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ABSTRACT
Introduction: Limited data exist regarding head and neck cancer (HNC) burden among immigrants
who may have distinct characteristics, and hence different incidence rates from the general popula-
tion. Variations in behavioral habits, cultural lifestyle, or diet may cause variations across different
subgroups.
Methods: The whole immigrant population of Finnish residents born abroad, and their children were
retrieved for the years 1970–2017. First-generation immigrants are defined as individuals born abroad,
excluding their children (even if born abroad). The study comprised 0.5 million first-generation immi-
grants and 0.3 million children, contributing to 6 million and 5 million person-years of follow-up,
respectively. Standardized incidence ratios (SIR) and excess absolute risk (EAR) per 100,000 person-
years at risk were calculated to quantify the risk of HNC among immigrants relative to the general
Finnish population.
Results: The overall risk of any HNC was not increased among first-generation male immigrants (SIR
1.00, 95% CI: 0.88–1.15), but significantly elevated for cancer of the pharynx (SIR 1.56, 95% CI: 1.22–
1.95), and larynx (SIR 1.38, 95% CI: 1.02–1.83) and decreased for lip (SIR 0.38, 95% CI: 0.20–0.67). The
increased risk of pharyngeal cancer was highest among male immigrants from Asia Pacific (SIR 4.21,
95% CI: 2.02–7.75). First-generation immigrant women had a significantly reduced risk of any HNC (SIR
0.45, 95% CI: 0.37–0.55), which remained even after stratification by site. We observed no increased
risk of any HNC among the children of first-generation immigrants.
Conclusion: Healthcare professionals need to recognize the groups at higher HNC risk. Efforts to
address the main etiological risk factors, such as smoking, are needed among the selected immigrant
populations, that haven’t yet reached similar decreasing trends, as in for example smoking, as the
main population.

NOVELTY AND IMPACT

� Currently, globally, over 280 million people live outside their country of birth. Limited data exist
regarding head and neck cancer (HNC) burden among immigrants who may have distinct charac-
teristics and hence different incidence rates from the general population. Immigrant studies can
provide novel data by shedding light on risk alterations and the pace of acculturation of different
populations.
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Introduction

Despite the COVID-19 pandemic reshaping human flow pat-
terns through the temporary closing of international borders

in the last couple of years, growth in cross-border immigra-
tion has remained robust over the last two decades. Indeed,
currently, globally, over 280 million people live outside their
country of birth, which represents close to 4% of the world’s
population, up from 221 million in 2010 [1]. In 2021, about

440,400 Finnish residents were born abroad, representing
diverse regions of origin: 14% from post-Soviet countries
11% from Estonia, 8% from Sweden, and 5% from Iraq.
Foreign-born residents constituted 8% of the country’s popu-
lation overall (approximatively 5.5 million), a relatively mod-
est proportion when compared with other countries [2,3].

The majority of head and neck cancers (HNCs) are spor-
adic, attributable to known etiologic factors, such as tobacco
and alcohol consumption, and are typically characterized by
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a robust correlation with chronic exposure to harmful habits
[4,5]. Significant variations in cancer risk factors and preva-
lence across immigrant groups have been observed in sev-
eral distinct countries, with some HNC types, such as
nasopharyngeal cancer (NPC), being for example more com-
mon among Asian immigrants when compared with non-
immigrants. The HNC burden across immigrants may differ
due to variations in behavioral habits, cultural lifestyle, or
diet which steer hazardous exposures, or even due to spe-
cific genetic profiles [6–11].

Besides political, humanitarian, and social perspectives,
immigration also entails health implications [12]. Current
overall cancer incidence rates reported for the whole popula-
tion might camouflage the risk of cancer in immigrants as
these populations may have distinct characteristics, and
hence different incidence rates [10]. So far, no data regarding
the HNC burden among immigrants in Finland have been
published. Immigrant studies can provide novel data by
shedding light on risk alterations and the pace of accultur-
ation of different populations. We aim to describe the risk of
HNC among immigrant groups in Finland from 1970 up to
2017 compared to the general population.

