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ARTICLE INFO ABSTRACT

Keywords: Background: The interplay between underlying mechanisms of long-term social consequences after childhood
Childhood cancer cancer is largely unknown. Using a mediation analysis framework, we assessed the pathways through somatic
Survivorship

diseases, psychiatric disorders, and educational attainment on the risk of being unemployed for health reasons
among adult long-term survivors of childhood cancer.

Methods: In a Nordic register-based cohort, we identified 8825 survivors of childhood cancer diagnosed age < 20
years old in Denmark, Finland, and Sweden since 1971, and compared these with 36,729 matched individuals
from the general population, and 9210 siblings. Using a mediation analysis framework allowing for multiple
mediators, we estimated interventional direct and indirect effects, using risk differences (RD) with 95 % con-
fidence intervals (CI).

Results: By the age of 30, the RD of health-related unemployment between survivors and the general population
was 4.61 % (95 %CI 3.98-5.21); of this, 21 % was attributed to the mediating pathway through somatic diseases,
a smaller proportion (6 %) was mediated through educational attainment, and only a fraction through psychi-
atric disorders. The proportion mediated through somatic diseases increased with age at diagnosis, whereas the
pathway through educational attainment was important among survivors diagnosed at younger ages.
Conclusions: This three-country wide study suggests that somatic disease burden and educational attainment
drive some of the increased risk of health-related unemployment among childhood cancer survivors, and the
importance of these mediators varies by age at cancer diagnosis. These findings underscore the need for

Employment
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comprehensive survivorship care to prevent or mitigate late effects and barriers that could interfere with later

possibilities for employment.

1. Introduction

Over the past decades, survival from childhood cancer has improved
remarkably, with 5-year survival exceeding 80 % nowadays in European
countries [1,2]. The number of childhood cancer survivors continues to
grow, raising awareness and concerns about potential long-term con-
sequences of cancer and intensive treatment at a young age, which may
affect the adult lives of the survivors [3,4]. Although many survivors are
generally coping well, current literature shows risks of various late ef-
fects, including somatic diseases [4-6], psychiatric disorders [7,8], as
well as socioeconomic difficulties [9-12]. In a recent Nordic
population-based study, we found that childhood cancer survivors were
less likely to be employed at age 30, compared with population and
sibling comparisons; this difference was primarily explained by a
2.5-fold higher risk of health-related unemployment [10].

Although health and socioeconomic conditions are highly interre-
lated, research that sufficiently addresses and quantifies the interplay of
these late effects is largely lacking. It remains unclear to what extent the
increased risk of health-related unemployment among survivors can be
explained by specific mediating pathways, such as disease burden or
differences in educational attainment. Knowledge about the underlying
mechanisms of late effects is essential to ensure adequate follow-up care
for survivors, and to prevent or mitigate severe late effects that may have
significant impact on the quality of the adult life. Moreover, enhancing
survivorship follow-up interventions to support work-life attainment
among the growing population of childhood cancer survivors may carry
societal and health economic benefits.

In this register-based study across three Nordic countries, we sought
to investigate potential explanations and mechanisms underlying the
previously observed differences in health-related unemployment be-
tween adult childhood cancer survivors, matched individuals from the
general population and siblings. Specifically, we assessed the mediating
roles of somatic diseases, psychiatric disorders, and educational attain-
ment, on the risk of health-related unemployment later in life among
long-term childhood cancer survivors in Denmark, Finland, and Sweden.

2. Methods
2.1. Design, study population, and setting

This study is nested within the Nordic research programme ‘Socio-
economic Consequences in Adult Life after Childhood Cancer (SALiCCS,
www.salices.org) [13], and builds on our previous study on work-life
outcomes among childhood cancer survivors [10].

