, Table 2 and
eTable 1-4 in Supplement 1. Monotone decreasing trends or plateau of forecasting occur for
both genders and all immigration groups in cancers except for increasing trends 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. Except for
prostate cancer, men will be at higher risk of mortality rates of cancers than women in the
future. Given the future developing trends of other groups, the group of immigrant men who
have stayed in Hong Kong for >10 years with lung, liver, pancreatic, prostate and colon cancer
will have relatively higher mortality rates in each year compared with other immigration groups
and pronounced decline in predictive mean. 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 significant decline in predictive mean from 100.18 to 79.55 deaths per
100,000 population (average 2.92 deaths/100,000 per annum) (Table 1), while the same
immigration group with pancreatic cancer would indicate the most significant uptrend in each
year of 17.87 deaths and 23.49 deaths per 100,000 population in 2022 and 2030, respectively
(average 0.62 deaths/100,000 per annum) (Table 2).
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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 [38]. Therefore, the
differences in mortality rates among immigration groups are synonymous with detection means,

therapies, and social history in disparate periods and areas.

Age effects for both genders and all immigrant groups revealed pronounced increasing trends
on all cancer mortality rates. The group of long-stay immigrants 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 contrast in age effects among the immigration groups was partially consistent
with studies [25, 39] 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 magnitudes between locals and immigrants before the age of 60 years.
They are also compatible with the results in [40] that diagnosis of liver cancer is the most
frequent among populations at 55 to 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 [41]. Differences in birth cohort effects

among immigrant groups partially comply with the interpretation above.

We observed significant trends of cohort effects among locals and immigrants. These findings
are partially consistent but subtly different from previous findings, regarding the effect of
immigration status on cancers. Zhao et al. [25] described multiple peaks of cohort effects on
breast cancer mortality between locals and immigrants in Hong Kong, as well as a significant
decline of cohort effects after 1950. In contrast, Sung et al. [42] investigated the difference in
breast cancer incidence between Chinese Americans and non-Hispanic whites in the U.S. and
emphasized 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 to a relatively stable social development in
Hong Kong, representing 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
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immigrants after 1950, which corresponded to the economic downturn after wars and famine
between 1959 and 1961 during their youth [43]. 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 higher risk of severe mortality rates of cancers [44].
Furthermore, we speculate that these trends, especially those for locals and long-stay
immigrants, are most likely attributed to social development and personal behaviors, such as
daily habits, occupational history, different diagnoses and treatments, and domestic
environmental exposures. It’s notable that short-stay immigrants suffered from lower risk of
death from colon cancer for all ages (eFigure 2ab in Supplement 1). As locals and immigrants
in Hong Kong transitioned to a more westernized lifestyles, higher consumption of meat was
associated with a higher risk of these types of cancer, whereas consumptions of vegetables
had a strong protective effect against pancreatic cancer, and moderate consumption of coffee
appeared to be beneficial against lung cancer [45,46]. Further studies on potential risk factors

are required.

Short-stay immigrants had more fluctuating and non-stationary but inconspicuous 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-
standardized mortality rates for short-stay immigrant women and irregular rates for short-stay
immigrant 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.
With respect to the age-standardized mortality rates and projections, consistent with previous
findings [47,48], 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 [4] that males suffer from higher risk of
these types of cancer except for prostate cancer than females. 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 effect are considered as

confounders of cohort effect.

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

9
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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 age-
period-cohort 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. Furthermore, we adopted
cubic smoothing spline to estimate populations of immigrants and locals due to the large

proportion of unspecified immigration status from official demographic projections.

Conclusion

We conclude that immigrants, especially short-stay immigrants, had more pronounced
fluctuations and sharper slopes of age, cohort, and period effects than locals. Men will be at a
higher risk of mortality rates of six types of cancer than women in the future. 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 relatively stable. The predictive means of long-

stay immigrants for each type of cancer would be greater than locals.

10
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Figure 1. Parameter estimates of age, period and cohort effects based on an age-period-cohort model of males’ (a)
and females’ (b) lung cancer mortality rates and projections from 2022 to 2030 (c) by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands. Observations in (c) are shown as dots with the
predictive distribution between the 5% and 95% quantile, whereby each lighter shade of blue represents an
additional 10% predictive CI. The predictive mean is shown as black solid line and the vertical dashed line

indicates where prediction started.
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Predictive mean of age-standardized morality rates of lung cancer per 100,000 population

Female Male
Female . ) Female Male ) .
o immigrants . immigrants Male locals
immigrants >10 locals immigrants >10
Year <10 <10 (SD)
(SD) (SD) (SD)
(SD) (SD)
2022 | 41.33(1.86) 22.21(4.67) | 30.21(3.54) | 100.18(4.18) 79.89(10.40) | 52.26(4.85)
2023 | 40.58(2.26) 20.55(5.37) | 30.63(4.77) | 97.17(5.33) 79.81(11.82) | 50.82(5.38)
2024 | 39.86(2.74) 19.01(6.10) | 31.05(6.38) | 94.33(6.71) 79.72(13.42) | 49.56(6.12)
2025 | 39.18(3.28) 17.57(6.80) | 31.47(8.29) | 91.69(8.24) 79.62(15.18) | 48.17(6.96)
2026 | 38.52(3.85) 16.23(7.45) | 31.89(10.46) | 89.14(9.83) 79.49(17.08) | 46.64(7.83)
2027 | 37.88(4.46) 15.00(8.04) | 32.31(12.86) | 86.65(11.46) 79.32(19.09) | 45.12(8.75)
2028 | 37.26(5.09) 13.85(8.56) | 32.73(15.48) | 84.18(13.10) 79.08(21.17) | 43.82(9.75)
2029 | 36.64(5.73) 12.79(9.01) | 33.14(18.30) | 81.80(14.73) 78.77(23.32) | 42.66(10.79)
2030 | 36.04(6.39) 11.80(9.39) | 33.55(21.32) | 79.55(16.37) 78.40(25.52) | 41.43(11.79)

Table 1. Predictive means and standard deviations of age-standardized morality rates of lung

cancer per 100,000 population for each gender and immigrant status from 2022 to 2030.
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Predictive mean of age-standardized morality rates of pancreatic cancer per 100,000

population
Female Male
Female . ) Female Male . ]
. ) immigrants . . immigrants | Male locals
immigrants >10 locals immigrants >10
Year <10 <10 (SD)
(SD) (SD) (SD)
(SD) (SD)
2022 | 11.11(0.74) 5.437(1.55) | 9.011(1.22) | 17.87(1.18) 7.874(2.37) | 12.28(1.48)
2023 | 11.35(0.90) 5.436(1.69) | 9.150(1.33) | 18.48(1.49) 7.760(2.53) | 12.48(1.64)
2024 | 11.61(1.09) 5.430(1.83) | 9.289(1.47) | 19.11(1.87) 7.639(2.70) | 12.69(1.83)
2025 | 11.87(1.31) 5.420(1.99) | 9.429(1.64) | 19.77(2.31) 7.511(2.87) | 12.89(2.06)
2026 | 12.14(1.56) 5.405(2.15) | 9.569(1.83) | 20.46(2.83) 7.376(3.05) | 13.11(2.32)
2027 | 12.42(1.83) 5.386(2.31) | 9.710(2.04) | 21.18(3.41) 7.237(3.22) | 13.32(2.63)
2028 | 12.70(2.14) 5.363(2.48) | 9.851(2.28) | 21.92(4.07) 7.094(3.40) | 13.55(2.96)
2029 | 12.99(2.48) 5.337(2.66) | 9.994(2.54) | 22.69(4.79) 6.946(3.57) | 13.78(3.33)
2030 | 13.29(2.84) 5.307(2.84) | 10.13(2.82) | 23.49(5.60) 6.796(3.75) | 14.02(3.74)

Table 2. Predictive means and standard deviations of age-standardized morality rates of

pancreatic cancer per 100,000 population for each gender and immigrant status from 2022 to

2030.
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Figure 1. Parameter estimates of age, period and cohort effects based on an age-period-cohort model of
males’ (a) and females’ (b) lung cancer mortality rates and projections from 2022 to 2030 (c) by immigrant
groups: locals, immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.

Observations in (c) are shown as dots with the predictive distribution between the 5% and 95% quantile,

whereby each lighter shade of blue represents an additional 10% predictive CI. The predictive mean is
shown as black solid line and the vertical dashed line indicates where prediction started.
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Predictive mean of age-standardized morality rates of colon cancer per 100,000 population

Female Male
Female o Female Male ) ]
) ) immigrants . . immigrants  Male locals
immigrants >10 locals immigrants >10
<10 <10
Year | (SD) (SD) (SD) (SD) (SD) (SD)
2022 | 18.95(1.12) 7.704(2.50) 13.46(1.59) 29.81(1.45) 16.77(3.76) 19.80(2.07)
2023 | 18.76(1.36) 7.248(2.81) 13.23(1.71) 29.65(1.79) 17.00(4.17) 19.38(2.21)
2024 | 18.58(1.65) 6.819(3.10) 13.00(1.86) 29.51(2.18) 17.22(4.64) 18.97(2.39)
2025 | 18.42(1.97) 6.415(3.37) 12.76(2.04) 29.39(2.62) 17.45(5.14) 18.57(2.61)
2026 | 18.26(2.33) 6.034(3.61) 12.53(2.24) 29.30(3.11) 17.66(5.68) 18.17(2.85)
2027 | 18.11(2.70) 5.674(3.82) 12.29(2.45) 29.21(3.63) 17.88(6.27) 17.79(3.11)
2028 | 17.98(3.10) 5.334(4.01) 12.05(2.68) 29.13(4.19) 18.09(6.89) 17.42(3.40)
2029 | 17.85(3.52) 5.013(4.17) 11.82(2.91) 29.05(4.77) 18.30(7.56) 17.06(3.69)
2030 | 17.72(3.96) 4.710(4.30) 11.58(3.16) 28.98(5.38) 18.50(8.25) 16.70(4.00)

eTable 1. Predictive means and standard deviations of age-standardized morality rates of colon cancer per 100,000 population for each gender and

immigrant status from 2022 to 2030.
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Predictive mean of age-standardized morality rates of liver cancer per 100,000 population

Female Male
Female o Female Male o
) ) immigrants . . immigrants  Male locals
immigrants >10 locals immigrants >10
<10 <10
Year | (SD) (SD) (SD) (SD) (SD) (SD)
2022 | 10.67(0.71) 8.65(1.81) 6.36(0.87) 49.22(2.36) 39.02(6.48) 22.16(2.08)
2023 | 10.09(0.85) 8.38(1.94) 6.07(0.90) 47.76(2.93) 37.38(7.46) 21.01(2.21)
2024 | 9.53(1.00) 8.11(2.08) 5.79(0.93) 46.35(3.59) 35.79(8.51) 19.91(2.38)
2025 | 9.01(1.15) 7.84(2.21) 5.52(0.97) 44.99(4.30) 34.25(9.58) 18.85(2.58)
2026 | 8.49(1.30) 7.58(2.35) 5.26(1.01) 43.66(5.04) 32.76(10.6) 17.83(2.78)
2027 | 8.02(1.45) 7.32(2.49) 5.01(1.06) 42.36(5.80) 31.31(11.6) 16.85(2.99)
2028 | 7.56(1.58) 7.07(2.62) 4.76(1.10) 41.10(6.56) 29.91(12.6) 15.91(3.20)
2029 | 7.13(1.71) 6.82(2.75) 4.53(1.15) 39.88(7.32) 28.55(13.5) 15.02(3.40)
2030 | 6.73(1.83) 6.58(2.88) 4.30(1.19) 38.70(8.08) 27.25(14.3) 14.17(3.58)

eTable 2. Predictive means and standard deviations of age-standardized morality rates of liver cancer per 100,000 population for each gender and immigrant
status from 2022 to 2030.
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Predictive mean of age-standardized morality rates of stomach cancer per 100,000

population
Female Male
Female o Female Male o Male
o immigrants . immigrants
immigrants >10 locals immigrants >10 locals
<10 <10
Year | (SD) (SD) (SD) (SD) (SD) (SD)
2022 | 7.94(0.62) 7.36(1.55) 4.89(0.51) 13.89(0.96) 15.19(3.38) 8.06(0.99)
2023 | 7.70(0.73) 7.32(1.69) 4.75(0.56) 13.33(1.20) 15.06(3.66) 7.73(1.02)
2024 | 7.47(0.86) 7.29(1.84) 4.61(0.62) 12.80(1.45) 14.92(3.97) 7.41(1.07)
2025 | 7.24(1.00) 7.28(2.01) 4.47(0.69) 12.30(1.72) 14.78(4.30) 7.09(1.12)
2026 | 7.03(1.14) 7.27(2.19) 4.33(0.76) 11.83(1.99) 14.64(4.65) 6.79(1.19)
2027 | 6.82(1.29) 7.27(2.39) 4.20(0.83) 11.38(2.25) 14.49(5.01) 6.50(1.25)
2028 | 6.62(1.43) 7.28(2.61) 4.07(0.91) 10.95(2.51) 14.34(5.39) 6.23(1.32)
2029 | 6.42(1.57) 7.30(2.84) 3.95(0.98) 10.53(2.76) 14.18(5.77) 5.96(1.39)
2030 | 6.24(1.71) 7.33(3.08) 3.82(1.06) 10.14(3.00) 14.03(6.16) 5.71(1.46)

eTable 3. Predictive means and standard deviations of age-standardized morality rates of stomach cancer per 100,000 population for each gender and

immigrant status from 2022 to 2030.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Predictive mean of age-standardized morality rates of

prostate cancer per 100,000 population

Male Male immigrants

. ) Male locals

immigrants >10 <10
Year (SD) (SD) (SD)
2022 14.58(0.79) 8.77(3.10) 9.65(1.56)
2023 14.57(0.95) 8.58(3.29) 9.67(1.65)
2024 14.55(1.14) 8.38(3.48) 9.69(1.76)
2025 14.53(1.36) 8.19(3.68) 9.71(1.90)
2026 14.51(1.60) 8.00(3.89) 9.74(2.05)
2027 14.48(1.86) 7.81(4.09) 9.78(2.23)
2028 14.45(2.13) 7.63(4.30) 9.81(2.43)
2029 14.41(2.42) 7.44(4.51) 9.85(2.64)
2030 14.37(2.71) 7.27(4.72) 9.89(2.87)

eTable 4. Predictive means and standard deviations of age-standardized morality rates of prostate cancer per 100,000 population for each gender and

immigrant status from 2022 to 2030.
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Pancreatic cancer for males
(a)Age effects (b)Cohort effects (c)Period effects
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27 eFigure 1(a). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
28 age-period-cohort model of male pancreatic cancer mortality rates by immigrant groups:
locals, immigrants stay in Hong Kong for more than 10 years and immigrants stay in Hong

31 Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis).

32 Cohort and period effects were assessed by relative risk (right axis), 95% confidence intervals
33 are shown as shaded bands.
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Pancreatic cancer for females
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eFigure 1(b). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of female pancreatic cancer mortality rates by immigrant groups:
locals, immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals
are shown as shaded bands.
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eFigure 1(c). Projections of pancreatic 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 blue represents an additional 10%

predictive Cl. The predictive mean is shown as black solid line and the vertical dashed line
indicates where prediction started.
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eFigure 2(a). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of male colon cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown
as shaded bands.
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Figure 2(b). Parameter estimates of age (a), period (b) and cohort (c) effects based on an

age-period-cohort model of female colon cancer mortality rates by immigrant groups: locals,

10

1

02 0.5

immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown

as shaded bands.
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eFigure 2(c). Projections of colon 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 blue represents an additional 10%

predictive Cl. The predictive mean is shown as black solid line and the vertical dashed line
indicates where prediction started.
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(a)Age effects (b)Cohort effects (c)Period effects
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28 eFigure 3(a). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of male liver cancer mortality rates by immigrant groups: locals,

31 immigrants stay in Hong Kong for more than 10 years and immigrants stay in Hong Kong for
32 less than or equal to 10 years. Age effect was assessed by mortality (left axis). Cohort and
33 period effects were assessed by relative risk (right axis), 95% confidence intervals are shown
as shaded bands.
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2040

age-period-cohort model of female liver cancer mortality rates by immigrant groups: locals,

10

0.1

immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown

as shaded bands.
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27 eFigure 3(c). Projections of liver cancer mortality rates by gender and immigrant status from
28 2022 to 2030. Observations are shown as dots with the predictive distribution between the 5%
and 95% quantile, whereby each lighter shade of blue represents an additional 10%

31 predictive Cl. The predictive mean is shown as black solid line and the vertical dashed line

32 indicates where prediction started.
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eFigure 4(a). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of male stomach cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown
as shaded bands.
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Stomach cancer for females
(a)Age effects (b)Cohort effects (c)Period effects
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28 eFigure 4(b). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of female stomach cancer mortality rates by immigrant groups:

31 locals, immigrants stay in Hong Kong for more than 10 years and immigrants stay in Hong

32 Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis).

33 Cohort and period effects were assessed by relative risk (right axis), 95% confidence intervals
are shown as shaded bands.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

Agestd. rate per 100000 Agestd. rate per 100000

Agestd. rate per 100000

30
20
10

40
30
20
10

30
20

BMJ Open
Male immigrants> 10 years o Female immigrants> 10 years
2
3 _
o i T 30 o
Bt 0 O e . ! 8 20 |
T o I
":-‘ oo 0 e
1 S |
T \ T \ T \ — 3 0- \ T \ T T \ T
2000 2005 2010 2015 2020 2025 2030 <& 2000 2005 2010 2015 2020 2025 2030
Period Period
Male immigrants<= 10 years o Female immigrants<= 10 years
2
S 40
5 30
9 o —
a 0944 _% 20 o .
e T M o
! el - T
T \ T \ T \ — 3 0- \ T \ T T \ T
2000 2005 2010 2015 2020 2025 2030 < 2000 2005 2010 2015 2020 2025 2030
Period Period
Male locals o Female locals
g
" 2 30 A
MM ; g 50
WA Nekek : o T e,
- h“""“.‘-—___ T 10 - .‘.J""--;-n....-..._._ -
g - _ SE———
| o T —
T \ T \ T \ — g 0- \ T \ T T \ T
2000 2005 2010 2015 2020 2025 2030 ? 2000 2005 2010 2015 2020 2025 2030
Period Period

eFigure 4(c). Projections of stomach 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 blue represents an additional 10%

predictive Cl. The predictive mean is shown as black solid line and the vertical dashed line
indicates where prediction started.
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eFigure 5(a). Parameter estimates of age (a), period (b) and cohort (c) effects based on an
age-period-cohort model of male prostate cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown
as shaded bands.
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eFigure 5(b). Projections of prostate cancer mortality rates by 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 blue represents an additional 10% predictive CI.

The predictive mean is shown as black solid line and the vertical dashed line indicates where
prediction started.
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12 jtems listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the

16 missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

18 ©xplanation.
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20 Upload your completed checklist as an extra file when you submit to a journal.
21

22 In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
26  Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.
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included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders. Give
information separately for exposed and unexposed groups if

applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted
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clear which confounders were adjusted for and why they were
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Report category boundaries when continuous variables were
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potential bias or imprecision. Discuss both direction and magnitude of
any potential bias.
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Other
Information
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The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY.
This checklist was completed on 11. February 2023 using https://www.goodreports.org/, a tool made by the
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Abstract

Objectives: Complicated population distribution and immigration status in Hong Kong have
brought out intricate causes of diseases. This study was 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 analysis was used to examine age, period, and birth cohort effects
for genders and immigration groups from 1998 to 2021. Bayesian age-period-cohort 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. 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 (16.77 deaths to 18.50 deaths/100,000 p<0.05) and long-
stay male immigrants with pancreatic cancer (17.87 deaths to 23.49 deaths/100,000 p<0.05).
Men will be at a higher risk of mortality from cancers than women in the future (excluding
prostate cancer). Immigrants for each type of cancer and gender will be at a higher mortality

risk than locals.
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.

Keywords: Age-period-cohort analysis, immigration, mortality, lung cancer, pancreatic cancer,

colon cancer, liver cancer, prostate cancer, stomach cancer
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Strengths and limitations of this study

o  This study provides new evidence regarding the relationship between immigration status

and cancer mortality, given the effects of age, period, birth cohort and their predictions.

o  The non-identifiability problem has not been interpreted in APC models

o  The future perspective of cancer therapies and techniques have not been considered.
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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 [1-3]. 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 of health conditions

between the locals and immigrants.

Cancer has been one of 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 [4]. In Hong
Kong, lung cancer is one of the most common causes of cancer deaths [5, 6]. Previous studies
suggested that the primary cause of lung cancer is cigarette smoking [7-11]. Genetic factors,
asbestos, radon gas, second-hand smoke, and other forms of air pollution have been proven to
influence the risk of lung cancer [12-18]. The overall daily smoking rate in mainland China was
approximately 23.2% in 2018 [19], whereas the daily smoking rate in Hong Kong was only
10.2% in 2019 [20]. 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
pancreatic cancer [21]. Alcohol consumption per capita in Hong Kong has reached to 2.37 liters
in 2021 [22], compared to 7.0 liters of per capita consumption of alcohol in mainland China in
2018 [23]. 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
[24]. In addition to these risk factors, studies have suggested that cancer mortality rates vary
depending on migrant status [25-28]. According to data from the Census and Statistics
Department of Hong Kong, approximately 81% of immigrants in Hong Kong immigrated from
China mainland, Macau, and Taiwan. Immigrants from mainland China account for a 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 [29, 30]. 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 lifestyle than locals. Therefore, it’s constructive to ascertain whether

immigrants from mainland China have a different mortality pattern of cancers with locals to
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verify the significance of migration status for this health outcome. As Age-period-cohort (APC)
analysis plays a vital role in studying time-specific phenomena in epidemiology, in this study,
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
immigrants 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 data in 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 a routine census held by 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, (C348, and C349 for Ilung 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 interpretability [31]. 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 immigrants 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 population
projections from 2022 to 2030 were retrieved from the Census and Statistics Department of
Hong Kong and estimated with cubic smoothing spline as the prerequisite of the predictive
model. Codes for APC and BAPC analysis are available in the GitHub repository
(https://github.com/kshz2164313/APC-population-projections-for-immigration-HK).

