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Cancer risk among air transportation industry ==
workers in Korea: a national health registry-
based study

Soojin Park’, Ga Bin Lee', Dalnim Lee', Eun-Shil Cha', Kyunghee Han? Minsu Cho' and Songwon Seo'”

Abstract

Background Flight attendants face various risk factors in their working environments, particularly occupational
exposure to cosmic radiation. This study aimed to assess cancer risk among air transportation industry workers,
including flight attendants, in Korea by constructing a cohort using national health registry-based data and analyzing
cancer incidence risk.

Methods We used the Korea National Health Insurance Service database from 2002 to 2021 to construct a cohort
of 37,011 workers in the air transportation industry. Cancer incidence was defined using the tenth version of the
International Classification of Diseases. We calculated the age- and sex-specific standardized incidence ratios (SIRs)
and 95% confidence intervals (Cls) by applying the cancer incidence rate of the general population between 2002
and 2019.

Results Approximately 5% of the cohort developed cancer. Overall, the cancer incidence in the cohort was similar to
or lower than that of the general population, with the SIRs for all cancers being lower. However, significantly higher
SIRs were observed for nasopharyngeal cancer (SIR, 3.21; 95% Cl, 1.71-5.48) and non-Hodgkin lymphoma (SIR, 1.57;
95% Cl, 1.02-2.32) in male workers and breast and genital cancer (SIR, 1.51; 95% Cl, 1.34-1.70) and thyroid cancer (SIR,
1.25;95% Cl, 1.05-1.47) in female workers.

Conclusions The lower overall cancer incidence among air transportation industry workers observed in this study
could indicate the "healthy worker effect”; however, the incidences of certain cancers were higher than those in the
general population. Given that these workers are exposed to multiple occupational and lifestyle-related risk factors,
including cosmic radiation, further studies are necessary to determine radiation-induced cancer risk while considering
potential confounding factors.
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Background

Flight attendants encounter various physical, biological,
chemical, and psychosocial stressors while performing
their in-flight duties. Among these, cosmic radiation is
regarded as an important physical factor. Cosmic radia-
tion is a natural form of ionizing radiation from outer
space and includes particles released from the sun during
solar flares [1]. It is characterized by an increasing dose
rate variation with rising flight altitude, expanding lati-
tude (both pole and equator), and decreasing solar activ-
ity [2]. Flight attendants experience prolonged exposure
to cosmic radiation during their careers while performing
their professional tasks at high altitudes [3]. Acknowledg-
ing these occupational characteristics, the International
Commission on Radiological Protection recommends
that cosmic radiation exposure during flights be defined
as occupational exposure [4].

Besides cosmic radiation, various other factors also
contribute to increased work fatigue among flight atten-
dants. Increased night shift work and prolonged working
hours driven by the increasing demand for aviation are
significant and prevalent organizational risk factors that
contribute to this problem [5]. Other contributing factors
include variation in atmospheric pressure and humidity
with altitude, ergonomic constraints, and noise and pres-
sure variations in the aircraft cabin. Additionally, workers
are exposed to air quality issues due to the presence of
cleaning chemicals and abnormal concentrations of gases
such as ozone and carbon dioxide [6, 7]. The presence of
a large number of passengers also increases the risk of
exposure to infectious diseases [8].

Studies investigating the health effects of flight atten-
dants have primarily been conducted in Northern Europe
and the United States [9—12]. The most extensive inves-
tigation was a mortality study involving 93,771 flight
attendants from nine European countries and the United
States. This study revealed that the overall cancer mor-
tality rate among male pilots and both male and female
cabin crew members tended to be lower than that in the
general population. However, the individual sites of can-
cer outcomes revealed significant increases in mortality
rates for melanoma, other skin cancers, and non-Hodg-
kin lymphoma (NHL) among male workers compared
with the general population [13]. Moreover, previous
studies have indicated that female flight attendants
exhibit a higher incidence of breast cancer than the gen-
eral population [14-16], and another study has also sug-
gested a potential association with the cumulative cosmic
radiation dose [17].

However, the epidemiological findings of these stud-
ies, including on possible associations with cosmic radi-
ation exposure, have been inconclusive [18-20]. This
study aimed to assess cancer incidence among workers
in the air transportation industry in Korea, including

Page 2 of 10

flight attendants, and compare it with that in the general
population.