We conducted a population-based matched cohort study using the
unique Nordic registry data. All residents of Denmark, Finland and
Sweden are assigned a unique personal identification number that en-
ables linkage of individual-level information across various nationwide
registries [14]. We identified all survivors of cancers diagnosed before
the age of 20 years in Denmark, Finland and Sweden in the national
cancer registries since 1971 [15]. We obtained information on date of
diagnosis and cancer diagnoses, which we classified according to the
International Classification of Childhood Cancer [16]. We compared
childhood cancer survivors with individuals randomly sampled from the
general population, individually matched by year of birth, sex, and
country of residence (in Sweden also by municipality) in a ratio of 1:5,
hereinafter denoted population comparisons. As a second comparison
group, we identified siblings (biological or adopted) of childhood cancer
survivors to account for unmeasured genetic and familial background.
We allowed a maximum age difference of 10 years between sibling pairs
to increase the comparability of the social and environmental

background in which they grew up. Both population and sibling com-
parisons were identified from the national population registries and
were eligible only if they remained cancer-free until the age of 20 years
[17-19]. We defined index date as the date of cancer diagnosis for the
survivors and the equivalent calendar date for the matched population
comparisons; for siblings, the index date was defined as the date on
which they were of the same age as the survivor at the time of diagnosis
of cancer. To avoid potential confounding, we excluded individuals with
the following cancer predisposing syndromes: Down syndrome, neuro-
fibromatosis, and tuberous sclerosis (Figure S1).

2.2. Outcome: health-related unemployment

We obtained annual information on employment status from the
Integrated Database for Labor Market Research [20] for the years
1980-2017 in Denmark, from Statistics Finland [21] for the years
1987-2015 in Finland, and from the Longitudinal Integrated Database
for Health Insurance and Labor Market Studies [22] for the years
1990-2015 in Sweden.

We assessed employment status during the calendar year in which
childhood cancer survivors, population comparisons and siblings turned
30 years of age. To ensure complete assessment of employment, we
excluded individuals who were younger than 31 years at the end of
follow-up, those who turned 30 years before the start of the employment
register in respective country, and those enrolled in any educational
program during the year they turned 30 (Figure S1). Hence, our study
population consists of at least 10-year childhood cancer survivors,
diagnosed in calendar year 1971 until 2006 (at the latest), and two
comparison groups (Table 1).

The employment status of interest was health-related unemployment
(no vs yes), defined as individuals receiving sickness or disability ben-
efits, social assistance or rehabilitation benefits or early health-related
retirement during the respective calendar year. Individuals who were
registered as employed or received unemployment benefits (not for
health-related reasons) at any time during the year they turned 30, were
categorized as not being health-related unemployed. Employment
registration during the calendar year took precedence over any unem-
ployment or health-related unemployment recorded within the same
year.

2.3. Somatic diseases (mediator 1) and psychiatric disorders (mediator
2) measured by hospital contacts

We obtained information on in- and outpatient hospital contacts for
somatic diseases and psychiatric disorders from the national hospital
discharge registries [14]. For somatic diseases, information was avail-
able in Denmark for the years 1977-2017 (outpatient data since 1995),
in Finland for 1969-2015 (outpatient data since 1998) and in Sweden
for 1964-2016 (stepwise implementation and nationwide since 1987;
outpatient data since 2001). For psychiatric disorders, information was
available in Denmark for the years 1969-2017 (outpatient data since
1995), in Finland for 1975-2015 (outpatient data since 1998) and in
Sweden for 1973-2016 (outpatient data since 2001).

We assessed somatic diseases and psychiatric disorders among
childhood cancer survivors, population comparisons and siblings during
the calendar years they were 25-29 years of age, i.e., the five-year
period prior to assessment of employment outcome. Both somatic dis-
eases and psychiatric disorders were categorized as none vs any (see full
list of diseases included in Tables S1 and S2). Additionally, we assessed
five sub-groups of somatic diseases: 1) Malignant and benign neoplasms,
2) Endocrine disorders, nutritional deficiencies and other metabolic
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Table 1

Characteristics of the study population including childhood cancer survivors,
matched population comparisons and sibling comparisons from Denmark,
Sweden and Finland.

