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Abstract

We examined the overall and site-specific cancer mortality disparities among first-generation—separately in adults (G1) and children
(G1.5) at immigration—and second-generation (G2) immigrants and their countries of origin, using population-based registries in
Sweden, encompassing more than 8.5 million individuals aged 20 years or older residing in Sweden since 1990, with follow-up until
December 31, 2023. Cox proportional hazard models were fitted, stratified by sex, to estimate hazard ratios and 95% CIs compared
with native Swedes. Mortality rates for most cancers transitioned from lower in G1 toward the rate of natives in G2. However, elevated
mortality rates were sustained across generations for liver cancer in men and stomach cancer in women. Among G2, mortality rates
associated with lymphohematopoietic cancers in men and lung and cervix uteri cancers in women were elevated y 10%, 9%, and 17%,
respectively, compared to native Swedes. Country of origin analyses revealed substantial disparities. For instance, G2 women with Nordic
parental origin had a 13% higher risk of death from lung cancer, whereas those with non-Western parental origin had a 54% lower risk,
as compared to native Swedes. These findings suggest generational and arrival-age dynamics of cancer mortality and highlight target
groups for cancer prevention and control among immigrants.
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Introduction This mortality trend is often explained by “the health conver-
gency” concept, referring to the mortality advantage observed
in first-generation immigrants?-*>—also known as the “healthy
migrant effect"—whereby mortality rates tend to decline over
time and with the subsequent generations.’® Given the diverse
nature of cancer types, each with distinct etiologies and pro-

gressions, the observed resemblances in all-site cancer mortality

Sweden has a long history of immigration, with a significant
increase in migration since the end of World War II that has
reshaped the demographic landscape of the country. This trajec-
tory is expected to continue.? Consequently, the descendants
of immigrants—the so-called second-generation immigrants and
children who arrived at a young age—are growing in propor-

tion and diversity, and in the proportion of age categories in
which cancer incidence and mortality rates are high. These trends
result in a demand for an emphasis on health studies among
these population segments to improve the health care response.
Second-generation immigrants were estimated to account for
approximately 14% of the total population in 2023, and the
percentage of live births to immigrant mothers has increased from
18% in 2000 to 31% in 2021 in Sweden.’

Although descendants of immigrants had elevated all-cause
mortality rates compared with the native population in sev-
eral studies,>” the overall cancer mortality rate often resembles
that of native individuals in Sweden®° and other countries.’®:!?

rate with the native population may obfuscate cancer-specific
differences. However, detailed analyses of mortality disparities by
specific cancer types are limited. Furthermore, cancer mortality
rates of young immigrants at arrival are barely assessed, despite
some studies reporting elevated overall mortality in this group
compared with the native population.'” Immigrants who arrive at
a young age tend to have a longer potential exposure to the host
country’s environment and undergo acculturation at a faster pace
than those who migrate later in life.

Immigrant parents often pass on genetic predisposition,
cultural behaviors, and lifestyle choices to their children. This
may contribute to differences in cancer mortality rates among

Received: July 26, 2024. Accepted: September 25, 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.

9202 UoIe\ £} uo sasn 1yBidiey B|osIO °S - euBojog Ip eiallepasdO epusizy Aq G/80182/52€Z/8/¥6 /o101 ale/woo dno-oiwapede/:sdpy wolj papeojumoq


https://orcid.org/0000-0002-3265-6034
https://orcid.org/0000-0002-0269-4945
https://orcid.org/0000-0002-3811-2791
https://orcid.org/0000-0001-9536-6440
https://orcid.org/0000-0002-6973-0381

 39227
24665 a 39227 24665 a
 
mailto:Daniel.Tollosa@su.se
mailto:Daniel.Tollosa@su.se
mailto:Daniel.Tollosa@su.se

2326 | American Journal of Epidemiology, 2025, Volume 194, Number 8

Total population registry in 2020 with migration and
multigeneration data

(N = 15358 520)

LISA registry (1990-
2020)
(n=225793771)

Cause of death registry
(n=3070709 deaths
between 1990 and 2023)

n=1222990392
(Multiple observations per individual)

U

Last observation for each individual
n=11254762

Unknown country of
birth (n = 185 490)

ﬁ
and did not return
U Excluded before 2023 (1 =

Emigration from
Sweden before 1990

156 331, of whom

Final study population
(n=28655067)
Natives = 5575527
Gl:n=1886356
G1.5: n =423 065

same country)

G2: n="770 119 (~27% have parents from

135565 were born in
Sweden)

Generation groups not
defined (n =2 099 382)