Materials and methods

Databases

We used the Korea National Health Insurance Service
(K-NHIS) database, which is based on the insurance
data of 97% of the Korean population [21]. The K-NHIS,
a nonprofit organization, manages subscriber informa-
tion and insurance premium collection and offers vari-
ous health databases accessible through the National
Health Insurance Sharing Service (NHISS) to support
healthcare research. Among the database options pro-
vided by the NHISS, a customized database (DB) cover-
ing 2002-2021 allows researchers to tailor data according
to the study population and design. Additionally, the
sample cohort DB for calculating the general population
incidence encompasses information derived from a 2%
sample of the total national health insurance beneficia-
ries, comprising 1,000,000 individuals from 2002 to 2019.
It consists of a stratified sample based on variables such
as sex, age, subscriber classification, insurance premium,
and regions, representing the entire Korean population
[22]. Consequently, we used the DB to define the study
population, focusing on workers in the air transporta-
tion industry, and the sample cohort DB to calculate the
cancer incidence rate in the general population. The data-
bases were organized into detailed subcategories, includ-
ing the qualification table (QT), payment specification
(20T), and diagnosis statements based on the Interna-
tional Classification of Diseases, 10th version (ICD-10)
(40T). Each data table is identified by the letters QT, 20T,
and 40T, using a specific number-table delimiter, where
“T” signifies “Table” The QT contains demographic char-
acteristics such as sex, birth year, death date, subscriber
classification, and socioeconomic variables such as
income rank derived from insurance premiums. More-
over, the 20T and 40T tables provide details on treatment
dates, medical care institutions, and diagnostic informa-
tion for all treatments received during hospital visits,
covering the principal and additional diagnoses.

Study population

The cohort comprises workers employed in the air trans-
portation industry at least once between 2002 and 2021.
This group is defined as eligible employee subscribers
identified using the QT with workplace industry codes
related to the air transportation industry. After applying
these two criteria, 37,687 workers were identified as the
study population. After excluding those diagnosed with
cancer before commencing employment (n=676), the
final cohort comprised of 37,011 workers. Subsequently,
those who entered the industry after 2019, a period
for which information on the sample cohort DB is not
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available, were excluded (#=2,906), resulting in a pool of
34,105 workers for the analysis of the standardized inci-
dence ratio (SIR) between 2002 and 2019 (Fig. 1)

Follow-up on cancer incidence

Cancer incidence was determined using disease infor-
mation from the 40T in the K-NHIS and categorized
into 61 cancer types according to the Cancer Incidence
in Five Continents criteria of the International Agency
for Research on Cancer (IARC), based on ICD-10 codes.
The date of cancer incidence was defined as the earliest
date of treatment for the corresponding cancer type, with
priority given to the diagnosis of the first cancer in cases
of multiple cancers. The follow-up period was set from
2002 to 2019, aligned with the termination of the sample
cohort DB used to calculate the incidence rate in the gen-
eral population. Hence, cohort entry was set as the later
date of January 1, 2002, or January 1 of the year of first
employment. The exit of the cohort was set to the date
of cancer diagnosis, the date of death, or December 31,
2019, whichever occurred earlier.

Statistical analyses

We compared cancer incidence between air transpor-
tation workers and the general population by calculat-
ing age- (5-year interval) and sex-specific SIRs and 95%
confidence intervals (CIs). The cancer incidence rate in
the general population was obtained from the sample
cohort DB in the K-NHIS from 2002 to 2019. SIRs were
computed for all cancers and 61 cancer sites. However,
owing to limitations in the sample cohort DB, which only

Participants who have been classified
as workers in the air transportation
industry from 2002 to 2021
(N=95,833)

}

Workers who have been classified as
employee subscribers at least once
(n=37,687)

Air transportation industry workers
from 2002 to 2021
(n=37,011)

SIR calculation

Air transportation industry workers
from 2002 to 2019
(n=34,105)

Fig. 1 Flowchart of selection of study population
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provides the first digit of the ICD code for certain statu-
tory infectious and sensitive diseases, the SIR was cal-
culated by aggregating these diseases. For clarity, these
categories have been labeled as “female breast and genital
cancers” and “male genital cancers” All statistical analy-
ses were performed using SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA).

Ethics approval

The data used in this study were anonymized prior to
their release to the authors of the National Health Insur-
ance Service. This study was approved by the Insti-
tutional Review Board (IRB) of the Korea Institute of
Radiological and Medical Sciences (IRB file no. KIRAMS
2023-01-002).

Results

The demographic characteristics of air transportation
industry workers between 2002 and 2021 are presented
in Table 1.

A total of 37,011 workers were included in this study;,
including 23,400 (63.3%) male and 13,611 (36.7%) female.
Most workers were born after 1980, and a significant por-
tion commenced work after 2015, resulting in a short
tenure, typically<5 years. The mean age (+standard devi-
ation) at the time of starting work from 2003 to 2021 was
32.6+10.2 years, with female workers (28.016.8 years)
starting at a relatively younger age than male workers
(35.6+10.9 years).