Childhood Population Sibling
cancer comparisons comparisons
survivors
Characteristics n (%) n (%) n (%)
Size of study cohorts 8825 36,729 9210
(100.0 %) (100.0 %) (100.0 %)
Country
Denmark 2675 (30.3 %) 11,208 2848 (30.9 %)
(30.5 %)
Finland 2359 (26.7 %) 10,216 2559 (27.8 %)
(27.8 %)
Sweden 3791 (43.0 %) 15,305 3803 (41.3 %)
(41.7 %)
Sex
Male 4797 (54.4 %) 20,498 4844 (52.6 %)
(55.8 %)
Female 4028 (45.6 %) 16,231 4366 (47.4 %)
(44.2 %)

Decade of birth

1951-1959 232 (2.6 %) 1004 (2.7 %) 251 (2.7 %)

1960-1969 2116 (24.0 %) 8993 (24.5 %) 2656 (28.8 %)

1970-1979 3931 (44.5 %) 16,309 4410 (47.9 %)
(44.4 %)

1980-1986 2546 (28.8 %) 10,423 1893 (20.6 %)
(28.4 %)

Age at cancer diagnosis/index date

< 5 years 1583 (17.9 %) 6382 (17.4 %) 1448 (15.7 %)

5-9 years 1108 (12.6 %) 4462 (12.1 %) 1073 (11.7 %)

10-14 years 1442 (16.3 %) 6131 (16.7 %) 1543 (16.8 %)

> 15 years 4692 (53.2 %) 19,754 5146 (55.9 %)
(53.8 %)

Calendar period of cancer diagnosis/index date

1971-1979 2008 (22.8 %) 8295 (22.6 %) 2178 (23.6 %)

1980-1989 3644 (41.3 %) 15,235 4100 (44.5 %)
(41.5 %)

1990-1999 2607 (29.5 %) 10,855 2523 (27.4 %)
(29.6 %)

2000-2006 566 (6.4 %) 2344 (6.4 %) 409 (4.4 %)

Cancer types, classified according to the International Classification of
Childhood Cancer
Hematological
malignancies
Leukemias 1494 (16.9 %) - -
ALL 1262 (14.3 %)

Lymphomas 1574 (17.8 %) - -
CNS tumors 2015 (22.8 %) - -
Other solid tumors

Neuroblastomas 128 (1.5 %) - -

Retinoblastoma
Renal tumors
Hepatic tumors
Bone tumors

Soft tissue sarcomas
Germ-cell neoplasms
Carcinomas and mal

174 (2.0 %) - -
347 (3.9 %) - -
22 (0.2 %) - -
343 (3.9 %) - -
436 (4.9 %) - -
765 (8.7 %) - -
1309 (14.8 %) - -

melanomas
Other and unspecified 218 (2.5 %) - -
neoplasms
Highest attained parental education the year closest before index date™”*
Low 2317 (27.8 %) 10,156 2806 (32.1 %)
(29.3 %)
Intermediate 3802 (45.6 %) 15,469 3844 (43.9 %)
(44.7 %)
High 2212 (26.6 %) 8984 (26.0 %) 2103 (24.0 %)

Somatic hospital contact (in- and outpatient) in the period between 25 and 29
years of age

None 4179 (47.4 %) 25,661 6464 (70.2 %)
(69.9 %)

Any’ 4646 (52.6 %) 11,068 2746 (29.8 %)
(30.1 %)

Malignant and benign
neoplasms

2177 (24.7 %) 856 (2.3 %) 254 (2.8 %)
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Table 1 (continued)

Childhood
cancer

Population
comparisons

Sibling
comparisons
survivors

Endocrine disorders,
nutritional deficiencies
and other metabolic
diseases

Diseases of nervous and
sense organs

Diseases of circulatory and
respiratory system

Other somatic diseases 978 (11.1 %) 5580 (15.2 %) 1320 (14.3 %)

Psychiatric hospital contact (in- and outpatient) in the period between 25 and

1074 (12.2 %) 1419 (3.9 %) 419 (4.5 %)

1105 (12.5 %) 1827 (5.0 %) 446 (4.8 %)

771 (8.7 %) 2165 (5.9 %) 506 (5.5 %)

29 years of age
None 8287 (93.9 %) 35,055 8773 (95.3 %)
(95.4 %)
Any' 538 (6.1 %) 1674 (4.6 %) 437 (4.7 %)
Organic disorders 32 (0.4 %) 21 (0.1 %) 7 (0.1 %)
Developmental disorders 11 (0.1 %) 29 (0.1 %) 5 (0.1 %)

and intellectual disability
Other psychiatric disorders 495 (5.6 %)
Educational attainment at age 29 years”
Low 1433 (16.4 %)