Statistical analysis

We modeled cancer mortality rates in Hong Kong using APC analysis based on log-linear
Poisson regression models. The model aimed to disentangle age, period, and cohort effects of

time-varying phenomena simultaneously [32, 33], given that
log (E;j) = a; + B; + v, + 1+ log (0;;) (D

5

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 54


https://github.com/kshz2164313/APC-population-projections-for-immigration-HK

Page 7 of 54 BMJ Open

1
2
z 138  where E;; denotes expected mortality; «;, (3;,and 7, denote age, period, and cohort
5 139  effect, respectively, for t=1,....,1, j=1,...,J, k=1,...,K with k=I1—1i-+ 7.
6
7 140  log(0,;) is the offset. We mainly focused on the contributions of sex and immigration status
8 141 due to the non-identifiability problem that the effects of these three components are collinear
?O 142  with each other (denoted as period — age = cohort) [34]. Birth cohort effect and period effect
1 143  were assessed with relative risks. The median date of birth among cases were regarded as the
12 144  reference cohort. Since cases aged at 35—85 years between 1998 and 2021 were selected, the
13 145  range of birth cohort from 1913 to 1986 covered observations and further projections until
12 146  2030. The second and penultimate period effects were constrained to the reference for period.
16 147  For sex and immigration status, maximum likelihood framework was applied to estimate the
17 148  relative risks and 95% confidence intervals (Cls) by age groups, calendar period, and birth
18 149  cohort.
19 150
20
21 151 Several projection approaches for future cancer mortality have been developed, but a
;g 152  Bayesian age-period-cohort (BAPC) model built upon integrated nested Laplace
24 153  approximations (INLA) [35] yields relatively higher coverage and better performance for all
;2 154  evaluated parameter combinations [36]. To prevent some sampling problems caused by
27 155  Markov chain Monte Carlo (MCMC), this MCMC-free BAPC approach was applied to
;2 156  predict future cancer mortality within a fully Bayesian inference setting and provide outputs
30 157  of interest simply, such as projected age-standardized and age-specific rates. Convergence
;; 158  checks are not necessary for this technique [35]. The projections of age-standardized cancer
33 159  mortality rates for each sex, age group (younger or older than 60 years) and migrant status,
;g 160  taking into account age, period, and birth cohort effects, were performed based on the weights
36 161 of population age groups from the WHO World Standard population [37], with 95%
;; 162  prediction intervals. Mann-Kendall trend test was applied to verify the projection trend.
39 163
2(1) 164  All analyses were performed via R version 4.2.1 (R Core Team, R Foundation for Statistical
42 165  Computing, Vienna, Austria, 2013, http://www.R-project.org/). The APC models were
22 166  established using the Epi package, and the projections based on Bayesian APC models were
45 167  performed with the BAPC package.
j? 168
48 169  Patient and Public Involvement
49 170  None.
50
51 171
52 172
53
54 173 Results
55
56 174  Figure 1 and eFigure 1(a-e) in Supplementary Material illustrate the estimates of age
57
58 175  (assessed by cancer mortality), cohort and period effects (assessed by relative risk) based on
59 176  APC models among three migrant groups for men and women with six types of cancers,
60
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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 relatively more pronounced fluctuations and
deviations from those effects in other two immigration groups. Significant 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, male immigrants who remained in Hong Kong for >10 years
had higher lung cancer mortality rates at ages above 50 years and those who arrived <10 years
had lower lung cancer mortality at ages below 62 years compared to local men Figure 1. In
addition to compatible dynamics of period effect for locals and long-stay immigrants, similar
change 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 & eFigure
I(a,b,d)). Locals and long-stay immigrants in pancreatic and prostate cancer perform almost
similar change of relative risks by birth cohort effects all the time (eFigure 1(c,e)). Short-stay
immigrants who have stayed in Hong Kong for <10 years had more fluctuating 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 variances in age and cohort effects.

Figure 2-4, eFigure 2-6 in Supplementary Material illustrate the age-standardized mortality
rates of six types of cancer from 1998 to 2021 and their projections by sex, immigrant status
and age groups from 2022 to 2030, taking into account age, period, and birth cohort effects.
Means and standard deviations of predictive mortality rates are shown in eTable 1-6 in
Supplementary Material. For all ages projection (Figure 2 & eFigure 2-6), monotone
decreasing trends or plateau of forecasting occur for both genders and all immigration groups
in cancers, except for increasing trends for male immigrants who have stayed in Hong Kong
for <10 years with colon cancer (p-value < 0.05) and immigrants who have stayed in Hong

Kong for > 10 years with pancreatic cancer (p-values < 0.05). Most of predictive trends for

younger cases (<60 years) and older cases (260 years) reach a consensus with those for all ages

population, except for two phenomenon: 1.) mortality rates of lung cancer for men immigrants
<10 that insignificant trend for all ages (p-value > 0.05) vs. decline for younger cases (p-value
< 0.05) vs. increase for older cases (p-value < 0.05); 2.) mortality rates of liver cancer for men
immigrants >10 that decline for all ages (p-value < 0.05) vs. decline for younger cases (p-value
< 0.05) vs. insignificant trend for older cases (p-value > 0.05). Men will be at higher risk of
mortality rates of cancers (excluding prostate cancer) than women in the future for all three age

groups (all ages, young and older than 60 years). Given the future developing trends,
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immigrants, especially the group of immigrant who have stayed in Hong Kong for >10 years
with lung, liver, pancreatic, prostate and colon cancer, will have relatively higher mortality
rates in each year for each gender compared with locals and pronounced decline in predictive
means (all p-values < 0.05). Some particular cases occur in the projection of prostate cancer
that young long-stay male immigrants (0.44 deaths/100,000) aged less than 60 will be at lower
mortality rate than locals (0.69 deaths/100,000) in 2030 (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 significant decline in predictive mean from
100.18 to 79.55 deaths per 100,000 population (average 2.92 deaths/100,000 per annum)
(eTable 1), while the same immigration group with pancreatic cancer would indicate the most
significant uptrend in each year of 17.87 deaths and 23.49 deaths per 100,000 population in
2022 and 2030, respectively (average 0.62 deaths/100,000 per annum) (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 [38]. 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 other two populations. The group of long-stay
immigrants 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 contrast in age effects among the
immigration groups was partially consistent with studies [25, 39] 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 magnitudes between locals and
immigrants before the age of 60 years. They are also compatible with the results in [40] that
diagnosis of liver cancer is the most frequent among populations at 55 to 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 [41].
8
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Differences in birth cohort effects among immigrant groups partially comply with the

interpretation above.

We observed significant trends of cohort effects among locals and immigrants. These findings
are partially consistent but subtly different from previous findings, regarding the effect of
immigration status on cancers. Zhao et al. [25] described multiple peaks of cohort effects on
breast cancer mortality between locals and immigrants in Hong Kong, as well as a significant
decline of cohort effects after 1950. In contrast, Sung et al. [42] investigated the difference in
breast cancer incidence between Chinese Americans and non-Hispanic whites in the U.S. and
emphasized 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 to a relatively stable social development in
Hong Kong, representing 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 [43]. 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 higher risk of severe mortality rates of cancers [44].
Furthermore, we speculate that these trends, especially those for locals and long-stay
immigrants, are most likely attributed to social development and personal behaviors, such as
daily habits, occupational history, different diagnoses and treatments, and domestic
environmental exposures. It’s notable that short-stay immigrants suffered from lower risk of
death from colon cancer for all ages (eFigure la in Supplementary Material). As locals and
immigrants in Hong Kong transitioned to a more westernized lifestyles, higher consumption
of meat was associated with a higher risk of these types of cancer, whereas consumptions of
vegetables had a strong protective effect against pancreatic cancer, and moderate
consumption of coffee appeared to be beneficial against lung cancer [45,46]. 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-standardized mortality rates for short-stay immigrant women and irregular rates
for short-stay immigrant 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. With respect to the age-standardized mortality rates and projections,

9
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consistent with previous findings [47,48], 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 [4] that men
suffer from 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 effect

are considered as confounders of cohort effect.

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 age-
period-cohort 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. Furthermore, we adopted
cubic smoothing spline to estimate populations of immigrants and locals due to the large
proportion of unspecified immigration status from official demographic projections. A few
acceptable cases resulted in a limited type of cancer so that some common cancers such as
ovary and cervix, were discarded. Since the issue of quantification, the future perspective of

cancer therapies and techniques have not been considered in the model of projection.

Conclusion

We conclude that immigrants, especially short-stay immigrants, 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. Men will be at a higher risk of

mortality rates of six types of cancer than women in the future. Male immigrants who have
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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 relatively stable. Immigrants for each gender in Hong Kong would suffer from higher

mortality risks of cancers than locals in the future.
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Figure 1. Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-cohort model of male
and female lung cancer mortality rates by immigrant groups: locals, immigrants stay in Hong Kong for more than 10
years and immigrants stay 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% confidence intervals are shown as
shaded bands.
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Figure 2. 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.
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Figure 3. Projections of lung cancer mortality rates for the population younger than 60 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.
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Figure 4. Projections of lung cancer mortality rates for the population older than or equal to 60 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.
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eFigure 1(a). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female colon cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(b). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-

cohort model of male and female liver cancer mortality rates by immigrant groups: locals, immigrants

stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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Pancreatic cancer for males
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eFigure 1(c). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female pancreatic cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(d). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female stomach cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(e). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male prostate cancer mortality rates by immigrant groups: locals, immigrants stay in
Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 2(a). Projections of colon 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.
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eFigure 2(b). Projections of colon cancer mortality rates for the population younger than 60 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.
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eFigure 2(c). Projections of colon cancer mortality rates for the population older than or equal to 60 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.
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eFigure 3(a). Projections of liver 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.
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eFigure 3(b). Projections of liver cancer mortality rates for the population younger than 60 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.
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eFigure 3(c). Projections of liver cancer mortality rates for the population older than or equal to 60 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.
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eFigure 4(a). Projections of pancreatic 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.
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eFigure 4(b). Projections of pancreatic cancer mortality rates for the population younger than 60 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.
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eFigure 4(c). Projections of pancreatic cancer mortality rates for the population older than or equal to

60 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.
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eFigure 5(a). Projections of stomach 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.
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eFigure 5(b). Projections of stomach cancer mortality rates for the population younger than 60 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.
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eFigure 5(c). Projections of stomach cancer mortality rates for the population older than or equal to 60
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.
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eFigure 6. Projections of prostate cancer mortality rates for males by immigrant status and age groups

(less than, greater than or equal to 60 years old) 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.
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Year 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 41.34 40.58 39.87 39.19 3853 37.89 37.26 36.65 36.04
immigrants >10 (1.86) (2.27) (2.75) (3.28) (3.86) (4.46) (5.09) (5.74) (6.4)
Female immigrants < 22.22 20.56 19.01 17.57 16.24 15.00 13.85 12.79 11.81
10 (4.67) (5.38) (6.10) (6.80) (7.45) (8.04) (8.56) (9.01) (9.39)
30.22 30.63 31.05 31.48 319 32.32 32.73 33.15 33.55
Female locals
(3.54) (4.77) (6.38) (8.29) (10.47) (12.87) (15.48) (18.31) (21.33)
100.18 97.18 94.34 91.71 89.15 86.66 84.19 81.81 79.55
Male immigrants >10
(4.18) (5.33) (6.72) (8.24) (9.84) (11.47) (13.11) (14.74) (16.37)
79.90 79.81 79.72 79.62 79.50 79.32 79.08 78.78 78.41
Male immigrants <10
(10.41) (11.82) (13.42) (15.19) (17.09) (19.09) (21.18) (23.32) (25.53)
52.27 50.83 49.56 48.18 46.64 4513 43.83 42.67 4143
Male locals
(4.86) (5.39) (6.13) (6.97) (7.84) (8.76) (9.76) (10.8) (11.8)
Female 1451 13.90 13.29 12.71 12.13 11.57 11.02 10.49
9.98(3.68)
immigrants>10(<60y) | (1.50) (1.76) (2.04) (2.33) (2.62) (2.91) (3.18) (3.43)
Female immigrants < 7.79
7.18(2.23) | 6.62(2.53) | 6.10(2.81) | 5.63(3.08) 5.19(3.32) | 4.79(3.53) | 4.42(3.72) | 4.09(3.88)
10(<60y) (1.95)
9.48
Female locals(<60y) 9.17(1.02) | 8.87(1.16) | 8.57(1.32) | 8.27(1.49) 7.97(1.65) | 7.68(1.82) | 7.38(1.98) | 7.09(2.13)
(0.89)
Male 26.36 24.96 23.64 22.38 21.17 20.03 18.96 17.96 17.03
immigrants>10(<60y) | (3.58) (3.94) (4.35) (4.79) (5.23) (5.67) (6.10) (6.51) (6.90)
Male immigrants < 13.38 12.02 10.79 9.68 8.69 7.79 6.98 6.25 5.59
10(<60y) (3.71) (4.17) (4.59) (4.95) (5.24) (5.46) (5.61) (5.69) (5.72)
14.45 14.03 13.61 13.14 12.65 12.13 11.55 10.93 10.26
Male locals(<60y)
(1.15) (1.29) (1.46) (1.64) (1.82) (2.01) (2.17) (2.31) (2.43)
Female
107.21 106.26 105.52 104.94 104.51 104.21 104.07 104.06 104.16
immigrants >10(2
(5.17) (6.24) (7.54) (9.04) (10.72) (12.57) (14.61) (16.78) (19.14)
60y)
Female immigrants < 63.84 59.88 56.14 52.60 49.27 46.14 43.20 40.44 37.85
10(=60y) (15.72) (17.50) (19.31) (21.03) (22.66) (24.16) (25.52) (26.74) (27.81)
76.53 76.22 75.94 75.69 75.49 75.32 75.19 75.10 75.03
Female locals(260y)
(10.11) (10.85) (11.79) (12.94) (14.28) (15.80) (17.48) (19.33) (21.32)
Male 289.8 286.6 284.28 282.78 281.99 281.88 282.31 283.37 285.03
immigrants>10(260y) | (11.7) (15.19) (19.51) (24.49) (30.07) (36.31) (43.15) (50.66) (58.86)
Male immigrants < 247.01 251.24 255.62 260.14 264.82 269.61 27452 279.55 284.69
10(=60y) (36.85) (42.94) (50.06) (58.14) (67.14) (77.01) (87.75) (99.34) (111.81)
146.29 143.54 141.84 140.07 138.14 136.65 136.49 137.24 138.26
Male locals(260y)
(18.46) (20.58) (23.97) (28.24) (33.39) (39.82) (47.87) (57.47) (68.52)

eTable 1. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of lung cancer
per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status

from 2022 to 2030.
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Predictive mean of age-standardized mortality rates of colon cancer per 100,000 population

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 18.95 18.77 18.59 18.42 18.27 18.12 17.98 17.85 17.73
immigrants >10 (1.13) (1.37) (1.66) (1.98) (2.33) (2.71) (3.11) (3.53) (3.96)
Female immigrants < 7.70 7.25 6.82 6.42 6.03 5.67 533 5.01 471
10 (2.51) (2.81) (3.11) (3.37) (3.61) (3.83) (4.01) (4.17) (4.31)

13.47 13.24 13.01 12.77 12.53 12.29 12.06 11.82 11.59
Female locals

(1.61) (1.72) (1.87) (2.04) (2.24) (2.46) (2.68) (2.92) (3.16)

29.82 29.66 29.52 29.41 29.30 29.21 29.14 29.06 28.98
Male immigrants >10

(1.46) (1.79) (2.19) (2.63) (3.11) (3.64) (4.19) (4.78) (5.39)

16.77 17.02 17.23 17.45 17.67 17.88 18.09 18.31 18.50
Male immigrants <10

(3.77) (4.18) (4.64) (5.14) (5.69) (6.27) (6.91) (7.56) (8.26)

19.81 19.39 18.97 18.57 18.18 17.81 17.43 17.06 16.71
Male locals

(2.07) (2.22) (2.42) (2.61) (2.85) (3.12) (3.40) (3.71) (4.03)
Female 7.36 7.46 7.56 7.65 7.74 7.83 7.92 8.01 8.09
immigrants >10(<60y) | (1.12) (1.28) (1.46) (1.68) (1.92) (2.19) (2.48) (2.79) (3.13)
Female immigrants < 2.82 2.65 251 2.36 2.22 2.08 1.95 1.83 1.72
10(<60y) (0.86) (0.91) (0.97) (1.02) (1.07) (1.11) (1.14) (1.18) (1.22)

3.87 3.73 3.61 3.47 3.34 3.22 311 2.99 2.88
Female locals(<60y)

(0.50) (0.54) (0.59) (0.65) (0.70) (0.76) (0.82) (0.88) (0.94)
Male 79 7.85 7.71

7.54(1.83) 7.36(2.08) 7.17(2.32) 6.97(2.57) 6.76(2.81) 6.55(3.05)
immigrants >10(<60y) | 8(1.17) (1.38) (1.60)
Male immigrants < 5.18 5.22 5.26
5.30(2.14) 5.34(2.36) 5.38(2.59) 5.43(2.84) 5.47(3.11) 5.51(3.38)

10(<60y) (1.58) (1.75) (1.93)

4.88 4.66 4.46
Male locals(<60y) 4.26(1.13) 4.08(1.31) 3.91(1.48) 3.73(1.65) 3.57(1.82) | 3.42(1.97)

(0.63) 0.79) (0.96)
Female 49.21 48.70 48.26 47.87 47.54 47.26 47.05 46.91 46.81
immigrants >10(260y) | (2.99) (3.56) (4.26) (5.05) (5.94) (6.90) (7.94) (9.06) (10.26)
Female immigrants < 22.44 21.69 20.95 20.23 19.52 18.84 18.17 17.51 16.86
10(=60y) (6.56) (6.96) (7.38) (7.80) (8.23) (8.66) (9.08) (9.49) (9.90)

36.69 36.29 35.87 35.46 34.61 34.19 33.77 33.34
Female locals(260y) 35.04(7.5)

(5.74) (6.06) (6.46) (6.95) (8.12) (8.79) (9.51) (10.27)
Male 82.72 82.16 81.64 81.19 80.81 80.47 80.15 79.85 79.56
immigrants >10(260y) | (4.09) (4.95) (5.97) (7.12) (8.39) (9.77) (11.24) (12.81) (14.45)
Male immigrants < 44,93 45.62 46.30 46.96 47.61 48.25 48.88 4951 50.13
10(=60y) (13.09) (14.52) | (16.09) (17.80) (19.64) (21.62) (23.73) (25.97) (28.34)

54.89 53.75 52.63 51.54 50.47 49.43 48.42 47.42 46.44
Male locals(260y)

(7.65) (8.03) (8.52) 9.12) (9.8) (10.55) (11.37) (12.25) (13.16)

eTable 2. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of colon cancer

per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status

from 2022 to 2030.

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

BMJ Open

Page 48 of 54

Predictive mean of age-standardized mortality rates of liver cancer per 100,000 population

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030
10.68 10.09 9.54 9.01 8.50
Female immigrants >10 8.02(1.45) 7.57(1.59) 7.14(1.72) 6.74(1.83)
0.71) (0.85) (1.01) (1.16) (1.31)
8.66 8.38 8.11 7.84 7.58
Female immigrants <10 7.32(2.49) 7.07(2.63) 6.82(2.76) 6.58(2.88)
(1.82) (1.95) (2.08) (2.22) (2.36)
6.36 6.08 5.81 5.53 5.26
Female locals 5.01(1.06) | 4.77(1.11) | 4.53(1.15) | 4.3(1.21)
(0.88) (0.90) (0.93) (0.97) (1.01)
49.22 47.76 46.35 45.01 43.67 42.37 39.89 38.71
Male immigrants >10 41.1(6.56)
(2.36) (2.93) (3.59) (4.31) (5.05) (5.81) (7.33) (8.08)
39.03 37.39 35.81 34.26 32.76 31.31 29.91 28.56 27.25
Male immigrants <10
(6.49) (7.47) (8.51) (9.58) (10.63) (11.65) (12.62) (13.54) (14.40)
22.16 21.02 19.91 18.85 17.83 16.85 15.92 15.03 14.18
Male locals
(2.09) (2.22) (2.39) (2.58) (2.79) (3.03) (3.21) (3.40) (3.59)
Female 3.39 3.29 3.20 3.12 3.04
2.96(0.82) 2.89(0.89) 2.82(0.96) 2.75(1.03)
immigrants >10(<60y) (0.52) (0.57) (0.63) (0.69) (0.75)
Female immigrants < 381 3.69 3.57 3.46 3.36
3.25(1.22) 3.15(1.29) 3.06(1.36) 2.97(1.43)
10(<60y) (0.91) (0.96) (1.02) (1.08) (1.15)
1.37 1.29 1.22 1.16 1.10
Female locals(<60y) 1.04(0.27) 0.99(0.29) 0.94(0.30) | 0.89(0.31)
0.2) 0.21) 0.23) (0.24) (0.26)
Male 24.04 23.02 22.05 21.13 20.25 19.41 18.62 17.86 17.14
immigrants >10(<60y) (2.35) (2.63) (2.94) (3.27) (3.61) (3.95) (4.30) (4.64) (4.98)
Male immigrants < 22.56 21.71 20.87 20.04 19.22 18.42 17.63 16.86 16.11
10(<60y) (3.96) (4.44) (4.94) (5.45) (5.95) (6.45) (6.91) (7.36) (7.78)
7.47 6.97 6.52 6.11 5.73
Male locals(<60y) 5.38(1.08) 5.04(1.15) | 4.73(1.21) | 4.44(1.27)
(0.74) 0.79) (0.86) (0.93) (1.01)
Female immigrants >10(2 29.63 27.99 26.42 24.92 23.49 22.13 20.85 19.64 18.50
60y) (2.01) (2.36) (2.75) (3.14) (3.52) (3.88) (4.23) (4.55) (4.85)
Female immigrants <10(2 | 19.08 18.38 17.71 17.03 16.39 15.76 15.16 14.57 14.01
60y) (5.81) (6.14) (6.48) (6.83) (7.16) (7.49) (7.80) (8.11) (8.39)
18.41 17.55 16.72 15.91 15.11 14.34 13.59 12.87 12.17
Female locals(260y)
(3.23) (3.26) (3.32) (3.40) (3.49) (3.59) (3.69) (3.81) (3.93)
Male immigrants >10(2 11396 | 11343 | 113.17 113.16 113.37 113.79 114.39 115.19 116.17
60y) (5.95) (7.65) (9.70) (12.04) (14.66) (17.56) (20.73) (24.18) (27.91)
Male immigrants <10(2 85.14 82.59 80.02 77.42 74.83 72.23 69.64 67.07 64.52
60y) (18.85) | (20.6) (22.44) (24.34) (26.24) (28.12) (29.94) (31.70) (33.38)
58.95 56.51 54.14 51.84 49.61 47.46 45.38 43.38 41.45(12.3
Male locals(260y)
(7.91) (8.20) (8.61) (9.12) (9.70) (10.33) (11.01) (11.68) 6)