Figure 1. Final study population and exclusion criteria, Sweden, 1990-2023. The Longitudinal Database of Health, Insurance, and Labor Market Studies
(LISA) includes multiple observations of individuals aged >20 years. Excluded multiple observations at age <20 years (n = 14 907 924). G1, adult
(arrived when aged >18 years) first-generation immigrants; G1.5, child (arrived when aged <18 years) first-generation immigrants; G2, children of

immigrants born in Sweden (second-generation immigrants).

second-generation immigrants, especially when socioeconomic
inequalities extend from the first-generation immigrants to their
offspring. For instance, Rooth et al.'® noted that children of immi-
grants, particularly those having a non-European background
and, to some extent, those with a South European background,
had lower employment rates and incomes than natives in
Sweden. The impact of socioeconomic status on cancer mortality
disparities is well documented in many studies.'®-?°

Previous studies examining cancer mortality disparities among
immigrants in Sweden have been limited, focusing either on all-
site cancers or only on first-generation immigrants, and they are
outdated and lacked statistical power. We explored disparities
in cancer mortality rates—all sites combined and 13 specific
cancers—by immigrant generations and their countries of ori-
gin in Sweden, using cancer mortality data from between 1990
and 2023.

Methods
Cohort and data sources

We conducted a population-based cohort study, including adult
individuals aged 20 years or older who had been residing in
Sweden since January 1, 1990, and followed them until they
emigrated, died, or reached the end of the study on December
31, 2023, whichever came first. Multiple Swedish registry data
sources were used and merged using a pseudonymized personal
identification number. Information about the participant’s back-
ground (specifically, the country of birth), date of birth, sex, and in-

and out-migration data were obtained from the Total Population
Registry?’ The Multi-Generation Registry was used to extract the
links of individuals with their biological parents.?? Information
about the sociodemographic characteristics (eg, education, dis-
posable income, and civil status) was taken from the Longitu-
dinal Database of Health, Insurance, and Labor Market Studies,
which collects annual data covering the Swedish population aged
>16 years registered since 1990 (individuals aged 15 years added
since 2010).>* The Cause of Death Registry was used to retrieve
information on the date and underlying causes of death, com-
pleted with the corresponding International Classification of Dis-
eases, Ninth Revision (ICD-9; from 1990 to 1996) and ICD-10 (from
1997 onward) codes.?® Figure 1 shows the selection of the study
population and exclusion criteria.

The study was approved by the Swedish Ethical Review Author-
ity (decisions 2017/716-31/5 and 2023-02550-02).

Variables

Background information of the individuals (ie, either born in
Sweden or another country and age at immigration), specifically
for those born outside Sweden, was used to categorize them into
1) people who were born in Sweden (natives) along with their
parents; 2) adult first-generation immigrants (G1), thatis, foreign-
born individuals who migrated to Sweden at age 18 years or
older; 3) child first-generation immigrants (G1.5), that is, foreign-
born individuals who migrated to Sweden before the age of 18
years; and 4) descendants of immigrants (second generation [G2]),
those born in Sweden with at least 1 foreign-born parent. We
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further grouped immigrant generations into the following regions
and countries based on their country of birth for G1 and G1.5,
and parents’ birth countries for G2: Nordic (Finland, Denmark,
Norway); all Europe excluding Nordic (ie, Central and Eastern
Europe include Poland, former Yugoslavia, former Czechoslovakia,
Estonia, other former Soviet Union countries excluding Estonia,
and the rest of Europe); non-Western regions (South America, the
Middle East, Asia, and Africa); and rest of the world. Analyses were
also performed for specific countries with a reasonable number of
cancer deaths across the generation groups. The following criteria
were used to determine the country of origin for G2 individu-
als: 1) if parents came from different regions/countries, priority
was given to the non-Western origin/country, or 2) the mother’s
country of birth was used for those who had a different parental
country of birth but came from the same region. However, if the
mother was born in Sweden, we used the father’s country of birth.

The primary outcome of this study was death due to cancer,
all cancers combined (ICD-9: 140-239; ICD-10: C00-C99) and
specifically for lung (ICD-9: 162; ICD-10: C33-C34), colorectal
(ICD-9: 153-154; ICD-10: C18-C21), pancreas (ICD-9: 157; ICD-10:
C25), liver (ICD-9: 155; ICD-10: C22), stomach (ICD-9: 151; ICD-10:
C16), brain and central nervous system (CNS) (ICD-9: 191-192;
ICD-10: C70-C72), lymphohematopoietic (ICD-9: 200-208; ICD-10:
C81-C85 and C90-C96), melanoma (ICD-9: 172; ICD-10: C43), and
sex-specific cancers including prostate (ICD-9: 185; ICD-10: C61)
in men, and breast (ICD-9: 174; ICD-10: C50), cervix uteri (ICD-9:
180, ICD-10: C53), corpus uteri (ICD-9: 182, ICD-10: C54), and ovary
(ICD-9: 183, ICD-10: C56) in women. Owing to a small number of
events for other cancers, especially in G1.5 and G2 groups, we
restricted our analysis by country of origin for cancers of the
lung, colorectal, female breast, prostate, cervix uteri, stomach,
and male lymphohematopoietic cancers.