1625 (4.4 %) 425 (4.6 %)

5356 (14.7 %) 1368 (14.9 %)

Intermediate 4563 (52.2 %) 19,263 4924 (53.8 %)
(52.8 %)

High 2744 (31.4 %) 11,842 2860 (31.2 %)
(32.5 %)

Abbreviations: Acute Lymphoblastic Leukemia (ALL); Central Nervous System
(CNS)

@ Educational level is classified according to the International Standard Clas-
sification of Education (ISCED).

b Low education, primary and lower secondary education or less (ISCED levels
0-2); medium education, upper secondary education (ISCED level 3); high ed-
ucation, postsecondary education or higher (ISCED levels 4-8). We used the
educational level of the parent, who had achieved the highest level.

¢ < 6 % missing, whereas all other variables had < 1 % missing.

4 See Supplementary Table 1 for full list of ICD codes included.

f See Supplementary Table 2 for full list of ICD codes included.

diseases, 3) Diseases of nervous system and sense organs, 4) Diseases of
circulatory and respiratory system, and 5) Other somatic disorders
(Table S1).

2.4. Educational attainment (mediator 3)

We assessed the highest attained educational level of our study
population during the calendar year of which they turned 29 years of
age, i.e., one-year prior to assessment of employment outcome. This
information was obtained from the statistical institutes [22—-24], infor-
mation available in Denmark for the years 1970-2017, in Finland for
1970-2015 and in Sweden for 1985-2016. Educational attainment was
classified according to the International Standard Classification of Ed-
ucation (ISCED) [25], and categorized into low (ISCED levels 0-2), in-
termediate (ISCED level 3-4), and high education (ISCED levels 5-8). As
education levels below ISCED 3 are not registered in Finland, and
virtually all Finnish children attend comprehensive school, missing
educational data from Finland were classified as low education.

2.5. Further covariates

We obtained demographic information and vital status from the
national population registries [17-19]. Data on parental education were
retrieved from the respective statistical institutes [22-24], using the
highest educational level attained by either parent the year before or
closest to the index date (categorized into low, intermediate, and high
education levels).
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2.6. Statistical analysis

Using a mediation analysis approach, we assessed the impact of so-
matic diseases, psychiatric disorders, and educational attainment on the
risk of health-related unemployment at the age of 30 years among
childhood cancer survivors compared to the general population and to
siblings. Our mediation analysis approach was based on the methodo-
logical approach of causal estimands suggested by Vansteelandt and
Daniel [26]. According to this method, the total effect decomposes into
the direct effect and the indirect effects via different mediators. This
approach allows for multiple mediators, without assuming any causal
structure between them [26]. As illustrated in Fig. 1, we considered
three mediators on the causal pathways between childhood cancer
(exposure denoted by A and classified as no vs yes) and the risk of
health-related unemployment at the age of 30 years (outcome denoted
by Y and classified as no vs yes). The first mediator was hospital contacts
for somatic diseases at age 25-29 years (denoted by M; and classified as
no vs yes). The second mediator was hospital contacts for psychiatric
disorders at age 25-29 years (denoted by M> and classified as no vs yes).
The third mediator was highest attained educational level at age 29
years (denoted by M3 and classified as low, intermediate or high edu-
cation). Fig. 1 illustrates how we hypothesized the relationship between
the mediators, which highlights the need for a statistical method
allowing for dependence between the mediators.