eTable 3. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of liver cancer

per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status

from 2022 to 2030.
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1
g Predictive mean of age-standardized mortality rates of pancreatic cancer per 100,000 population
4 Year 2022 2023 2024 2025 2026 2027 2028 2029 2030
5 Female 11.11 11.36 11.61 11.87 12.14 12.42 12.71 13.01
6 o 13.3(2.85)
7 immigrants >10 (0.75) (0.91) (1.09) (1.31) (1.56) (1.84) (2.15) (2.48)
8 Female immigrants < 5.44 5.44
543(1.84) | 542(1.99) | 5.41(2.15) | 539(2.32) | 5.36(2.49) | 5.34(2.66) | 5.31(2.84)
9 10 (1.56) (1.69)
10 9.01 9.15 10.14
11 Female locals 9.29(1.48) | 9.43(1.64) | 9.57(1.83) | 9.71(2.05) | 9.85(2.28) | 9.99(2.54)
12 (1.22) (1.34) (2.83)
13 17.87 18.48 19.11 19.78 2047 21.18 21.92 22.69 23.49
14 Male immigrants >10
15 (1.19) (1.49) (1.87) (2.32) (2.83) (3.42) (4.07) (4.81) (5.61)
7.87 7.76
16 Male immigrants <10 7.64(2.70) | 7.51(2.87) | 7.38(3.05) | 7.24(3.23) | 7.09(3.41) | 6.95(3.58) | 6.81(3.75)
17 (2.37) (2.53)
18
12.29 12.49 12.69 12.91 13.11 13.33 13.55 13.78 14.02
19 Male locals
20 (1.49) (1.64) (1.83) (2.06) (2.33) (2.63) (2.97) (3.34) (3.74)
21 Female 3.62 3.74
22 o 3.87(0.77) | 4.01(0.89) | 4.14(1.02) | 4.28(1.18) | 4.42(1.34) | 457(1.53) | 4.72(1.73)
23 immigrants >10(<60y) (0.57) (0.66)
24 Female immigrants < 121 122
25 1.23(0.56) | 1.24(0.61) | 1.25(0.66) | 1.26(0.71) | 1.26(0.77) | 1.27(0.83) | 1.28(0.89)
10(<60y) (0.48) (0.52)
26
57 2.88 2.91
Female locals(<60y) 2.93(0.48) | 2.96(0.55) | 2.99(0.63) | 3.02(0.71) | 3.04(0.81) | 3.07(0.90) | 3.10(1.01)
28 (0.36) (0.41)
29 Male 7.05 7.24
30 743(1.56) | 7.62(1.84) | 7.82(2.16) | 8.01(2.50) | 8.21(2.88) | 8.40(3.30) | 8.61(3.75)
31 immigrants >10(<60y) | (1.11) (1.32)
32 Male immigrants < 2.01 1.95
33 1.9(0.94) | 1.84(0.99) | 1.79(1.04) | 1.74(1.09) | 1.69(1.14) | 1.64(1.19) | 1.60(1.24)
10(<60y) (0.85) (0.91)
34
35 433 441
Male locals(<60y) 4.46(0.68) | 4.53(0.81) | 4.61(0.94) | 4.69(1.09) | 4.77(1.26) | 4.85(1.44) | 4.93(1.63)
36 (0.48) (0.57)
;73 Female 29.45 2991 30.38 30.85 31.33 31.81 32.29 3278 3327
39 immigrants >10(260y) | (2.11) (2.54) (3.06) (3.66) (4.33) (5.08) (5.91) (6.79) (7.74)
40 Female immigrants < | 15.65 15.49 15.33 15.16 14.97 14.79 14.59 14.39 14.19
2; 10(=60y) (6.08) (6.71) (7.36) (8.03) (8.73) (9.43) (10.14) (10.86) (11.58)
43 23.85 2421 24.56 24.91 25.25 25.58 25.90 26.22 26.54
Female locals(260y)
44 (4.46) (4.81) (5.23) (5.73) (6.30) (6.95) (7.67) (8.47) (9.34)
22 Male 44.36 4585 4741 49.04 50.73 52.48 54.28 56.16 58.11
47 immigrants >10(260y) | (3.02) (3.76) (4.69) (5.78) (7.05) (8.50) (10.13) (11.95) (13.98)
48 Male immigrants < 23.96 23.87 23.75 23.61 23.45 23.28 23.09 22.89 22.68
:g 10(260y) (9.01) (9.74) (1052) (11.33) (12.17) (13.04) (13.93) (14.83) (15.75)
51 31.17 3155 31.93 32.30 32.66 33.01 33.35 33.69 34.03
Male locals(260y)
52 (5.22) (5.63) (6.14) (6.75) (7.45) (8.23) (9.11) (10.08) (11.12)
gi eTable 4. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of pancreatic
55 cancer per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant
56 status from 2022 to 2030.
57
58
59
60
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Predictive mean of age-standardized mortality rates of stomach cancer per 100,000 population

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030

7.95 771 7.47 7.25 7.03 6.83 6.62 6.43 6.24
Female immigrants >10

(0.62) (0.74) (0.87) (1.01) (1.15) (1.29) (1.43) (1.57) (1.71)

7.36 7.33 7.30 7.28 7.27 7.27 7.28 731 7.33
Female immigrants <10

(1.56) (1.69) (1.85) (2.01) (2.20) (2.40) (2.61) (2.84) (3.09)

491 475 461 4.47 4.34 421 4.08 3.95 3.83
Female locals

(0.52) (0.57) (0.63) (0.71) (0.77) (0.84) (0.91) (0.99) (1.06)

13.89 12.81 12.31 11.83 11.38 10.95 10.54 10.15
Male immigrants >10 13.34(1.21)

(0.97) (1.46) (1.73) (1.99) (2.26) (2.51) (2.76) (3.01)

1521 15.07 14.93 14.79 14.64 14.51 14.35 14.19 14.03
Male immigrants <10

(3.38) (3.67) (3.98) (4.31) (4.65) (5.02) (5.39) (5.78) (6.17)

8.07 7.73 7.10 6.81 6.51 6.23 5.97 571
Male locals 7.41(1.07)

(0.99) (1.03) (1.13) (1.19) (1.26) (1.33) (1.39) (1.46)
Female 4.69 4.62 455 447 4.39 431 4.22 4.13 4.03
immigrants >10(<60y) (0.79) (0.87) (0.96) (1.07) (1.17) (1.29) (1.41) (1.52) (1.64)
Female immigrants < 4.08 4.10 4.13 417 421 4.24 4.28 4.32 4.36
10(<60y) (0.93) (1.03) (1.14) (1.27) (1.41) (1.55) (1.70) (1.87) (2.05)

2.08 1.98 1.88 1.79 171 1.61 1.53 1.44 1.37
Female locals(<60y)

0.27) 0.29) (0.32) (0.35) (0.37) (0.41) (0.43) (0.45) 0.47)
Male 4.71 4.55 441 4.25 4.12 3.98 3.86 3.74 3.63
immigrants >10(<60y) 0.79) (0.89) (0.99) (1.10) (1.21) (1.32) (1.43) (1.54) (1.65)
Male immigrants < 4.70 4.66 4.63 4.59 4.55 4.52 4.48 4.44 441
10(<60y) (1.42) (1.55) (1.69) (1.83) (1.99) (2.15) (2.32) (2.50) (2.68)

2.37 2.28 221 212 2.04 1.97 191 1.83
Male locals(<60y) 1.77(0.55)

(0.29) (0.32) (0.35) (0.38) (0.42) (0.45) (0.49) (0.52)
Female 16.23 15.65 15.08 14.55 14.03 13.54 13.07 12.62 12.19
immigrants >10(=60y) (1.26) (1.47) (1.70) (1.94) (2.18) (2.43) (2.68) (2.92) (3.16)
Female immigrants < 13.01 12.52 12.03 11.55 11.08 10.63 10.19 9.34

9.76(6.56)

10(=60y) (4.83) (5.11) (5.37) (5.63) (5.88) (6.12) (6.35) (6.75)

11.86 11.67 11.49 11.33 11.18 11.04 10.91 10.68
Female locals(260y) 10.79(3.4)

(1.84) (1.98) (2.15) (2.35) (2.58) (2.84) (3.11) (3.71)
Male immigrants >10(2 36.59 33.82 32.55 31.34 30.19 29.08 28.02 27.01

35.17(3.18)

60y) (2.56) (3.86) (4.57) (5.28) (6.01) (6.70) (7.40) (8.07)
Male immigrants <10(2 4143 41.03 40.61 40.17 39.71 39.24 38.75 38.23 37.71
60y) (11.78) (12.71) (13.70) (14.75) (15.85) (16.99) | (18.16) | (19.35) (20.57)

22.69 21.89 21.61 21.52 21.74 2217 22.73
Male locals(260y) 22.37(4.07) 22.16(4.84)

(3.56) (5.86) (7.22) (9.02) (11.29) | (14.03) (17.28)
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Predictive mean of age-standardized mortality rates of prostate cancer per 100,000 population

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030
14.59 14.57 14.56 14.54 14.51 14.48 14.45 14.42 14.38
Male immigrants >10
(0.79) (0.96) (1.15) (1.37) (1.61) (1.86) (2.13) (2.42) (2.72)
Male immigrants < 8.78 8.39
8.58(3.29) 8.19(3.69) | 8.10(3.89) | 7.82(4.11) | 7.63(4.31) | 7.45(4.51) | 7.27(4.72)
10 (3.11) (3.49)
9.66 9.69
Male locals 9.67(1.66) 9.72(1.91) | 9.75(2.06) | 9.78(2.23) | 9.82(2.43) | 9.86(2.64) | 9.9(2.88)
(1.57) (1.77)
Male
0.52 0.50
immigrants >10(<60 0.51(0.19) 0.49(0.22) | 0.48(0.24) | 0.47(0.25) | 0.46(0.27) | 0.45(0.29) | 0.44(0.31)
(0.17) 0.21)
y)
Male immigrants < 0.73 0.87
0.81(0.93) 0.94(1.31) | 1.01(1.51) | 1.09(1.75) | 1.16(2.02) | 1.24(2.32) | 1.33(2.64)
10(<60y) (0.77) (1.10)
0.66 0.66
Male locals(<60y) 0.66(0.16) 0.67(0.21) | 0.67(0.24) | 0.67(0.27) | 0.68(0.31) | 0.68(0.33) | 0.69(0.37)
(0.14) (0.19)
Male
49.61 49.63 49.64 49.64 49.64 49.63 49.62 49.61
immigrants >10(2 49.58(9.37)
(2.73) (3.29) (3.94) (4.68) (5.51) (6.38) (7.32) (8.32)
60y)
Male immigrants < 27.66 26.53 25.4 24.28 23.16 22.07 21.01 19.96
18.95(12.63)
10(=60y) (9.78) (10.21) (10.63) | (11.03) (11.41) (11.76) (12.09) (12.38)
31.48 31.40 31.32 31.24 31.15 31.06 30.96 30.86
Male locals(260y) 30.74(9.26)
(5.49) (5.76) (6.09) (6.48) (6.94) (7.44) (8.01) (8.61)

eTable 6. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of prostate

cancer per 100,000 population for each age group (less than, greater or equal to 60 years old) and immigrant status

from 2022 to 2030.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.

Page
Reporting Item Number
Title and
abstract
Title #la  Indicate the study’s design with a commonly used term in the title or 1
the abstract
Abstract #1b  Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background / #2 Explain the scientific background and rationale for the investigation 4
rationale being reported
Objectives #3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design #4 Present key elements of study design early in the paper 5
Setting #5 Describe the setting, locations, and relevant dates, including periods 5
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of recruitment, exposure, follow-up, and data collection

1

2

3 Eligibility criteria #6a  Give the eligibility criteria, and the sources and methods of selection 5
4 of participants. Describe methods of follow-up.

5

? Eligibility criteria #6b  For matched studies, give matching criteria and number of exposed n/a
8 and unexposed

9

:? Variables #7 Clearly define all outcomes, exposures, predictors, potential 5
12 confounders, and effect modifiers. Give diagnostic criteria, if

13 licabl

It applicable

15 . . . .

16 Data sources / #8 For each variable of interest give sources of data and details of 5
17 measurement methods of assessment (measurement). Describe comparability of

18 . . .. .

19 assessment methods if there is more than one group. Give information

20 separately for for exposed and unexposed groups if applicable.

21

;g Bias #9 Describe any efforts to address potential sources of bias 5
24

25  Study size #10  Explain how the study size was arrived at 5
26

27 Quantitative #11  Explain how quantitative variables were handled in the analyses. If 5
2 . . . < .

22 variables applicable, describe which groupings were chosen, and why

30

31  Statistical #12a Describe all statistical methods, including those used to control for

gg methods confounding

34

35 9

36

37  Statistical #12b Describe any methods used to examine subgroups and interactions 5
gg methods

40

41  Statistical #12c Explain how missing data were addressed 5
42 methods

43

44 . . .

45  Statistical #12d If applicable, explain how loss to follow-up was addressed n/a
46 methods

47

23 Statistical #12e Describe any sensitivity analyses

50  methods

51

52 n/a

53

54

55 Results

56

57  Participants #13a Report numbers of individuals at each stage of study—eg numbers n/a
gg potentially eligible, examined for eligibility, confirmed eligible,

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#7
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#8
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#9
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#10
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#11
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13a

oNOYTULT D WN =

Participants #13b
Participants #13c
n/a

Descriptive data ~ #14

o

Descriptive data #14b
n/a

Descriptive data ~ #14c¢
n/a

Outcome data #15
n/a

Main results #16a
Main results #16b
Main results #16¢
n/a

Other analyses #17
Discussion

BMJ Open Page 54 of 54

included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage 5

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, clinical, 5
social) and information on exposures and potential confounders. Give
information separately for exposed and unexposed groups if

applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were

included

Report category boundaries when continuous variables were n/a

categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and 7

interactions, and sensitivity analyses

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#15
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#17

Page 55 of 54

; Key results
3 e
4 Limitations
5

6

7

8

9 Interpretation
10

11

12

13

14 Generalisability

Other

18  Information

Funding

26  The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY.
27 This checklist was completed on 11. February 2023 using https://www.goodreports.org/, a tool made by the

H
—
o0

H=
—
O

#20

#21

#22

BMJ Open

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and magnitude of

any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence.

Discuss the generalisability (external validity) of the study results

Give the source of funding and the role of the funders for the present
study and, if applicable, for the original study on which the present
article is based

29 EQUATOR Network in collaboration with Penelope.ai

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

10

11


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#18
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#19
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#20
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#21
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#22
https://www.goodreports.org/
https://www.equator-network.org
https://www.penelope.ai

BMJ Open

BM) Open

An age-period-cohort analysis and projection of cancer
mortality in Hong Kong, 1998-2030

Journal: | BMJ Open

Manuscript ID | bmjopen-2023-072751.R2

Article Type: | Original research

Date Submitted by the

Author: 04-Aug-2023

Complete List of Authors: | Zhao, Yanji; The Hong Kong Polytechnic University, Department of
Applied Mathematics

Zhuang, Zian; The Hong Kong Polytechnic University, Department of
Applied Mathematics; University of California Los Angeles, Department of
Biostatistics

Yang, Lin; The Hong Kong Polytechnic University, School of Nursing

He, Daihai; The Hong Kong Polytechnic University, Department of
Applied Mathematics; The Hong Kong Polytechnic University, Research
Institute for Future Food

<b>Primary Subject

Heading</b>: Research methods

Secondary Subject Heading: | Public health, Oncology

Keywords: | STATISTICS & RESEARCH METHODS, ONCOLOGY, Risk Factors

- A

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 56

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

-_—

10

11

12

13

14
15
16

17

18

19

20

21

22

23

BMJ Open Page 2 of 56

An age-period-cohort analysis and projection of

cancer mortality in Hong Kong, 1998-2030

Yanji Zhao'-#, Zian Zhuang'?#, Lin Yang? and Daihai He '#*

1 Department of Applied Mathematics, Hong Kong Polytechnic University, Hong Kong,

China
2 Department of Biostatistics, University of California, Los Angeles, CA, United States
3 School of Nursing, Hong Kong Polytechnic University, Hong Kong, China

4 Research Institute for Future Food, Hong Kong Polytechnic University, Hong Kong, China

# These authors contributed equally to this work.

* To whom correspondence should be addressed:

Department of Applied Mathematics, The Hong Kong Polytechnic University, Hong Kong,
China
Tel: 852-27667864; daihai.he@polyu.edu.hk (DH).

Email of all authors

Yanji Zhao: yan-ji.zhao@connect.polyu.hk; Zian Zhuang: zianzhuang@ucla.edu;

Lin Yang: l.yang@polyu.edu.hk; Daihai He: daihai.he@polyu.edu.hk.

Word count:3342

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:yan-ji.zhao@connect.polyu.hk
mailto:daihai.he@polyu.edu.hk

Page 3 of 56

oNOYTULT D WN =

24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

BMJ Open

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 analysis was used to examine age, period, and birth cohort effects
for genders and immigration groups from 1998 to 2021. Bayesian age-period-cohort 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, as men will be at a higher risk of mortality from cancers than women
in the future (excluding prostate cancer). 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.

Keywords: Age-period-cohort analysis, immigration, mortality, lung cancer, pancreatic cancer,

colon cancer, liver cancer, prostate cancer, stomach cancer
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Strengths and limitations of this study

o  This study provides new evidence regarding the relationship between immigration status

and cancer mortality, given the effects of age, period, birth cohort and their predictions.

o  The non-identifiability problem has not been interpreted in APC models

o  The future perspective of cancer therapies and techniques have not been considered.
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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 [1-3]. 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 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 [4]. In
Hong Kong, lung cancer is one of the most common causes of cancer deaths [5, 6]. Previous
studies suggested that the primary cause of lung cancer is cigarette smoking [7-11]. Genetic
factors, asbestos, radon gas, second-hand smoke, and other forms of air pollution have been
proven to influence the risk of lung cancer [12-18]. The overall daily smoking rate in mainland
China was approximately 23.2% in 2018 [19], whereas the daily smoking rate in Hong Kong
was only 10.2% in 2019 [20]. 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 pancreatic cancer [21]. Alcohol consumption per capita in Hong Kong has reached
2.37 liters in 2021 [22], compared to 7.0 liters of per capita consumption of alcohol in mainland
China in 2018 [23]. 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 [24]. In addition to these risk factors, studies have suggested that cancer mortality
rates vary depending on migrant status [25-28]. According to data from the Census and
Statistics Department of Hong Kong, approximately 81% of immigrants in Hong 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 [29, 30]. 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’s constructive to ascertain whether

immigrants from mainland China have a different mortality pattern of cancers from locals to
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verify the significance of migration status for this health outcome. As Age-period-cohort (APC)
analysis 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 immigrants 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 data in 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, (C348, 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 interpretability [31]. 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 immigrants 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 population
projections from 2022 to 2030 were retrieved from the Census and Statistics Department of
Hong Kong and estimated with cubic smoothing spline as the prerequisite of the predictive
model. Codes for APC and BAPC analysis are available in the GitHub repository
(https://github.com/kshz2164313/APC-population-projections-for-immigration-HK).

Statistical analysis

We modeled cancer mortality rates in Hong Kong using APC analysis based on log-linear
Poisson regression models. The model aimed to disentangle age, period, and cohort effects of

time-varying phenomena simultaneously [32, 33], given that
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1

2

3

4 138 log (E;) = o, + B; + v« + p + log (0,) (D)
Z 139  where E,; denotes expected mortality; «,, (3,,and v, denote age, period, and cohort

573 140 effect, respectively, for t =1,....,1, 7=1,....J, k=1,.. K with k=1—1i+ .

?O 141 log (0,;) 1s the offset. We mainly focused on the contributions of sex and immigration status
11 142 due to the non-identifiability problem that the effects of these three components are collinear
12 143  with each other (denoted as period — age = cohort) [34]. Birth cohort effect and period effect
13 144  were assessed with relative risks to evaluate the effect of three components. The median year
12 145  of birth among cases was regarded as the reference cohort [35,36]. Since death cases aged at
16 146  35-85 years between 1998 and 2021 were selected, the range of birth cohort from 1913 to

17 147 1986 covered observations and further projections until 2030. The second and penultimate
18 148  period effects were constrained to the reference for period. For sex and immigration status,
19 149  maximum likelihood framework was applied to estimate the relative risks and 95%

;? 150  confidence intervals (Cls) by age groups, calendar period, and birth cohort.

22 151

;i 152  Several projection approaches for future cancer mortality have been developed, but a

25 153  Bayesian age-period-cohort (BAPC) model built upon integrated nested Laplace

;? 154  approximations (INLA) [37] yields relatively higher coverage and better performance for all
28 155  evaluated parameter combinations [38]. To prevent some sampling problems caused by

;g 156  Markov chain Monte Carlo (MCMC), this MCMC-free BAPC approach was applied to

31 157  predict future cancer mortality within a fully Bayesian inference setting and provide outputs
g g 158  of interest simply, such as projected age-standardized and age-specific rates. Convergence
34 159  checks are not necessary for this technique [37]. The projections of age-standardized cancer
; 2 160  mortality rates for each sex, age group (younger or older than 60 years) and migrant status,
37 161  taking into account age, period, and birth cohort effects, were performed based on the weights
g g 162  of population age groups from the WHO World Standard population [39], with 95%

40 163  prediction intervals. Mann-Kendall trend test was applied to verify the projection trend.

j; 164

43 165  All analyses were performed via R version 4.2.1 (R Core Team, R Foundation for Statistical
jg 166  Computing, Vienna, Austria, 2013, http://www.R-project.org/). The APC models were

46 167  established using the Epi package, and the projections based on Bayesian APC models were
j; 168  performed with the BAPC package.

49 169

50 170  Patient and Public Involvement

g; 171 None.

53 172

o 173

§§ 174  Results

gg 175  Figure 1 & 2 and eFigure 1(a-¢) in Supplementary Material illustrate the estimates of age
60
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(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 relatively more pronounced fluctuations and
deviations from those effects in the other two immigration groups. Significant 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 at ages above 50 years and those
who arrived <10 years had lower lung cancer mortality at ages below 62 years compared to
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 & eFigure 1(a,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
(eFigure 1(c,e)). Short-stay immigrants who have stayed in Hong Kong for <10 years had more
fluctuating 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 variances in age and cohort effects.

Figure 3-5, eFigure 2-6 in Supplementary Material illustrate the age-standardized mortality
rates of six types of cancer from 1998 to 2021 and their projections by sex, immigrant status
and age groups from 2022 to 2030, taking into account age, period, and birth cohort effects.
Means and standard deviations of predictive mortality rates are shown in eTable 1-6 in
Supplementary Material. For all ages projection (Figure 2 & eFigure 2-6), as men will be at
higher risk of mortality rates of cancers (excluding prostate cancer) than women in the future
for all three age groups (all ages, young and older than 60 years), 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 immigration 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
immigrants 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

7
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younger cases (<60 years) and older cases (260 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) vs. decline for younger cases (p < 0.05) vs.
increase for older cases (p < 0.05); 2.) mortality rates of liver cancer for men immigrants >10
that decline for all ages (p < 0.05) vs. decline for younger cases (p < 0.05) vs. 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
(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 significant decline
in predictive mean from 102.90 (95% CI: 98.14, 107.66) to 79.55 (95% CI: 47.46, 111.64)
deaths per 100,000 population (Avg -2.34 deaths/100,000 per annum) (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 100,000
population in 2021 and 2030, respectively (Avg +0.72 deaths/100,000 per annum) (e¢Table 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 [40]. 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
immigrants 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 contrast in age effects among the
immigration groups was partially consistent with studies [25, 41] 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 magnitudes between locals and

immigrants before the age of 60 years. They are also compatible with the results in [42] that
8
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diagnosis of liver cancer is the most frequent among populations at 55 to 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 [43].
Differences in birth cohort effects among immigrant groups partially comply with the

interpretation above.

