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ABSTRACT

Background: To investigate the effect of parental social class on cancer mortality in children
under 5 in Korea, two birth cohorts were constructed by linking national birth data to
under-5 death data from the Statistics Korea for 1995-1999 (3,323,613 births) and 2010-2014
(2,297,876 births).

Methods: The Cox proportional hazards model adjusted for covariates was used in this study.
Results: Social inequalities of under-5 cancer mortality risk in paternal education and
paternal employment status were greater in 2010-2014 than in 1995-1999. The gap of hazard
ratio (HR) of under-5 cancer mortality between lower (high school or below) and higher
(university or higher) paternal education increased from 1.23 (95% confidence interval,
1.041.46) in 19951999 to 1.45 (1.11-1.97) in 2010-2014; the gap of HR between parents
engaged in manual work and non-manual work increased from 1.32 (1.12-1.56) in 1995-1999
to 1.45 (1.12-1.89) in 20102014 for fathers, and from 1.18 (0.7-1.98) to 1.69 (1.03-2.79) for
mothers. When the parental social class was lower, the risk of under-5 cancer mortality was
higher in not only adverse but normal births.

Conclusion: Social inequalities must be addressed to reduce the disparity in cancer mortality
of children under 5 years old.

Keywords: Under-5 Cancer Mortality; Parental Social Class; Social Inequalities;
Socioeconomic Status

INTRODUCTION

Social inequalities in childhood cancer exist and socioeconomic gaps in the survival rates
of children with cancer between countries are increasing.! While social inequalities have
been identified as an important causal risk factor in childhood cancer deaths and childhood
cancer,27 whether social inequalities have hindered reductions in childhood cancer deaths
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and whether the gaps of social inequalities increase the inequalities in the risk of childhood
cancer death have not been determined. In addition, little research has been conducted on
how social inequalities in childhood cancer change over time.

In Korea, while the incidence rate, as well as the prevalence, is increasing and mortality from
childhood cancer is decreasing,310 several studies related to inequalities in childhood cancer
mortality according to socioeconomic position have been reported.1113 However, there are
few studies on the trends in social inequalities in under-5 cancer mortality rates in Korea.
Therefore, this study explored how the social inequalities in the cancer mortality of children
under 5 years of age have changed over time.

The previous studies presented the effects of parents’ socioeconomic conditions418 and the
child’s birth conditions (low weight and premature birth)19,20 on child mortality separately,
few studies on the interactive effect of parental social class and low birthweight and preterm
birth on under-5 cancer mortality were reported. Therefore, this study attempted to analyze
how the social inequalities interact with the child’s birth conditions (low weight and
premature birth) and effect on cancer deaths under the age of 5.

In addition to the socioeconomic factors of parents and the birth factors of the child, risk
factors affecting cancer death under the age of 5 such as birth sex,2! parental age,22 and
maternal risk factors (birth type, birth order, and interval)23 have been reported. Therefore,
in this study, birth sex, parental age, maternal risk factors, and marital status were considered
as covariates, by referring to variables related to death under the age of 5 in previous studies.

This study aimed to investigate trends in social inequalities in the cancer mortality rates of
children under 5 years old in Korea using 1995-1999 and 2010-2014 national birth cohorts
and analyze how the interactive effect between parental social class and inappropriate birth
outcomes, such as lower birthweight and preterm birth, affected cancer mortality of children
under 5 years of age. This study provides evidence for childhood cancer prevention policies by
analyzing the social inequalities of children under the age of 5 who died of cancer.

The hypothesis of this study was that parental social class interacts with birth conditions
(birthweight and gestational age), and affects cancer deaths under the age of 5. Birth
conditions (birthweight and gestational age) act as intermediate factors with parental social
class on under-5 cancer mortality; and birth sex, parental age, maternal risk factors (multiple
births, the number of mother’s newborn infants, and the number of deaths among the
mother’s newborn infants), and marital status act as covariates in this study.

METHODS

Study population

National birth cohorts were constructed by linking 1995-1999 and 20102014 national birth
cohort data and death data from Statistics Korea using social security numbers.24 The 1995—
1999 cohort was constructed from all the national births from January 1, 1995 to December
31,1999, and the 20102014 cohort, from January 1, 2010 and December 31, 2014. The birth
data were linked with national death data, which were obtained from Statistics Korea to
construct a dataset that included children up to 5 years of age.24
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The total number of births was 3,323,613 in the 1995-1999 cohort and 2,297,876 in the
2010-2014 cohort, 622 cancer deaths were included in the 1995-1999 cohort and 252 in the
20102014 cohort.

Variables

From the national birth cohorts, parental socioeconomic position (i.e., parental educational
background and employment status), gestational age, low birth weight, and other covariates
(i-e., birth sex, parental age, maternal risk factors (multiple births, the number of mother’s
newborn infants, the number of deaths among the mother’s newborn infants), and marital
status) were analyzed as risk factors that could affect under-5 cancer mortality rates.

In this study, parental educational background and parents’ employment status were
considered as proxy of parental social class factors affecting under-5 cancer mortality.
Parental educational background was identified using “regular educational status,” a term
used by the Ministry of Education and categorized as non-educated (O years), elementary
(1-6 years), middle (79 years), high school (10-12 years), and university education or higher
(2 13 years). As the number of births in parents who graduated from high school or had
lower levels of education has decreased over time, this study classified the educational level
into two groups: university education or higher and high school or lower. The parents’
employment status was grouped into three categories of non-manual workers (legislators,
senior officials, managers, professionals, technicians, practical professionals, office workers,
service workers, and sales workers), manual workers (skilled agricultural, forestry and
fishery workers, craft and affiliated craft workers, device and machine operators, assemblers,
and laborers), and economically inactive (students under 14 years, unemployed people,
houseworkers, and soldiers).