The mediation analysis is based on an iterative process, and for each
step of the iterations, we fitted multivariate logistic regression models to
obtain the risk difference (RD) and the odds ratio (OR) with 95 % con-
fidence intervals (CI) of health-related unemployment at age 30 years
among childhood cancer survivors as compared with the general pop-
ulation and with siblings (see Supplementary methods for further de-
tails). The standard errors for the CIs were obtained using the
nonparametric bootstrap, with 1000 bootstrap samples. We decided a
priori to adjust our models for the matching factors calendar period of
index date (< 1990 vs >1990) and sex, as well as for highest attained
parental education, as those factors may act as potential confounders
(denoted by C) in our underlying causal structure (Fig. 1). We conducted
these mediation analyses by assessing all three mediators in the same
model. To further investigate the mediating role of somatic diseases, five
sub-groups of somatic diseases were included as individual mediators in
one model. Furthermore, we re-arranged the order of the three media-
tors in one model as a sensitivity analysis. Our models and the causal
interpretation of the estimates rely on assumptions related to interven-
tional direct and indirect effects (Supplementary methods).
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Lastly, we conducted analyses by selected childhood cancer diag-
nostic groups (central nervous system (CNS) tumors, acute lympho-
blastic leukemia (ALL), lymphomas, and other solid tumors) and by age
at cancer diagnosis (<5, 5-9, 10-14 and 15-19 years).

3. Results

Our study population comprised 8825 childhood cancer survivors,
36,729 population comparisons and 9210 sibling comparisons
(Figure S1, Table 1). As we previously reported [10], 84.1 % of the
survivors were employed at age 30 years, while 9.2% were
health-related unemployed, and the remaining 6.7 % unemployed for
other reasons. Among population and sibling comparisons, 89.6 % and
88.8 % were employed, while the proportion of health-related unem-
ployment were 3.8 % and 4.4 %, respectively, while 6.6 % and 6.9 %
were unemployed for other reasons.

Based on our model including three mediators, the odds for health-
related unemployment at age 30 years among childhood cancer survi-
vors were 2.62 (95 % CI 2.36-2.87) times higher than among population
comparisons and 2.44 (95 % CI: 2.08-2.76) times higher than among
siblings (Table 2). Results of the mediation analysis indicated that this
association may be reduced to 2.14 (95 % CI 1.93-2.34) times higher
odds, if the childhood cancer survivors had the same distribution of the
mediators (i.e. somatic diseases, psychiatric disorders, and educational
attainment) as the population comparisons, while also considering the
potential confounders (i.e., direct effect). Similarly, the OR can be
reduced to 1.96 (95 % CI 1.69-2.22) compared with siblings (Table 2).

The contributions of each mediator are shown in Table 2. The table
presents the total effect, the direct effect between childhood cancer and
health-related unemployment, and the indirect effects of this association
via the three mediating pathways. The model-estimated risk difference
in health-related unemployment between childhood cancer survivors
and population comparisons was 4.61 % (95 % CI 3.98-5.21). Our
findings suggest that 21 % (0.97 % /4.61 % *100 = 21 %) of this RD
could be attributed to the mediating pathway through somatic diseases
(RD 0.97 %, 95 % CI 0.81-1.12), while a smaller proportion (6 %) was
mediated through educational attainment (RD 0.26 %, 95 %CI
0.09-0.42). The mediating pathway through psychiatric disorders was
minor and not statistically significant.

Analyses by selected diagnostic groups, revealed that survivors of
CNS tumors had the highest risk of being health-related unemployed at
age 30 years (Table 2). Of the 13.86 % (95 % CI 12.02-15.58) total risk
difference in health-related unemployment between survivors of CNS

Crs

Sex, Calendar period,
Parental education

A

Y

Childhood cancer
age 0-19

M;

Health-related
unemployment at age 30

e

Somatic diseases at age 25-29

M;

Psychiatric disorders at age 25-29

Fig. 1. Causal diagram of the association between childhood cancer (A) and health-related unemployment (Y), illustrating potential confounders (C) and mediators
(M). The indirect effect via somatic diseases is illustrated in blue. The indirect effect via psychiatric disorders is illustrated in red. The indirect effect via educational attainment is
illustrated in orange. The direct effect corresponds to effect A — Y in the causal diagram. The total effect is the sum of the direct and the indirect effects via the three mediators.
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Table 2
Direct and indirect effect estimates (risk difference and odds ratios) of health-related unemployment between childhood cancer survivors and comparison groups, by
somatic diseases, psychiatric disorders and educational attainment.”.