Covariates in this study were attained age, education level
(classified into primary school, secondary school, college/univer-
sity, or unknown or missing data); individuals’ disposable income
(divided into quintile groups: very low, low, medium, high, and very
high), and marital status (single, married, divorced, or widowed).
All these characteristics were observed at the exit date of the
study. Estimates were also adjusted for calendar period split into
S5-year intervals from 1990-1994 to 2015-2019, and 2020-2023.

Statistical methods

Cox proportional hazard regression models with age as the under-
lying time scale were fitted to assess the relative risk of all-
cancer and cancer-specific mortality rates and represented as
hazard ratios (HRs) with corresponding 95% ClIs. The HRs were
estimated by generation groups (G1, G1.5, and G2) and country
of origin (forest plots were used to visualize the HRs), using
native individuals as a reference group. Two multivariable Cox
regression models were fitted: a simple model, adjusting for age
and calendar year, and a fully adjusted model, adjusting for
age, calendar year, disposable income, education, and marital
status. All analyses were stratified by sex. The Akaike information
criterion and Bayesian information criterion were used for model
selection, suggesting that the model with all covariates best fits
the data in all regression models. Stata software (version 17; Stata
Corp) was used for analyses.

Results
Characteristics of the study population

The study included 8655067 individuals, accumulating 195 mil-
lion person-years and 308 098 cancer deaths. The immigrant gen-

erations (G1, G1.5, and G2) comprised 20%, 5%, and 9% of the
total study population, respectively. The distribution of disposable
income and educational status is comparable between native
Swedes and G2 individuals; however, relative to the other gener-
ation groups, a low proportion of G1.5 individuals completed ter-
tiary education, and a high proportion of G1 and G1.5 individuals
were in the lowest quantile group than the native individuals. This
difference was more notable in women (Table 1).

All-site and specific-cancer mortality by
immigrant generations

Mortality rates of G1 immigrants generally were either signifi-
cantly lower or not notable differences in mortality rates for most
cancer types compared with native Swedes. However, elevated
mortality rates were observed in men for all-site cancers com-
bined (HR = 1.07; 95% CI, 1.06-1.09), lung (HR = 1.71; 95% CI, 1.65-
1.76), stomach (HR = 1.72; 95% CI, 1.61-1.84), and liver (HR = 1.39;
95% CI, 1.30-1.49), and in women for stomach cancer (HR = 1.61;
95% CI, 1.47-1.76) (Table 2).

Among G1.5 immigrants, men had elevated mortality rates for
all-site cancer (HR = 1.10; 95% CI, 1.06-1.14) and particularly for
lung (HR = 1.32; 95% CI, 1.22-1.43), stomach (HR = 1.70; 95%
CI, 1.45-1.99), and liver (HR = 1.34; 95% CI, 1.14-1.56) cancers
compared with native Swedes. Conversely, mortality rates for
melanoma (HR = 0.65; 95% CI, 0.52-0.83) and brain and CNS
cancers (HR = 0.81; 95% CI, 0.69-0.95) were lower in this group. In
female G1.5 immigrants, mortality rate was significantly higher
only for stomach cancer (HR = 1.78; 95% CI, 1.50-2.12), whereas
the rates were lower for all-site cancer (HR = 0.92; 95% CI, 0.88-
0.95) and, in particular, for breast (HR = 0.86; 95% CI, 0.78-0.93),
colorectal (HR = 0.88; 95% CI, 0.79-0.97), melanoma (HR = 0.53;
95% CI, 0.40-0.69), brain and CNS (HR = 0.71; 95% CI, 0.58-0.86),
and ovarian (HR = 0.81; 95% CI, 0.71-0.94) cancers compared with
the rate of native Swedes (Table 2).

For most cancer sites, mortality rates did not significantly differ
among G2 immigrants compared with native Swedes; however,
elevated mortality rates were observed in men for all-site cancers
(HR = 1.04; 95% CI, 1.02-1.07) and cancer of the liver (HR = 1.30;
95% CI, 1.16-1.45) and lymphohematopoietic cancers (HR = 1.08;
95% CI, 1.00-1.18); and, in women, for cancers of the lung (HR =
1.09; 95% CI, 1.03-1.16), stomach (HR = 1.27; 95% CI, 1.08-1.51),
and cervix uteri (HR = 1.18; 95% CI, 1.01-1.38) (Table 2).