We observed significant trends of cohort effects among locals and immigrants. These findings
are partially consistent but subtly different from previous findings, regarding the effect of
immigration status on cancers. Zhao et al. [25] 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. [44] investigated the difference in
breast cancer incidence between Chinese Americans and non-Hispanic whites in the U.S. and
emphasized 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 to a relatively stable social development in
Hong Kong, representing 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 [45]. 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 [46].
Furthermore, we speculate that these trends, especially those for locals and long-stay
immigrants, are most likely attributed to social development and personal behaviors, 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 (eFigure la in Supplementary Material). As locals and
immigrants in Hong Kong transitioned to more westernized lifestyles, higher consumption of
meat was associated with a higher risk of these types of cancer, whereas consumption of
vegetables had a strong protective effect against pancreatic cancer, and moderate
consumption of coffee appeared to be beneficial against lung cancer [47,48]. 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-standardized mortality rates for short-stay immigrant women and irregular rates
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for short-stay immigrant 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-standardized mortality rates and projections, consistent with
previous findings [49,50], 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 [4] 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 effect.

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 age-
period-cohort 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. Furthermore, we adopted
a cubic smoothing spline to estimate populations of immigrants and locals due to the large
proportion of unspecified immigration status from official 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 have not been considered in the model of projection.

Conclusion
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We conclude that immigrants, especially short-stay immigrants, 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. Men will be at a higher risk of
mortality rates of six types of cancer than women in the future. 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 relatively stable. Immigrants for each gender in Hong Kong would suffer from higher

mortality risks of cancers than locals in the future.
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Figure 1. 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 stay in Hong Kong for more than 10 years and
immigrants stay 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% confidence intervals are shown as shaded

bands.
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508

509 Figure 2. Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-cohort model of
510 female lung cancer mortality rates by immigrant groups: locals, immigrants stay in Hong Kong for more than 10 years
511 and immigrants stay in Hong Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis).
512 Cohort and period effects were assessed by relative risk (right axis), 95% confidence intervals are shown as shaded
513  bands.

514

oNOYTULT D WN =

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

515
516
517
518
519
520

BMJ Open

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.
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Figure 4. Projections of lung cancer mortality rates for the population younger than 60 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.
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Figure 5. Projections of lung cancer mortality rates for the population older than or equal to 60 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.
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Figure 1. 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 stay in Hong Kong for
more than 10 years and immigrants stay 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%
confidence intervals are shown as shaded bands.
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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 stay in Hong Kong for
more than 10 years and immigrants stay 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%
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Figure 4. Projections of lung cancer mortality rates for the population younger than 60 by gender and

immigrant status from 2022 to 2030. Observations are shown as dots with the predictive distribution
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predictive CI. The predictive mean is shown as black solid line and the vertical dashed line indicates where
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28 Figure 5. Projections of lung cancer mortality rates for the population older than or equal to 60 by gender
29 and immigrant status from 2022 to 2030. Observations are shown as dots with the predictive distribution
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31 predictive CI. The predictive mean is shown as black solid line and the vertical dashed line indicates where
32 prediction started.
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eFigure 1(a). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female colon cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(b). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-

cohort model of male and female liver cancer mortality rates by immigrant groups: locals, immigrants

stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 32 of 56

Pancreatic cancer for males
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eFigure 1(c). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female pancreatic cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(d). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female stomach cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(e). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male prostate cancer mortality rates by immigrant groups: locals, immigrants stay in
Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 2(a). Projections of colon 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.
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eFigure 2(b). Projections of colon cancer mortality rates for the population younger than 60 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.
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eFigure 2(c). Projections of colon cancer mortality rates for the population older than or equal to 60 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.
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eFigure 3(a). Projections of liver 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.
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eFigure 3(b). Projections of liver cancer mortality rates for the population younger than 60 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.
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eFigure 3(c). Projections of liver cancer mortality rates for the population older than or equal to 60 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.
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eFigure 4(a). Projections of pancreatic 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.
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eFigure 4(b). Projections of pancreatic cancer mortality rates for the population younger than 60 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.
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eFigure 4(c). Projections of pancreatic cancer mortality rates for the population older than or equal to

60 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.
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eFigure 5(a). Projections of stomach 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.
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eFigure 5(b). Projections of stomach cancer mortality rates for the population younger than 60 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.
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eFigure 5(c). Projections of stomach cancer mortality rates for the population older than or equal to 60
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.
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eFigure 6. Projections of prostate cancer mortality rates for males by immigrant status and age groups

(less than, greater than or equal to 60 years old) 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.
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Predictive mean of age-standardized mortality rates of lung cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 41.80 41.34 40.58 39.87 39.19 38.53 37.89 37.26 36.65 36.04
immigrants >10 1.27) (1.86) (2.27) (2.75) (3.28) (3.86) (4.46) (5.09) (5.74) (6.4)
Female immigrants < 23.92 22.22 20.56 19.01 17.57 16.24 15.00 13.85 12.79 11.81
10 (4.00) (4.67) (5.38) (6.10) (6.80) (7.45) (8.04) (8.56) (9.01) (9.39)
34.67 30.22 30.63 31.05 31.48 319 32.32 32.73 33.15 33.55
Female locals
(1.76) (3.54) 477 (6.38) (8.29) (10.47) (12.87) (15.48) | (18.31) | (21.33)
Male immigrants >10 102.90 100.18 97.18 94.34 91.71 89.15 86.66 84.19 81.81 79.55
9 (2.43) (4.18) (5.33) (6.72) (8.24) (9.84) (11.47) (13.11) | (14.74) | (16.37)
Male immiarants <10 81.26 79.90 79.81 79.72 79.62 79.50 79.32 79.08 78.78 78.41
9 B (9.21) (10.41) (11.82) (13.42) (15.19) (17.09) (19.09) (21.18) (23.32) (25.53)
Male locals 60.96 52.27 50.83 49.56 48.18 46.64 45.13 43.83 42.67 41.43
(2.82) (4.86) (5.39) (6.13) (6.97) (7.84) (8.76) (9.76) (10.8) (11.8)
Female 1551 1451 13.90 13.29 12.71 12.13 11.57 11.02 10.49 9.98
immigrants>10(<60y) | (1.12) (1.50) (1.76) (2.04) (2.33) (2.62) (2.91) (3.18) (3.43) (3.68)
Female immigrants < | 8.14 7.79 4.79 4.42 4.09
10(<60y) o) (L95) 7.18(2.23) | 6.62(2.53) | 6.10(2.81) | 5.63(3.08) | 5.19(3.32) (353) 3.72) 3.88)
10.25 9.48 7.68 7.38 7.09
Female locals(<60y) 077 089) 9.17(1.02) | 8.87(1.16) | 8.57(1.32) | 8.27(1.49) | 7.97(1.65) 162) (198) 213)
Male 27.81 26.36 24.96 23.64 22.38 21.17 20.03 18.96 17.96 17.03
immigrants>10(<60y) | (2.10) (358) | (3.94) (4.35) (4.79) (5.23) (5.67) (6.10) | (6.51) | (6.90)
Male immigrants < 15.01 13.38 12.02 10.79 9.68 8.69 7.79 6.98 6.25 5.59
10(<60y) (2.98) 371 | 417 (4.59) (4.95) (5.24) (5.46) (5.61) | (569 | (572)
Male locals(<60y) 15.19 14.45 14.03 13.61 13.14 12.65 12.13 11.55 10.93 10.26
Y (0.78) (1.15) (1.29) (1.46) (1.64) (1.82) (2.01) (2.17) (2.31) (2.43)
Female
immigrants >10(2 108.85 107.21 106.26 105.52 104.94 104.51 104.21 104.07 104.06 104.16
60y) (4.80) (5.17) (6.24) (7.54) (9.04) (10.72) (12.57) (14.61) | (16.78) | (19.14)
Female immigrants < 66.16 63.84 59.88 56.14 52.60 49.27 46.14 43.20 40.44 37.85
10(260y) (13.25) (15.72) | (17.50) (19.31) (21.03) (22.66) (24.16) (2552) | (26.74) | (27.81)
Female locals(260y) 77.33 76.53 76.22 75.94 75.69 75.49 75.32 75.19 75.10 75.03
=00y (9.40) (10.11) | (10.85) (11.79) (12.94) (14.28) (15.80) (17.48) | (19.33) | (21.32)
Male 293.56 289.8 286.6 284.28 282.78 281.99 281.88 282.31 283.37 285.03
immigrants>10(260y) | (9.13) (117) | (15.19) (19.51) (24.49) (30.07) (36.31) (43.15) | (50.66) | (58.86)
Male immigrants < 244.88 247.01 251.24 255.62 260.14 264.82 269.61 274.52 279.55 284.69
10(260y) (30.29) (36.85) | (42.94) (50.06) (58.14) (67.14) (77.01) (87.75) | (99.34) | (111.81)
150.75 146.29 143.54 141.84 140.07 138.14 136.65 136.49 137.24 138.26
Male locals(260y)
(16.22) (1846) | (20.58) (23.97) (28.24) (33.39) (39.82) 47.87) | (57.47) | (68.52)

eTable 1. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of lung cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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Predictive mean of age-standardized mortality rates of colon cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 20.03 18.95 18.77 18.59 18.42 18.27 18.12 17.98 17.85 17.73
immigrants >10 (0.95) (1.13) (1.37) (1.66) (1.98) (2.33) (2.71) (3.11) (3.53) (3.96)
Female immigrants < 8.11 7.70 7.25 6.82 6.42 6.03 5.67 5.33 5.01 471
10 (2.19) (2.51) (2.81) (3.11) (3.37) (3.61) (3.83) (4.01) (4.17) (4.31)
Female locals 13.77 13.47 13.24 13.01 12.77 12.53 12.29 12.06 11.82 11.59
(1.30) (1.61) (1.72) (1.87) (2.04) (2.24) (2.46) (2.68) (2.92) (3.16)
Male immigrants >10 31.22 29.82 29.66 29.52 29.41 29.30 29.21 29.14 29.06 28.98
9 (1.28) (1.46) (1.79) (2.19) (2.63) (3.11) (3.64) (4.19) (4.78) (5.39)
Male immigrants <10 15.47 16.77 17.02 17.23 17.45 17.67 17.88 18.09 1831 18.50
9 - (2.14) (377 (4.18) (4.64) (5.14) (5.69) (6.27) (6.91) (7.56) (8.26)
Male locals 21.28 19.81 19.39 18.97 18.57 18.18 17.81 17.43 17.06 16.71
(1.38) (2.07) (2.22) (2.42) (2.61) (2.85) (3.12) (3.40) (3.71) (4.03)
Female 7.09 7.36 7.46 7.56 7.65 7.74 7.83 7.92 8.01 8.09
immigrants >10(<60y) | (0.99) (1.12) (1.28) (1.46) (1.68) (1.92) (2.19) (2.48) (2.79) (3.13)
Female immigrants < 311 2.82 2.65 251 2.36 222 2.08 1.95 1.83 1.72
10(<60y) (0.67) (0.86) (0.91) (0.97) (1.02) (1.07) (1.11) (1.14) (1.18) (1.22)
Female locals(<60y) 4.10 3.87 3.73 3.61 3.47 3.34 3.22 311 2.99 2.88
v (0.41) (0.50) (0.54) (0.59) (0.65) (0.70) (0.76) (0.82) (0.88) (0.94)
Male 8.29 7.98 7.85 7.71 7.54 7.36
immigrants >10(<60y) | (0.91) (1.17) (1.38) (1.60) (1.83) (2.08) 111(232) | 697(2.57) | 6.76(281) | 6:55(3.05)
Male immigrants < 5.03 5.18 5.22 5.26 5.30 5.34
10(<60y) (1.44) (1.58) (1.75) (1.93) (2.14) (2.36) 538(259) | 543(284) | 547(311) | 551(338)
5.14 4.88 4.66 4.46 4.26 4.08
Male locals(<60y) (0.43) (063) 0.79) (096) (113) (131) 3.91(1.48) | 3.73(1.65) | 3.57(1.82) | 3.42(1.97)
Female 52.16 49.21 48.70 48.26 47.87 47.54 47.26 47.05 46.91 46.81
immigrants >10(260y) | (2.59) (2.99) (3.56) (4.26) (5.05) (5.94) (6.90) (7.94) (9.06) (10.26)
Female immigrants < 24.01 2244 21.69 20.95 20.23 19.52 18.84 18.17 1751 16.86
10(260y) (5.83) (6.56) (6.96) (7.38) (7.80) (8.23) (8.66) (9.08) (9.49) (9.90)
Female locals(260y) 37.42 36.69 36.29 35.87 35.46 35.04 34.61 34.19 33.77 33.34
=6l (5.31) (5.74) (6.06) (6.46) (6.95) (7.5) (8.12) (8.79) (9.51) (10.27)
Male 84.17 82.72 82.16 81.64 81.19 80.81 80.47 80.15 79.85 79.56
immigrants >10(260y) | (3.55) (4.09) (4.95) (5.97) (7.12) (8.39) 9.77) (11.24) (12.81) (14.45)
Male immigrants < 43.25 4493 45.62 46.30 46.96 47.61 48.25 48.88 49.51 50.13
10(260y) (11.07) | (13.09) | (14.52) (16.09) (17.80) | (19.64) | (21.62) (23.73) (25.97) (28.34)
Male locals(>60y) 55.79 54.89 53.75 52.63 51.54 50.47 49.43 48.42 47.42 46.44
=5, (6.86) (7.65) (8.03) (8.52) (9.12) (9.8) (10.55) (11.37) (12.25) (13.16)

eTable 2. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of colon cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
listed.
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Predictive mean of age-standardized mortality rates of liver cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
. . 11.34 10.68 10.09 9.54 9.01 8.50
Female immigrants >10 (0.66) 0.71) (0.85) (1.01) (1.16) (131) 8.02(1.45) | 7.57(1.59) | 7.14(1.72) | 6.74(1.83)
9.15 8.66 8.38 8.11 7.84 7.58
immi <
Female immigrants <10 (155) (182) (1.95) (2.08) (222) (2.36) 7.32(2.49) | 7.07(2.63) | 6.82(2.76) | 6.58(2.88)
6.72 6.36 6.08 5.81 5.563 5.26
Female locals 059 | 089 | 090 |09 097) (L01) 5.01(1.06) | 4.77(1.11) | 4.53(1.15) | 4.3(1.21)
. . 52.17 49.22 47.76 46.35 45.01 43.67 42.37 39.89 38.71
> . .
Male immigrants >10 @78 | @36 | @93 | @359 | @31 (505 | (581) 4L1656) | 7 33, (8.08)
Male immigrants <10 42.33 39.03 37.39 35.81 34.26 32.76 3131 2991 28.56 27.25
9 - (5.87) (6.49) (7.47) (8.51) (9.58) (10.63) (11.65) (12.62) (13.54) (14.40)
Male locals 24.22 22.16 21.02 19.91 18.85 17.83 16.85 15.92 15.03 14.18
@77 | 09 | 222) | (239 (2.58) 2.79) | (3.03) (3.21) (3.40) (3.59)
Female 3.62 3.39 3.29 3.20 3.12 3.04
immigrants >10(<60y) (0.45) (0.52) (0.57) (0.63) (0.69) (0.75) 2.96(082) | 2:89(0.89) | 282(0.96) | 2.75(1.03)
Female immigrants < 4.10 381 3.69 3.57 3.46 3.36
10(<60y) (079) | (0.91) | (0.96) | (1.02) (1.08) (1.15) 325(1.22) | 315(1.29) | 3.06(136) | 2.97(143)
1.50 1.37 1.29 1.22 1.16 1.10
Female locals(<60y) 013 | 02 021 | 023 (0.24) (0.26) 1.04(0.27) | 0.99(0.29) | 0.94(0.30) | 0.89(0.31)
Male 26.32 24.04 23.02 22.05 21.13 20.25 19.41 18.62 17.86 17.14
immigrants >10(<60y) 11) | 235 | (263) | (2.94) (3.27) (3.61) | (3.95) (4.30) (4.64) (4.98)
Male immigrants < 25.52 22.56 21.71 20.87 20.04 19.22 18.42 17.63 16.86 16.11
10(<60y) (2.99) | (396) | (4.44) | 4.94) (5.45) (5.95) | (6.45) (6.91) (7.36) (7.78)
8.25 7.47 6.97 6.52 6.11 5.73
Male locals(<60y) 069 | 074 | 079 | ©086) 093) L01) 5.38(1.08) | 5.04(1.15) | 4.73(1.21) | 4.44(1.27)
Female immigrants >10(2 33.67 29.63 27.99 26.42 24.92 23.49 22.13 20.85 19.64 18.50
60y) (1.88) | (201) | (2.36) | (2.75) (3.14) (3.52) (3.88) (4.23) (4.55) (4.85)
Female immigrants <10(2 21.72 19.08 18.38 17.71 17.03 16.39 15.76 15.16 14.57 14.01
60y) (511) | (5.81) | (6.14) | (6.48) (6.83) (7.16) (7.49) (7.80) (8.11) (8.39)
Female locals(260y) 20.63 18.41 17.55 16.72 15.91 15.11 14.34 13.59 12.87 12.17
=R (303) | (323) | (326) | (332) (3.40) (349) | (359 (3.69) (3.81) (3.93)
Male immigrants >10(2 115.39 113.96 11343 | 113.17 113.16 113.37 113.79 114.39 115.19 116.17
60y) @54) | (595 | (7.65) | (9.70) (12.04) (14.66) | (17.56) (20.73) (24.18) (27.91)
Male immigrants <10(2 88.61 85.14 82.59 80.02 77.42 74.83 72.23 69.64 67.07 64.52
60y) (15.58) | (18.85) | (20.6) | (22.44) | (24.34) (26.24) | (28.12) (29.94) (31.70) (33.38)
Male locals(>60y) 62.88 58.95 56.51 54.14 51.84 49.61 47.46 45.38 43.38 41.45
=5, (597) | (7.91) | (8.20) | (8.61) (9.12) (9.70) (10.33) (11.01) (11.68) (12.36)

eTable 3. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of liver cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 51 of 56 BMJ Open

1
2
2 Predictive mean of age-standardized mortality rates of pancreatic cancer per 100,000 population
5 Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
6 Female 1089 | 11.11 | 11.36 | 11.61 11.87 12.14 12.42 1271 13.01 1330285
7 immigrants >10 062) | (0.75) | (091) | (1.09) (1.31) (1.56) (1.84) (2.15) (2.48) 3289
8
9 Female immigrants < 551 544 544
o 10 wa | ase | aeo 543(1.84) | 542(1.99) | 541(2.15) | 5.39(2.32) | 5:36(2.49) | 5.34(2.66) | 5.31(2.84)
11

879 | 9.01 9.15 10.14
:g Female locals 110 | a22) | @se | 920048) | 943(164) | 957(L83) | 9.71(205) | 985(228) | 998(254) | ) oo
14 Male immicrante >10 | 1630 | 1787 | 1848 | 1011 19.78 2047 2118 2192 22.69 23.49
15 ale immigrants (0.98) | (L19) | (149) | (1.87) (2.32) (2.83) (342) (4.07) (4.81) (5.61)
16
17 N 810 | 7.87 7.76
18 Male immigrants <10 202 |G | @53 7.64(2.70) | 7.51(2.87) | 7.38(3.05) | 7.24(3.23) | 7.09(3.41) | 6.95(3.58) | 6.81(3.75)
19
20 Male locals 1197 | 1229 | 1249 | 12.69 12.91 13.11 1333 1355 1378 14.02
py (1.26) | (149) | (1.64) | (1.83) (2.06) (2.33) (2.63) (2.97) (3.34) (3.74)
22 Female 347 | 362 374 3.87(0.77) | 4.01(0.89) | 4.14(1.02) | 4.28(1.18) | 4.42(1.34) | 457(153) | 4.72(1.73
23 immigrants >10(<60y) | (0.33) | (0.57) | (0.66) 87(0.77) | 401(089) | 414(1.02) | 4.28(1.18) | 4.42(1.34) | 457(1.53) | 4.72(1.73)
24
25 Female immigrants < 1.12 1.21 1.22
%6 10(<60y) 033) | 048 | 052 1.23(0.56) | 1.24(0.61) | 1.25(0.66) | 1.26(0.71) | 1.26(0.77) | 1.27(0.83) | 1.28(0.89)
27
28 Female locals(<60y) 276 | 288 291 2.93(0.48) | 2.96(0.55) | 2.99(0.63) | 3.02(0.71) | 3.04(0.81) | 3.07(0.90) | 3.10(1.01)
29 0.27) | (036) | (0.41)
30 Male 688 | 7.05 7.24
31 immigrants >10(<60y) | (0.98) | 11D | (1.32) 7.43(1.56) | 7.62(1.84) | 7.82(2.16) | 8.01(2.50) | 8.21(2.88) | 8.40(3.30) | 8.61(3.75)
32
33 Male immigrants < 2.20 2.01 1.95
32 10(<60y) o | oes | ooy 19(0.94) | 1.84(0.99) | 1.79(1.04) | 1.74(1.09) | 1.69(1.14) | 1.64(1.19) | 1.60(1.24)
35