Birth weight and gestational age were considered as intermediate factors. Gestational age
was grouped into preterm (> 16 weeks and < 37 weeks) and term (37-45 weeks) to examine the
effects of preterm delivery. Birth weight was grouped into normal birth weight (= 2,500 g)
and low birth weight (= 500 g and < 2,500 g).

Parental age, maternal risk factors (multiple births, the number of mother’s newborn infants,
and the number of deaths among the mother’s newborn infants), and marital status act as
covariates. Parental age was re-categorized into < 25 years, 25 years to 35 years, and > 35 years.
The number of multiple births was grouped into one (singleton) and two or more (multiple).

The number of total births was classified as one and two or more. The number of deaths
among the mother’s newborn infants was categorized as zero (none) and one or more.
Marital status was re-grouped into married and non-married.

For the outcome indicators, under-5 cancer mortality was identified for all cancers
(International Classification of Diseases, 10th Revision [ICD-10], C00-C99), including
leukemia (ICD-10, C91-C95) and central nervous system (CNS) cancers (ICD-10, C70-C72),
which were the most common cancers among the childhood cancers in Korea.

Statistical methods

The statistical analyses applied the Cox proportional hazard model in accordance with the
retrospective cohort study. The crude death rates and the incidence density were calculated as
the number of deaths per 100,000 children and 100,000 person-years.
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Kaplan-Meier survival curves were used to describe the survival pattern within the under-5
deaths for the parental socioeconomic variables. Multivariable Cox proportional hazards
regression model was used, and hazards ratios and 95% confidence intervals (CIs) were
calculated to estimate the effect of parental social class on under-5 cancer mortality adjusted
for birth sex, parental age, multiple births, the number of mother’s newborn infants, the
number of deaths among the mother’s newborn infants, and marital status.

Interaction analysis was conducted to analyze how the interaction between parental

social class (parental educational background and parents’ employment status) and birth
conditions (preterm birth and underweight) of the child affected cancer deaths in children
under the age of 5.

This study also explored the combined effect between paternal social class and maternal
social class, and paternal education and paternal employment.

The statistical programs used were SAS 9.4 (SAS Institute, Cary, NC, USA), Stata 6.0
(StataCorp LLC, College Station, TX, USA), and R (R Foundation, Vienna, Austria).

Ethics statement

This study was conducted in accordance with the prevailing ethical principles. The Office
of Research Integrity and Compliance Institutional Review Board (IRB) at the Kangwon
National University Hospital reviewed and approved this study and the use of data from the
National Statistics Office in Korea (KWNUIRB-2018-11-005).

RESULTS

Under-5 cancer mortality rates according to parental education, parental
employment, and birth characteristics in 1995-1999 and 2010-2014 cohorts
Cancer deaths under the age of 5 decreased significantly in all risk variables over a 15-year
period in the 2010-2014 cohort compared to the 1995-1999 cohort (Table 1). The difference
in mortality rates in children under the age of 5 according to paternal education, paternal
employment, maternal employment, the total number of births, and birth weight increased,
whereas the gaps between cancer deaths in children under the age of S years and multiple
births, the number of deaths among births, and marital status decreased (Table 1).

The main risk factors that significantly affected under-5 cancer mortality rates after adjusting
for the confounding variables of gender, parental age, birth weight, gestational age, total
maternal births, number of deaths among the births, maternal history of multiple births,

and marital status were paternal education and employment status, and paternal age in the
1995-1999 cohort, and paternal education and employment status, and maternal employment
status in the 20102014 cohort (Table 1).

Widening social inequalities in under-5 cancer mortality in Korea

The hazard ratios (HRs) for under-5 cancer mortality according to parental social class
adjusted for gender, parental age, birth weight, gestational age, the total number of births,
total deaths among the total births, multiple births, and marital status showed that social
inequalities in under-5 cancer mortality increased in the 2010-2014 cohort compared to the
1995-1999 cohort in Korea (Table 2, Figs. 1 and 2). In paternal education, the adjusted HR
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Table 1. Under-5 cancer mortality rates (incidence densities), hazard ratios according to parental education, parental employment, and birth characteristics,
1995-1999 cohort and 2010-2014 cohort

Widening Social Inequalities in Under-5 Cancer Mortality, Korea

Characteristics 1995-1999 2010-2014

Births (deaths) Incidence densities Hazard ratios Unadjusted Births (deaths) Incidence densities Hazard ratios Unadjusted

Sex

Boy 1,745,525 (339)  3.88 (3.49-4.32) 1.00 1,181,219 (134) 2.27 (1.92-2.69) 1.00

Girl 1,578,088 (283)  3.59(3.19-4.03) 0.92 (0.79-1.08) 1,116,657 (118) 2.11 (1.76-.53) 0.93(0.73-1.19)
Paternal education

> University 1,499,477 (232)  3.25(2.85-3.69) 1.00 1,631,545 (156) 1.91 (1.63-2.24) 1.00

< High school 1,883,674 (388)  4.12(3.73-4.55) 1.97 (1.08-1.49) 637,323 (88)  2.76 (2.24-3.40) 1.44(1.11-1.88)
Maternal education

> University 983,310 (160)  3.25 (2.79-3.80) 1.00 1,621,977 (171) 2.11 (1.82-2.45) 1.00

< High school 2,333,080 (460)  3.94 (3.60-4.32) 1.21 (1.01-1.45) 665,791 (78)  2.34(1.88-2.93) 1.11(0.85-1.45)
Paternal employment

Non-manual 1,665,006 (263)  3.16 (2.8-3.57) 1.00 1,396,339 (133) 1.91 (1.61-2.26) 1.00