Risk difference in % (95 % CI) 0dds ratio (95 % CI)

Survivors vs Population Survivors vs Sibling Survivors vs Population Survivors vs Sibling

comparisons

comparisons

comparisons

comparisons

All diagnoses combined

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

By type of childhood cancer

CNS tumors

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

ALL

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

Lymphomas

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

Other solid tumors

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

4.61 % (3.98-5.21)
3.30 % (2.80-3.81)
0.97 % (0.81-1.12)
0.08 % (-0.00-0.17)

0.26 % (0.09-0.42)

0.00 (0.00-0.00)

13.86 (12.02-15.58)

8.37 (7.01-9.73)
2.45 (1.89-3.01)
0.17 (-0.11-0.46)
2.86 (2.10-3.61)
0.00 (0.00-0.00)
3.23 (1.82-4.69)
1.88 (0.75-3.01)
0.54 (0.26-0.82)
0.21 (0.01-0.41)
0.61 (0.18-1.02)
0.00 (0.00-0.00)
0.80 (-0.23-1.85)
0.36 (-0.69-1.35)
0.68 (0.38-0.99)
-0.05 (-0.18-0.09)
-0.19 (-0.41-0.039)
0.00 (0.00-0.00)
2.02 (1.22-2.79)
1.74 (1.03-2.47)
0.44 (0.29-0.59)
0.06 (-0.04-0.16)
-0.22 (-0.38-0.06)

0.00 (0.00-0.00)

By age groups at cancer diagnosis/index date

Age 0 - 4 years

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

Age 5 - 9 years

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

Indirect via ‘Educational
attainment’

Dependence

Age 10 - 14 years

Total

Direct

Indirect via ‘Somatic diseases’

Indirect via ‘Psychiatric
disorders’

7.32 (5.62-9.11)
4.72 (3.41-6.00)
0.62 (0.32-0.93)
0.36 (0.08-0.65)

1.61 (0.95-2.26)
0.00 (0.00-0.00)
7.42 (5.36-9.43)
4.74 (3.20-6.31)
0.77 (0.39-1.18)
0.08 (-0.15-0.32)
1.83 (1.03-2.62)
0.00 (0.00-0.00)
5.63 (4.03-7.19)
4.31 (2.98-5.66)

1.10 (0.71-1.51)
0.16 (-0.06-0.39)

4.44 % (3.74-5.14)
3.02 % (2.441-3.61)
1.16 % (0.96-1.36)
0.06 % (-0.05-0.16)

0.20 % (-0.03-0.43)
0.00 (0.00-0.00)
13.76 (11.85-15.67)
7.85 (6.23-9.33)
3.21 (2.51-3.89)
0.18 (-0.17-0.52)
2.51 (1.59-3.49)
0.00 (0.00-0.00)
2.29 (0.52-3.98)
0.97 (-0.59-2.53)
0.81 (0.39-1.23)
0.15 (-0.07-0.39)
0.36 (-0.22-0.94)
0.00 (0.00-0.00)
1.56 (0.29-2.82)
1.47 (0.13-2.74)
0.36 (-0.10-0.83)
-0.05 (-0.23-0.11)
-0.22 (-0.51-0.10)
0.00 (0.00-0.00)
1.40 (0.45-2.34)
1.03 (0.12-1.87)
0.52(0.32-0.73)
0.02 (-0.10-0.14)
-0.17 (-0.38-0.05)
0.00 (0.00-0.00)
7.07 (4.99-9.06)
4.19 (2.68-5.71)
1.16 (0.67-1.66)
0.40 (0.06-0.74)
1.32 (0.40-2.21)
0.00 (0.00-0.00)
7.47 (5.26-9.70)
4.72 (2.81-6.59)
1.19 (0.64-1.79)
-0.09 (-0.43-0.29)
1.65 (0.71-2.59)
0.00 (0.00-0.00)
5.21 (3.49-7.03)
3.99 (2.40-5.59)

1.19 (0.68-1.71)
0.08 (-0.20-0.37)

2.62 (2.36-2.87)
2.14 (1.93-2.34)
1.16 (1.14-1.19)
1.01 (1.00-1.03)