Region and country-specific estimates

Figure 2 (men) and Figure 3 (women) present adjusted HRs with a
forest plot for all-site cancer and selected cancer types by country
of origin. The corresponding HRs with 95% Cls are presented in
Tables S1 and S2.

All-site cancer mortality

The all-site cancer mortality rate was elevated in G1 immigrant
men from Nordic (HR = 1.20; 95% CI, 1.17-1.22) and other Euro-
pean countries, particularly central and eastern Europe coun-
tries (HR = 1.19; 95% CI, 1.15-1.22); conversely, it was lower in
non-Western G1 immigrant men (HR = 0.89; 95% CI, 0.86-0.92)
compared with native Swedish men. G1.5 immigrant men from
Finland (HR = 1.12; 95% CI, 1.07-1.18), Denmark (HR = 1.19; 95%
CI, 1.04-1.36), and former Yugoslavia (HR = 1.19; 95% CI, 1.01-1.40),
as well as G2 immigrant men with Nordic (HR = 1.05; 95% CI, 1.02-
1.8), Polish (HR = 1.21; 95% CI, 1.03-1.40), and former Soviet Union
(HR =1.24; 95% CI, 1.08-1.44) parental origins had elevated all-site
cancer mortality rates compared with the rate of native Swedes
(Figure 2; Table S1).
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Table 2. Hazard ratios and 95% CIs of cancer deaths by immigrant generations compared with native Swedes, overall and by cancer
type in Sweden, 1990-2023.