Material and methods

The study merges data from the Finnish Cancer Registry
(FCR) and the Population Information System maintained by
the Digital and Population Data Service Agency. Register link-
age is carried out through unique personal identity numbers
used in Finland. Foreign citizens are given a personal identity
code upon registration into the PIN if staying in Finland
legally.

Study population

The whole immigrant population is defined as all residents
born abroad, and their children, 68% of whom were born in
Finland. Furthermore, we defined as first-generation immi-
grants all individuals born abroad, except their children
(born abroad or in Finland) whose group was analyzed sep-
arately. The Population Information System is a registry of all
permanent Finnish residents with information on the date of
birth and death, sex, birthplace, native language, address,
and family linkages, allowing reliable identification of family
members. Asylum seekers are not included in the registry as
they do not have a permanent identification code (in
Finland, by 2014, close to 11% of new arrivals were asylum
seekers [13]). Follow-up for first-generation immigrants and
their children begun at the date of immigration or January
1st, 1970, whichever the later, and ended either at the date
of cancer diagnosis, date of death or emigration, or
December 31st, 2017, whichever the latest. Subjects were
excluded whenever the date of immigration was missing
(n¼ 5,798, 0.7%).

Cancer data

In this study, HNCs were defined as malignancies diagnosed
in the lip (ICD-O-3: C00.0-C00.9), oral cavity (C02.0–C06.9),
salivary glands (C07.9–C08.9), pharynx (C01.9, C09.0–C14.8),
nasal cavity and middle ear (C30.0, C30.1), paranasal sinuses
(C31.0–C31.9), and larynx (C32.0–C32.9). The FCR includes all
new primary cancers diagnosed in Finland since 1953 with
complete follow-up data until death or emigration. However,
our study included only cancers diagnosed between January
1st, 1970, and December 31st, 2017, and only the first pri-
mary cancer was taken into consideration in the analysis.

Statistical analyses

Two statistical quantities were calculated to describe the risk
of HNC among first-generation immigrants and their chil-
dren. Standardized incidence ratios (SIRs) were employed to
quantify the risk of HNC relative to the general population.
SIR is a ratio of observed to expected HNC cases in which
the expected number of first cancers was calculated for the
general population. The expected number of cases was cal-
culated by multiplying the number of person-years in each
age group by the corresponding average cancer incidence
rates in the entire Finnish population during the follow-up
period. The SIRs were stratified according to sex, geograph-
ical birth area, and age group (<35, 35–49, 50–64, 65–79,
�80). Countries were grouped into eight geographical areas:
Africa (excluding North Africa), Asia Pacific (including East
and Southeast Asia, and countries in the Pacific region),
Central Asia and Russia, Europe, Latin America and the
Caribbean region, Middle East and North Africa, North
America, and South Asia. The excess absolute risk (EAR)
describes the difference in absolute risk of cancer between
the immigrant population and the general population
(observed cases – expected cases) per 100,000 person-years
at risk (or PY). All analyses were performed using R software
(The R Project for Statistical Computing) version 3.6.0 with
Epi package version 2.38 and popEpi package version 0.4.7.
Confidence intervals (CI) for SIRs were the exact Poisson CIs.

All analyzed results are anonymous, rendering the recog-
nition of an individual study subject unfeasible. Moreover,
for data privacy reasons, observed numbers and risk esti-
mates are not shown, whenever less than five cancer cases
were reported. Research permission for the study was
granted by the Digital and Population Data Service Agency
(VRK/3059/2018-2) and the National Institute for Health and
Welfare in Finland (THL/1081/6.02.00/2018).

Results

The study comprised approximately 0.5 million first-gener-
ation immigrants and their 0.3 million children, contributing
to 6 million and 5 million person-years of follow-up, respect-
ively. Most first-generation immigrants (60% of men and 58%
of women) were younger than 40 at the end of follow-up
and nearly half were born in Europe (Table 1).
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First-generation immigrants

The numbers of observed and expected cases and SIRs
among the first-generation immigrant population stratified
by site, country of birth, and age category are given in Table
2. Overall, 219 and 107 HNC cases were registered in the
FCR among first-generation immigrant men and women,
respectively, during the time frame of our study. In men,
pharyngeal and laryngeal cases comprised 34% (n¼ 75) and
22% (n¼ 48) of all HNC cases. In women, the pharynx and
oral cavity were the most frequently affected anatomical
sites, comprising 22% (n¼ 24) and 21% (n¼ 22) of all HNC
cases, respectively, followed by the salivary glands
(20%, n¼ 21).