Between 2002 and 2021, cancers were identified in
1,946 workers, accounting for approximately 5% of the

Diagnosed with cancer
before work start (n=676)

Entered after 2019 (n=2,906)
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Table 1 The characteristics of the air transportation industry workers (2002-2021)
Male workers Female workers Total
(n=23,400) (n=13,611) (n=37,011)
n (%) n (%) n (%)
Birth year
<1960 3,535 (15.1%) 373 (2.7%) 3,908 (10.6%)
1960-1969 3,795 (16.2%) 763 (5.6%) 4,558 (12.3%)
1970-1979 6,154 (26.3%) 2,146 (15.8%) 8,300 (22.4%)
1980-1989 7,059 (30.2%) 5344 (39.3%) 12,403 (33.5%)
1990 2,857 (12.2%) 4,985 (36.6%) 7,842 (21.2%)
Year of starting work
2002-2005 5910 (25.3%) 1,882 (13.8%) 7,792 (21.1%)
2005-2009 3,670 (15.7%) 2,510 (18.4%) 6,180 (16.7%)
2010-2014 4,296 (18.4%) 2,547 (18.7%) 6,843 (18.5%)
2015-2021 9,524 (40.7%) 6,672 (49.0%) 16,196 (43.8%)
Working duration (years)
<5 13,603 (58.1%) 9,168 (67.4%) 22,771 (61.5%)
5-9 5,097 (21.8%) 3,116 (22.9%) 8213 (22.2%)
10-14 2,069 (8.8%) 908 (6.7%) 2,977 (8.0%)
15-20 2,631 (11.2%) 419 (3.1%) 3,050 (8.2%)
Age at starting work
Median 320 26.0 29.0
Mean (SD) 35.6(10.9) 28.0(6.8) 326(10.2)

SD: standard deviation

total cohort (Table 2). There was no apparent differ-
ence in the incidence of cancer between the sexes (5.2%
in male workers and 5.3% in female workers). The most
prevalent cancers among male workers were prostate
cancer (16.9%), followed by liver (13.4%) and lung (11.3%)
cancers. Thyroid cancer was the most prevalent (24.3%)
among female workers, followed by ovarian cancer
(23.4%), and breast cancer (14.5%).

The SIR analysis involving 34,105 workers observed
292,945 person-years, with a mean of 8.6 years, and male
workers (9.1 years) were observed for a longer period
than female workers (7.7 years). The SIRs and 95% Cls for
all cancers and 61 cancer sites calculated by applying the
incidence rate of the general population between 2002
and 2019 are presented in Table 3.

When examining all cancers (C00-96), male workers
exhibited an SIR of 0.90 (95% CI, 0.85-0.96), indicating a
lower-than-expected incidence, whereas female workers
demonstrated a high SIR of 1.20 (95% CI, 1.10-1.31).

In male workers, significantly higher incidence rates
were noted for nasopharyngeal cancer (SIR, 3.21; 95% CI,
1.71-5.48) and NHL (SIR, 1.57; 95% CI, 1.02-2.32) com-
pared to those in the general population. No significant
differences were observed for male genital cancer, includ-
ing prostate cancer, which was the most prevalent type.
In female workers, we observed significantly higher inci-
dence rates of breast and genital cancer (SIR, 1.51; 95%
CI, 1.34-1.70) as well as thyroid cancer (SIR, 1.25; 95%
CL, 1.05-1.47).

The SIR was calculated by categorizing the significantly
observed cancer sites in the SIR results according to birth
year, year of starting work, and working duration. How-
ever, no notable trends were identified based on the strat-
ification factors (Table 4).

Discussion

In this study, we investigated the incidence of cancer in
the air transportation industry by establishing a cohort
using a health insurance database and comparing it with
that in the general population. We observed that cancer
developed in approximately 5% of workers from 2002 to
2021. Furthermore, our analysis revealed significantly
lower incidence rates of all cancers combined, liver can-
cer, and lung cancer among male workers.

These findings align with those of previous studies
on cancer incidence and mortality. In studies on Cana-
dian pilots and UK flight crew members, the SIRs for
all cancers combined and lung cancer were significantly
lower compared to those in the general population, with
the SIRs varying between 0.2 and 0.8 [23, 24]. Simi-
larly, a study on air transportation industry workers in
Korea showed a significantly low overall SIR for cancer
(SIR=0.57) [25]. These findings can be interpreted as
indicative of a phenomenon often observed in occupa-
tional epidemiology, wherein the incidence or mortality
of diseases decreases among workers due to the “healthy
worker effect” [26]. In particular, flight attendants, whose
primary duties include ensuring passenger safety during
emergencies, prioritize both their physical and mental
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Table 2 Incidence of cancer among workers in the air transportation industry (2002-2021)

Cancer site (ICD-10) Male workers Female workers Total
(n=23,400) (n=13,611) (N=37,011)
Obs (%) Obs (%) Obs (%)