Male immigrants

Female immigrants

Generation
Cancer type
group® No.of cases  HR (95% CI)° HR (95% CI)° No.of cases  HR (95% CI)® HR (95% CI)°
All sites Gl 33009 1.08 (1.06-1.09)  1.07 (1.06-1.09) 31971 0.93(0.91-0.94)  0.86 (0.84-0.87)
G1.5 3264 1.11(1.07-1.15)  1.10 (1.06-1.14) 3656 1.03 (0.99-1.06)  0.95 (0.92-0.98)
G2 6245 1.04 (1.01-1.07)  1.04 (1.02-1.07) 6125 1.02 (0.99-1.04)  1.02 (0.99-1.05)
Lung G1 8252 174 (1.68-1.79)  1.71(1.65-1.76) 5140 0.89 (0.86-0.93)  0.82 (0.79-0.86)
G15 617 136 (1.25-1.47)  1.32 (1.22-143) 730 1.15 (1.07-1.24)  1.03 (0.96-1.11)
G2 953 1.04 (0.97-1.11)  1.06 (0.99-1.13) 1141 1.08 (1.02-1.15)  1.09 (1.02-1.16)
Prostate G1 4386 0.77 (0.74-0.81) 0.78 (0.74-0.82) NA NA NA
G15 331 099 (0.89-1.12)  0.99(0.89-1.12)  NA NA NA
G2 598 1.01 (0.93-1.09) 1.02 (0.94-1.11) NA NA NA
Breast G1 NA NA NA 4587 0.97 (0.93-1.00)  0.91 (0.87-0.94)
G1.5 NA NA NA 560 0.94 (0.86-1.03) 0.89 (0.82-0.97)
G2 NA NA NA 1148 1.05(0.98-1.11)  1.05 (0.99-1.12)
Colorectal Gl 3446 0.90 (0.86-0.94)  0.91(0.87-0.95) 3599 0.84 (0.80-0.88)  0.79 (0.75-0.83)
G15 381 1.06 (0.95-1.16)  1.06 (0.95-1.17) 371 0.98 (0.88-1.08)  0.91 (0.81-1.01)
G2 748 0.99 (0.91-1.06)  0.99 (0.92-1.06) 565 0.91(0.83-0.99)  0.92 (0.84-1.00)
Stomnach Gl 1752 172 (1.60-1.84) 172 (1.61-1.84) 1324 1.81 (1.66-1.97)  1.61 (1.47-1.76)
G15 172 171 (1.46-2.00)  1.70 (145-1.99) 148 2.04 (1.72-2.41)  1.84 (1.55-2.18)
G2 217 1.07 (0.93-1.22)  1.09 (0.95-1.25) 157 125 (1.06-1.48)  1.26 (1.07-1.49)
Liver Gl 1503 141 (1.32-1.51)  1.39 (1.30-149) 888 115 (1.04-1.27)  1.02 (0.91-1.13)
G1.5 168 1.37 (1.17-1.60) 1.34 (1.14-1.56) 90 1.28 (1.03-1.58) 1.16 (0.94-1.44)
G2 342 1.30 (1.16-1.45)  1.30 (1.16-145) 110 0.94 (0.77-1.14)  0.93 (0.76-1.13)
Pancreas Gl 2270 0.99 (0.94-1.04)  0.99 (0.95-1.05) 2536 0.90 (0.86-0.96)  0.85 (0.81-0.90)
G15 268 1.07 0.95-1.21)  1.06 (0.93-1.20) 319 1.15 (1.03-1.29)  1.07 (0.95-1.20)
G2 536 1.03 (0.94-1.12) 1.03 (0.94-1.12) 437 0.97 (0.88-1.06) 0.98 (0.88-1.08)
Melanoma Gl 470 0.51(0.45-0.56)  0.51(0.45-0.57) 386 0.48 (0.42-0.55) 0.4 (0.38-0.51)
G1.5 74 0.64 (0.50-0.80) 0.65 (0.52-0.83) 53 0.58 (0.44-0.77) 0.55 (0.42-0.72)
G2 227 0.92 (0.80-1.05)  0.91(0.79-1.04) 168 0.99 (0.85-1.17)  1.00 (0.85-1.17)
Brain and central Gl 844 0.68 (0.62-0.73)  0.69 (0.64-0.76) 743 0.78 (0.71-0.85)  0.71(0.65-0.78)
nervous system G15 154 0.80 (0.68-0.94)  0.81(0.69-0.95) 111 0.77 (0.64-0.93)  0.73 (0.61-0.89)
G2 428 0.99 (0.89-1.09)  0.98 (0.88-1.08) 239 0.88 (0.77-1.01)  0.88 (0.77-1.01)
Lymphohematopoietic ~ G1 2802 0.99 (0.94-1.04)  0.99 (0.94-1.05) 2667 1.02 (0.96-1.07)  0.94 (0.88-1.00)
G1.5 309 1.09 (0.97-1.22) 1.10 (0.98-1.23) 252 1.07 (0.94-1.21) 0.99 (0.88-1.13)
G2 635 1.10 (1.01-1.19) 1.08 (1.00-1.18) 368 0.99 (0.89-1.10) 0.99 (0.88-1.10)
Cervix uteri Gl NA NA NA 584 1.13 (1.02-1.26)  1.01 (0.89-1.13)
G1.5 NA NA NA 74 0.98 (0.77-1.24) 0.85 (0.67-1.07)
G2 NA NA NA 174 1.21 (1.03-1.42) 1.17 (1.01-1.37)
Corpus uteri G1 NA NA NA 1013 1.03 (0.94-1.12) 0.99 (0.91-1.08)
G1.5 NA NA NA 86 0.89 (0.72-1.04) 0.83 (0.67-1.03)
G2 NA NA NA 175 1.10 (0.95-1.29) 1.12 (0.96-1.31)
Ovary Gl NA NA NA 1802 0.91(0.85-0.96)  0.87 (0.82-0.93)
G1.5 NA NA NA 214 0.90 (0.78-1.03)  0.84 (0.73-0.97)
G2 NA NA NA 418 1.03 (0.93-1.13) 1.04 (0.94-1.15)

Abbreviations: HR, hazard ratio; NA, not applicable.

3G1 refers to adult (arrived when aged >18 years) first-generation immigrants. G1.5 refers to child (arrived when aged <18 years) first-generation immigrants.
G2 refers to children of immigrants born in Sweden (second-generation immigrants).

PHRs were adjusted for age and calendar year.

“HRs were adjusted for age, educational status, disposable income, marital status, and calendar year.

For most country-level estimates, the all-site cancer mortality
rate was lower in G1 immigrant females compared to the rate of
native Swedes. An exception was female Danish G1 immigrants
who had a 16% increased risk of all-site cancer mortality (HR =
1.16; 95% CI, 1.09-1.24). Among female G1.5 immigrants, all-site
cancer mortality rates were generally lower for most country-
specific estimates compared with native Swedes; however, those
from Africa had an 18% elevated rate of all-site cancer mortality,
although this difference was not statistically significant. Only
female G2 immigrants with Danish parental origin exhibited a sig-
nificantly higher risk of all-site cancer mortality compared with
native Swedish women (HR = 1.13; 95% CI, 1.06-1.22) (Figure 3;
Table S2).