Men
While we observed no risk difference in men for all HNC
cases (SIR 1.00, 95% CI 0.88–1.15), differences were found by
anatomical subsites (Table 2). Compared with the general
male population, first-generation immigrant men had a sig-
nificantly elevated standardized incidence of pharyngeal (SIR
1.56, 95% CI: 1.22–1.95) and laryngeal (SIR 1.38, 95% CI:
1.02–1.83) cancer corresponding to 0.9 and 0.4 excess can-
cers per 100,000 PY (or 26.8 and 13.3 excess cancers during
the 47 year-period of our study). In contrast, we observed a
significantly decreased SIR for lip cancer (SIR 0.38, 95% CI:
0.20–0.67 and EAR �0.6 per 100,000 PY). For other anatom-
ical HNC subsites, the SIRs were not statistically significantly
different between male immigrants and the general male
population.

Table 1. Demographics of first-generation immigrants and their children in
Finland during 1970–2017.

Men Women

Number % Number %

First-generation immigrants 268,522 100 244,891 100
By country of birth
Africa 20,375 8 14,780 6
Asia Pacific 20,423 8 31,319 13
Central Asia and Russia 37,676 14 54,335 22
Europe 128,276 48 103,907 42
Latin America and Caribbean 5267 2 4822 2
Middle East and North Africa 26,468 10 15,447 6
North America 11,681 4 9557 4
South Asia 17,679 7 10,390 4
Unknown 677 0 334 0

By age group at end of follow-up
0–19 44,430 17 41,868 17
20–39 119,087 44 102,959 42
40–59 78,598 29 70,624 29
60–79 19,758 7 20,023 8
�80 6639 2 9411 4
Unknown 10 0 6 0

Children of first-generation immigrants 159,929 100 152,152 100
By country of birth
Africa 4671 3 4402 3
Asia Pacific 4924 3 4945 3
Central Asia and Russia 10,305 6 10,218 7
Europe 20,670 13 19,376 13
Latin America and Caribbean 755 0 688 0
Middle East and North Africa 6688 4 5990 4
North America 1531 1 1499 1
South Asia 2435 2 2290 2
Finland 107,950 67 102,744 68

By age group at end of follow-up
0–19 108,774 68 103,970 68
20–39 41,542 26 39,312 26
40–59 7093 4 6444 4
60–79 2288 1 2154 1
�80 232 0 272 0
Unknown 0 0 0 0

Table 2. Standardized incidence ratios (SIR) and excess burden of disease (EAR) per 100,000 PY for head and neck cancers among male and female first-gener-
ation immigrants in Finland during 1970–2017 and stratified by primary site, country of birth, and age category.

Men Women

PYRS Obs. Exp. SIR 95% CI EAR PYRS Obs. Exp. SIR 95% CI EAR

All head and neck cancers 3,141,404 219 218 1.00 0.88–1.15 0 3,014,519 107 236.6 0.45 0.37–0.55 24.3
By Site
Lip 3,143,327 12 31.4 0.38 0.20–0.67 20.6 3,015,892 <5 37.3
Tongue 3,143,384 29 35.2 0.82 0.55–1.18 �0.2 3,015,707 20 37.3 0.54 0.33–0.83 20.6
Salivary glands 3,143,382 16 22 0.73 0.42–1.18 �0.2 3,015,562 21 23.2 0.91 0.56–1.38 �0.1
Mouth 3,143,183 31 35.3 0.88 0.60–1.25 �0.1 3,015,710 22 38.6 0.57 0.36–0.86 20.6
Pharynx 3,143,061 75 48.2 1.56 1.22–1.95 0.9 3,015,549 24 50.4 0.48 0.31–0.71 20.9
Nose and sinuses 3,143,483 11 13.8 0.80 0.40–1.43 �0.1 3,015,791 10 14.8 0.67 0.32–1.24 �0.2
Larynx 3,142,913 48 34.7 1.38 1.02–1.83 0.4 3,015,842 6 38 0.16 0.06–0.34 21.1