All cancers (C00-96) 1,223 723 1,946

Lip (C00) 1 (0.08%) 0 (0.00%) 1 (0.05%)
Tongue (C01-02) 9 (0.70%) 1 (0.13%) 10 (0.48%)
Mouth (C03-06) 3 (0.23%) 0 (0.00%) 3 (0.14%)
Salivary glands (C07-08) 5 (0.39%) 1 (0.13%) 6 (0.29%)
Tonsil (CO9) 4 (0.31%) 1 (0.13%) 5 (0.24%)
Oropharynx (C10) 2 (0.16%) 0 (0.00%) 2 (0.10%)
Nasopharynx (C11) 13 (1.01%) 1 (0.13%) 14 (0.68%)
Hypopharynx (C12-13) 3 (0.23%) 0 (0.00%) 3 (0.14%)
Esophagus (C15) 12 (0.93%) 1 (0.13%) 13 (0.63%)
Stomach (C16) 146 (11.34%) 15 (1.91%) 161 (7.76%)
Small intestine (C17) 7 (0.54%) 1 (0.13%) 8 (0.39%)
Colon (C18) 97 (7.54%) 16 (2.03%) 113 (5.45%)
Rectum (C19-20) 49 (3.81%) 14 (1.78%) 63 (3.04%)
Anus (C21) 1 (0.08%) 0 (0.00%) 1 (0.05%)
Liver (C22) 173 (13.44%) 19 (2.41%) 192 (9.26%)
Gallbladder (C23-24) 23 (1.79%) 3 (0.38%) 26 (1.25%)
Pancreas (C25) 62 (4.82%) 23 (2.92%) 85 (4.10%)
Nose and sinuses (C30-31) 5 (0.39%) 0 (0.00%) 5 (0.24%)
Larynx (C32) 6 (0.47%) 0 (0.00%) 6 (0.29%)
Lung (C33-34) 81 (6.29%) 8 (1.02%) 89 (4.29%)
Other thoracic organs (C37-38) 8 (0.62%) 2 (0.25%) 10 (0.48%)
Bone (C40-41) 5 (0.39%) 3 (0.38%) 8 (0.39%)
Melanoma of the skin (C43) 2 (0.16%) 2 (0.25%) 4 (0.19%)
Other skin (C44) 21 (1.63%) 4 (0.51%) 25 (1.21%)
Mesothelioma (C45) 2 (0.16%) 0 (0.00%) 2 (0.10%)
Connective and soft tissues (C47, 49) 5 (0.39%) 3 (0.38%) 8 (0.39%)
Breast (C50) - - 114 (14.49%) 114 (5.50%)
Vulva (C51) - - 1 (0.13%) 1 (0.05%)
Vagina (C52) - - 0 (0.00%) 0 (0.00%)
Cervical uteri (C53) - - 49 (6.23%) 49 (2.36%)
Corpus uteri (C54) - - 76 (9.66%) 76 (3.66%)
Uterus, part unspecified (C55) - - 4 (0.51%) 4 (0.19%)
Ovary (C56) - - 184 (23.38%) 184 (8.87%)
Other and unspecified female genital organs (C57) - - 2 (0.25%) 2 (0.10%)
Placenta (C58) - 1 (0.13%) 1 (0.05%)
Penis (C60) 0 (0.00%) - - 0 (0.00%)
Prostate (C61) 217 (16.86%) - - 217 (10.46%)
Testis (C62) 4 (0.31%) - - 4 (0.19%)
Other and unspecified male genital organs (C63) 2 (0.16%) - 2 (0.10%)
Kidney (Cé4) 35 (2.72%) 4 (0.51%) 39 (1.88%)
Renal pelvis (C65) 5 (0.39%) 0 (0.00%) 5 (0.24%)
Ureter (C66) 1 (0.08%) 0 (0.00%) 1 (0.05%)
Bladder (C67) 45 (3.50%) 12 (1.52%) 57 (2.75%)
Eye (C69) 1 (0.08%) 0 (0.00%) 1 (0.05%)
Brain and CNS (C70-72) 17 (1.32%) 6 (0.76%) 23 (1.11%)
Thyroid (C73) 109 (8.47%) 191 (24.27%) 300 (14.46%)
Adrenal gland (C74) 0 (0.00%) 1 (0.13%) 1 (0.05%)
Hodgkin lymphoma (C81) 4 (0.31%) 1 (0.13%) 5 (0.24%)
Non-Hodgkin lymphoma (C82-86, 96) 28 (2.18%) 6 (0.76%) 34 (1.64%)
Immunoproliferative diseases (C88) 5 (0.39%) 0 (0.00%) 5 (0.24%)
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Table 2 (continued)
Cancer site (ICD-10) Male workers Female workers Total

(n=23,400) (n=13,611) (N=37,011)