Lung cancer

In all generation groups, the rate of lung cancer mortality was
significantly higher for Nordic men (HR = 1.79 [95% CI, 1.71-1.88]
in G1; HR = 1.35 [95% CI, 1.23-1.49] in G1.5; and HR = 1.10 [95% CI,
1.02-1.19] in G2) compared with native Swedish men. Lung cancer
mortality also was elevated in male G1 and G1.5 immigrants from
Europe (HR = 1.85 [95% CI, 1.76-1.93] and 1.32 [95% CI, 1.13-1.53],
respectively), male G1 immigrants from the Middle East (HR =
1.61; 95% CI, 1.50-1.73) and Africa (HR = 1.33; 95% CI, 1.15-1.53),
and male G2 immigrants with Asian parental origin (HR = 1.93;
95% CI, 1.00-3.70) compared with native Swedes (Figure 2; Table
S1). Except for Nordic immigrants, lung cancer mortality rates
were either significantly lower or were not notably different for
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most country-level estimates among female G1 and G1.5 immi-
grants compared with native Swedish women (Figure 3; Table S2).

Colorectal cancer

The colorectal cancer mortality rate was elevated in male G1
immigrants from Norway (HR = 1.35; 95% CI, 1.14-1.59) and
Estonia (HR = 1.65; 95% CI, 1.22-2.23), whereas the rate was lower
among male G1 immigrants from non-Western countries com-
pared with native Swedish men (Figure 2; Table S1). In women,
colorectal cancer mortality rates were elevated among Danish G1
immigrants (HR = 1.21; 95% CI, 1.01-1.45), G1 immigrants from
Africa (HR = 2.51; 95% CI, 1.25-5.03), and G2 immigrants with
Asian parental origin (HR = 2.13; 95% CI, 1.06-4.26); conversely,
Finish immigrants consistently had a 10% to 15% lower mortality
rate of colorectal cancer across the generation groups (Figure 3;
Table S2).

Breast and cervix uteri cancers

Breast cancer mortality rate was significantly lower in Finnish G1
(HR = 0.93; 95% CI, 0.87-0.99) and G1.5 (HR = 0.79; 95% CI, 0.70-
0.89) immigrants, as well as in non-Western G1 immigrants (HR =
0.81; 95% ClI, 0.75-0.87). However, G2 immigrants with European
parental origin had an elevated mortality rate for breast cancer
compared with native Swedish women (HR = 1.21; 95% CI, 1.09-
1.34). Cervix uteri cancer mortality was higher among G1 immi-
grants from Nordic countries (HR = 1.19; 95% CI, 1.03-1.38), Poland
(HR =1.42; 95% CI, 1.04-1.90), and Estonia (HR = 1.88; 95% CI, 1.37-
3.04), as well as some immigrant offspring (G2) with Nordic and
European parental origin, compared with native Swedes, although
these estimates did not reach statistical significance (Figure 3;
Table S2).

Prostate cancer

The rate of prostate cancer mortality did not significantly differ in
G1.5 and G2 compared with native Swedes. However, lower mor-
tality rates were observed in G1 immigrants from Europe (HR =
0.72; 95% CI, 0.66-0.78) and from non-Western countries (HR =
0.51; 95% CI, 0.46-0.57) (Figure 2; Table S1).

Lymphohematopoietic cancers

Danish G1, non-Western G1.5, and G2 individuals with European
parental origin had elevated mortality rates of lymphohematopoi-
etic cancers (HR = 1.24 [95% CI, 1.03-1.43]; HR = 1.46 [95% CI, 1.07-
1.98]; and HR = 1.21 [95% CI, 1.05-1.39], respectively) compared
with native Swedish men. Apart from these groups, there were no
significant differences in lymphohematopoietic cancer mortality
rates across male generation groups at the country and region
levels (Figure 2; Table S1).

Stomach cancer

G1 and G1.5 immigrants had elevated mortality rates of stomach
cancer in most country-specific estimates. In G2 immigrants, men
from Poland (HR = 2.64; 95% CI, 1.50-4.67) and women from Nordic
countries (HR = 1.38; 95% CI, 1.13-1.62), Estonia (HR = 2.08; 95%
CI, 1.15-3.76), and non-Western countries (HR = 2.53; 95% CI, 1.12-
6.68), parental origin was associated with higher stomach cancer
mortality rates compared with those of native Swedes.

Discussion

The present study provides evidence for disparities in overall and
specific cancer mortality by country of birth among immigrant
generations compared with that of native Swedes. Overall, the

study revealed remarkable variations in cancer mortality by can-
cer type and country of origin across immigrant generations. In
some cancers, high mortality rates were maintained across the
immigrant generations, whereas for others, mortality rates varied
substantially in G2 from the rate in G1 and G1.5, suggesting the
transition in mortality rates across immigrant generations, which
can be explained broadly by variations in biology (genetics) and
other environmental and lifestyle risk factors, as well as factors
determining postdiagnosis survival rates, such as differences in
access and quality of care and treatment adherence.