By country of birth
Africa 210,002 8 11 0.73 0.31–1.43 �1.4 146,817 <5 5.1
Asia Pacific 202,036 17 12.6 1.35 0.79–2.16 2.2 305,511 6 9.1 0.66 0.24–1.43 �1
Central Asia, Russia 478,039 48 85.2 0.56 0.42–0.75 27.8 766,244 57 61.5 0.93 0.70–1.20 �0.6
Europe 1,660,073 112 128.3 0.87 0.71–1.05 �1 1,396,093 30 47.1 0.64 0.43–0.91 21.2
Latin America, Caribbean 54,834 5 3.8 1.32 0.43–3.08 2.2 51,178 <5 2.6
Middle East, North Africa 242,845 16 17.5 0.91 0.52–1.48 �0.6 129,041 <5 5.6
North America 152,726 10 49.4 0.20 0.10–0.37 225.8 138,600 <5 28.8
South Asia 126,406 <5 6.94 74,667 <5 3

By age group
<35 1,772,185 10 303.4 0.03 0.02–0.06 216.6 1,657,694 11 137.8 0.08 0.04-0.14 27.6
35–49 838,945 59 148.3 0.40 0.30–0.51 210.6 772,034 29 69 0.42 0.28-0.60 25.2
50–64 335,904 98 59.9 1.64 1.33–2.00 11.3 347,461 34 31.2 1.09 0.76–1.52 0.8
65–79 133,857 42 23 1.83 1.32–2.47 14.2 156,841 21 12.4 1.70 1.05–2.60 5.5
�80 60,513 10 10 1.00 0.48–1.84 0 80,491 12 6.3 1.90 0.98–3.33 7.1

Abbreviations: CI: confidence interval; EAR: excess absolute risk; Exp.: expected number; Obs.: observed number, PYR: person-years at risk; SIR: standardized inci-
dence ratio.
Statistically significant ratios highlighted in bold.
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Among men, most HNC cases were observed among
immigrants from Europe (112 cases, 51%) and Central Asia
and Russia (48 cases, 22%) (Table 3). We observed a signifi-
cantly decreased risk of HNC among immigrants from North
America (SIR 0.20, 95% CI 0.10–0.37 and EAR �25.8 per
100,000 PY) and Central Asia and Russia (SIR 0.56, 95% CI
0.42–0.75 and EAR �7.8 per 100,000 PY). There were no stat-
istically significant differences among immigrants from other
areas compared to the general male population in Finland.
However, stratification by anatomical site and country of
birth revealed a significantly increased SIR of pharyngeal can-
cer in male immigrants from Asia Pacific (SIR 2.83, 95% CI:
1.35–5.20 and EAR 3.2 per 100,000 PY).

Elevated SIRs for HNC were observed in the age catego-
ries 65–79 (SIR 1.83, 95% CI: 1.32–2.47) and 50–64 (SIR 1.64,
95% CI: 1.33–2.00) (Table 2). After stratifying by the anatom-
ical site (Table 4), the risk remained significantly elevated for
cancer of the mouth (65–79 age category), pharynx (50–64
and 65–79), and larynx (50–64 and 65–79). Among 35–49-
year-olds, the risk of oral cancer (SIR 0.22, 95% CI 0.07–0.52
and EAR �2.1 per 100,000 PY) and risk of laryngeal cancer
(SIR 0.26, 95% CI: 0.12–0.49 and EAR �3 per 100,000 PY)
were both significantly decreased.