416 | 433 441
g? Male locals(<60y) 035) | 048) | 057y | +46068) | 45308L) | 4610.04) | 469(109) | 477(126) | 485(144) | 4.95(L63)
38 Female 2858 | 2945 | 2991 | 30.38 30.85 31.33 31.81 32.29 32.78 33.27
39 immigrants >10(260y) | (1.83) | (211) | (2.54) | (3.06) (3.66) (4.33) (5.08) (5.91) (6.79) (7.74)
40
41 Female immigrants < | 1679 | 1565 | 1549 | 1533 15.16 14.97 14.79 1459 1439 14.19
42 10(260y) (5.29) | (6.08) | (6.71) | (7.36) (8.03) 8.73) (9.43) (10.14) (10.86) (11.58)
43
44 Female locals(260y) 2280 | 2385 | 2421 | 2456 24.91 25.25 25.58 25.90 26.22 26.54
45 = 4.23) | (446) | (481) | (5.23) (5.73) (6.30) (6.95) (7.67) (8.47) (9.34)
46 Male 4270 | 4436 | 4585 | 47.41 49.04 50.73 52.48 54.28 56.16 58.11
47 immigrants >10(260y) | (255) | (302) | (3.76) | (4.69) (5.78) (7.05) (8.50) (10.13) (11.95) (13.98)
48
49 Male immigrants < 2468 | 2396 | 2387 | 23.75 23.61 2345 23.28 23.09 22.89 22.68
50 10(260y) 821) | (9.01) | (9.74) | (1052) (11.33) (12.17) (13.04) (13.93) (14.83) (15.75)
51
52 3010 | 31.17 | 3155 | 31.93 32.30 32.66 33.01 33.35 33.69 34.03
53 Male locals(=60y) 4.68) | (522) | (563) | (6.14) (6.75) (7.45) (8.23) (9.11) (10.08) (11.12)
54 eTable 4. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of pancreatic cancer
55 per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
56 2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
57 listed.
58
59
60
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Predictive mean of age-standardized mortality rates of stomach cancer per 100,000 population
Year 2021 2022 2023 2024 | 2025 | 2026 | 2027 | 2028 2029 | 2030
Female immicrants 510 | £2° 7.95 7.71 7.47 7.25 7.03 6.83 6.62 6.43 6.24
9 (0.55) (0.62) (0.74) (0.87) 101 | @15 | @29) | @43) | 157 (1.71)
Female immigrants < 7.51 7.36 7.33 7.30 7.28 7.27 7.27 7.28 7.31 7.33
10 (1.44) (1.56) (1.69) (1.85) 201) | 220) | (240) | (261) | (2.84) (3.09)
Female locals 5.26 491 475 461 4.47 434 421 408 3.95 3.83
(0.40) (0.52) (0.57) (0.63) ©071) | ©77) | 084 | (091) | (0.99) (1.06)
I 15.22 13.89 12.81 1231 | 1183 | 1138 | 1095 | 1054 10.15
> . .
Male immigrants >10 | ¢, (0.97) 133421 |1 46 @73) | @99 | 28 | @51 | (@76 (3.01)
Male immiarants <10 | 1583 15.21 15.07 14.93 1479 | 1464 | 1451 | 1435 | 1419 14.03
9 = (3.04) (3.38) (3.67) (3.98) 431) | 465 | (502 | (539 | (578) 6.17)
8.14 8.07 7.73 7.10 6.81 6.51 6.23 5.97 5.71
Male locals (0.89) (0.99) (1.03) TAAOD | 13 | a19) | aze) | 133) | (139 (1.46)
Female 481 4.69 462 455 4.47 439 431 422 413 403
immigrants >10(<60y) | (0.56) (0.79) (0.87) (0.96) o7 | @1 | @29 | @4y | 152 (1.64)
Female immigrants < 3.89 4.08 4.10 4.13 4.17 421 4.24 4.28 4.32 4.36
10(<60y) (0.80) (0.93) (1.03) (1.14) w27 | @41 | @ss) | @70y | 87 (2.05)
Female locals(<60y) 228 2.08 1.98 1.88 1.79 171 161 1.53 1.44 137
v (0.21) (0.27) (0.29) (0.32) 035 | (037) | (041) | (043) | (0.45) (0.47)
Male 4.94 471 455 441 425 412 3.98 3.86 3.74 3.63
immigrants >10(<60y) | (0.57) (0.79) (0.89) (0.99) (110) | @21) | @32) | 43) | (154) (1.65)
Male immigrants < 481 470 4.66 463 459 455 452 4.48 4.44 441
10(<60y) (1.31) (1.42) (1.55) (1.69) 183 | 199) | 215 | (232) | (2.50) (2.68)
Male locals(<60y) 248 237 228 221 212 2.04 197 1.91 1.83 1.77(0.
v (0.21) (0.29) (0.32) (0.35) 038) | (042) | (045) | (049) | (0.52) 55)
Female 17.80 16.23 15.65 15.08 1455 | 1403 | 1354 | 1307 | 1262 12.19
immigrants >10(260y) | (1.04) (1.26) (147) (1.70) 194) | 218) | (243) | (268) | (2.92) (3.16)
Female immigrants < 14.72 13.01 12.52 12.03 11.55 11.08 10.63 10.19 9.76(6.56) 9.34
10(260y) (4.29) (4.83) (5.11) (5.37) 563 | 588 | (612) | (635) i\ (6.75)
12.20 11.86 1167 11.49 1133 | 1118 | 1104 | 1091 10.68
>
Female locals(=60y) (1.66) (1.84) (1.98) (2.15) 235 | @58 | @8y | @iy |107°CY | 571
Male immigrants >10(2 | 37.23 36.59 3517018 | 3382 3255 | 3134 | 3019 | 2908 | 2802 27.01
60y) (2.29) (2.56) S (3.86) 457) | (528) | (601) | (670) | (7.40) (8.07)
Male immigrants < 4230 4143 41.03 40.61 4017 | 3971 | 3924 | 3875 | 3823 37.71
10(260y) (10.88) (11.78) (12.71) (13.70) (14.75) | (15.85) | (16.99) | (18.16) | (19.35) (20.57)
23.04 22,69 2216(48 | 2189 | 2161 | 2152 | 2174 | 2217 22.73
>
Male locals(=60y) (3.29) (3.56) 22.37(407) | G86) | (722) | (9020 | 129 | 14.03) (17.28)

eTable 5. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of stomach cancer
per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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Predictive mean of age-standardized mortality rates of prostate cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

14.81

Male immigrants >10 (0.61) 14.59 14.57 14.56 14.54 1451 14.48 14.45 14.42 14.38

©.79) | 0.96) | (1.15) | (1.37) (1.61) (1.86) (2.13) (2.42) 2.72)

oNOYTULT D WN =

9.03
8.78 8.58 8.39

immi < 2.95

Male immigrants <10 | (2.95) G11) | 329) | (349) | 19G69) | 810(89) | 782411) | 763(431) | 745(451) | 727(472)

10 9.54
1 Male locals (1.40) ?1‘6:7) ?1‘6676) ?1‘6797) 9.72(1.91) | 9.75(2.06) | 9.78(2.23) | 9.82(2.43) | 9.86(2.64) | 9.9(2.88)

0.57

13 Male 0.52 0.51 0.50
0.12 49(0. 48(0. 47(0. 46(0. 45(0. 44/(0.

14 immigrants >10(<60y) (0.12) ©17) ©.19) ©21) 0.49(0.22) | 0.48(0.24) | 0.47(0.25) | 0.46(0.27) | 0.45(0.29) | 0.44(0.31)

15 0.65
16 Male immigrants < 0,59 0.73 0.81 0.87
10(<60y) (0.59) 0.77) (0.93) (1.10) 0.94(1.31) | 1.01(1.51) | 1.09(1.75) | 1.16(2.02) | 1.24(2.32) | 1.33(2.64)

18 0.63
0.66 0.66 0.66
19 Male locals(<60y) ©12) | V| 016 | 019 | C6702D | 067024 | 067027) | 068031) | 068(033) | 069(037)

49.43
21 Male immigrants >10( | , .o | 4961 | 4963 | 4964 | 49.64 49.64 49.63 49.62 49.61 49.58(9.3
22 60y) ' @73) | (329) | (394) | (4.68) (5.51) (6.38) (7.32) (8.32) 7

23 28.29

24 Male immigrants < (015 | 2766 | 2653 | 254 24.28 23.16 22.07 21.01 19.96 18.95(12.
25 10(260y) ' 9.78) | (10.21) | (10.63) | (11.03) (11.41) (11.76) (12.09) (12.38) 63)

26 31.57

27 Male locals(>60y) (5.17) 31.48 31.40 31.32 31.24 31.15 31.06 30.96 30.86 30.74(9.2

(549) | (5.76) | (6.09) | (6.48) (6.94) (7.44) (8.01) (8.61) 6)

29 eTable 6. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of prostate cancer
30 per 100,000 population for each age group (less than, greater or equal to 60 years old) and immigrant status from 2022 to
31 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also listed.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.

Page
Reporting Item Number
Title and
abstract
Title #la  Indicate the study’s design with a commonly used term in the title or 1
the abstract
Abstract #1b  Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background / #2 Explain the scientific background and rationale for the investigation 4
rationale being reported
Objectives #3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design #4 Present key elements of study design early in the paper 5
Setting #5 Describe the setting, locations, and relevant dates, including periods 5
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of recruitment, exposure, follow-up, and data collection

1

2

3 Eligibility criteria #6a  Give the eligibility criteria, and the sources and methods of selection 5
4 of participants. Describe methods of follow-up.

5

? Eligibility criteria #6b  For matched studies, give matching criteria and number of exposed n/a
8 and unexposed

9

:? Variables #7 Clearly define all outcomes, exposures, predictors, potential 5
12 confounders, and effect modifiers. Give diagnostic criteria, if

13 licabl

It applicable

15 . . . .

16 Data sources / #8 For each variable of interest give sources of data and details of 5
17 measurement methods of assessment (measurement). Describe comparability of

18 . . .. .

19 assessment methods if there is more than one group. Give information

20 separately for for exposed and unexposed groups if applicable.

21

;g Bias #9 Describe any efforts to address potential sources of bias 5
24

25  Study size #10  Explain how the study size was arrived at 5
26

27 Quantitative #11  Explain how quantitative variables were handled in the analyses. If 5
2 . . . < .

22 variables applicable, describe which groupings were chosen, and why

30

31  Statistical #12a Describe all statistical methods, including those used to control for

gg methods confounding

34

35 9

36

37  Statistical #12b Describe any methods used to examine subgroups and interactions 5
gg methods

40

41  Statistical #12c Explain how missing data were addressed 5
42 methods

43

44 . . .

45  Statistical #12d If applicable, explain how loss to follow-up was addressed n/a
46 methods

47

23 Statistical #12e Describe any sensitivity analyses

50  methods

51

52 n/a

53

54

55 Results

56

57  Participants #13a Report numbers of individuals at each stage of study—eg numbers n/a
gg potentially eligible, examined for eligibility, confirmed eligible,
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Descriptive data ~ #14
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Descriptive data #14b
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Descriptive data ~ #14c¢
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Outcome data #15
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Main results #16a
Main results #16b
Main results #16¢
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Other analyses #17
Discussion
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included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage 5

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, clinical, 5
social) and information on exposures and potential confounders. Give
information separately for exposed and unexposed groups if

applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were

included

Report category boundaries when continuous variables were n/a

categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and 7

interactions, and sensitivity analyses
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26  The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY.
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Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and magnitude of

any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence.

Discuss the generalisability (external validity) of the study results

Give the source of funding and the role of the funders for the present
study and, if applicable, for the original study on which the present
article is based
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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 analysis was used to examine age, period, and birth cohort effects
for genders and immigration groups from 1998 to 2021. Bayesian age-period-cohort 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, as men will be at a higher risk of mortality from cancers than women
in the future (excluding prostate cancer). 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.

Keywords: Age-period-cohort analysis, immigration, mortality, lung cancer, pancreatic cancer,

colon cancer, liver cancer, prostate cancer, stomach cancer
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Strengths and limitations of this study

o  This study provides new evidence regarding the relationship between immigration status

and cancer mortality, given the effects of age, period, birth cohort and their predictions.

o  The non-identifiability problem has not been interpreted in APC models

o  The future perspective of cancer therapies and techniques have not been considered.
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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 [1-3]. 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 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 [4]. In
Hong Kong, lung cancer is one of the most common causes of cancer deaths [5, 6]. Previous
studies suggested that the primary cause of lung cancer is cigarette smoking [7-11]. Genetic
factors, asbestos, radon gas, second-hand smoke, and other forms of air pollution have been
proven to influence the risk of lung cancer [12-18]. The overall daily smoking rate in mainland
China was approximately 23.2% in 2018 [19], whereas the daily smoking rate in Hong Kong
was only 10.2% in 2019 [20]. 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 pancreatic cancer [21]. Alcohol consumption per capita in Hong Kong has reached
2.37 liters in 2021 [22], compared to 7.0 liters of per capita consumption of alcohol in mainland
China in 2018 [23]. 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 [24]. In addition to these risk factors, studies have suggested that cancer mortality
rates vary depending on migrant status [25-28]. According to data from the Census and
Statistics Department of Hong Kong, approximately 81% of immigrants in Hong 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 [29, 30]. 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’s constructive to ascertain whether

immigrants from mainland China have a different mortality pattern of cancers from locals to
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verify the significance of migration status for this health outcome. As Age-period-cohort (APC)
analysis 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 immigrants 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 data in 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, (C348, 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 interpretability [31]. 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 immigrants 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 population
projections from 2022 to 2030 were retrieved from the Census and Statistics Department of
Hong Kong and estimated with cubic smoothing spline as the prerequisite of the predictive
model. Codes for APC and BAPC analysis are available in the GitHub repository
(https://github.com/kshz2164313/APC-population-projections-for-immigration-HK).

Statistical analysis

We modeled cancer mortality rates in Hong Kong using APC analysis based on log-linear
Poisson regression models. The model aimed to disentangle age, period, and cohort effects of

time-varying phenomena simultaneously [32, 33], given that
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1

2

3

4 138 log (E) =, + B, + v« + p +1og(6,) (D)
5

6 139  where E,; denotes expected mortality; «,, (3,,and v, denote age, period, and cohort

7 . . . .

8 140  effect, respectively, for i=1,..,1, 7=1,...,J, k=1,..,K with k:I—Z‘|‘].

?O 141 log (0,;) 1s the offset. We mainly focused on the contributions of sex and immigration status
11 142 due to the non-identifiability problem that the effects of these three components are collinear
12 143  with each other (denoted as period — age = cohort) [34]. Birth cohort effect and period effect
13 144  were assessed with relative risks to evaluate the effect of three components. The median year
12 145  of birth among cases was regarded as the reference cohort [35,36]. Since death cases aged at
16 146  35-85 years between 1998 and 2021 were selected, the range of birth cohort from 1913 to

17 147 1986 covered observations and further projections until 2030. The second and penultimate
18 148  period effects were constrained to the reference for period. For sex and immigration status,
19 149  maximum likelihood framework was applied to estimate the relative risks and 95%

;? 150  confidence intervals (Cls) by age groups, calendar period, and birth cohort.

22 151

;i 152  Several projection approaches for future cancer mortality have been developed, but a

25 153  Bayesian age-period-cohort (BAPC) model built upon integrated nested Laplace

26 154  approximations (INLA) [37] yields relatively higher coverage and better performance for all
27 155  evaluated parameter combinations [38]. To prevent some sampling problems caused by

;g 156  Markov chain Monte Carlo (MCMC), this MCMC-free BAPC approach was applied to

30 157  predict future cancer mortality within a fully Bayesian inference setting and provide outputs
31 158  of interest simply, such as projected age-standardized and age-specific rates. Convergence

; g 159  checks are not necessary for this technique [37]. The projections of age-standardized cancer
34 160  mortality rates for each sex, age group (younger or older than 60 years) and migrant status,
35 161 taking into account age, period, and birth cohort effects, were performed based on the weights
;? 162  of population age groups from the WHO World Standard population [39], with 95%

38 163  prediction intervals. Mann-Kendall trend test was applied to verify the projection trend.

39 164  Friedman's Two-Way Analysis of Variance was applied to test interactions between gender
40 165  and immigration groups for each year.

g 166

42

43 167  All analyses were performed via R version 4.2.1 (R Core Team, R Foundation for Statistical
44

45 168  Computing, Vienna, Austria, 2013, http://www.R-project.org/). The APC models were

46 169  established using the Epi package, and the projections based on Bayesian APC models were
47 .

48 170  performed with the BAPC package.

49 171

g? 172 Patient and Public Involvement

52 173  None.

>3 174

54

55 175

56

57 176  Results

58

59 177  Figure 1 & 2 and eFigure 1(a-e) in Supplementary Material illustrate the estimates of age
60
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(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 relatively more pronounced fluctuations and
deviations from those effects in the other two immigration groups. Significant 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 at ages above 50 years and those
who arrived <10 years had lower lung cancer mortality at ages below 62 years compared to
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 & eFigure 1(a,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
(eFigure 1(c,e)). Short-stay immigrants who have stayed in Hong Kong for <10 years had more
fluctuating 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 variances in age and cohort effects.

Figure 3-5, eFigure 2-6 in Supplementary Material illustrate the age-standardized mortality
rates of six types of cancer from 1998 to 2021 and their projections by sex, immigrant status
and age groups from 2022 to 2030, taking into account age, period, and birth cohort effects.
Means and standard deviations of predictive mortality rates are shown in eTable 1-6 in
Supplementary Material. For all ages projection (Figure 2 & eFigure 2-6), as men will be at
higher risk of mortality rates of cancers (excluding prostate cancer) than women in the future
for all three age groups (all ages, young and older than 60 years) and 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 immigration 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 immigrants 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
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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 younger cases (<60 years) and older cases (260 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) vs.
decline for younger cases (p < 0.05) vs. increase for older cases (p < 0.05); 2.) mortality rates
of liver cancer for men immigrants >10 that decline for all ages (p < 0.05) vs. decline for
younger cases (p < 0.05) vs. 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 (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 significant decline in predictive mean from 102.90 (95% CI:
98.14, 107.66) to 79.55 (95% CI: 47.46, 111.64) deaths per 100,000 population (Avg -2.34
deaths/100,000 per annum) (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 100,000 population in 2021 and 2030, respectively
(Avg +0.72 deaths/100,000 per annum) (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 [40]. 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
immigrants 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 contrast in age effects among the
immigration groups was partially consistent with studies [25, 41] that highlighted the age

effects for locals and immigrants on breast cancer mortality in Hong Kong and lung cancer
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incidence in Sweden, as they both showed similar trends and magnitudes between locals and
immigrants before the age of 60 years. They are also compatible with the results in [42] that
diagnosis of liver cancer is the most frequent among populations at 55 to 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 [43].
Differences in birth cohort effects among immigrant groups partially comply with the

interpretation above.

We observed significant trends of cohort effects among locals and immigrants. These findings
are partially consistent but subtly different from previous findings, regarding the effect of
immigration status on cancers. Zhao et al. [25] 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. [44] investigated the difference in
breast cancer incidence between Chinese Americans and non-Hispanic whites in the U.S. and
emphasized 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 to a relatively stable social development in
Hong Kong, representing 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 [45]. 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 [46].
Furthermore, we speculate that these trends, especially those for locals and long-stay
immigrants, are most likely attributed to social development and personal behaviors, 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 (eFigure 1a in Supplementary Material). As locals and
immigrants in Hong Kong transitioned to more westernized lifestyles, higher consumption of
meat was associated with a higher risk of these types of cancer, whereas consumption of
vegetables had a strong protective effect against pancreatic cancer, and moderate
consumption of coffee appeared to be beneficial against lung cancer [47,48]. 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
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arch pattern and fluctuating curve depicting period effects externally resulted in an arch
pattern of age-standardized mortality rates for short-stay immigrant women and irregular rates
for short-stay immigrant 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-standardized mortality rates and projections, consistent with
previous findings [49,50], 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 [4] 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 effect.

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 age-
period-cohort 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. Furthermore, we adopted
a cubic smoothing spline to estimate populations of immigrants and locals due to the large
proportion of unspecified immigration status from official 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 have not been considered in the model of projection.
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Conclusion

We conclude that immigrants, especially short-stay immigrants, 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. Men will be at a higher risk of
mortality rates of six types of cancer than women in the future. 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 relatively stable. Immigrants for each gender in Hong Kong would suffer from higher

mortality risks of cancers than locals in the future.
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Figure 1. 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 stay in Hong Kong for more than 10 years and
immigrants stay 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% confidence intervals are shown as shaded

bands.
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512

513 Figure 2. Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-cohort model of
514 female lung cancer mortality rates by immigrant groups: locals, immigrants stay in Hong Kong for more than 10 years
515 and immigrants stay in Hong Kong for less than or equal to 10 years. Age effect was assessed by mortality (left axis).
516 Cohort and period effects were assessed by relative risk (right axis), 95% confidence intervals are shown as shaded
517  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.
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Figure 4. Projections of lung cancer mortality rates for the population younger than 60 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.
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Figure 5. Projections of lung cancer mortality rates for the population older than or equal to 60 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.
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28 Figure 1. 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 stay in Hong Kong for
more than 10 years and immigrants stay in Hong Kong for less than or equal to 10 years. Age effect was

30 assessed by mortality (left axis). Cohort and period effects were assessed by relative risk (right axis), 95%
31 confidence intervals are shown as shaded bands.
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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 stay in Hong Kong for
more than 10 years and immigrants stay 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%
confidence intervals 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.
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eFigure 1(a). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female colon cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(b). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female liver cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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Pancreatic cancer for males
(a)Age effects (b)Cohort effects (c)Period effects
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eFigure 1(c). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female pancreatic cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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Stomach cancer for males
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eFigure 1(d). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female stomach cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(e). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male prostate cancer mortality rates by immigrant groups: locals, immigrants stay in
Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 2(a). Projections of colon 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.
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eFigure 2(b). Projections of colon cancer mortality rates for the population younger than 60 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.
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eFigure 2(c). Projections of colon cancer mortality rates for the population older than or equal to 60 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.
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eFigure 3(a). Projections of liver 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.
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eFigure 3(b). Projections of liver cancer mortality rates for the population younger than 60 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.
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eFigure 3(c). Projections of liver cancer mortality rates for the population older than or equal to 60 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.
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eFigure 4(a). Projections of pancreatic 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.
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eFigure 4(b). Projections of pancreatic cancer mortality rates for the population younger than 60 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.
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eFigure 4(c). Projections of pancreatic cancer mortality rates for the population older than or equal to
60 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.
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eFigure 5(a). Projections of stomach 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.
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eFigure 5(b). Projections of stomach cancer mortality rates for the population younger than 60 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.