Manual 1,486,511 (317)  4.27 (3.82-4.76) 1.35(1.12-1.56) 739,163 (102) 2.76 (2.27-3.35) 1.45 (1.12-1.88)

Inactive 160,828 (40)  4.97 (3.65-6.78) 1.57 (1.12-2.20) 82,996 (8)  1.93 (0.96-3.86) 1.01 (0.50-2.07)
Maternal employment

Non-manual 323,255 (50)  3.09 (2.34-4.08) 1.00 629,387 (57)  1.81(1.40-2.35) 1.00

Manual 106,017 (20)  3.77 (2.43-5.85) 1.18 (0.70-1.98) 136,923 (21)  3.07 (2.00-4.71) 1.69 (1.03-2.79)

Inactive 2,881,019 (551)  3.83(3.52-4.16) 1.22 (0.91-1.64) 1,512,301 (170) 2.25 (1.93-2.61) 1.94 (0.92-1.68)
Paternal age, yr

95-35 9,629,381 (469)  3.57 (3.26-3.91) 1.00 1,317,111 (139) 2.11 (1.79-2.49) 1.00

<25 127,955 (27)  4.22(2.89-6.15) 1.18 (0.80-1.74) 34,617 (2)  1.16 (0.29-4.62) 0.55 (0.14-2.91)

> 35 558,430 (125)  4.48 (3.76-5.34) 1.26 (1.03-1.53) 920,830 (105) 2.28 (1.88-2.76) 1.08 (0.84-1.39)
Maternal age, yr

25-35 92,554,761 (463)  3.62(3.31-3.97) 1.00 1,727,154 (188) 2.18 (1.89-2.51) 1.00

<95 580,315 (122)  4.21(3.52-5.02) 1.16 (0.95-1.492) 131,287 (16)  2.44 (1.49-3.98) 1.12 (0.67-1.87)

>35 184,659 (37)  4.01(2.90-5.53) 1.11 (0.79-1.55) 437,818 (48)  2.19 (1.65-2.91) 1.01 (0.73-1.38)
Multiple birth

Singleton 3,275,031 (611)  3.73 (3.45-4.04) 1.00 2,999,938 (244) 2.20 (1.94-2.49) 1.00

Multiple 47,066 (11) 4.67 (2.59-8.44) 1.25 (0.69-2.28) 71,866 (7) 1.95 (0.93-4.09) 0.89 (0.42-1.88)
No. of total births

1 1,619,679 (296)  3.66 (3.26-4.10) 1.00 1,174,043 (124) 2.11 (1.77-2.52) 1.00

>92 1,702,243 (326)  3.83 (3.44-4.27) 1.05 (0.90-1.23) 1,116,937 (126) 2.26 (1.89-2.69) 1.07 (0.83-1.37)
No. of deaths children

0 3,298,999 (608)  3.69 (3.40-3.99) 1.00 2,980,591 (247) 2.17 (1.91-2.45) 1.00

>1 29,991 (14)  12.22(7.24-20.63) 3.32(1.95-5.63) 9,027 (1)  2.22(0.31-15.73)  1.02 (0.14-7.29)

Gestational age, wk
> 37

3,211,208 (599)

3.73 (3.44-4.04)

1.00

9,150,944 (296)

2.10 (1.84-2.39)

1.00

>16and < 37 106,433 (22)  4.13(2.72-6.28) 1.11 (0.72-1.7) 143,693 (26)  3.62 (2.46-5.32) 1.72 (1.15-2.58)
Birth weight. g

> 2,500 3,209,295 (593) 3.7 (3.41-4.01) 1.00 92,172,075 (231) 2.13 (1.87-2.49) 1.00

> 500 and < 2,500 108,617 (29)  5.34(3.71-7.69) 1.45 (1-2.1) 122,662 (20)  3.26 (2.10-5.06) 1.53 (0.97-2.49)
Marital status

Yes 3,293,802 (614)  3.73 (3.45-4.04) 1.00 2,944,859 (243) 2.17 (1.91-2.46) 1.00

No 28,378 (8) 5.64 (2.82-11.28) 1.51 (0.75-3.04) 47,530 (4)  1.68(0.63-4.48) 0.78 (0.29-2.09)

Values are presented as HRs (95% Cls).
Unadjusted: unadjusted univariate hazard ratios.
HRs = hazard ratios, 95% Cls = 95% confidence intervals.

https://jkms.org

for under-5 cancer mortality in children with parents with high school or below education
compared to university education was 1.23 (95% CI, 1.04-1.46) in the 1995-1999 cohort
and increased by 1.45 (95% CI, 1.11-1.89) in the 2010-2014 cohort (Table 2, Figs. 1 and 2).
There was no significant difference in under-5 cancer mortality in the cohorts according to
maternal education.

For paternal employment status, the adjusted HR of under-5 cancer mortality in the manual

work group compared to the non—manual work group was 1.32 (95% CI, 1.12-1.56) in the
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Widening Social Inequalities in Under-5 Cancer Mortality, Korea
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1995-1999 All cancers

1995-1999 cohort and increased to 1.45 (95% CI, 1.12-1.89) in the 2010-2014 cohort. The
corresponding HRs for maternal employment status were 1.18 (95% CI, 0.7-1.98) in the 1995—
1999 cohort and 1.69 (95% CI, 1.03-2.79) in the 2010-2014 cohort (Table 2, Figs. 1 and 2).

For leukemia and CNS cancers, the risk factors increasing the social inequalities of under-5
cancer mortality in the 1995-1999 and 2010-2014 cohorts were paternal employment status
for under-5 CNS cancer mortality, and paternal education and paternal employment status
for under-5 leukemia mortality.