Women
Compared with the general female population, first-gener-
ation immigrant women had a significantly reduced risk of
any HNC (SIR 0.45, 95% CI: 0.37–0.55 and EAR �4.3 per
100,000 PY) (Table 2). After stratifying by anatomical subsite
and country of origin, immigrant women did not have any
significant increased risk of HNC compared to the general
female population. Rather, the risk of HNC was reduced for
all anatomical subsites, except for cancers of the salivary

glands and those of the nose and sinuses where no differen-
ces were observed. However, after age stratification, there
was a significantly increased risk of HNC cancer among 65–
79-year-old women (SIR 1.70, 95% CI: 1.05–2.60 and EAR 5.5
per 100,000 PY), and especially for pharyngeal cancer (SIR
3.45, 95% CI: 1.39–7.11 and EAR 3.2 per 100,000 PY)
(Table 4).

Children of first-generation immigrants

The numbers of observed and expected cases and SIRs
among the children of first-generation immigrants stratified
by subsite, country of birth, and age category are given in
Table 5. Overall, 28 and 22 HNCs were registered among
men and women, respectively, in the FCR during 1970–2017.
We observed no overall difference in the SIRs of HNC
between the children of first-generation immigrants and the
respective general population of Finland.

Discussion

The current study consists of the most up-to-date compre-
hensive assessment of HNC risk among first-generation immi-
grants and their children in Finland. Our findings suggest
that first-generation immigrant women have, on average, a
significantly reduced risk of HNC (SIR 0.45), when compared
with the general female population of Finland. In contrast,
among first-generation immigrant men, while the overall risk
of HNC was not elevated, we observed significantly elevated
SIRs in men aged 50–79 years. Additionally, we observed an
increased risk of pharyngeal cancer (SIR 1.56), especially in
men from Asia Pacific (SIR 2.83), when compared with the
general male population of Finland. A suggestion for an

Table 3. Standardized incidence ratios (SIR) and excess burden of disease (EAR) per 100,000 PY for head and neck cancers stratified by primary site among
male and female first-generation immigrants from Central Asia and Russia, and Europe, in Finland during 1970–2017.

Men Women

PY Obs. Exp. SIR 95% CI EAR PYRS Obs. Exp. SIR 95% CI EAR

Lip
Central Asia and Russia 478,326 6 18.5 0.32 0.12–0.71 �2.6

Tongue
Central Asia and Russia 766,982 10 12.9 0.78 0.37–1.43 �0.4
Europe 1,661,190 17 18.6 0.91 0.53–1.46 �0.1 1,396,426 5 10.5 0.48 0.15–1.12 �0.4

Salivary glands
Central Asia and Russia 766,892 11 8.2 1.35 0.67–2.41 0.4
Europe 1,661,215 7 10.2 0.68 0.28–1.41 �0.2 1,396,354 6 7.6 0.79 0.29–1.73 �0.1

Mouth
Central Asia and Russia 478,271 9 10.7 0.84 0.39–1.60 �0.3 766,917 12 14.3 0.84 0.43–1.47 �0.3
Europe 1,661,031 19 18.3 1.04 0.63–1.62 0.000 1,396,470 6 9.8 0.61 0.23–1.34 �0.3

Pharynx (p¼.003)
Asia Pacific 202,088 10 3.5 2.83 1.35–5.20 3.2
Central Asia and Russia 478,302 15 17.7 0.85 0.48–1.40 �0.6 766,875 10 10.8 0.93 0.44–1.71 �0.1
Europe 1,661,023 37 33.2 1.12 0.79–1.54 0.2 1,396,425 7 9.4 0.74 0.30–1.53 �0.2

Nose and sinuses
Central Asia and Russia 766,985 6 4.8 1.26 0.46–2.75 0.2
Europe 1,661,212 8 7.2 1.12 0.48–2.20 0.1

Larynx
Central Asia and Russia 478,322 15 20.2 0.74 0.42–1.23 �1.1
Europe 1,660,842 22 26.5 0.83 0.52–1.26 �0.3
Middle East, North Africa 242,940 6 3.1 1.91 0.70–4.15 1.2

Risk estimates are shown if at least five cases were observed.
Abbreviations: CI: confidence interval; EAR: excess absolute risk; Exp.: expected number; Obs.: observed number; PYR: person-years at risk; SIR: standardized inci-
dence ratio.
Statistically significant ratios are highlighted in bold.
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increased risk of laryngeal cancer was observed among men
from the Middle East and North Africa, however not statistic-
ally significant.