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open
Male immigrants> 10 years(>=60) Male immigrants<= 10 years(>=60) Male locals(>=60)
150 150 ] 150
o (=) | Qo
(=] (=] (=]
o o o
3 S 8
3 S 8
T 100 o T 1009 - T 100 o
5 5 - 5
o a 0 o
@ a @
= B ae &
o - 50 - BeRE o
] ] cS ®
I o o
2 < <
0 0
T T T T T T T T T T
2000 2010 2020 2030 2000 2010 2020 2030 2000 2010 2020 2030
Period Period Period
Female immigrants> 10 years(>=60) Female immigrants<= 10 years(>=60) Female locals(>=60)
100 ; 100 ] 100
o | o 1 o
3 5] 8
S 80 S 80 3 80
2 2 e
T 60 T 60" T 60
@ DO ol
' T o0 B T
z z z
3 7 17
@ o 20 4 ]
< < <
04 a
T T T T T T T
2000 2010 2020 2030 2000 2010 2020 2030 2000 2010 2020 2030
Period Period Period

eFigure 5(c). Projections of stomach cancer mortality rates for the population older than or equal to 60
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.
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Predictive mean of age-standardized mortality rates of lung cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 41.80 41.34 40.58 39.87 39.19 38.53 37.89 37.26 36.65 36.04
immigrants >10 1.27) (1.86) (2.27) (2.75) (3.28) (3.86) (4.46) (5.09) (5.74) (6.4)
Female immigrants < 23.92 22.22 20.56 19.01 17.57 16.24 15.00 13.85 12.79 11.81
10 (4.00) (4.67) (5.38) (6.10) (6.80) (7.45) (8.04) (8.56) (9.01) (9.39)
34.67 30.22 30.63 31.05 31.48 319 32.32 32.73 33.15 33.55
Female locals
(1.76) (3.54) 477 (6.38) (8.29) (10.47) (12.87) (15.48) | (18.31) | (21.33)
Male immigrants >10 102.90 100.18 97.18 94.34 91.71 89.15 86.66 84.19 81.81 79.55
9 (2.43) (4.18) (5.33) (6.72) (8.24) (9.84) (11.47) (13.11) | (14.74) | (16.37)
Male immiarants <10 81.26 79.90 79.81 79.72 79.62 79.50 79.32 79.08 78.78 78.41
9 B (9.21) (10.41) (11.82) (13.42) (15.19) (17.09) (19.09) (21.18) (23.32) (25.53)
Male locals 60.96 52.27 50.83 49.56 48.18 46.64 45.13 43.83 42.67 41.43
(2.82) (4.86) (5.39) (6.13) (6.97) (7.84) (8.76) (9.76) (10.8) (11.8)
Female 1551 1451 13.90 13.29 12.71 12.13 11.57 11.02 10.49 9.98
immigrants>10(<60y) | (1.12) (1.50) (1.76) (2.04) (2.33) (2.62) (2.91) (3.18) (3.43) (3.68)
Female immigrants < | 8.14 7.79 4.79 4.42 4.09
10(<60y) o) (L95) 7.18(2.23) | 6.62(2.53) | 6.10(2.81) | 5.63(3.08) | 5.19(3.32) (353) 3.72) 3.88)
10.25 9.48 7.68 7.38 7.09
Female locals(<60y) 077 089) 9.17(1.02) | 8.87(1.16) | 8.57(1.32) | 8.27(1.49) | 7.97(1.65) 162) (198) 213)
Male 27.81 26.36 24.96 23.64 22.38 21.17 20.03 18.96 17.96 17.03
immigrants>10(<60y) | (2.10) (358) | (3.94) (4.35) (4.79) (5.23) (5.67) (6.10) | (6.51) | (6.90)
Male immigrants < 15.01 13.38 12.02 10.79 9.68 8.69 7.79 6.98 6.25 5.59
10(<60y) (2.98) 371 | 417 (4.59) (4.95) (5.24) (5.46) (5.61) | (569 | (572)
Male locals(<60y) 15.19 14.45 14.03 13.61 13.14 12.65 12.13 11.55 10.93 10.26
Y (0.78) (1.15) (1.29) (1.46) (1.64) (1.82) (2.01) (2.17) (2.31) (2.43)
Female
immigrants >10(2 108.85 107.21 106.26 105.52 104.94 104.51 104.21 104.07 104.06 104.16
60y) (4.80) (5.17) (6.24) (7.54) (9.04) (10.72) (12.57) (14.61) | (16.78) | (19.14)
Female immigrants < 66.16 63.84 59.88 56.14 52.60 49.27 46.14 43.20 40.44 37.85
10(260y) (13.25) (15.72) | (17.50) (19.31) (21.03) (22.66) (24.16) (2552) | (26.74) | (27.81)
Female locals(260y) 77.33 76.53 76.22 75.94 75.69 75.49 75.32 75.19 75.10 75.03
=00y (9.40) (10.11) | (10.85) (11.79) (12.94) (14.28) (15.80) (17.48) | (19.33) | (21.32)
Male 293.56 289.8 286.6 284.28 282.78 281.99 281.88 282.31 283.37 285.03
immigrants>10(260y) | (9.13) (117) | (15.19) (19.51) (24.49) (30.07) (36.31) (43.15) | (50.66) | (58.86)
Male immigrants < 244.88 247.01 251.24 255.62 260.14 264.82 269.61 274.52 279.55 284.69
10(260y) (30.29) (36.85) | (42.94) (50.06) (58.14) (67.14) (77.01) (87.75) | (99.34) | (111.81)
150.75 146.29 143.54 141.84 140.07 138.14 136.65 136.49 137.24 138.26
Male locals(260y)
(16.22) (1846) | (20.58) (23.97) (28.24) (33.39) (39.82) 47.87) | (57.47) | (68.52)

eTable 1. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of lung cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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Predictive mean of age-standardized mortality rates of colon cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 20.03 18.95 18.77 18.59 18.42 18.27 18.12 17.98 17.85 17.73
immigrants >10 (0.95) (1.13) (1.37) (1.66) (1.98) (2.33) (2.71) (3.11) (3.53) (3.96)
Female immigrants < 8.11 7.70 7.25 6.82 6.42 6.03 5.67 5.33 5.01 471
10 (2.19) (2.51) (2.81) (3.11) (3.37) (3.61) (3.83) (4.01) (4.17) (4.31)
Female locals 13.77 13.47 13.24 13.01 12.77 12.53 12.29 12.06 11.82 11.59
(1.30) (1.61) (1.72) (1.87) (2.04) (2.24) (2.46) (2.68) (2.92) (3.16)
Male immigrants >10 31.22 29.82 29.66 29.52 29.41 29.30 29.21 29.14 29.06 28.98
9 (1.28) (1.46) (1.79) (2.19) (2.63) (3.11) (3.64) (4.19) (4.78) (5.39)
Male immigrants <10 15.47 16.77 17.02 17.23 17.45 17.67 17.88 18.09 1831 18.50
9 - (2.14) (377 (4.18) (4.64) (5.14) (5.69) (6.27) (6.91) (7.56) (8.26)
Male locals 21.28 19.81 19.39 18.97 18.57 18.18 17.81 17.43 17.06 16.71
(1.38) (2.07) (2.22) (2.42) (2.61) (2.85) (3.12) (3.40) (3.71) (4.03)
Female 7.09 7.36 7.46 7.56 7.65 7.74 7.83 7.92 8.01 8.09
immigrants >10(<60y) | (0.99) (1.12) (1.28) (1.46) (1.68) (1.92) (2.19) (2.48) (2.79) (3.13)
Female immigrants < 311 2.82 2.65 251 2.36 222 2.08 1.95 1.83 1.72
10(<60y) (0.67) (0.86) (0.91) (0.97) (1.02) (1.07) (1.11) (1.14) (1.18) (1.22)
Female locals(<60y) 4.10 3.87 3.73 3.61 3.47 3.34 3.22 311 2.99 2.88
v (0.41) (0.50) (0.54) (0.59) (0.65) (0.70) (0.76) (0.82) (0.88) (0.94)
Male 8.29 7.98 7.85 7.71 7.54 7.36
immigrants >10(<60y) | (0.91) (1.17) (1.38) (1.60) (1.83) (2.08) 111(232) | 697(2.57) | 6.76(281) | 6:55(3.05)
Male immigrants < 5.03 5.18 5.22 5.26 5.30 5.34
10(<60y) (1.44) (1.58) (1.75) (1.93) (2.14) (2.36) 538(259) | 543(284) | 547(311) | 551(338)
5.14 4.88 4.66 4.46 4.26 4.08
Male locals(<60y) (0.43) (063) 0.79) (096) (113) (131) 3.91(1.48) | 3.73(1.65) | 3.57(1.82) | 3.42(1.97)
Female 52.16 49.21 48.70 48.26 47.87 47.54 47.26 47.05 46.91 46.81
immigrants >10(260y) | (2.59) (2.99) (3.56) (4.26) (5.05) (5.94) (6.90) (7.94) (9.06) (10.26)
Female immigrants < 24.01 2244 21.69 20.95 20.23 19.52 18.84 18.17 1751 16.86
10(260y) (5.83) (6.56) (6.96) (7.38) (7.80) (8.23) (8.66) (9.08) (9.49) (9.90)
Female locals(260y) 37.42 36.69 36.29 35.87 35.46 35.04 34.61 34.19 33.77 33.34
=6l (5.31) (5.74) (6.06) (6.46) (6.95) (7.5) (8.12) (8.79) (9.51) (10.27)
Male 84.17 82.72 82.16 81.64 81.19 80.81 80.47 80.15 79.85 79.56
immigrants >10(260y) | (3.55) (4.09) (4.95) (5.97) (7.12) (8.39) 9.77) (11.24) (12.81) (14.45)
Male immigrants < 43.25 4493 45.62 46.30 46.96 47.61 48.25 48.88 49.51 50.13
10(260y) (11.07) | (13.09) | (14.52) (16.09) (17.80) | (19.64) | (21.62) (23.73) (25.97) (28.34)
Male locals(>60y) 55.79 54.89 53.75 52.63 51.54 50.47 49.43 48.42 47.42 46.44
=5, (6.86) (7.65) (8.03) (8.52) (9.12) (9.8) (10.55) (11.37) (12.25) (13.16)

eTable 2. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of colon cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
listed.
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Predictive mean of age-standardized mortality rates of liver cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
. . 11.34 10.68 10.09 9.54 9.01 8.50
Female immigrants >10 (0.66) 0.71) (0.85) (1.01) (1.16) (131) 8.02(1.45) | 7.57(1.59) | 7.14(1.72) | 6.74(1.83)
9.15 8.66 8.38 8.11 7.84 7.58
immi <
Female immigrants <10 (155) (182) (1.95) (2.08) (222) (2.36) 7.32(2.49) | 7.07(2.63) | 6.82(2.76) | 6.58(2.88)
6.72 6.36 6.08 5.81 5.563 5.26
Female locals 059 | 089 | 090 |09 097) (L01) 5.01(1.06) | 4.77(1.11) | 4.53(1.15) | 4.3(1.21)
. . 52.17 49.22 47.76 46.35 45.01 43.67 42.37 39.89 38.71
> . .
Male immigrants >10 @78 | @36 | @93 | @359 | @31 (505 | (581) 4L1656) | 7 33, (8.08)
Male immigrants <10 42.33 39.03 37.39 35.81 34.26 32.76 3131 2991 28.56 27.25
9 - (5.87) (6.49) (7.47) (8.51) (9.58) (10.63) (11.65) (12.62) (13.54) (14.40)
Male locals 24.22 22.16 21.02 19.91 18.85 17.83 16.85 15.92 15.03 14.18
@77 | 09 | 222) | (239 (2.58) 2.79) | (3.03) (3.21) (3.40) (3.59)
Female 3.62 3.39 3.29 3.20 3.12 3.04
immigrants >10(<60y) (0.45) (0.52) (0.57) (0.63) (0.69) (0.75) 2.96(082) | 2:89(0.89) | 282(0.96) | 2.75(1.03)
Female immigrants < 4.10 381 3.69 3.57 3.46 3.36
10(<60y) (079) | (0.91) | (0.96) | (1.02) (1.08) (1.15) 325(1.22) | 315(1.29) | 3.06(136) | 2.97(143)
1.50 1.37 1.29 1.22 1.16 1.10
Female locals(<60y) 013 | 02 021 | 023 (0.24) (0.26) 1.04(0.27) | 0.99(0.29) | 0.94(0.30) | 0.89(0.31)
Male 26.32 24.04 23.02 22.05 21.13 20.25 19.41 18.62 17.86 17.14
immigrants >10(<60y) 11) | 235 | (263) | (2.94) (3.27) (3.61) | (3.95) (4.30) (4.64) (4.98)
Male immigrants < 25.52 22.56 21.71 20.87 20.04 19.22 18.42 17.63 16.86 16.11
10(<60y) (2.99) | (396) | (4.44) | 4.94) (5.45) (5.95) | (6.45) (6.91) (7.36) (7.78)
8.25 7.47 6.97 6.52 6.11 5.73
Male locals(<60y) 069 | 074 | 079 | ©086) 093) L01) 5.38(1.08) | 5.04(1.15) | 4.73(1.21) | 4.44(1.27)
Female immigrants >10(2 33.67 29.63 27.99 26.42 24.92 23.49 22.13 20.85 19.64 18.50
60y) (1.88) | (201) | (2.36) | (2.75) (3.14) (3.52) (3.88) (4.23) (4.55) (4.85)
Female immigrants <10(2 21.72 19.08 18.38 17.71 17.03 16.39 15.76 15.16 14.57 14.01
60y) (511) | (5.81) | (6.14) | (6.48) (6.83) (7.16) (7.49) (7.80) (8.11) (8.39)
Female locals(260y) 20.63 18.41 17.55 16.72 15.91 15.11 14.34 13.59 12.87 12.17
=R (303) | (323) | (326) | (332) (3.40) (349) | (359 (3.69) (3.81) (3.93)
Male immigrants >10(2 115.39 113.96 11343 | 113.17 113.16 113.37 113.79 114.39 115.19 116.17
60y) @54) | (595 | (7.65) | (9.70) (12.04) (14.66) | (17.56) (20.73) (24.18) (27.91)
Male immigrants <10(2 88.61 85.14 82.59 80.02 77.42 74.83 72.23 69.64 67.07 64.52
60y) (15.58) | (18.85) | (20.6) | (22.44) | (24.34) (26.24) | (28.12) (29.94) (31.70) (33.38)
Male locals(>60y) 62.88 58.95 56.51 54.14 51.84 49.61 47.46 45.38 43.38 41.45
=5, (597) | (7.91) | (8.20) | (8.61) (9.12) (9.70) (10.33) (11.01) (11.68) (12.36)

eTable 3. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of liver cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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1
2
2 Predictive mean of age-standardized mortality rates of pancreatic cancer per 100,000 population
5 Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
6 Female 1089 | 11.11 | 11.36 | 11.61 11.87 12.14 12.42 1271 13.01 1330285
7 immigrants >10 062) | (0.75) | (091) | (1.09) (1.31) (1.56) (1.84) (2.15) (2.48) 3289
8
9 Female immigrants < 551 544 544
o 10 wa | ase | aeo 543(1.84) | 542(1.99) | 541(2.15) | 5.39(2.32) | 5:36(2.49) | 5.34(2.66) | 5.31(2.84)
11

879 | 9.01 9.15 10.14
:g Female locals 110 | a22) | @se | 920048) | 943(164) | 957(L83) | 9.71(205) | 985(228) | 998(254) | ) oo
14 Male immicrante 10| 1630 | 1787 | 1848 | 1011 19.78 2047 2118 2192 22.69 23.49
15 ale immigrants (0.98) | (L19) | (149) | (1.87) (2.32) (2.83) (342) (4.07) (4.81) (5.61)
16
17 N 810 | 7.87 7.76
18 Male immigrants <10 202 |G | @53 7.64(2.70) | 7.51(2.87) | 7.38(3.05) | 7.24(3.23) | 7.09(3.41) | 6.95(3.58) | 6.81(3.75)
19
20 Male locals 1197 | 1229 | 1249 | 12.69 12.91 13.11 1333 1355 1378 14.02
py (1.26) | (149) | (1.64) | (1.83) (2.06) (2.33) (2.63) (2.97) (3.34) (3.74)
22 Female 347 | 362 374 3.87(0.77) | 4.01(0.89) | 4.14(1.02) | 4.28(1.18) | 4.42(1.34) | 457(153) | 4.72(1.73
23 immigrants >10(<60y) | (0.33) | (0.57) | (0.66) 87(0.77) | 401(089) | 414(1.02) | 4.28(1.18) | 4.42(1.34) | 457(1.53) | 4.72(1.73)
24
25 Female immigrants < 1.12 1.21 1.22
%6 10(<60y) 033) | 048 | 052 1.23(0.56) | 1.24(0.61) | 1.25(0.66) | 1.26(0.71) | 1.26(0.77) | 1.27(0.83) | 1.28(0.89)
27
28 Female locals(<60y) 276 | 288 291 2.93(0.48) | 2.96(0.55) | 2.99(0.63) | 3.02(0.71) | 3.04(0.81) | 3.07(0.90) | 3.10(1.01)
29 0.27) | (036) | (0.41)
30 Male 688 | 7.05 7.24
31 immigrants >10(<60y) | (0.98) | 11D | (1.32) 7.43(1.56) | 7.62(1.84) | 7.82(2.16) | 8.01(2.50) | 8.21(2.88) | 8.40(3.30) | 8.61(3.75)
32
33 Male immigrants < 2.20 2.01 1.95
32 10(<60y) o | oes | ooy 19(0.94) | 1.84(0.99) | 1.79(1.04) | 1.74(1.09) | 1.69(1.14) | 1.64(1.19) | 1.60(1.24)
35

416 | 433 441
g? Male locals(<60y) 035) | 048) | 057y | +46068) | 45308L) | 4610.04) | 469(109) | 477(126) | 485(144) | 4.95(L63)
38 Female 2858 | 2945 | 2991 | 30.38 30.85 31.33 31.81 32.29 32.78 33.27
39 immigrants >10(260y) | (1.83) | (211) | (2.54) | (3.06) (3.66) (4.33) (5.08) (5.91) (6.79) (7.74)
40
41 Female immigrants < | 1679 | 1565 | 1549 | 1533 15.16 14.97 14.79 1459 1439 14.19
42 10(260y) (5.29) | (6.08) | (6.71) | (7.36) (8.03) 8.73) (9.43) (10.14) (10.86) (11.58)
43
44 Female locals(260y) 2280 | 2385 | 2421 | 2456 24.91 25.25 25.58 25.90 26.22 26.54
45 = 4.23) | (446) | (481) | (5.23) (5.73) (6.30) (6.95) (7.67) (8.47) (9.34)
46 Male 4270 | 4436 | 4585 | 47.41 49.04 50.73 52.48 54.28 56.16 58.11
47 immigrants >10(260y) | (255) | (302) | (3.76) | (4.69) (5.78) (7.05) (8.50) (10.13) (11.95) (13.98)
48
49 Male immigrants < 2468 | 2396 | 2387 | 23.75 23.61 2345 23.28 23.09 22.89 22.68
50 10(260y) 821) | (9.01) | (9.74) | (1052) (11.33) (12.17) (13.04) (13.93) (14.83) (15.75)
51
52 3010 | 31.17 | 3155 | 31.93 32.30 32.66 33.01 33.35 33.69 34.03
53 Male locals(=60y) 4.68) | (522) | (563) | (6.14) (6.75) (7.45) (8.23) (9.11) (10.08) (11.12)
54 eTable 4. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of pancreatic cancer
55 per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
56 2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
57 listed.
58
59
60
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Predictive mean of age-standardized mortality rates of stomach cancer per 100,000 population
Year 2021 2022 2023 2024 | 2025 | 2026 | 2027 | 2028 2029 | 2030
Female immicrants 510 | £2° 7.95 7.71 7.47 7.25 7.03 6.83 6.62 6.43 6.24
9 (0.55) (0.62) (0.74) (0.87) 101 | @15 | @29) | @43) | 157 (1.71)
Female immigrants < 7.51 7.36 7.33 7.30 7.28 7.27 7.27 7.28 7.31 7.33
10 (1.44) (1.56) (1.69) (1.85) 201) | 220) | (240) | (261) | (2.84) (3.09)
Female locals 5.26 491 475 461 4.47 434 421 408 3.95 3.83
(0.40) (0.52) (0.57) (0.63) ©071) | ©77) | 084 | (091) | (0.99) (1.06)
I 15.22 13.89 12.81 1231 | 1183 | 1138 | 1095 | 1054 10.15
> . .
Male immigrants >10 | ¢, (0.97) 133421 |1 46 @73) | @99 | 28 | @51 | (@76 (3.01)
Male immiarants <10 | 1583 15.21 15.07 14.93 1479 | 1464 | 1451 | 1435 | 1419 14.03
9 = (3.04) (3.38) (3.67) (3.98) 431) | 465 | (502 | (539 | (578) 6.17)
8.14 8.07 7.73 7.10 6.81 6.51 6.23 5.97 5.71
Male locals (0.89) (0.99) (1.03) TAAOD | 13 | a19) | aze) | 133) | (139 (1.46)
Female 481 4.69 462 455 4.47 439 431 422 413 403
immigrants >10(<60y) | (0.56) (0.79) (0.87) (0.96) o7 | @1 | @29 | @4y | 152 (1.64)
Female immigrants < 3.89 4.08 4.10 4.13 4.17 421 4.24 4.28 4.32 4.36
10(<60y) (0.80) (0.93) (1.03) (1.14) w27 | @41 | @ss) | @70y | 87 (2.05)
Female locals(<60y) 228 2.08 1.98 1.88 1.79 171 161 1.53 1.44 137
v (0.21) (0.27) (0.29) (0.32) 035 | (037) | (041) | (043) | (0.45) (0.47)
Male 4.94 471 455 441 425 412 3.98 3.86 3.74 3.63
immigrants >10(<60y) | (0.57) (0.79) (0.89) (0.99) (110) | @21) | @32) | 43) | (154) (1.65)
Male immigrants < 481 470 4.66 463 459 455 452 4.48 4.44 441
10(<60y) (1.31) (1.42) (1.55) (1.69) 183 | 199) | 215 | (232) | (2.50) (2.68)
Male locals(<60y) 248 237 228 221 212 2.04 197 1.91 1.83 1.77(0.
v (0.21) (0.29) (0.32) (0.35) 038) | (042) | (045) | (049) | (0.52) 55)
Female 17.80 16.23 15.65 15.08 1455 | 1403 | 1354 | 1307 | 1262 12.19
immigrants >10(260y) | (1.04) (1.26) (147) (1.70) 194) | 218) | (243) | (268) | (2.92) (3.16)
Female immigrants < 14.72 13.01 12.52 12.03 11.55 11.08 10.63 10.19 9.76(6.56) 9.34
10(260y) (4.29) (4.83) (5.11) (5.37) 563 | 588 | (612) | (635) i\ (6.75)
12.20 11.86 1167 11.49 1133 | 1118 | 1104 | 1091 10.68
>
Female locals(=60y) (1.66) (1.84) (1.98) (2.15) 235 | @58 | @8y | @iy |107°CY | 571
Male immigrants >10(2 | 37.23 36.59 3517018 | 3382 3255 | 3134 | 3019 | 2908 | 2802 27.01
60y) (2.29) (2.56) S (3.86) 457) | (528) | (601) | (670) | (7.40) (8.07)
Male immigrants < 4230 4143 41.03 40.61 4017 | 3971 | 3924 | 3875 | 3823 37.71
10(260y) (10.88) (11.78) (12.71) (13.70) (14.75) | (15.85) | (16.99) | (18.16) | (19.35) (20.57)
23.04 22,69 2216(48 | 2189 | 2161 | 2152 | 2174 | 2217 22.73
>
Male locals(=60y) (3.29) (3.56) 22.37(407) | G86) | (722) | (9020 | 129 | 14.03) (17.28)

eTable 5. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of stomach cancer
per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.