The adjusted HR of under-5 leukemia mortality in the lower paternal education group (high
school or lower) compared to the higher paternal education group (university or higher) was
1.11 (95% CI, 0.85-1.44) in the 1995-1999 cohort and increased to 1.64 (95% CI, 1.07-2.54) in
the 20102014 cohort. The adjusted HR of under-5 leukemia mortality in the paternal manual

work group compared to the paternal non-manual work group was 1.19 (95% CI, 0.92-1.55)
in the 1995-1999 cohort and increased to 1.54 (95% CI, 1.11-1.89) in the 20102014 cohort
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Fig. 1. Five-year Kaplan-Meier survival curves for children under 5 years with cancers by parental education and employment. The Statistics Korea, 1995-1999

birth cohort.
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Fig. 1. (Continued) Five-year Kaplan-Meier survival curves for children under 5 years with cancers by parental education and employment. The Statistics Korea,

1995-1999 birth cohort.
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(Table 2, Figs. 1 and 2). Compared to the paternal non-manual work group, the adjusted

HR of under-5 CNS cancer mortality in the paternal manual work group was 1.51 (95% CI,
1.06-2.14) in the 19951999 cohort and increased to 1.7 (95% CI, 1.06-2.75) in the 20102014
cohort (Table 2, Figs. 1 and 2).

The role of low birth weight and gestational age in under-5 cancer mortality
The risk of under-5 total cancer mortality was higher in low birth weight (less than 2,500 g)
and preterm (less than 37 weeks) births compared to normal birth weight or normal term
births. The crude HR of under-5 cancer mortality was 1.45 (95% CI, 1.00-2.10) in low birth
weight births than that of normal birth weight or normal term births in the 1995-1999 cohort,
and 1.72 (95% CI, 1.15-2.58) in preterm births in the 2010-2014 cohort. However, after
adjusting for the covariates, the adjusted HRs were not statistically significant (Table 2).

The interaction between parental socioeconomic status (education and
employment) and adverse birth outcomes (low birth weight and preterm

https://doi.org/10.3346/jkms.2023.38.e20 9/19
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2010-2014 All cancers
Father's education

birth) on under-5 cancer mortality
Since the main factors associated with under-5 cancer mortality in this study were found to
be the paternal education level, parental employment status, and adverse birth outcomes
(low birth weight and preterm birth), we analyzed the interactions between these variables
and under-5 cancer mortality in the 1995-1999 and 2000-2014 national birth cohorts.

When the paternal socioeconomic conditions were higher (university education or higher,
non-manual employment), the risk of under-5 cancer mortality was highly correlated with
adverse birth outcomes (low birth weight and preterm birth). However, when the paternal
socioeconomic conditions were lower (high school or lower, manual or economically
inactive), paternal socioeconomic conditions more significantly affected under-5 cancer
mortality, even in the normal birth and normal gestational age groups, regardless of adverse
birth outcomes (Table 3). These results indicated that socioeconomic conditions had more
effect on under-5 cancer mortality than adverse birth outcomes.
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Fig. 2. Five-year Kaplan-Meier survival curves for children under 5 years with cancers by parental education and employment. The Statistics Korea, 2010-2014

birth cohort.

https://jkms.org

https://doi.org/10.3346/jkms.2023.38.e20

(continued to the next page)

10/19



Widening Social Inequalities in Under-5 Cancer Mortality, Korea

JKMS

2010-2014 All cancers
Father's employment

2010-2014 Leukemia
Father's employment

2010-2014 CNS cancers
Father's employment

1.00000 - 1.00000 - 1.00000 ez cmevmeeme s
0.99999
= z z é
;; 0.99995 - ;; = 0.99998 - i ;
E 'S 0.99998 E v
° o o 3
s a o -
g : S 0.99997 - [ kS
£ 0.99990 - Ty < < 0.99996 - L.
3 Paternal employment % A 7 Paternal employment'--i _____
—— Non-manual ’ "‘-\‘ 0.99996 - —— Non-manual :-__“
------ Manual "\ -==-==- Manual i
-+ Economically inactive «+=-- Economically inactive --=-- Economically inactive
0.99985 T T T T ! 0.99995 T T T T ! 0.99994 T T T T |
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Survival time, yr Survival time, yr Survival time, yr
2010-2014 All cancers 2010-2014 CNS cancers 2010-2014 Leukemia
Mother's employment Mother's employment Mother's employment
1.00000 — 1.00000 — 1.00000 —
0.99999 -
> 0.99995 - > > 0.99998 -
E 'S 0.99998 E
o o o
£ 0.99990 5 S 0.99996
g - < 0.99997 i . g
E : E - !
> Maternal employment it > Maternal employment i WS Maternal employment H
9 0.99985 - T ] P () 99994
—— Non-manual 0.99996 4 = Non-manual —— Non-manual '
------ Manual -===-- Manual --==-- Manual
-+ Economically inactive -+ Economically inactive «=-- Economically inactive
0'99980 T T T T 1 0'99995 T T T T 1 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

Survival time, yr

Fig. 2. (Continued) Five-year Kaplan-Meier su
2010-2014 birth cohort.
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Survival time, yr Survival time, yr

rvival curves for children under 5 years with cancers by parental education and employment. The Statistics Korea,

These relationships were highly statistically relevant for the lower employment groups
(manual or economically inactive) compared to the higher employment group (manual),
lower birth weight compared to preterm births, and the 20102014 cohort compared to the
1995-1999 cohort (Table 3).

The interaction between parental socioeconomic status and under-5 cancer
mortality

The effect of the interactions between parental socioeconomic factors, namely parental
education and parental employment on under-5 cancer mortality in both the 1995-1999 and
2010-2014 national birth cohorts showed that the risk of under-5 cancer mortality increased
when the combined parental social class was lower, and this relationship was greater in the
2010-2014 cohort compared to the 1995-1999 cohort (Tables 4 and 5).