Obs (%) Obs (%) Obs (%)
Multiple myeloma (C90) 7 (0.54%) 0 (0.00%) 7 (0.34%)
Lymphoid leukemia (C91) 3 (0.23%) 1 (0.13%) 4 (0.19%)
Myeloid leukemia (C92-94) 12 (0.93%) 2 (0.25%) 14 (0.68%)
Leukemia unspecified (C95) 5 (0.39%) 0 (0.00%) 5 (0.24%)
Other and unspecified (re. C00-96) 42 (3.26%) 14 (1.78%) 56 (2.70%)

ICD: International Classification of Diseases; Obs: Observed cases

well-being more rigorously than many other profession-
als. Moreover, airlines deal with the challenging work
environments inherent in the profession, such as altitude
and air pressure variations and time-zone crossing, by
implementing stringent physical examination standards
for employees. Hence, the implementation of such man-
agement strategies may mitigate the underlying risk fac-
tors for cancer.

However, in contrast to this trend, significant increases
in SIRs were observed for nasopharyngeal cancer and
NHL in male workers. These findings are also consistent
with those of previous epidemiological studies on flight
attendants. In a study on participants from Nordic coun-
tries, including Finland, Iceland, Norway, and Sweden,
the SIR for pharyngeal cancer among male cabin crew
staff was significantly higher, at 3.12, than that in the gen-
eral population [27]. For nasopharyngeal cancer, smok-
ing and alcohol consumption are recognized as primary
risk factors, underscoring their significant influence [28].
Similarly, the SIR for NHL among male U.S. air force
aviator pilots and backseat aircrew was recently reported
as 1.13 and was higher than the rate in the general popu-
lation [29]; the study also reported a standardized mor-
tality ratio (SMR) of 1.32. Although these findings were
statistically significant, the study noted that the magni-
tudes of the SIR and SMR were considered ‘small’ from
an epidemiological perspective, indicating that their
impact may be limited. In another study, elevated SMRs
for NHL were noted among male pilots and cabin crew,
and the mortality rate among male cabin crew in a Ger-
man study was up to four times higher than that among
males in the general population [11, 13, 30, 31]. Both
nasopharyngeal cancer and NHL are strongly associated
with the human immunodeficiency virus (HIV), with
HIV-infected patients being at higher risk, making it cru-
cial to consider this factor as well [32, 33].

The elevated incidence of all cancers combined among
female workers seems to be driven by the heightened SIR
for breast and genital cancer and thyroid cancer, which
constitute a significant proportion of all cases. These
results are likely to be primarily attributable to a surveil-
lance bias resulting from screening. A study investigating
the association between thyroid cancer incidence and

thyroid screening rates among radiation workers in Korea
revealed a concurrent increase in the incidence ratio with
the risk of screening. This finding offers robust epidemio-
logical evidence that the increased rate of thyroid screen-
ing is associated with concerns about radiation exposure,
consequently leading to an increase in the incidence
rate [34]. In Korea’s national health checkup system,
local subscribers and office workers among employee
subscribers must undergo a health examination every 2
years, whereas non-office workers, including flight atten-
dants, must undergo an annual examination. Further-
more, it is recommended that women aged=40 years
should undergo screening for breast cancer and those
aged>20 years should undergo cervical cancer screening
every 2 years as part of a national cancer screening proj-
ect [35]. Additionally, non-office workers undergo annual
employee health check-ups, making these screenings
more accessible. Consequently, this screening cycle was
anticipated to affect incidence. However, additional rel-
evant interpretations for breast cancer are also available.
Previous studies have reported an elevated risk of breast
cancer among flight attendants [10, 14, 15, 27], and a
pooled meta-analysis corroborated this increased risk
[36]. As flight attendants frequently travel across multiple
time zones, they are at a higher risk of circadian rhythm
disruption. In 2007, the IARC monograph working group
classified shift work involving circadian rhythm disrup-
tions as a Group 2 A carcinogen, possibly carcinogenic
to humans [37]. While the definitive association between
night-shift work and breast cancer remains ambiguous,
it is suggested that the reduction in melatonin secretion,
a sleep hormone due to nocturnal work, may potentially
facilitate the proliferation of breast cancer cells and lead
to compromised immunity, as established in an exist-
ing study [38]. In a study investigating the association
between breast cancer incidence and exposure to cosmic
radiation among female flight attendants, a notable dose-
response relationship was found in women with a high
parity of three or more who might be exposed to a sleep-
deficient environment at home, being more sensitive to
the effects of circadian rhythm disruption [17].