The mortality advantage of colorectal, pancreatic (in females),
and prostate cancers in G1 was not maintained in subsequent
generations compared with the native population, a finding that
can be attributed to various factors. No or little difference in
postdiagnosis survival rates of these cancers between immigrants
and nonimmigrants was reported in previous studies.”> However,
differences in cancer risk profile among immigrant generations,
such as changes in health behaviors, could remarkably contribute
to the observed disparities. Health behaviors, including physical
activity, dietary intake, alcohol consumption, and tobacco smok-
ing, are crucial, given their substantial impact on cancer risk
and death, accounting for up to 50% of cases. Although lifestyle
changes are influenced by the context and composition of the
immigrant population in the receiving countries,’® immigrants
tend to change their lifestyle in the host country®*-?® and may
pass these changes to the subsequent generations,” suggesting
the convergency of behavioral risk factors toward the native
population.

In the present study, we also noted that the lung cancer mortal-
ity rate in women was lower in G1, but increased in G2, compared
with native Swedish women. In contrast, the higher mortality
rate of lung cancer among G1 men decreased in G2 compared
with the rate in native Swedish men. Differences in the stage at
diagnosis and pattern of cancer care between immigrants and
nonimmigrants in Sweden are minor,*° so their contributions
to lung cancer mortality disparities is likely minimal; instead,
disparities may be strongly linked to variations in risk factors.
Cigarette smoking is the primary risk factor for the incidence
and mortality of lung cancer®' Although Sweden is among the
countries with a decreasing pattern in the prevalence of cigarette
smoking rate (~ 6% daily smokers in 2021, decreased by half
from the rate in 2012), the proportion of smokers is significantly
high among foreign-born men and women, especially immigrants
from Nordic and other European countries, compared with native
Swedes.*”*3 Thus, the high smoking rate among immigrants,
augmented by the likelihood of children of immigrants inheriting
their parents’ smoking habit, as well as being a passive smoker at
home, may explain the observed heightened risk of lung cancer
mortality in both G1 and G2 immigrants compared with native
Swedes.

Another main finding of the study was that, despite some
exceptions, the disparities in cancer mortality rates between G2
and native Swedes were less remarkable, particularly for cancers
with lower mortality rates in G1. This suggests that the pres-
ence of the healthy migrant effect diminishes in subsequence
generations. The findings are aligned with previous studies that
showed a resemblance in mortality rates between natives and
G2 immigrants.'12.15.3% This phenomenon may be attributed to
several factors related to acculturation and cultural assimilation
to the host’s country environment, as well as improved access
to cancer screening and health care among individuals born
and raised in the host country. However, for some cancers, like
cervix uteri cancet, the risk of mortality remained elevated in G2
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immigrants, particularly among those whose parent(s) were born
in the Nordic region. A previous study in Sweden showed that
Nordic female immigrants, except those who are Finnish, have
a higher risk of cervix uteri cancer and a lower attendance rate
for the national recommendation of cervical screening, compared
with Swedish-born women.?> Mousavi et al.*® also revealed that
the higher risk of gynecological cancers, including cervix uteri
cancer, in G1 immigrants, particularly in Danish, Norwegian, and
East European immigrants in Sweden, was also evident in G2
immigrants. Thus, the elevated mortality rate of cervix uteri
cancer observed among G2 female immigrants with Nordic back-
grounds in our study may be linked to their lower participation in
cervical screening, contributing to higher incidence and diagnosis
at later stage of cervix uterl cancer in this group.