The interaction between parental education and employment status was also evident in
leukemia, and the association was stronger in the 2010-2014 cohort than in the 1995-1999

https://doi.org/10.3346/jkms.2023.38.e20 11/19



JKMS

Table 3. Interactions between paternal education and paternal employment state with adverse birth outcomes (preterm births and low birthweights) on under-5

Widening Social Inequalities in Under-5 Cancer Mortality, Korea

cancer mortality, 1995-1999, 2010-2014

Years Gestational age or birth weight Births (deaths) Model 1 Model 2 Model 3
1995-1999
Paternal education
> University > 37 wk 1,383,230 (224) 1.00 1.00 1.00
> 16 and < 37 wk 44,416 (7) 0.97 (0.46-2.07)  0.96 (0.45-2.04)  0.92 (0.43-1.96)
< High school > 37 wk 1,819,471 (373)  1.27 (1.07-1.49)  1.24(1.04-1.46)  1.23 (1.04-1.45)
>16and < 37 wk 61,545 (15) 1.51 (0.89-2.54) 1.45(0.86-2.46)  1.38(0.81-2.35)

Paternal employment
Non-manual

Manual, inactive

Paternal education
> University

< High school

Paternal employment
Non-manual

Manual, inactive
2010-2014
Paternal education
> University

< High school

Paternal employment
Non-manual

Manual, inactive

Paternal education
> University

< High school

Paternal employment
Non-manual

Manual, inactive

> 37 wk
> 16 and < 37 wk
> 37 wk
>16and < 37 wk

>9,5008
>500and < 2,500 g
>2,500g
>500and < 2,500 g

>92,500g
>500and < 2,500 g
22,5008
>500and < 2,500 g

> 37 wk
> 16 and < 37 wk
> 37 wk
>16and < 37 wk

> 37 wk
>16and < 37 wk
> 37 wk
> 16 and < 37 wk

>2,500¢8
>500and < 2,500 g
>2,5008
>500and < 2,500 g

>92,500 g
>500and < 2,500 g
22,5008
>500and < 2,500 g

1,611,271 (255)
1,590,648 (342)
51,642 (7)

54,293 (15)

1,385,800 (220)
42,017 (12)

1,814,980 (371)
66,078 (17)

1,612,500 (248)

1,587,490 (343)
50,701 (15)
57,366 (14)

1,535,049 (144)
95,923 (12)
593,673 (76)
43,317 (12)

1,312,402 (118)
769,085 (101)
83,505 (15)
59,637 (9)

1,548,545 (149)
892,451 (13)
600,767 (82)
36,256 (6)

1,324,036 (119)
777,447 (104)
71,876 (13)
44,334 (6)

1.00
1.36 (1.16-1.60)
0.86 (0.40-1.82)
1.75 (1.04-2.94)

1.00
1.80 (1.01-3.29)
1.29 (1.09-1.52)
1.62 (0.99-2.65)

1.00
1.41 (1.19-1.65)
1.92 (1.14-3.24)
1.59 (0.93-2.72)

1.00
1.33 (0.74-2.40)
1.37 (1.03-1.80)
2.95 (1.64-5.32)

1.00

1.46 (1.12-1.91)
2.00 (1.17-3.42)
1.90 (0.97-3.75)

1.00
1.72 (0.97-3.03)
1.49 (1.13-1.95)
1.81 (0.80-4.09)

1.00
1.49 (1.14-1.94)
2.01 (1.14-3.57)
1.51 (0.66-3.42)

1.00
1.33 (1.13-1.57)
0.85 (0.40-1.80)
1.70 (1.01-2.86)

1.00
1.80 (1.01-3.21)
1.26 (1.06-1.49)
1.58 (0.96-2.59)

1.00
1.38(1.17-1.63)
1.92 (1.14-3.24)
1.55 (0.91-2.67)

1.00
1.33 (0.74-2.39)
1.37 (1.03-1.81)
9.95 (1.63-5.32)

1.00

1.46 (1.11-1.91)
1.99 (1.16-3.40)
1.89 (0.96-3.73)

1.00
1.73 (0.98-3.05)
1.49 (1.13-1.97)
1.82 (0.80-4.12)

1.00
1.49 (1.14-1.94)
2.01 (1.14-3.57)
1.51 (0.66-3.42)

1.00
1.33(1.12-1.56)
0.81(0.38-1.73)
1.61 (0.95-2.74)

1.00
1.76 (0.97-3.19)
1.25 (1.05-1.48)
1.53 (0.92-2.55)

1.00
1.37 (1.16-1.62)
1.88 (1.10-3.29)
1.51(0.87-2.62)

1.00
1.47 (0.80-2.72)
1.37 (1.03-1.82)
3.18 (1.74-5.83)

1.00

1.47 (1.12-1.92)
2.99 (1.27-3.90)
2.07 (1.04-4.15)

1.00
1.96 (1.06-3.59)
1.50 (1.13-1.98)
1.99 (0.87-4.59)

1.00
1.49 (1.15-1.95)
9.99 (1.24-4.29)
1.68 (0.72-3.88)

Values are presented as hazard ratios (95% confidence intervals).

Model 1: unadjusted univariate.

Model 2: adjusted for sex and parental age.

Model 3: adjusted for sex, parental age, total maternal births, number of deaths among the total births, maternal history of multiple births.

cohort. In the case of CNS cancers, the interaction between parental education and
employment was not statistically significant (Tables 4 and 5).