This study is significant because it is one of the few
studies exploring the health effects faced by flight
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Table 3 Observed number of cancer cases and SIRs from 2002 to 201
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9 based on cancer site

Male workers
(n=21,558, 196,273.9 py)

Cancer site (ICD-10)

Total
(n=34,105, 292,945.0 py)

Female workers
(n=12,547,99,671.1 py)

Obs SIR (95% Cl) Obs SIR (95% CI) Obs SIR (95% Cl)
All cancers (C00-96) 990 0.90 (0.85-0.96) 523 1.20 (1.10-1.31) 1513 0.99 (0.94-1.04)
Lip (C00) 1 2.14(0.05-11.93) 0 0.00 (0.00-33.43) 1 73 (0.04-9. 65)
Tongue (C01-02) 7 (O 43-2. 19) 1 048 (0.01-2.67) 8 092 (0.40-1.82)
Mouth (C03-06) 3 0.63 ( 85) 0 0.00 (0.00-2.71) 3 049 (0.10-1.44)
Salivary glands (C07-08) 5 (O 51-3. 64) 0 0.00 (0.00-2.70) 5 09 (0.35-2. 55)
Tonsil (CO9) 4 61 (0.44-4.13) 1 5.90 (0.15-32.86) 5 89 (0.61-4.40)
Oropharynx (C10) 2 2.26(027-8.17) 0 0.00 (O 00-23.62) 2 92 (0.23-6.95)
Nasopharynx (C11) 13 3.21(1.71-548) 1 1(0.02-3.95) 14 2.56 (1.40-4.30)
Hypopharynx (C12-13) 2 08 (0.13-3.91) 0 0.00 (0.00-34.73) 2 02 (0.12-3.69)
Esophagus (C15) 9 0.83(0.38-1.58) 0 0.00 (0.00-7.59) 9 0.80(0.37-1.52)
Stomach (C16) 125 0.90 (0.75-1.08) 13 81(0.43-1.38) 138 0.89 (0.75-1.06)
Small intestine (C17) 4 8(0.32-3. 03) 0 0.00 (0.00-11.33) 4 08 (0.29--2. 76)
Colon (C18) 80 0.89 (0.71-1.11) 14 91 (0.50- 153) 94 0.90 (0.72-1.10)
Rectum (C19-20) 40 0.85(0.61-1.16) 8 41(0.61-2.77) 48 091 (0.67-1.21)
Anus (C21) 1 0.55(0.01- 308) 0 0.00 (0.00-6.28) 1 042 (0.0 233)
Liver (C22) 150 0.74 (0.63-0.87) 12 042 (0.22-0.74) 162 0.70 (0.60-0. 82)
Gallbladder (C23-24) 21 3(0.70-1.73) 3 1.04 (0.21-3.03) 24 2(0.72-1.67)
Pancreas (C25) 45 0.80 (0 58-1.07) 10 1(0.34-1.30) 55 0.78 (O 59-1.02)
Nose and sinuses (C30-31) 4 (O 41-3. 88) 0 0.00 (0.00-5.59) 4 1(0.33-3.10)
Larynx (C32) 4 0.50 ( 28) 0 0.00 (0.00-7.30) 4 047 (O 13-1.20)
Lung (C33-34) 65 0.70 (O 54-0. 89) 6 0.60 (0.22-1.30) 71 0.69 (O 54-0. 87)
Other thoracic organs (C37-38) 3(0.43-3.10) 2 2.35(0.28-8.50) 7 206 13)
Bone (C40-41) (O 28-2.65) 3 1.99 (041-5.81) 7 (O 52-2. 69)
Melanoma of the skin (C43) 0.57 (0.07-2.05) 1 0.58 (0.01-3.22) 3 057 (O 12-1.67)
Other skin (C44) 16 22 (0.70-1.98) 3 1.05 (0.22-3.06) 19 9(0.71-1.85)
Mesothelioma (C45) 5.94 (O 72-21 46) 0 0.00 (0.00-42.11) 2 4.71(0.57-17.03)
Connective and soft tissues (C47, 49) 4 0.64 (0.1 63) 3 1.44 (0.30-4.20) 0.84 (0.34-1.73)
Female breast and genital cancer (C50-59) 276 1(1.34-1.70)
Male genital cancer (C60-63) 178 0.93 (0.80-1.08)
Kidney (C64) 26 0.92 (0.60-1.35) 2 0.50 (0.06-1.80) 28 0.87 (0.58-1.25)
Renal pelvis (C65) 5 2.92 (0.95-6. 82) 0 0.00 (0.00-22.58) 5 267 (O 87-6. 22)
Ureter (C66) 1 040 (0.01-2.24) 0 0.00 (0.00-10.95) 1 0.35(0.0 97)
Bladder (C67) 32 02 (0.69-1.43) 9 148 (0.68-2.82) 41 (O 78-1.48)
Eye (C69) 1 0.74 (0.02-4. 12) 0 0.00 (0.00-6.58) 1 0.52 (0.01-2 91)
Brain and CNS (C70-72) 14 0.89 (0.49-1.50) 5 0.86 (0.28-2.00) 19 0.88 (O 53-1.38)
Thyroid (C73) 79 1(0.88-1.38) 141 1.25(1.05-147) 220 9 (1.04-1.36)
Hodgkin lymphoma (C81) 3 2.84 (0.59- 829) 1 2.64(0.07-14.72) 4 2.79(0.76-7.13)
Non-Hodgkin lymphoma (C82-86, 96) 25 7(1.02-232) 6 8(043-2.57) 31 48 (1.00-2.10)
Immunoproliferative diseases (C88) 3 (O 23-3.32) 0 0.00 (0.00-4.66) 3 0.87 (0.18-2.55)
Multiple myeloma (C90) 6 1(0.48-2.84) 0 0.00 (0.00-3.73) 6 07 (0.39-2.34)
Lymphoid leukemia (C91) 2 ( 14-4.24) 1 1.78 (0.05-9.93) 3 33(0.27-3.87)
Myeloid leukemia (C92-94) 7 0.90 (0.36-1.86) 1 045 (0.01-2.52) 8 0.80 (0.35-1.58)
Leukemia unspecified (C95) 3 80 (0.37-5. 27) 0 0.00 (0.00-6.54) 3 5(0.28-3. 94)
Other and unspecified (re. C00-96) 34 0.80 (0.56-1.12) 9 0.59(0.27-1.11) 43 0.74 (O 54-1.00)