Our results are in accordance with the high prevalence of
pharyngeal and laryngeal cancers in these regions. According
to the Global Cancer Observatory database (www.gco.iarc.fr),
the Asia Pacific region has the highest incidence rates for
pharyngeal cancer worldwide. Indeed, the vast majority of
countries have incidence rates ranging from 4.5 (Japan) to
12.7 (Vietnam). For laryngeal cancer, North African and
Middle Eastern countries, except Saudi Arabia (ASR 1.2) and
Oman (ASR 1.6), have high incidence rates of laryngeal can-
cer (ASR > 3). One may thus argue that the elevated rates
observed in our study for pharyngeal and laryngeal cancer
among specific immigrant groups are reflective of the inci-
dence rates of their respective native countries. Supportive
of our results, in Ontario Canada, a study conducted by Noel
et al. [6], reported that Chinese and South Asian ethnic
groups experience higher HNC incidence [hazard ratio (HR
1.49, 95% CI: 1.36–1.64; and 1.29, 95% CI: 1.14–1.45,

respectively] relative to non-Chinese and non-South Asian
individuals, after adjustment for age, sex, rurality, deprivation,
and comorbidity burden. Of note, the corresponding inci-
dence rates for Finnish men are ASR 3.9 and ASR 1.7, for
pharyngeal and laryngeal cancers, respectively.

It appears that select immigrant groups retain similar inci-
dence rates as seen among natives of their region of origin.
Cultural transmission of exogenous exposures may, at least
partially, explain the increased risk among these populations.
An increased risk of nasopharyngeal cancer (NPC) has been
previously described among Asian and North African immi-
grants in Sweden [14], France [15], and Israel [9]. Although
the etiology of NPC is multifactorial [16], Epstein–Barr virus
(EBV), along with genetic predisposition, is regarded as play-
ing a predominant role in the etiology of NPC through its
oncogenic effect [17,18]. Regarding HPV, its association with
oropharyngeal cancer is well documented, and some evi-
dence, albeit weak, also implies a possible link with laryngeal
cancer [19]. A meta-analysis revealed a prevalence of 49%
(95% CI: 35–64%) of any type of HPV and 35% (95% CI: 26–

Table 4. Standardized incidence ratios (SIR) and excess burden of disease (EAR) per 100,000 PY for head and neck cancers stratified by primary site and age
group (35–49, 50–64, and 65–79) among male and female first-generation immigrants in Finland during 1970–2017.

Men Women

PYRS Obs. Exp. SIR 95% CI EAR PYRS Obs. Exp. SIR 95% CI EAR

Tongue
35–49 839,414 13 18.53 0.70 0.37–1.20 �0.7
50–64 336,754 10 7.49 1.33 0.64–2.45 0.7 347,768 8 6.6 1.21 0.52–2.39 0.4
65–79 157,112 6 2.4 2.48 0.91–5.39 2.3

Salivary glands
35–49 772,266 8 8.7 0.92 0.40–1.81 �0.1
50–64 336,719 7 4.1 1.71 0.69–3.53 0.9

Mouth
35–49 839,390 5 22.6 0.22 0.07–0.52 22.1 772,353 5 17.8 0.28 0.09–0.65 21.7
50–64 336,631 13 9.1 1.43 0.76–2.44 1.2 347,800 5 8.1 0.62 0.20–1.44 �0.9
65–79 134,299 12 2.9 4.09 2.11–7.15 6.8 157,127 6 2.9 2.05 0.75–4.46 2

Pharynx
35–49 839,358 20 36.6 0.55 0.33–0.84 22 772,262 9 11.3 0.80 0.36–1.51 �0.3
50–64 336,599 35 15 2.34 1.63–3.25 5.9 347,729 7 5.3 1.33 0.53–2.74 0.5
65–79 134,257 15 4.9 3.06 1.71–5.05 7.5 157,078 7 2 3.45 1.39–7.11 3.2