DISCUSSION

This study mainly showed that the socioeconomic gap in the risk of under-5 cancer mortality
widened between the 1995-1999 and 20102014 cohorts in Korea. The risk factors that had a
greater impact on overall under-5 cancer mortality in the 20102014 cohort compared to the

https://jkms.org https://doi.org/10.3346/jkms.2023.38.e20 12/19
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Table 4. Interactions between paternal education and paternal employment with under-5 cancer mortality, 1995-1999, 2010-2014

Years/Type of cancer Paternal employment Births (deaths) Model 1 Model 2 Model 3
1995-1999
All cancers
Paternal education
> University Non-manual 1,068,373 (155) 1.00 1.00 1.00
Manual or economically inactive 359,883 (77) 1.48(1.12-1.94) 1.47(1.12-1.93) 1.48(1.12-1.94)
< High school Non-manual 595,829 (108)  1.25(0.98-1.60)  1.23(0.96-1.58)  1.23(0.96-1.58)

CNS cancers
Paternal education
> University

< High school
Leukemia
Paternal education
> University
< High school
2010-2014
All cancers
Paternal education
> University
< Highschool
CNS cancers
Paternal education
> University
< High school
Leukemia
Paternal education

> University

< High school

Manual or economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

1,286,065 (280)

1,068,373 (39)
359,883 (12)
595,829 (16)

1,286,065 (69)

1,068,373 (65)
359,883 (32)
595,829 (42)

1,286,065 (106)

1,178,289 (101)
416,583 (54)
216,993 (32)
404,477 (54)

1,178,289 (32)
416,583 (17)
216,993 (5)
404,477 (18)

1,178,289 (34)
416,583 (19)
216,993 (14)
404,477 (21)

1.50 (1.23-1.83)

1.00

0.91 (0.48-1.74)
0.74 (0.41-1.32)
1.47 (0.99-2.18)

1.00

1.46 (0.96-2.23)
1.16 (0.79-1.71)
1.36 (1.00-1.85)

1.00
1.51(1.09-2.11)
1.72 (1.16-2.56)
1.56 (1.12-2.17)

1.00
1.50 (0.83-2.71)
0.85 (0.33-2.18)
1.64 (0.92-2.92)

1.00
1.58 (0.90-2.77)
2.94 (1.20-4.17)
1.80 (1.04-3.10)

1.46 (1.20-1.79)

1.00

0.90 (0.47-1.72)
0.71 (0.4-1.28)
1.39 (0.93-2.08)

1.00

1.46 (0.95-2.29)
1.15 (0.78-1.69)
1.33(0.97-1.82)

1.00
1.51 (1.09-2.11)
1.71 (1.15-2.55)
1.56 (1.11-2.18)

1.00
1.52 (0.85-2.75)
0.84 (0.33-2.15)
1.59 (0.88-2.87)

1.00
1.56 (0.89-2.74)
.90 (1.18-4.11)
1.80 (1.03-3.12)

1.45(1.19-1.78)

1.00

0.90 (0.47-1.73)
0.71 (0.40-1.28)
1.39 (0.93-2.08)

1.00

1.45 (0.95-2.21)
1.13(0.76-1.67)
1.29 (0.94-1.77)

1.00
1.54 (1.10-2.15)
1.73 (1.16-2.58)
1.57 (1.12-2.20)

1.00
1.57 (0.87-2.85)
0.86 (0.33-2.21)
1.62 (0.89-2.94)

1.00
1.55 (0.89-2.73)
9.19 (1.17-4.09)
1.79 (1.03-3.11)

Values are presented as hazard ratios (95% confidence intervals).

Model 1: unadjusted univariate.

Model 2: adjusted for sex and parental age.
Model 3: adjusted for sex, parental age, birth weight, gestational age, total maternal births, number of deaths among the total births, maternal history of

multiple births.

https://jkms.org

1995-1999 cohort were paternal education level, parental employment status, and maternal
employment status. The combined effect of paternal education and paternal employment
status, parental education and maternal education, and paternal employment and maternal
employment status was greater in the 2010-2014 cohort than in the 1995-1999 cohort. When
the parental socioeconomic status was lower (high school or lower, manual work, and
economically inactive status), the risk of under-5 cancer mortality was higher even in the
normal birth weight and normal term groups.

This study showed that cancer deaths in children under the age of 5 in Korea in the 20102014
cohort decreased significantly compared to the 1995-1999 cohort for all risk variables. This

result is consistent with Korean statistics. The incidence rate, as well as the prevalence, is
increasing, and the mortality of childhood cancer is decreasing.810 The crude incidence rate

https://doi.org/10.3346/jkms.2023.38.e20
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Table 5. Interactions between paternal education and maternal education, paternal employment and maternal employment with under-5 cancer mortality (all
cancers), 1995-1999, 2010-2014

Widening Social Inequalities in Under-5 Cancer Mortality, Korea

Paternal employment

Non-manual

Manual or economically inactive

2010-2014, All cancers
Paternal education

> University

< High school

Paternal employment

Non-manual

Manual

Economically inactive

Paternal employment

Non-manual

Manual or economically inactive

Economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

> University
< High school
> University
< High school

Non-manual

Manual

Economically inactive
Non-manual

Manual

Economically inactive
Non-manual

Manual

Economically inactive

Non-manual
Manual or economically inactive
Non-manual
Manual or economically inactive

143,941 (37)

260,885 (40)
1,399,566 (223)

61,631 (10)
1,579,682 (347)

1,391,073 (137)
239,416 (19)
294,641 (33)
410,914 (55)

518,671 (43)
45,633 (8)
829,106 (80)
88,785 (11)
83,590 (13)
564,793 (78)
12,623 (2)
4,364 (0)
65,623 (6)

518,671 (43)
874,739 (88)
101,408 (13)
718,370 (97)

1.68 (1.07-2.62)

1.00
1.04 (0.74-1.46)
1.06 (0.53-2.12)
1.43 (1.03-1.99)