SIR: standardized incidence ratio; ICD: International Classification of Diseases; Cl: confidence interval; py: person-years; Obs: observed cases

attendants in regions beyond Nordic Europe and the
United States, where previous research was predomi-
nantly concentrated. Furthermore, it is comprehensive
because it utilizes an extensive database from K-NHIS,
which encompasses more than 97% of Korea’s total

population [39]. Using this large national database, a
detailed analysis was performed on all 61 cancer types
rather than focusing on a few selected cancers.

However, our study was constrained by limitations
inherent to the data sources, as we obtained information
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Table 4 Observed number of cancer cases and SIRs from 2002 to 2019: stratified analysis on birth year, year of starting work, and

working duration based on sex

All cancers Nasopharynx Genital cancer' Thyroid NHL

Obs SIR(95% CI) Obs SIR(95% CI) Obs SIR(95% Cl) Obs SIR(95% Cl) Obs SIR(95% CI)
Male workers
Birth year
<1960 543 092(0.85-1.00) 8 449 (1.94-8.385) 129 01 (0.84-1.20) 16 0(0.63-1.78) 10 6 (0.75-2.86)
1960-1969 245 093(0.81-1 05) 2 167 (0.20-6.04) 32 0.79(0.54-1.12) 20 4(0.70-1. 76) 5 (O 44-3.15)
1970-1979 140 0.79 (0.66— 093) 2 265(032-956) 13 0.74 (0.39-1 27) 25 1.06 (0.69-1.56) 6 0(0.55-3.27)
1980-1989 57 091 (0.69-1.18) 1 382(0.10-21.26) 3 0.55 (0.1 61) 16 107 (061-1.73) 4 2.65 (O 72-6.79)
1990- 5 12504 292) 0 0.00 (0.00-62.69) 1 1.87 (0.05- 1041) 2 4.56 (0.55- 1648) 0 0.00 (0.00-14.57)
Year of starting work
2002-2005 639 095(0.87-1.02) 8 2.94(1.27-5.79) 109 0.93(0.77-1.12) 35 1.04 (0.73-1.45) 13 45 (0.77-2.48)
2005-2009 174 085(0.73-099) 1 1.56 (0.04-8.71) 31 0.90(061-1.28) 16 0.96 (0.55-1.56) 8 2.54(1.10-5.00)
2010-2014 115  085(0.70-1.02) 3 7.58(1.56-22.16) 23 0.98(0.62-1.47) 17 0(0.76-2.08) 2 0.91(0.11-3.28)
2015-2021 62 0.75 (0.58-0. 97) 1 337(0.09-1880) 15 091(0.51-1.50) 11 (O 70-2.52) 2 (O 16-4.63)
Working duration (years)
<5 464 099 (0.90-1.08) 7 4.34(1.75-8.95) 87 01(0.81-1.25) 30 0.97 (0.65-1.38) 9 32 (0.60-2.50)
5-9 242 089 (O 78-101) 3 327(068-957) 41 079(0.57-1.07) 23 149(095-224) 10 2.69 (1.29-4.96)
10-14 125  086(0.71-1.02) 2 3.78 (046-13.65) 23 0.95 (0.60-1.42) 1 7(0.58-2.09) 4 95 (0.53-4.99)
15-20 159  0.76 (0.65- 089) 1 1.00 (0.03-5.59) 27 0.92 (0.61-1.35) 15 0.98 (0.55-1.62) 2 0.61(0.07-2.21)
Female workers
Birth year
<1960 51 0.88 (0.66-1.16) 1 640 (0.16-35.68) 14 0.88(048-147) 12 123(063-2.14) 3 4.23(0.87-12.36)
1960-1969 74 6(091-146) 0 0.00 (0.00-18.77) 38 1.52 (1.08-2.09) 20 142 (0.87-2.19) 1 84 (0.05-10.26)
1970-1979 135  1.04(087-1.23) 0 0.00 (0.00-8.38) 73 1.29(1.01-1.63) 31 0.89 (0.61-1.26) 1 0.73 (0.02-4.07)
1980-1989 193 1.28(1.11-148) 0 0.00(0.00-7.72) 104 155(1.26-1.88) 63 135(1.04-1.73) 0 0.00 (0.00-1.84)
1990- 70 206 (1.61-261) 0 0.00 (0.00-26.07) 47 2.56 (1.88-3.40) 15 1.95 (1.09-3.22) 1 9(0.06-12. 21)
Year of starting work
2002-2005 187 1.03(0.89-1.19) 1 1.65(0.04-920) 81 1(096-1.50) 52 1.24(093-163) 4 .95 (0.53-5.00)
2005-2009 114 093(0.77-1.12) 0 0.00 (0.00-10.71) 54 07 (0.80-1.39) 35 0.94 (0.66-1.31) 0 .00 (0.00-2.42)
2010-2014 115 1.60(1.32-1 92) 0 0.00 (0.00-15.21) 67 2.02 (0.00-2. 56) 30 146 (0.99-2. 09) T .19 (0.03-6.65)
2015-2021 107 1.79(0147-217) 0 0.00 (0.00-16.81) 74 2.32(1.82-291) 24 1.79 (1.14-2.66) 1 49 (0.04-8.30)
Working duration (years)
<5 287 4(1.01-1 28) 0 0.00(0.00-4.72) 139 1.30(1.09-1.53) 81 1.22 (0.97-1 52) 4 5(0.37-3.46)
5-9 130 3(1.03-146) 1 2.55(0.06-14.23) 88 1.99 (1.60-2.45) 29 07 (0.7 55) 0 0.00 (0.00-2.96)
10-14 63 147 (1 13-1 89) 0 0.00 (0.00-30.07) 34 91(133-267) 19 (O 97-2. 52) T 97 (0.05-10.97)
15-20 43 1.23(0.89-1.66) 0 0.00 (0.00-31.51) 15 1.08 (0.60-1.78) 13 147(0.78-251) 1 2.68(0.07-14.94)