Nose and sinuses
35–49 839,451 6 7.4 0.81 0.30–1.75 �0.2

Larynx
35–49 839,353 9 34.6 0.26 0.12–0.49 23
50–64 336,503 26 14 1.86 1.21–2.72 3.6 347,811 5 1.8 2.84 0.92–6.62 0.9
65–79 134,227 10 6 1.66 0.80–3.06 3

Risk estimates are shown if at least five cases were observed.
Abbreviations: CI: confidence interval; EAR: excess absolute risk; Exp.: expected number; Obs.: observed number; PYR: person-years at risk; SIR: standardized inci-
dence ratio.
Statistically significant ratios are highlighted in bold.

Table 5. Standardized incidence ratios (SIR) and excess burden of disease (EAR) per 100,000 PY for head and neck cancers among children of first-generation
immigrants in Finland during 1970–2017 and stratified by age category.

Men Women

PYRS Obs. Exp. SIR 95% CI EAR PYRS Obs. Exp. SIR 95% CI EAR

All head and neck cancers 2,565,454 28 30.8 0.91 0.61–1.32 �0.001 2,417,910 22 29.5 0.75 0.47–1.13 �0.003
By age group
<35 2,371,993 10 417.9 0.02 0.01–0.04 217.2 2,237,651 7 198.2 0.04 0.01–0.07 28.5
35–49 132,558 6 23.3 0.26 0.09–0.56 203 120,051 5 10.4 0.48 0.16–1.12 �4.5
50–64 46,824 9 8.2 1.10 0.50–2.08 1.7 46,020 10 4.1 2.46 1.18–4.52 12.9
65–79 11,887 <5 2.2 117,812 <5 1.6
�80 2192 <5 0.40 2405 <5 0.3

Abbreviations: CI: confidence interval; EAR: excess absolute risk; Exp.: expected number; Obs.: observed number; PYR: person-years at risk; SIR: standardized inci-
dence ratio.
Statistically significant ratios highlighted in bold.
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45%) of high-risk HPV in men [20]. Conversely, in the Middle
East, Southeast Asia, and East Asia, reported prevalence rates
of HPV do not exceed 10% [21]. The prevalence differences
parallel the high incidence of pharyngeal cancer among
European immigrants in our study.

Still, the most well-established risk factors for pharyngeal
and laryngeal cancers remain tobacco smoking and alcohol
consumption, which are the main etiological culprits of HNC
in Europe. Likewise, within the Middle East, rates of smoking
are high, with around 48% of men reporting current or past
smoking of cigarettes or waterpipes [22]. In Algeria, a study
conducted by Kariche et al. [23] described a low rate of HPV
among laryngeal cancer patients, whereas tobacco and alco-
hol were reported for around 40% of cases. In Europe, smok-
ing prevalence ranges from 20% to 42% in men and 15% to
34% in women [24]. In Finland, smoking prevalence among
men declined from 51% to 23% between 1972 and 2017.
Correspondingly, in women, it increased from 11% to 23%
between 1972 and 2002, continuing with a decrease to 16%
in 2017 [25]. Other environmental factors related to pharyn-
geal cancer to account for include betel-quid and areca-nut
chewing, which are widespread in the Asia-Pacific region
with prevalence rates in men up to 83% (Salomon Islands)
[26]. Convincing evidence exists linking betel-quid and areca
nuts chewing to oral and oropharyngeal cancer [27,28].
Additionally, diets high in nitrosamine-rich salted fish and
meats, which are common in Southeast Asia, have been
associated with NPC [29,30]. All in all, these lifestyle habits
may contribute to the excess risk of pharyngeal and laryn-
geal cancers observed among immigrants from the Asia
Pacific and the Middle East and North Africa regions,
respectively.

Earlier research has shown that the initial difference in the
incidence of cancer among immigrant groups changes over
1 or 2 generations converging to the incidence rate of the
new host population [31–34]. Similarly, despite the rarity of
HNC cases in this population, our study suggests that the
children of first-generation immigrants experience similar
HNC rates that the native population in Finland, as we
observed no significant differences between these groups.
This could imply that environmental factors play the most
prominent role in disease onset, and the contribution of
inherited genetic mutations is overall negligible. The main
challenge to future immigrant studies would be to identify
the exogenous factors that cause the changes cancer inci-
dence upon migration.