25
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Predictive mean of age-standardized mortality rates of prostate cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

14.81

Male immigrants >10 (0.61) 14.59 14.57 14.56 14.54 1451 14.48 14.45 14.42 14.38

©.79) | 0.96) | (1.15) | (1.37) (1.61) (1.86) (2.13) (2.42) 2.72)

oNOYTULT D WN =

9.03
8.78 8.58 8.39

immi < 2.95

Male immigrants <10 | (2.95) G11) | 329) | (349) | 19G69) | 810(89) | 782411) | 763(431) | 745(451) | 727(472)

10 9.54
1 Male locals (1.40) ?1‘6:7) ?1‘6676) ?1‘6797) 9.72(1.91) | 9.75(2.06) | 9.78(2.23) | 9.82(2.43) | 9.86(2.64) | 9.9(2.88)

0.57

13 Male 0.52 0.51 0.50
0.12 49(0. 48(0. 47(0. 46(0. 45(0. 44/(0.

14 immigrants >10(<60y) (0.12) ©17) ©.19) ©21) 0.49(0.22) | 0.48(0.24) | 0.47(0.25) | 0.46(0.27) | 0.45(0.29) | 0.44(0.31)

15 0.65
16 Male immigrants < 0,59 0.73 0.81 0.87
10(<60y) (0.59) 0.77) (0.93) (1.10) 0.94(1.31) | 1.01(1.51) | 1.09(1.75) | 1.16(2.02) | 1.24(2.32) | 1.33(2.64)

18 0.63
0.66 0.66 0.66
19 Male locals(<60y) ©12) | V| 016 | 019 | C6702D | 067024 | 067027) | 068031) | 068(033) | 069(037)

49.43
21 Male immigrants >10(z | , .o | 4961 | 4963 | 4964 | 49.64 49.64 49.63 49.62 49.61 49.58(9.3
22 60y) ' @73) | (329) | (394) | (4.68) (5.51) (6.38) (7.32) (8.32) 7

23 28.29

24 Male immigrants < (015 | 2766 | 2653 | 254 24.28 23.16 22.07 21.01 19.96 18.95(12.
25 10(260y) ' 9.78) | (10.21) | (10.63) | (11.03) (11.41) (11.76) (12.09) (12.38) 63)

26 31.57

27 Male locals(>60y) (5.17) 31.48 31.40 31.32 31.24 31.15 31.06 30.96 30.86 30.74(9.2

(549) | (5.76) | (6.09) | (6.48) (6.94) (7.44) (8.01) (8.61) 6)

29 eTable 6. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of prostate cancer
30 per 100,000 population for each age group (less than, greater or equal to 60 years old) and immigrant status from 2022 to
31 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also listed.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.

Page
Reporting Item Number
Title and
abstract
Title #la  Indicate the study’s design with a commonly used term in the title or 1
the abstract
Abstract #1b  Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background / #2 Explain the scientific background and rationale for the investigation 4
rationale being reported
Objectives #3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design #4 Present key elements of study design early in the paper 5
Setting #5 Describe the setting, locations, and relevant dates, including periods 5
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of recruitment, exposure, follow-up, and data collection

1

2

3 Eligibility criteria #6a  Give the eligibility criteria, and the sources and methods of selection 5
4 of participants. Describe methods of follow-up.

5

? Eligibility criteria #6b  For matched studies, give matching criteria and number of exposed n/a
8 and unexposed

9

:? Variables #7 Clearly define all outcomes, exposures, predictors, potential 5
12 confounders, and effect modifiers. Give diagnostic criteria, if

13 licabl

It applicable

15 . . . .

16 Data sources / #8 For each variable of interest give sources of data and details of 5
17 measurement methods of assessment (measurement). Describe comparability of

18 . . .. .

19 assessment methods if there is more than one group. Give information

20 separately for for exposed and unexposed groups if applicable.

21

;g Bias #9 Describe any efforts to address potential sources of bias 5
24

25  Study size #10  Explain how the study size was arrived at 5
26

27 Quantitative #11  Explain how quantitative variables were handled in the analyses. If 5
2 . . . < .

22 variables applicable, describe which groupings were chosen, and why

30

31  Statistical #12a Describe all statistical methods, including those used to control for

gg methods confounding

34

35 9

36

37  Statistical #12b Describe any methods used to examine subgroups and interactions 5
gg methods

40

41  Statistical #12c Explain how missing data were addressed 5
42 methods

43

44 . . .

45  Statistical #12d If applicable, explain how loss to follow-up was addressed n/a
46 methods

47

23 Statistical #12e Describe any sensitivity analyses

50  methods

51

52 n/a

53

54

55 Results

56

57  Participants #13a Report numbers of individuals at each stage of study—eg numbers n/a
gg potentially eligible, examined for eligibility, confirmed eligible,
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Participants #13c
n/a

Descriptive data ~ #14

o

Descriptive data #14b
n/a

Descriptive data ~ #14c¢
n/a

Outcome data #15
n/a

Main results #16a
Main results #16b
Main results #16¢
n/a

Other analyses #17
Discussion
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included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage 5

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, clinical, 5
social) and information on exposures and potential confounders. Give
information separately for exposed and unexposed groups if

applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were

included

Report category boundaries when continuous variables were n/a

categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and 7

interactions, and sensitivity analyses
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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 analysis was used to examine age, period, and birth cohort effects
for genders and immigration groups from 1998 to 2021. Bayesian age-period-cohort 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.

Keywords: Age-period-cohort analysis, immigration, mortality, lung cancer, pancreatic cancer,

colon cancer, liver cancer, prostate cancer, stomach cancer
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Strengths and limitations of this study

o  This study provides new evidence regarding the relationship between immigration status

and cancer mortality, given the effects of age, period, birth cohort and their predictions.

o The non-identifiability problem has not been interpreted in age-period-cohort models.

o  The future perspective of cancer therapies and techniques have not been considered.
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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 [1-3]. 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 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 [4]. In
Hong Kong, lung cancer is one of the most common causes of cancer deaths [5, 6]. Previous
studies suggested that the primary cause of lung cancer is cigarette smoking [7-11]. Genetic
factors, asbestos, radon gas, second-hand smoke, and other forms of air pollution have been
proven to influence the risk of lung cancer [12-18]. The overall daily smoking rate in mainland
China was approximately 23.2% in 2018 [19], whereas the daily smoking rate in Hong Kong
was only 10.2% in 2019 [20]. 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 pancreatic cancer [21]. Alcohol consumption per capita in Hong Kong has reached
2.37 liters in 2021 [22], compared to 7.0 liters of per capita consumption of alcohol in mainland
China in 2018 [23]. 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 [24]. In addition to these risk factors, studies have suggested that cancer mortality
rates vary depending on migrant status [25-28]. According to data from the Census and
Statistics Department of Hong Kong, approximately 81% of immigrants in Hong 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 [29, 30]. 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’s constructive to ascertain whether
immigrants from mainland 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)
4
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analysis 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 immigrants 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 data in 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, C348, and C349 for Ilung 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 interpretability [31]. 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 immigrants 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 population
projections from 2022 to 2030 were retrieved from the Census and Statistics Department of
Hong Kong and estimated with cubic smoothing spline as the prerequisite of the predictive
model. Codes for APC and BAPC analysis are available in the GitHub repository
(https://github.com/kshz2164313/APC-population-projections-for-immigration-HK).

Statistical analysis

We modeled cancer mortality rates in Hong Kong using APC analysis based on log-linear
Poisson regression models. The model aimed to disentangle age, period, and cohort effects of

time-varying phenomena simultaneously [32, 33], given that

log(E,) =a; + B; + v + p 4+ log(6;) (D)
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1

2

2 136 where E,; denotes expected mortality; «;, (3;,and ~, denote age, period, and cohort

5 137 effect, respectively, for 1=1,...,1, 7=1,...J, k=1,...,K with k=1—1+].

? 138 log(@,,) is the offset. We mainly focused on the contributions of sex and immigration status
8 139 due to the non-identifiability problem that the effects of these three components are collinear
?O 140  with each other (denoted as period — age = cohort) [34]. Birth cohort effect and period effect
11 141  were assessed with relative risks to evaluate the effect of three components. The median year
12 142 of birth among cases was regarded as the reference cohort [35,36]. Since death cases aged at
13 143 35-85 years between 1998 and 2021 were selected, the range of birth cohort from 1913 to

14 144 1986 covered observations and further projections until 2030. The second and penultimate

12 145  period effects were constrained to the reference for period. For sex and immigration status,

17 146  maximum likelihood framework was applied to estimate the relative risks and 95%

18 147 confidence intervals (CIs) by age groups, calendar period, and birth cohort.

19 148

;? 149 Several projection approaches for future cancer mortality have been developed, but a

22 150  Bayesian age-period-cohort (BAPC) model built upon integrated nested Laplace

23 151  approximations (INLA) [37] yields relatively higher coverage and better performance for all
;g 152 evaluated parameter combinations [38]. To prevent some sampling problems caused by

26 153  Markov chain Monte Carlo (MCMC), this MCMC-free BAPC approach was applied to

27 154  predict future cancer mortality within a fully Bayesian inference setting and provide outputs
;g 155  ofinterest simply, such as projected age-standardized and age-specific rates. Convergence

30 156  checks are not necessary for this technique [37]. The projections of age-standardized cancer
31 157  mortality rates for each sex, age group (younger or older than 60 years) and migrant status,

; g 158  taking into account age, period, and birth cohort effects, were performed based on the weights
34 159  of population age groups from the WHO World Standard population [39], with 95%

35 160  prediction intervals. Mann-Kendall trend test was applied to verify the projection trend.

36 161  Friedman's Two-Way Analysis of Variance was applied to test interactions between gender
2573 162  and immigration groups for each year.

39 163

2(1) 164  All analyses were performed via R version 4.2.1 (R Core Team, R Foundation for Statistical
42 165  Computing, Vienna, Austria, 2013, http://www.R-project.org/). The APC models were

ji 166  established using the Epi package, and the projections based on Bayesian APC models were
45 167  performed with the BAPC package.

pie 168

48 169  Patient and public involvement

49 170 None.

50

51 171

52 172

53

>4 173 Results

55

g? 174  Figure 1 & 2 and eFigure 1(a-¢) in Supplementary Material illustrate the estimates of age
58 175  (assessed by cancer mortality), cohort and period effects (assessed by relative risk) based on
Z g 176  APC models among three migrant groups for men and women with six types of cancers,
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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 relatively more pronounced fluctuations and
deviations from those effects in the other two immigration groups. Significant 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 at ages above 50 years and those
who arrived <10 years had lower lung cancer mortality at ages below 62 years compared to
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 & eFigure 1(a,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
(eFigure 1(c,e)). Short-stay immigrants who have stayed in Hong Kong for <10 years had more
fluctuating 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 variances in age and cohort effects.

Figure 3-5, eFigure 2-6 in Supplementary Material illustrate the age-standardized mortality
rates of six types of cancer from 1998 to 2021 and their projections by sex, immigrant status
and age groups from 2022 to 2030, taking into account age, period, and birth cohort effects.
Means and standard deviations of predictive mortality rates are shown in eTable 1-6 in
Supplementary Material. For all ages projection (Figure 2 & 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 immigration 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 immigrants 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 younger cases (<60 years) and older cases

(260 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

7
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(p > 0.05) vs. decline for younger cases (p < 0.05) vs. increase for older cases (p < 0.05); 2.)
mortality rates of liver cancer for men immigrants >10 that decline for all ages (p < 0.05) vs.
decline for younger cases (p < 0.05) vs. 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 (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 significant decline in predictive mean from 102.90 (95%
CI: 98.14, 107.66) to 79.55 (95% CI: 47.46, 111.64) deaths per 100,000 population (Avg -2.34
deaths/100,000 per annum) (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 100,000 population in 2021 and 2030, respectively
(Avg +0.72 deaths/100,000 per annum) (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 [40]. 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
immigrants 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 contrast in age effects among the
immigration groups was partially consistent with studies [25, 41] 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 magnitudes between locals and
immigrants before the age of 60 years. They are also compatible with the results in [42] that
diagnosis of liver cancer is the most frequent among populations at 55 to 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

8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291

BMJ Open Page 10 of 52

likely to seek early detection and be treated for cancers using more advanced treatments [43].
Differences in birth cohort effects among immigrant groups partially comply with the

interpretation above.

We observed significant trends of cohort effects among locals and immigrants. These findings
are partially consistent but subtly different from previous findings, regarding the effect of
immigration status on cancers. Zhao et al. [25] 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. [44] investigated the difference in
breast cancer incidence between Chinese Americans and non-Hispanic whites in the U.S. and
emphasized 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 to a relatively stable social development in
Hong Kong, representing 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 [45]. 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 [46].
Furthermore, we speculate that these trends, especially those for locals and long-stay
immigrants, are most likely attributed to social development and personal behaviors, 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 (eFigure 1a in Supplementary Material). As locals and
immigrants in Hong Kong transitioned to more westernized lifestyles, higher consumption of
meat was associated with a higher risk of these types of cancer, whereas consumption of
vegetables had a strong protective effect against pancreatic cancer, and moderate
consumption of coffee appeared to be beneficial against lung cancer [47,48]. 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-standardized mortality rates for short-stay immigrant women and irregular rates
for short-stay immigrant 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-standardized mortality rates and projections, consistent with
9
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previous findings [49,50], 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 [4] 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 effect.

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 age-
period-cohort 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. Furthermore, we adopted
a cubic smoothing spline to estimate populations of immigrants and locals due to the large
proportion of unspecified immigration status from official 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 have not been considered in the model of projection.

Conclusion

We conclude that immigrants, especially short-stay immigrants, 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
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future, while other immigration groups for each type of cancer would continue to decline or
remain relatively stable. Immigrants for each gender in Hong Kong would suffer from higher

mortality risks of cancers than locals in the future.
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FIGURE LEGENDS

Figure 1. 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 stay in Hong Kong for more than 10 years and
immigrants stay 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% confidence intervals are shown as shaded
bands.

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 stay in Hong Kong for more than 10 years
and immigrants stay 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% confidence intervals are shown as shaded
bands.

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.

Figure 4. Projections of lung cancer mortality rates for the population younger than 60 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.

Figure 5. Projections of lung cancer mortality rates for the population older than or equal to 60 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.
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28 Figure 1. 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 stay in Hong Kong for
more than 10 years and immigrants stay in Hong Kong for less than or equal to 10 years. Age effect was

30 assessed by mortality (left axis). Cohort and period effects were assessed by relative risk (right axis), 95%
31 confidence intervals are shown as shaded bands.
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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 stay in Hong Kong for
more than 10 years and immigrants stay 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%
confidence intervals 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.
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10 years. Age effect was assessed by mortality (left axis). Cohort and period effects were assessed by

relative risk (right axis), 95% confidence intervals are shown as shaded bands.
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Liver Cancer for males
(a)Age effects (b)Cohort effects (c)Period effects
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eFigure 1(b). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female liver cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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Pancreatic cancer for males
(a)Age effects (b)Cohort effects (c)Period effects
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eFigure 1(c). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female pancreatic cancer mortality rates by immigrant groups: locals,
immigrants stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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Stomach cancer for males
(a)Age effects (b)Cohort effects (c)Period effects
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eFigure 1(d). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male and female stomach cancer mortality rates by immigrant groups: locals, immigrants
stay in Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 1(e). Parameter estimates of age (a), cohort (b) and period (c) effects based on an age-period-
cohort model of male prostate cancer mortality rates by immigrant groups: locals, immigrants stay in
Hong Kong for more than 10 years and immigrants stay 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% confidence intervals are shown as shaded bands.
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eFigure 2(a). Projections of colon 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.
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eFigure 2(b). Projections of colon cancer mortality rates for the population younger than 60 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.
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eFigure 2(c). Projections of colon cancer mortality rates for the population older than or equal to 60 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.
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eFigure 3(a). Projections of liver 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.
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eFigure 3(b). Projections of liver cancer mortality rates for the population younger than 60 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.
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eFigure 3(c). Projections of liver cancer mortality rates for the population older than or equal to 60 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.
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eFigure 4(a). Projections of pancreatic 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.
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eFigure 4(b). Projections of pancreatic cancer mortality rates for the population younger than 60 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.
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eFigure 4(c). Projections of pancreatic cancer mortality rates for the population older than or equal to
60 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.

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open
Male immigrants> 10 years Male immigrants<= 10 years Male locals
40 40 40
o (=) Qo
(=] (=] (=]
o o o
8 8 30 8 30
5 5 B
o a o
2 2 20 = 2
© © a 2 %, ©
5 5 o
g g 10 g
2 < <
0 0
T T T T T T T T T T
2000 2010 2020 2030 2000 2010 2020 2030 2000 2010 2020 2030
Period Period Period
Female immigrants> 10 years Female immigrants<= 10 years Female locals
40 - | 40 ] 40
o 1 o | o
8 8 8
8 8 8
S 307 S 307 g 30
5 5 5
a aQ a
2 2 2 207
il e [ .
o] bl bel .
H B B 10 E‘-n..,,._h .
s SO
g g t? P ——
0+ 0 - ! 0 -
T T T T T T T T T T T T T T T T T T T T T
2000 2010 2020 2030 2000 2010 2020 2030 2000 2010 2020 2030
Period Period Period

eFigure 5(a). Projections of stomach 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.
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eFigure 5(b). Projections of stomach cancer mortality rates for the population younger than 60 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.
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eFigure 5(c). Projections of stomach cancer mortality rates for the population older than or equal to 60
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.
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Predictive mean of age-standardized mortality rates of lung cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 41.80 41.34 40.58 39.87 39.19 38.53 37.89 37.26 36.65 36.04
immigrants >10 1.27) (1.86) (2.27) (2.75) (3.28) (3.86) (4.46) (5.09) (5.74) (6.4)
Female immigrants < 23.92 22.22 20.56 19.01 17.57 16.24 15.00 13.85 12.79 11.81
10 (4.00) (4.67) (5.38) (6.10) (6.80) (7.45) (8.04) (8.56) (9.01) (9.39)
34.67 30.22 30.63 31.05 31.48 319 32.32 32.73 33.15 33.55
Female locals
(1.76) (3.54) @477 (6.38) (8.29) (10.47) (12.87) (15.48) | (18.31) | (21.33)
Male immigrants >10 102.90 100.18 97.18 94.34 91.71 89.15 86.66 84.19 81.81 79.55
9 (2.43) (4.18) (5.33) (6.72) (8.24) (9.84) (11.47) (13.11) | (14.74) | (16.37)
Male immiarants <10 81.26 79.90 79.81 79.72 79.62 79.50 79.32 79.08 78.78 78.41
9 B (9.21) (10.41) (11.82) (13.42) (15.19) (17.09) (19.09) (21.18) (23.32) (25.53)
Male locals 60.96 52.27 50.83 49.56 48.18 46.64 45.13 43.83 42.67 41.43
(2.82) (4.86) (5.39) (6.13) (6.97) (7.84) (8.76) (9.76) (10.8) (11.8)
Female 1551 1451 13.90 13.29 12.71 12.13 11.57 11.02 10.49 9.98
immigrants>10(<60y) | (1.12) (1.50) (1.76) (2.04) (2.33) (2.62) (2.91) (3.18) (3.43) (3.68)
Female immigrants < | 8.14 7.79 4.79 4.42 4.09
10(<60y) o) (L95) 7.18(2.23) | 6.62(2.53) | 6.10(2.81) | 5.63(3.08) | 5.19(3.32) (353) 3.72) 3.88)
10.25 9.48 7.68 7.38 7.09
Female locals(<60y) 077 089) 9.17(1.02) | 8.87(1.16) | 8.57(1.32) | 8.27(1.49) | 7.97(1.65) 162) (198) 213)
Male 27.81 26.36 24.96 23.64 22.38 21.17 20.03 18.96 17.96 17.03
immigrants>10(<60y) | (2.10) (358) | (3.94) (4.35) (4.79) (5.23) (5.67) (6.10) | (6.51) | (6.90)
Male immigrants < 15.01 13.38 12.02 10.79 9.68 8.69 7.79 6.98 6.25 5.59
10(<60y) (2.98) 371 | 417 (4.59) (4.95) (5.24) (5.46) (5.61) | (569 | (572)
Male locals(<60y) 15.19 14.45 14.03 13.61 13.14 12.65 12.13 11.55 10.93 10.26
Y (0.78) (1.15) (1.29) (1.46) (1.64) (1.82) (2.01) (2.17) (2.31) (2.43)
Female
immigrants >10(2 108.85 107.21 106.26 105.52 104.94 104.51 104.21 104.07 104.06 104.16
60y) (4.80) (5.17) (6.24) (7.54) (9.04) (10.72) (12.57) (14.61) | (16.78) | (19.14)
Female immigrants < 66.16 63.84 59.88 56.14 52.60 49.27 46.14 43.20 40.44 37.85
10(260y) (13.25) (15.72) | (17.50) (19.31) (21.03) (22.66) (24.16) (2552) | (26.74) | (27.81)
Female locals(260y) 77.33 76.53 76.22 75.94 75.69 75.49 75.32 75.19 75.10 75.03
=00y (9.40) (10.11) | (10.85) (11.79) (12.94) (14.28) (15.80) (17.48) | (19.33) | (21.32)
Male 293.56 289.8 286.6 284.28 282.78 281.99 281.88 282.31 283.37 285.03
immigrants>10(260y) | (9.13) (117) | (15.19) (19.51) (24.49) (30.07) (36.31) (43.15) | (50.66) | (58.86)
Male immigrants < 244.88 247.01 251.24 255.62 260.14 264.82 269.61 274.52 279.55 284.69
10(260y) (30.29) (36.85) | (42.94) (50.06) (58.14) (67.14) (77.01) (87.75) | (99.34) | (111.81)
150.75 146.29 143.54 141.84 140.07 138.14 136.65 136.49 137.24 138.26
Male locals(260y)
(16.22) (1846) | (20.58) (23.97) (28.24) (33.39) (39.82) 47.87) | (57.47) | (68.52)