SIR: standardized incidence ratio; Cl: confidence interval; NHL: non-Hodgkin lymphoma; Obs: observed cases

T Including breast cancer for females

on diseases from insurance data. Considering that the
primary purpose of the data was insurance premium
claims, their suitability for determining disease inci-
dence may be suboptimal [40]. Nonetheless, a study
that assessed the accuracy of ICD-10 codes in relevant
Korean claims data reported that diagnostic accuracy
was ensured solely by using ICD-10 codes [41, 42]. Fur-
thermore, the counts of observed cases for certain rare
cancers may require careful interpretation of the corre-
sponding results.

Our study provides valuable findings for the limited
literature on the health effects experienced by flight
attendants. Studies on radiation workers sharing paral-
lel characteristics of occupational radiation exposure

have been consistently conducted, leading to a robust
accumulation of epidemiological evidence. However,
only a handful of these studies focused on flight atten-
dants, particularly those assessing their exposure to
cosmic radiation. Although we used job codes assigned
based on the nature of the workplace, we faced the chal-
lenge of classifying flight attendants precisely; therefore,
we conducted this study focusing on flight attendants to
the greatest extent possible. In future studies, it will be
crucial to define study populations more accurately and
conduct high-quality analyses that consider individual
radiation doses among flight attendants. Studies compar-
ing incidences among workers having exposure to similar
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occupational and lifestyle-related factors will also be
informative.

In Korea, with the revision of the legislation support-
ing the investigation of the health effects of flight atten-
dants in 2023, we anticipate that the collection of dose
registries will be facilitated. In addition to gathering the
dose registry, we will be able to gather data on confound-
ing factors, such as smoking, alcohol consumption, and
shift work, which are key risk factors for cancer, by link-
ing them to various Korean national health data sources.
With access to these sources, we anticipate being able to
perform a stronger assessment of health effects for flight
attendants.

Conclusions

This study investigated the incidence of cancer in the air
transportation industry by employing a cohort estab-
lished from health insurance databases and comparing
it with the general population. Our findings revealed
a healthy worker effect in the overall cancer risk of the
cohort; however, several types of cancer exhibited higher
incidence rates. To better understand the association
with cosmic radiation, further investigation through
dose-response assessments using radiation doses among
flight attendants is imperative. Moreover, given that
flight attendants are exposed to multiple risk factors
during their flights, it is necessary to determine radia-
tion-induced cancer risk while considering potential con-
founders and their effect modifications.
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