1.00
0.81 (0.5-1.3)

1.49 (1.02-2.18)
1.36 (0.99-1.86)

1.00

2.12 (0.99-4.5)
1.16 (0.80-1.69)
1.50 (0.77-2.90)
1.88 (1.01-3.49)
1.67 (1.15-2.49)
1.91 (0.46-7.89)

1.10 (0.47-2.59)

1.00
1.21 (0.84-1.75)
1.55 (0.83-2.88)
1.63 (1.14-2.33)

1.65 (1.05-2.59)

1.00
1.03 (0.73-1.44)
1.05 (0.53-2.11)
1.39 (1.00-1.94)

1.00
0.79 (0.49-1.28)
1.50 (1.02-2.19)
1.34 (0.97-1.85)

1.00

2.12 (0.99-4.50)
1.16 (0.80-1.68)
1.50 (0.77-2.90)
1.86 (1.00-3.47)
1.64 (1.13-2.39)
1.94 (0.47-8.01)

1.13 (0.48-2.67)

1.00
1.21 (0.84-1.74)
1.55 (0.84-2.89)
1.62 (1.13-2.33)

Years/Type of cancer Maternal education or employment  Births (deaths) Model 1 Model 2 Model 3
1995-1999, All cancers
Paternal education
> University > University 861,198 (140) 1.00 1.00 1.00
< High school 567,338(92)  1.00(0.77-1.3)  0.99(0.76-1.29) 0.99 (0.76-1.29)
< High school > University 120,963 (20)  1.02(0.64-1.63) 1.01(0.63-1.61) 1.01(0.63-1.62)
< High school 1,759,269 (367) 1.28 (1.06-1.56)  1.25(1.02-1.52)  1.24 (1.02-1.52)
Paternal employment
Non-manual Non-manual 260,885 (40) 1.00 1.00 1.00
Manual 19,305 (2) 0.68 (0.16-2.80)  0.67 (0.16-2.77)  0.68 (0.17-2.84)
Economically inactive 1,380,261 (221) 1.04 (0.75-1.46) 1.03 (0.74-1.45) 1.06 (0.75-1.49)
Manual Non-manual 48,451 (7) 0.94 (0.42-2.10) 0.93(0.42-2.09) 0.96 (0.43-2.14)
Manual 82,352 (18)  1.43(0.82-2.49) 1.36(0.78-2.38)  1.37 (0.78-2.39)
Economically inactive 1,350,348 (292) 1.41(1.01-1.96) 1.37(0.98-1.91) 1.39(0.99-1.95)
Economically inactive Non-manual 13,180 (3) 1.49 (0.46-4.8) 1.50(0.46-4.84) 1.54(0.48-4.99)
Manual 3,041 (0)

1.68 (1.07-2.65)

1.00
1.05 (0.75-1.48)
1.08 (0.54-2.17)
1.41 (1.01-1.98)

1.00
0.80 (0.49-1.29)
1.51 (1.03-2.21)
1.34 (0.97-1.85)

1.00

2.11 (0.99-4.49)
1.12 (0.77-1.62)
1.49 (0.77-2.89)
1.85 (0.99-3.44)
1.62 (1.11-2.36)
1.93 (0.47-7.96)

1.12 (0.47-2.64)

1.00
1.17 (0.81-1.69)
1.55 (0.83-2.87)
1.60 (1.11-2.30)

Values are presented as hazard ratios (95% confidence intervals).

Model 1: unadjusted univariate.

Model 2: adjusted for sex and parental age.

Model 3: adjusted for sex, parental age, birth weight, gestational age, total maternal births, number of deaths among the total births, maternal history of
multiple births.

https://jkms.org

of cancer in children under 5 was 16.1 (out 0£100,000) children in 1999 and increased to 19.9
in 2018. The prevalence of cancer in children under 5 was 45.0 (out 0f100,000) in 2007 and
increased to 52.4 in 2018.9 In contrast, the mortality rate of cancer in children under 5 in Korea
with cancer decreased from 5.84 (out 0£100,000) in 1993 to 1.93 in 2020.10 These data reflect
the developments in medical technology, where advances in prevention, early detection, and

early treatment have contributed to reducing cancer deaths in children under the age of 5.

Cancer deaths in children with adverse birth outcomes (preterm birth and low birth weight)
also decreased. This study found that the effect of adverse birth outcomes (low birth weight,

https://doi.org/10.3346/jkms.2023.38.e20

14/19



Widening Social Inequalities in Under-5 Cancer Mortality, Korea

JKMS

https://jkms.org

preterm birth) on under-5 cancer mortality decreased from the 1995-1999 cohort to the 2010-
2014 cohort. This is also due to the development of medical technology. The government’s
“project to support infertile couples” has resulted in an increase in the number of multiple
births.25 Korea’s multiple births, preterm births (< 37weeks), and low birthweights (< 2,500
g) increased from 2.7%, 5.8%, and 4.9%, respectively, in 2010 to 4.9%, 8.5%, and 6.8%

in 2020.25 Even though the number of low birth weight babies under 2,500 g continues to
increase in Korea, the risk of death among these babies has decreased due to advancements
in neonatal intensive care.25

This study showed that social inequalities in under-5 cancer mortality exist and the gaps

in social inequalities in under-5 cancer mortality risk were greater in the 2010-2014 cohort
than in the 1995-1999 cohort. Several previous studies reported social inequalities in
under-5 cancer mortality.151%21 This study extended the investigation and found that social
inequalities in under-5 cancer mortality risk were greater in the 2010-2014 cohort than in the
1995-1999 cohort.