eTable 1. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of lung cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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Predictive mean of age-standardized mortality rates of colon cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Female 20.03 18.95 18.77 18.59 18.42 18.27 18.12 17.98 17.85 17.73
immigrants >10 (0.95) (1.13) (1.37) (1.66) (1.98) (2.33) (2.71) (3.11) (3.53) (3.96)
Female immigrants < 8.11 7.70 7.25 6.82 6.42 6.03 5.67 5.33 5.01 471
10 (2.19) (2.51) (2.81) (3.11) (3.37) (3.61) (3.83) (4.01) (4.17) (4.31)
Female locals 13.77 13.47 13.24 13.01 12.77 12.53 12.29 12.06 11.82 11.59
(1.30) (1.61) (1.72) (1.87) (2.04) (2.24) (2.46) (2.68) (2.92) (3.16)
Male immigrants >10 31.22 29.82 29.66 29.52 29.41 29.30 29.21 29.14 29.06 28.98
9 (1.28) (1.46) (1.79) (2.19) (2.63) (3.11) (3.64) (4.19) (4.78) (5.39)
Male immigrants <10 15.47 16.77 17.02 17.23 17.45 17.67 17.88 18.09 1831 18.50
9 - (2.14) (377 (4.18) (4.64) (5.14) (5.69) (6.27) (6.91) (7.56) (8.26)
Male locals 21.28 19.81 19.39 18.97 18.57 18.18 17.81 17.43 17.06 16.71
(1.38) (2.07) (2.22) (2.42) (2.61) (2.85) (3.12) (3.40) (3.71) (4.03)
Female 7.09 7.36 7.46 7.56 7.65 7.74 7.83 7.92 8.01 8.09
immigrants >10(<60y) | (0.99) (1.12) (1.28) (1.46) (1.68) (1.92) (2.19) (2.48) (2.79) (3.13)
Female immigrants < 311 2.82 2.65 251 2.36 222 2.08 1.95 1.83 1.72
10(<60y) (0.67) (0.86) (0.91) (0.97) (1.02) (1.07) (1.11) (1.14) (1.18) (1.22)
Female locals(<60y) 4.10 3.87 3.73 3.61 3.47 3.34 3.22 311 2.99 2.88
v (0.41) (0.50) (0.54) (0.59) (0.65) (0.70) (0.76) (0.82) (0.88) (0.94)
Male 8.29 7.98 7.85 7.71 7.54 7.36
immigrants >10(<60y) | (0.91) (1.17) (1.38) (1.60) (1.83) (2.08) 111(232) | 697(2.57) | 6.76(281) | 6:55(3.05)
Male immigrants < 5.03 5.18 5.22 5.26 5.30 5.34
10(<60y) (1.44) (1.58) (1.75) (1.93) (2.14) (2.36) 538(259) | 543(284) | 547(311) | 551(338)
5.14 4.88 4.66 4.46 4.26 4.08
Male locals(<60y) (0.43) (063) 0.79) (096) (113) (131) 3.91(1.48) | 3.73(1.65) | 3.57(1.82) | 3.42(1.97)
Female 52.16 49.21 48.70 48.26 47.87 47.54 47.26 47.05 46.91 46.81
immigrants >10(260y) | (2.59) (2.99) (3.56) (4.26) (5.05) (5.94) (6.90) (7.94) (9.06) (10.26)
Female immigrants < 24.01 2244 21.69 20.95 20.23 19.52 18.84 18.17 1751 16.86
10(260y) (5.83) (6.56) (6.96) (7.38) (7.80) (8.23) (8.66) (9.08) (9.49) (9.90)
Female locals(260y) 37.42 36.69 36.29 35.87 35.46 35.04 34.61 34.19 33.77 33.34
=6l (5.31) (5.74) (6.06) (6.46) (6.95) (7.5) (8.12) (8.79) (9.51) (10.27)
Male 84.17 82.72 82.16 81.64 81.19 80.81 80.47 80.15 79.85 79.56
immigrants >10(260y) | (3.55) (4.09) (4.95) (5.97) (7.12) (8.39) 9.77) (11.24) (12.81) (14.45)
Male immigrants < 43.25 4493 45.62 46.30 46.96 47.61 48.25 48.88 49.51 50.13
10(260y) (11.07) | (13.09) | (14.52) (16.09) (17.80) | (19.64) | (21.62) (23.73) (25.97) (28.34)
Male locals(>60y) 55.79 54.89 53.75 52.63 51.54 50.47 49.43 48.42 47.42 46.44
=5, (6.86) (7.65) (8.03) (8.52) (9.12) (9.8) (10.55) (11.37) (12.25) (13.16)

eTable 2. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of colon cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
listed.
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Predictive mean of age-standardized mortality rates of liver cancer per 100,000 population
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
. . 11.34 10.68 10.09 9.54 9.01 8.50
Female immigrants >10 (0.66) 0.71) (0.85) (1.01) (1.16) (131) 8.02(1.45) | 7.57(1.59) | 7.14(1.72) | 6.74(1.83)
9.15 8.66 8.38 8.11 7.84 7.58
immi <
Female immigrants <10 (155) (182) (1.95) (2.08) (222) (2.36) 7.32(2.49) | 7.07(2.63) | 6.82(2.76) | 6.58(2.88)
6.72 6.36 6.08 5.81 5.563 5.26
Female locals 059 | 089 | 090 |09 097) (L01) 5.01(1.06) | 4.77(1.11) | 4.53(1.15) | 4.3(1.21)
. . 52.17 49.22 47.76 46.35 45.01 43.67 42.37 39.89 38.71
> . .
Male immigrants >10 @78 | @36 | @93 | @359 | @31 (505 | (581) 4L1656) | 7 33, (8.08)
Male immigrants <10 42.33 39.03 37.39 35.81 34.26 32.76 3131 2991 28.56 27.25
9 - (5.87) (6.49) (7.47) (8.51) (9.58) (10.63) (11.65) (12.62) (13.54) (14.40)
Male locals 24.22 22.16 21.02 19.91 18.85 17.83 16.85 15.92 15.03 14.18
@77 | 09 | 222) | (239 (2.58) 2.79) | (3.03) (3.21) (3.40) (3.59)
Female 3.62 3.39 3.29 3.20 3.12 3.04
immigrants >10(<60y) (0.45) (0.52) (0.57) (0.63) (0.69) (0.75) 2.96(082) | 2:89(0.89) | 282(0.96) | 2.75(1.03)
Female immigrants < 4.10 381 3.69 3.57 3.46 3.36
10(<60y) (079) | (0.91) | (0.96) | (1.02) (1.08) (1.15) 325(1.22) | 315(1.29) | 3.06(136) | 2.97(143)
1.50 1.37 1.29 1.22 1.16 1.10
Female locals(<60y) 013 | 02 021 | 023 (0.24) (0.26) 1.04(0.27) | 0.99(0.29) | 0.94(0.30) | 0.89(0.31)
Male 26.32 24.04 23.02 22.05 21.13 20.25 19.41 18.62 17.86 17.14
immigrants >10(<60y) 11) | 235 | (263) | (2.94) (3.27) (3.61) | (3.95) (4.30) (4.64) (4.98)
Male immigrants < 25.52 22.56 21.71 20.87 20.04 19.22 18.42 17.63 16.86 16.11
10(<60y) (2.99) | (396) | (4.44) | 4.94) (5.45) (5.95) | (6.45) (6.91) (7.36) (7.78)
8.25 7.47 6.97 6.52 6.11 5.73
Male locals(<60y) 069 | 074 | 079 | ©086) 093) L01) 5.38(1.08) | 5.04(1.15) | 4.73(1.21) | 4.44(1.27)
Female immigrants >10(2 33.67 29.63 27.99 26.42 24.92 23.49 22.13 20.85 19.64 18.50
60y) (1.88) | (201) | (2.36) | (2.75) (3.14) (3.52) (3.88) (4.23) (4.55) (4.85)
Female immigrants <10(2 21.72 19.08 18.38 17.71 17.03 16.39 15.76 15.16 14.57 14.01
60y) (511) | (5.81) | (6.14) | (6.48) (6.83) (7.16) (7.49) (7.80) (8.11) (8.39)
Female locals(260y) 20.63 18.41 17.55 16.72 15.91 15.11 14.34 13.59 12.87 12.17
=R (303) | (323) | (326) | (332) (3.40) (349) | (359 (3.69) (3.81) (3.93)
Male immigrants >10(2 115.39 113.96 11343 | 113.17 113.16 113.37 113.79 114.39 115.19 116.17
60y) @54) | (595 | (7.65) | (9.70) (12.04) (14.66) | (17.56) (20.73) (24.18) (27.91)
Male immigrants <10(2 88.61 85.14 82.59 80.02 77.42 74.83 72.23 69.64 67.07 64.52
60y) (15.58) | (18.85) | (20.6) | (22.44) | (24.34) (26.24) | (28.12) (29.94) (31.70) (33.38)
Male locals(>60y) 62.88 58.95 56.51 54.14 51.84 49.61 47.46 45.38 43.38 41.45
=5, (597) | (7.91) | (8.20) | (8.61) (9.12) (9.70) (10.33) (11.01) (11.68) (12.36)

eTable 3. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of liver cancer per
100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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1
2
2 Predictive mean of age-standardized mortality rates of pancreatic cancer per 100,000 population
5 Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
6 Female 1089 | 11.11 | 11.36 | 11.61 11.87 12.14 12.42 1271 13.01 1330285
7 immigrants >10 062) | (0.75) | (091) | (1.09) (1.31) (1.56) (1.84) (2.15) (2.48) 3289
8
9 Female immigrants < 551 544 544
o 10 wa | ase | aeo 543(1.84) | 542(1.99) | 541(2.15) | 5.39(2.32) | 5:36(2.49) | 5.34(2.66) | 5.31(2.84)
11

879 | 9.01 9.15 10.14
:g Female locals 110 | a22) | @se | 920048) | 943(164) | 957(L83) | 9.71(205) | 985(228) | 998(254) | ) oo
14 Male immicrante 10| 1630 | 1787 | 1848 | 1011 19.78 2047 2118 2192 22.69 23.49
15 ale immigrants (0.98) | (L19) | (149) | (1.87) (2.32) (2.83) (342) (4.07) (4.81) (5.61)
16
17 N 810 | 7.87 7.76
18 Male immigrants <10 202 |G | @53 7.64(2.70) | 7.51(2.87) | 7.38(3.05) | 7.24(3.23) | 7.09(3.41) | 6.95(3.58) | 6.81(3.75)
19
20 Male locals 1197 | 1229 | 1249 | 12.69 12.91 13.11 1333 1355 1378 14.02
py (1.26) | (149) | (1.64) | (1.83) (2.06) (2.33) (2.63) (2.97) (3.34) (3.74)
22 Female 347 | 362 374 3.87(0.77) | 4.01(0.89) | 4.14(1.02) | 4.28(1.18) | 4.42(1.34) | 457(153) | 4.72(1.73
23 immigrants >10(<60y) | (0.33) | (0.57) | (0.66) 87(0.77) | 401(089) | 414(1.02) | 4.28(1.18) | 4.42(1.34) | 457(1.53) | 4.72(1.73)
24
25 Female immigrants < 1.12 1.21 1.22
%6 10(<60y) 033) | 048 | 052 1.23(0.56) | 1.24(0.61) | 1.25(0.66) | 1.26(0.71) | 1.26(0.77) | 1.27(0.83) | 1.28(0.89)
27
28 Female locals(<60y) 276 | 288 291 2.93(0.48) | 2.96(0.55) | 2.99(0.63) | 3.02(0.71) | 3.04(0.81) | 3.07(0.90) | 3.10(1.01)
29 0.27) | (036) | (0.41)
30 Male 688 | 7.05 7.24
31 immigrants >10(<60y) | (0.98) | 11D | (1.32) 7.43(1.56) | 7.62(1.84) | 7.82(2.16) | 8.01(2.50) | 8.21(2.88) | 8.40(3.30) | 8.61(3.75)
32
33 Male immigrants < 2.20 2.01 1.95
32 10(<60y) o | oes | ooy 19(0.94) | 1.84(0.99) | 1.79(1.04) | 1.74(1.09) | 1.69(1.14) | 1.64(1.19) | 1.60(1.24)
35

416 | 433 441
g? Male locals(<60y) 035) | 048) | 057y | +46068) | 45308L) | 4610.04) | 469(109) | 477(126) | 485(144) | 4.95(L63)
38 Female 2858 | 2945 | 2991 | 30.38 30.85 31.33 31.81 32.29 32.78 33.27
39 immigrants >10(260y) | (1.83) | (211) | (2.54) | (3.06) (3.66) (4.33) (5.08) (5.91) (6.79) (7.74)
40
41 Female immigrants < | 1679 | 1565 | 1549 | 1533 15.16 14.97 14.79 1459 1439 14.19
42 10(260y) (5.29) | (6.08) | (6.71) | (7.36) (8.03) 8.73) (9.43) (10.14) (10.86) (11.58)
43
44 Female locals(260y) 2280 | 2385 | 2421 | 2456 24.91 25.25 25.58 25.90 26.22 26.54
45 = 4.23) | (446) | (481) | (5.23) (5.73) (6.30) (6.95) (7.67) (8.47) (9.34)
46 Male 4270 | 4436 | 4585 | 47.41 49.04 50.73 52.48 54.28 56.16 58.11
47 immigrants >10(260y) | (255) | (302) | (3.76) | (4.69) (5.78) (7.05) (8.50) (10.13) (11.95) (13.98)
48
49 Male immigrants < 2468 | 2396 | 2387 | 23.75 23.61 2345 23.28 23.09 22.89 22.68
50 10(260y) 821) | (9.01) | (9.74) | (1052) (11.33) (12.17) (13.04) (13.93) (14.83) (15.75)
51
52 3010 | 31.17 | 3155 | 31.93 32.30 32.66 33.01 33.35 33.69 34.03
53 Male locals(=60y) 4.68) | (522) | (563) | (6.14) (6.75) (7.45) (8.23) (9.11) (10.08) (11.12)
54 eTable 4. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of pancreatic cancer
55 per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
56 2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also
57 listed.
58
59
60
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Predictive mean of age-standardized mortality rates of stomach cancer per 100,000 population
Year 2021 2022 2023 2024 | 2025 | 2026 | 2027 | 2028 2029 | 2030
Female immicrants 510 | £2° 7.95 7.71 7.47 7.25 7.03 6.83 6.62 6.43 6.24
9 (0.55) (0.62) (0.74) (0.87) 101 | @15 | @29) | @43) | 157 (1.71)
Female immigrants < 7.51 7.36 7.33 7.30 7.28 7.27 7.27 7.28 7.31 7.33
10 (1.44) (1.56) (1.69) (1.85) 201) | 220) | (240) | (261) | (2.84) (3.09)
Female locals 5.26 491 475 461 4.47 434 421 408 3.95 3.83
(0.40) (0.52) (0.57) (0.63) ©071) | ©77) | 084 | (091) | (0.99) (1.06)
I 15.22 13.89 12.81 1231 | 1183 | 1138 | 1095 | 1054 10.15
> . .
Male immigrants >10 | ¢, (0.97) 133421 |1 46 @73) | @99 | 28 | @51 | (@76 (3.01)
Male immiarants <10 | 1583 15.21 15.07 14.93 1479 | 1464 | 1451 | 1435 | 1419 14.03
9 = (3.04) (3.38) (3.67) (3.98) 431) | 465 | (502 | (539 | (578) 6.17)
8.14 8.07 7.73 7.10 6.81 6.51 6.23 5.97 5.71
Male locals (0.89) (0.99) (1.03) TAAOD | 13 | a19) | aze) | 133) | (139 (1.46)
Female 481 4.69 462 455 4.47 439 431 422 413 403
immigrants >10(<60y) | (0.56) (0.79) (0.87) (0.96) o7 | @1 | @29 | @4y | 152 (1.64)
Female immigrants < 3.89 4.08 4.10 4.13 4.17 421 4.24 4.28 4.32 4.36
10(<60y) (0.80) (0.93) (1.03) (1.14) w27 | @41 | @ss) | @70y | 87 (2.05)
Female locals(<60y) 228 2.08 1.98 1.88 1.79 171 161 1.53 1.44 137
v (0.21) (0.27) (0.29) (0.32) 035 | (037) | (041) | (043) | (0.45) (0.47)
Male 4.94 471 455 441 425 412 3.98 3.86 3.74 3.63
immigrants >10(<60y) | (0.57) (0.79) (0.89) (0.99) (110) | @21) | @32) | 43) | (154) (1.65)
Male immigrants < 481 470 4.66 463 459 455 452 4.48 4.44 441
10(<60y) (1.31) (1.42) (1.55) (1.69) 183 | 199) | 215 | (232) | (2.50) (2.68)
Male locals(<60y) 248 237 228 221 212 2.04 197 1.91 1.83 1.77(0.
v (0.21) (0.29) (0.32) (0.35) 038) | (042) | (045) | (049) | (0.52) 55)
Female 17.80 16.23 15.65 15.08 1455 | 1403 | 1354 | 1307 | 1262 12.19
immigrants >10(260y) | (1.04) (1.26) (147) (1.70) 194) | 218) | (243) | (268) | (2.92) (3.16)
Female immigrants < 14.72 13.01 12.52 12.03 11.55 11.08 10.63 10.19 9.76(6.56) 9.34
10(260y) (4.29) (4.83) (5.11) (5.37) 563 | 588 | (612) | (635) i\ (6.75)
12.20 11.86 1167 11.49 1133 | 1118 | 1104 | 1091 10.68
>
Female locals(=60y) (1.66) (1.84) (1.98) (2.15) 235 | @58 | @8y | @iy |107°CY | 571
Male immigrants >10(2 | 37.23 36.59 3517018 | 3382 3255 | 3134 | 3019 | 2908 | 2802 27.01
60y) (2.29) (2.56) S (3.86) 457) | (528) | (601) | (670) | (7.40) (8.07)
Male immigrants < 4230 4143 41.03 40.61 4017 | 3971 | 3924 | 3875 | 3823 37.71
10(260y) (10.88) (11.78) (12.71) (13.70) (14.75) | (15.85) | (16.99) | (18.16) | (19.35) (20.57)
23.04 22,69 2216(48 | 2189 | 2161 | 2152 | 2174 | 2217 22.73
>
Male locals(=60y) (3.29) (3.56) 22.37(407) | G86) | (722) | (9020 | 129 | 14.03) (17.28)

eTable 5. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of stomach cancer
per 100,000 population for each gender, age group (less than, greater or equal to 60 years old) and immigrant status from
2022 to 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also

listed.
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Predictive mean of age-standardized mortality rates of prostate cancer per 100,000 population

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

14.81

Male immigrants >10 (0.61) 14.59 14.57 14.56 14.54 1451 14.48 14.45 14.42 14.38

©.79) | 0.96) | (1.15) | (1.37) (1.61) (1.86) (2.13) (2.42) 2.72)

oNOYTULT D WN =

9.03
8.78 8.58 8.39

immi < 2.95

Male immigrants <10 | (2.95) G11) | 329) | (349) | 19G69) | 810(89) | 782411) | 763(431) | 745(451) | 727(472)

10 9.54
1 Male locals (1.40) ?1‘6:7) ?1‘6676) ?1‘6797) 9.72(1.91) | 9.75(2.06) | 9.78(2.23) | 9.82(2.43) | 9.86(2.64) | 9.9(2.88)

0.57

13 Male 0.52 0.51 0.50
0.12 49(0. 48(0. 47(0. 46(0. 45(0. 44/(0.

14 immigrants >10(<60y) (0.12) ©17) ©.19) ©21) 0.49(0.22) | 0.48(0.24) | 0.47(0.25) | 0.46(0.27) | 0.45(0.29) | 0.44(0.31)

15 0.65
16 Male immigrants < 0,59 0.73 0.81 0.87
10(<60y) (0.59) 0.77) (0.93) (1.10) 0.94(1.31) | 1.01(1.51) | 1.09(1.75) | 1.16(2.02) | 1.24(2.32) | 1.33(2.64)

18 0.63
0.66 0.66 0.66
19 Male locals(<60y) ©12) | V| 016 | 019 | C6702D | 067024 | 067027) | 068031) | 068(033) | 069(037)

49.43
21 Male immigrants >10(z | , .o | 4961 | 4963 | 4964 | 49.64 49.64 49.63 49.62 49.61 49.58(9.3
22 60y) ' @73) | (329) | (394) | (4.68) (5.51) (6.38) (7.32) (8.32) 7

23 28.29

24 Male immigrants < (015 | 2766 | 2653 | 254 24.28 23.16 22.07 21.01 19.96 18.95(12.
25 10(260y) ' 9.78) | (10.21) | (10.63) | (11.03) (11.41) (11.76) (12.09) (12.38) 63)

26 31.57

27 Male locals(>60y) (5.17) 31.48 31.40 31.32 31.24 31.15 31.06 30.96 30.86 30.74(9.2

(549) | (5.76) | (6.09) | (6.48) (6.94) (7.44) (8.01) (8.61) 6)

29 eTable 6. Predictive means and standard deviations (in brackets) of age-standardized mortality rates of prostate cancer
30 per 100,000 population for each age group (less than, greater or equal to 60 years old) and immigrant status from 2022 to
31 2030. Reported means and standard deviations (in brackets) of age-standardized mortality rates in 2021 are also listed.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.

Page
Reporting Item Number
Title and
abstract
Title #la  Indicate the study’s design with a commonly used term in the title or 1
the abstract
Abstract #1b  Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background / #2 Explain the scientific background and rationale for the investigation 4
rationale being reported
Objectives #3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design #4 Present key elements of study design early in the paper 5
Setting #5 Describe the setting, locations, and relevant dates, including periods 5
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of recruitment, exposure, follow-up, and data collection

1

2

3 Eligibility criteria #6a  Give the eligibility criteria, and the sources and methods of selection 5
4 of participants. Describe methods of follow-up.

5

? Eligibility criteria #6b  For matched studies, give matching criteria and number of exposed n/a
8 and unexposed

9

:? Variables #7 Clearly define all outcomes, exposures, predictors, potential 5
12 confounders, and effect modifiers. Give diagnostic criteria, if

13 licabl

It applicable

15 . . . .

16 Data sources / #8 For each variable of interest give sources of data and details of 5
17 measurement methods of assessment (measurement). Describe comparability of

18 . . .. .

19 assessment methods if there is more than one group. Give information

20 separately for for exposed and unexposed groups if applicable.

21

;g Bias #9 Describe any efforts to address potential sources of bias 5
24

25  Study size #10  Explain how the study size was arrived at 5
26

27 Quantitative #11  Explain how quantitative variables were handled in the analyses. If 5
2 . . . < .

22 variables applicable, describe which groupings were chosen, and why

30

31  Statistical #12a Describe all statistical methods, including those used to control for

gg methods confounding

34

35 9

36

37  Statistical #12b Describe any methods used to examine subgroups and interactions 5
gg methods

40

41  Statistical #12c Explain how missing data were addressed 5
42 methods

43

44 . . .

45  Statistical #12d If applicable, explain how loss to follow-up was addressed n/a
46 methods

47

23 Statistical #12e Describe any sensitivity analyses

50  methods

51

52 n/a

53

54

55 Results

56

57  Participants #13a Report numbers of individuals at each stage of study—eg numbers n/a
gg potentially eligible, examined for eligibility, confirmed eligible,
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Participants #13b
Participants #13c
n/a

Descriptive data ~ #14

o

Descriptive data #14b
n/a

Descriptive data ~ #14c¢
n/a

Outcome data #15
n/a

Main results #16a
Main results #16b
Main results #16¢
n/a

Other analyses #17
Discussion
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included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage 5

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, clinical, 5
social) and information on exposures and potential confounders. Give
information separately for exposed and unexposed groups if

applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted 6
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were

included

Report category boundaries when continuous variables were n/a

categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and 7

interactions, and sensitivity analyses
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; Key results
3 e
4 Limitations
5

6

7

8

9 Interpretation
10

11

12

13

14 Generalisability

Other

18  Information

Funding

26  The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY.
27 This checklist was completed on 11. February 2023 using https://www.goodreports.org/, a tool made by the

H
—
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#20

#21

#22
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Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and magnitude of

any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence.

Discuss the generalisability (external validity) of the study results

Give the source of funding and the role of the funders for the present
study and, if applicable, for the original study on which the present
article is based

29 EQUATOR Network in collaboration with Penelope.ai
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