This study highlighted that the elevated mortality rate of liver
cancer (in men) and stomach cancer (in women) among G1,
compared with native Swedes, remained in the subsequent gen-
erations (G1.5 and G2). In line with our findings, elevated mor-
tality rates of liver and stomach cancers were reported among
G1 immigrants in many studies, both in Sweden®*® and other
countries,™*%*4! compared with the host population. These mor-
tality disparities likely may be explained by the risk factors; the
studies’ authors suggested postdiagnosis survival rates of liver
and stomach cancers were similar or even better among immi-
grants than in the host population.?> The strongest risk factors
for liver and stomach cancers are, respectively, infections with
hepatitis B virus (HBV), hepatitis C virus,*” and Helicobacter pylori.*®
These infections are typically contracted during childhood in
endemic regions, particularly in developing countries where most
recent immigrants originated. Consequently, premigration factors
such as delayed detection and treatment of these infections,
mostly due to limited access to health care, may account for the
disparities observed in G1 and G1.5 immigrants, especially those
from non-Western regions and eastern and southern European
countries, where infection rates are high. Acquisition of H. pylori
infection can be possible within a family, although the main mode
of transmission remains uncertain. Studies suggest transmission
mostly occurs from mother to child at early childhood age. Konno
et al** reported that the rate of H. pylori acquisition among
children born to H. pylori-positive mothers was 11% from birth to
S years of age. Likewise, HBV can be transmitted from mothers
with chronic HBV infection to their babies during delivery (so-
called vertical transmission),”> which has a higher risk of subse-
quent liver diseases and mortality compared with HBV acquisition
later in life via a horizontal transmission mode, such as drug
injections and heterosexual contact. Most people with chronic
HBV infection in Sweden are non-Western immigrants who likely
were infected early in life or before migrating to Sweden.*® There-
fore, the elevated mortality rates of liver and stomach cancer in
G2 immigrants could potentially be attributed to the possibility
of infections acquired within a family, but also modulated by
other behavioral factors. For example, eating processed and grilled
meat, smoking, excessive alcohol, and other environmental fac-
tors could explain the elevated mortality rate of stomach cancer
(possibly for noncardiac type) in the Nordic region, because the
prevalence of H. pylori infections in this region is low. The World
Health Organization adopted the Global Health Sector Strategy in
2016 to eliminate viral hepatitis as a major public health threat
by 2030.” In Sweden, both HBV and hepatitis C virus infections
are notifiable by law, with a national screening program for preg-
nant women and vaccination for all children and those born
to HBV-positive mothers at birth.*® Nevertheless, some studies
questioned the sufficiency of HBV vaccination to prevent mother-

to-child transmission.*® Although the notification rate of HBV
infection decreased by 40% between 2015 and 2018 in Sweden,*
continued immigration requires strengthened HBV surveillance
for immigrants from HBV-endemic regions upon their arrival.

We also noted that despite sociodemographic characteristics,
including education and income, are strong contributing fac-
tors for cancer mortality disparities between immigrants and
nonimmigrants,’® in our study, adjustment for these character-
istics modified the association to a significant degree only in
women, suggesting that socioeconomic disparities tend to be
less pronounced in male immigrant generations than those in
female immigrants. This might be because female immigrants
face multiple layers of disadvantage, including lower employment
and wage rates, as well as greater cultural barriers than their
male counterparts. Because cancer mortality disparities are likely
influenced by a complex interplay of multiple factors beyond the
sociodemographic characteristics, considering other confounding
factors is essential, especially when assessing disparities among
male immigrants.

Overall, our study provides comprehensive evidence of dispar-
ities in overall and specific cancer mortality by immigrant gen-
erations and country of origin. These disparities can be reflected
mainly in their incidence rates, particularly for high-fatality can-
cers, such as pancreatic, liver, lung, and ovarian cancers, which
are often diagnosed at advanced stages with limited treatment
options. Interpretation of the findings need to consider this, as
well as the following limitations. First, we did not account for
emigrants who leave the country near the time of death (com-
monly known as the “salmon bias”), particularly in G1immigrants,
and this may underestimate mortality rates among immigrants.
However, because some studies have suggested that higher dis-
ease severity was associated with less emigration, it is unlikely
that the salmon bias affects our conclusion.® This could also
hold for cancer. Unlike the comprehensive insurance scheme
available in Sweden, cancer care including expensive diagnostic
and treatment services is not freely available in most immigrant
countries of origin. Second, although we used a longer period
with an older sample of G1.5 and G2 immigrants, these groups
are relatively young and their total numbers are small. This
affects the number of observed cases (ie, cancer deaths), leading
to low statistical power in some estimates (ie, they may not be
robust), especially when these groups are further disaggregated by
country of origin. Third, in this study, we did not account for other
important factors that could further modify mortality disparities
across immigrant generations, such as lifestyle and medical-
related data.

In conclusion, cancer mortality rates vary by immigrant gen-
eration and their country of origin, despite disparities being less
pronounced among G2 immigrants than among native Swedes.
Transitions of mortality risk across the immigrant generations
were noted for most cancers; however, the elevated risk of mor-
tality for cancers linked to infections such as liver and stomach
cancers remained in all immigrant generations; thus, surveil-
lance of infectious diseases related to cancer among immigrant
populations in Sweden should be enhanced. Generational status
could modify cancer mortality risks among immigrants and can
be used to guide target groups for cancer prevention and control
interventions.

Supplementary material

Supplementary material is available at the American Journal of
Epidemiology online.
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