The study results are consistent with those of a few previous studies, which reported that the
differences in childhood cancer deaths due to differences in social class were increasing.26,27
Ribeiro et al.26 showed a significant decrease in childhood leukemia deaths in developed
countries, but relatively less in developing countries. Jakab et al.27 reported that childhood
leukemia deaths according to material deprivation have been continuing in Hungary for the
past 45 years.

In this study, the reason why the socioeconomic gap of under-5 cancer mortality in the
2010-2014 birth cohort increased compared to the 1995-1999 birth cohort in Korea is that the
decline in under-5 cancer mortality rates progressed faster in the higher social class than in
the lower social class due to increase of social inequalities, while the overall under-5 cancer
mortality rates were decreasing.

We can infer several causes of the increasing socioeconomic gap in this study.

First of all, the socioeconomic gap in under-5 cancer mortality increased according to
differences in the paternal education level, as well as employment status. The socioeconomic
gap in under-5 cancer mortality widened depending upon the level of education and
employment status of the father.

Thus, in Korea, paternal education might influence the family wage level and childrearing
methods, leading to an effect on under-5 cancer mortality.28:29 The mechanism by which the
paternal educational background affects under-5 cancer mortality may be that a difference in
paternal educational backgrounds influences economics and the standard of living within the
family, leading to an increase in under-5 cancer mortality. In Korea, higher paternal education
levels were reported to be associated with higher wage levels28,30,31 and more childrearing time
with relatively fewer working hours.29 Thus, cancer deaths among children would decrease.

The main source of the increasing income inequalities (as a proxy for social inequalities)

in Korea is wage inequalities in the labor market. The expansion of labor market wage
inequalities32:33 over the past 15 years has resulted in worsening income inequalities. Korea’s
income inequalities has widened since the mid-1990s34 and grew significantly worse between
the 1998 financial crisis and the 2008 and 2009 global economic crises (Supplementary Fig. 1).
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The inequalities in parental educational levels also led to inequalities in working hours
and parental childrearing time29 and inequalities in the quality, as well as the quantity,
of childcare, which may have caused the inequalities in under-5 cancer mortality seen in
this study. According to Song,29 the amount of time spent by fathers on household labor
increased in 2009 compared to 1999, which was inferred to be the result of more highly
educated fathers in Korea.

The reason why the inequalities in under-5 cancer mortality according to paternal education
levels were large seems to be due to the father’s role as head of the household. The household
income in Korea can be determined by the socioeconomic level of the male heads of
households because the male head still plays a major role in Korea, and the wife contributes
less than 20% of the household income.35 Korea is a male-dominated patriarchal society.
Currently, men’s social class occupies a more important position in family relationships than
that of women because of the patriarchal cultural tradition centered on Confucianism and the
supremacy of men in the capitalist society of Korea.

Secondly, the maternal socioeconomic status might contribute to the widening social
inequalities in under-5 cancer mortality. For mothers, the gap in under-5 cancer mortality
between the manual group and non-manual group increased in the 2010-2014 cohort
compared to the 1995-1999 cohort in this study. In Korea, women in low social groups have
gradually entered manual jobs centered on interpersonal services. This kind of manual work
has increased the physical workload, working hours, and night labor, increasing the physical
work burden on the mother and increasing the under-5 cancer mortality gap between the
manual and non-manual groups.30,31

Thirdly, in this study, cancer deaths among children under the age of 5 increased between the
normal and abnormal childbirth groups (low birth weight groups). The reason for this seems
to be that low social status and abnormal births are increasing.

In this study, the combined effect of paternal education and paternal employment, and
paternal and maternal employment on under-5 cancer mortality was increased. The under-5
cancer mortality risk was greater than that of the individual socioeconomic factors. In
particular, the combined effect of having both the father and mother employed in manual
work widened the gap in under-5 cancer mortality rates compared to the effect of one parent
employed in manual work.

The results of this study also suggested that even when the birth conditions were normal
(normal gestational age and normal birth weight), under-5 cancer mortality was higher under
low socioeconomic conditions, suggesting that socioeconomic conditions are becoming
more important factors in under-5 cancer mortality.

Therefore, this study showed that the interaction of socioeconomic factors was important
because various socioeconomic factors interacted to increase the under-5 cancer mortality rate.

This study found that under-5 cancer mortality social inequalities also existed for leukemia and
these social inequalities increased over time. The interaction between the level of education and
employment status was evident in leukemia, and the association was stronger in the 20102014
cohort than in the 1995-1999 cohort. However, this was not true for CNS cancers, even though a
previous study reported inequalities in childhood CNS cancer mortality.36
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Several previous studies reported a relationship between socioeconomic factors and

Widening Social Inequalities in Under-5 Cancer Mortality, Korea

leukemia.5,6:12,37,38 The reason for the greater social inequalities in under-5 cancer mortality for
leukemia was that the survival rate of leukemia is related to malnutrition; the immune system
including the child’s vaccination history; exposure to infectious agents; exposure to ionizing
irradiation and certain chemicals, e.g., benzene, cytotoxins, alkylators, and topoisomerase II
inhibitors; parental social (environmental and occupational) contact in the workplace; and
accessibility to treatment for children and adolescents in the lower social class.39:40

In conclusion, this study showed that the risk factors mainly affecting under-5 cancer
mortality were paternal education and paternal employment, and these social inequalities
were greater in the 2010-2014 cohort compared to the 1995-1999 cohort. While under-5
cancer mortality was also higher in the low birth weight and preterm birth groups, when
the paternal socioeconomic status was higher (university or higher, non-manual group),
under-5 cancer mortality was higher even in the normal birth weight or normal term group
when the paternal socioeconomic status was lower (high school or lower, manual group,
and economically inactive status). This relationship was stronger in the 2010-2014 cohort
compared to in the 1995-1999 cohort. The interaction between the educational level and
employment status also existed for leukemia, but not for brain cancer.
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