A particular issue to be considered when interpreting our
results relates to how representative immigrants are of the
population of their respective countries of birth. The ‘healthy
migrant effect’ refers to the concept of immigrants being on
average healthier than the comparable population of their
country of birth and host country upon arrival [35,36].
Studies have described a gradual receding of this initial
health advantage leading over time to an equal or even
worse health status than the native population’s [36–39]
prompting some authors [40,41] to postulate that this van-
ishment may result from barriers to healthcare. The reduced
risk of HNCs in foreign-born women in our study could

reflect a ‘healthy migrant effect’, whereby positive self-selec-
tion may have yielded a female immigrant population that
is, on average, healthier than their native-born counterparts,
and thus at lower risk of HNC. However, this effect was not
observed among men. Smoking among male immigrants
could be more prevalent than in corresponding Finnish men,
and also conversely less prevalent in female immigrants
when compared with their Finnish counterparts. In Finland
and other Nordic countries, universal access to health care is
provided to all residents. Still, it is possible that attendance
to primary and preventive care is lower among immigrants
which may gradually elevate cancer risk over time. For
instance, decreased usage of healthcare services and lower
participation rates in cervical screening was recently reported
among immigrants when compared with native Finns
[42,43].

Another potential fallacy relates to the salmon bias
hypothesis, whereby migrants may return to their country of
origin at retirement or end of life [44]. If the salmon bias
hypothesis would also hold for our study, our risk estimates
could be even higher. However, controversy and ambiguity
still exist around the subject [45,46], and to the best of our
knowledge, no convincing evidence of an existing effect on
cancer incidence or mortality exists.

The foremost strength of the present study is the compre-
hensive and high-level population-based data from the FCR.
Quality-assessment studies have demonstrated high coverage
(96% of solid tumors) and accuracy of diagnosis [47].
Additionally, the long longitudinal follow-up provides us
with the opportunity to assess alterations in cancer risk
across immigrant generations, which may subsequently con-
vey clues about the pace of acculturation of immigrant pop-
ulations. However, inherent limitations in this study need to
be addressed. The immigrant population in Finland is pre-
dominantly young, with around 60% of immigrants being
younger than 40 years at the end of follow-up, which subse-
quently implies that late-onset cancers will not yet emerge
in our study among this patient population. Thus, risk esti-
mates could be higher with longer follow-up, since most
HNCs occur in patients aged 50 or over [48]. Indeed, the
increased risk of oral, pharyngeal, laryngeal cancer in the
older male patient population is supportive of this conjec-
ture. Further, while our study incorporated information on
the birth country, residency duration, and age, we did not
have access to other important determinants of cancer risk
such as socioeconomic class and education level. Another
caveat relates to multiple testing: with over 100 comparisons
conducted, chance findings cannot be ruled out. Lastly,
unfortunately, detailed analyses could not be performed for
the children of first-generation immigrants due to the limited
number of cancer cases.

Conclusions

Our results suggest that female first-generation immigrants
have a reduced risk of HNC compared with the female gen-
eral population. Although only female immigrants from
Europe were noted to have a significantly lower occurrence
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of HNC, there appeared to be a comparable incidence
decrease also among immigrants from other regions, even if
not statistically significant, suggestive of a ‘healthy immigrant
effect’. First-generation immigrant men had an overall HNC
incidence rate similar to the incidence reported for the gen-
eral male population of Finland. However, we observed
higher risks for selected infection- and tobacco-related can-
cers, i.e., pharynx and larynx, especially in the 50–64 and 65–
79-year age groups. This could affect diagnostics in patients
presenting with symptoms and enhance early detection of
the disease. Efforts to address the main etiological risk fac-
tors are needed among the selected immigrant populations,
that haven’t yet reached similar decreasing trends, as in for
example smoking, as the main population [25,49]. Moreover,
future studies on the access to and use of health services
among immigrants are warranted.
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