1.04 (1.01-1.06)
1.00 (1.00-1.00)
6.64 (5.39-7.77)
4.20 (3.42-4.91)
1.25(1.19-1.32)
1.01 (0.99-1.04)
1.25(1.18-1.31)
1.00 (1.00-1.00)
2.09 (1.47-2.69)
1.63 (1.18-2.05)
1.11 (1.05-1.17)
1.04 (1.00-1.08)
1.11 (1.04-1.18)
1.00 (1.00-1.00)
1.25 (0.87-1.61)
1.11 (0.78-1.45)
1.20 (1.11-1.28)
0.99 (0.96-1.02)
0.95 (0.90-1.00)
1.00 (1.00-1.00)
1.71 (1.41-2.03)
1.62 (1.34-1.89)
1.10 (1.07-1.13)
1.01 (0.99-1.03)
0.96 (0.92-0.99)
1.00 (1.00-1.00)
3.74 (2.85-4.59)
2.72 (2.07-3.30)
1.09 (1.04-1.13)
1.05 (1.01-1.09)
1.21 (1.12-1.29)
1.00 (1.00-1.00)
3.19 (2.33-3.97)
2.36 (1.78-2.95)
1.10 (1.04-1.15)
1.01 (0.98-1.04)
1.22 (1.12-1.31)
1.00 (1.00-1.00)
2.93 (2.26-3.59)
2.46 (1.89-3.02)

1.16 (1.10-1.22)
1.02 (0.99-1.05)

2.44 (2.08-2.76)
1.96 (1.69-2.22)
1.20 (1.16-1.23)
1.01 (0.99-1.02)

1.03 (1.00-1.06)
1.00 (1.00-1.00)
6.75 (4.75-8.58)
4.07 (2.90-5.11)
1.35 (1.25-1.44)
1.02 (0.99-1.05)
1.21 (1.13-1.29)
1.00 (1.00-1.00)
1.57 (0.96-2.15)
1.24 (0.80-1.65)
1.16 (1.07-1.26)
1.03 (0.99-1.07)
1.06 (0.97-1.16)
1.00 (1.00-1.00)
1.57 (0.93-2.16)
1.54 (0.91-2.10)
1.09 (0.97-1.20)
0.99 (0.95-1.02)
0.95 (0.88-1.02)
1.00 (1.00-1.00)
1.42 (1.06-1.74)
1.31 (1.01-1.59)
1.12 (1.07-1.17)
1.00 (0.98-1.03)
0.97 (0.92-1.01)
1.00 (1.00-1.00)
3.30 (1.98-4.44)
2.32 (1.50-3.06)
1.17 (1.09-1.25)
1.05 (1.01-1.09)
1.16 (1.04-1.27)
1.00 (1.00-1.00)
3.33 (1.90-4.49)
2.43 (1.41-3.32)
1.16 (1.07-1.24)
0.99 (0.95-1.03)
1.20 (1.08-1.31)
1.00 (1.00-1.00)
2.58 (1.65-3.39)
2.19 (1.44-2.85)

1.17 (1.08-1.25)
1.01 (0.97-1.04)

(continued on next page)
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Table 2 (continued)
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Risk difference in % (95 % CI)

0Odds ratio (95 % CI)

Survivors vs Population
comparisons

Survivors vs Sibling
comparisons

Survivors vs Population
comparisons

Survivors vs Sibling
comparisons

Indirect via ‘Educational 0.05 (-0.38-0.48)

attainment’
Dependence 0.00 (0.00-0.00) 0.00 (0.00-0.00)
Age 15 - 19 years
Total 2.86 (2.13-3.60) 2.68 (1.80-3.53)
Direct 2.01 (1.38-2.66) 1.78 (1.02-2.57)

Indirect via ‘Somatic diseases’
Indirect via ‘Psychiatric

1.00 (0.79-1.21)
0.01 (-0.09-0.11)

disorders’

Indirect via ‘Educational -0.15 (-0.31-0.00) -0.07 (-0.28-0.15)
attainment’

Dependence 0.00 (0.00-0.00) 0.00 (0.00-0.00)

-0.04 (-0.65-0.57)

0.99 (0.73-1.27)
-0.02 (-0.13-0.10)

1.01 (0.95-1.06) 1.00 (0.92-1.07)

1.00 (1.00-1.00) 1.00 (1.00-1.00)
2.03 (1.73-2.33)
1.72 (1.47-1.97)
1.21 (1.17-1.26)
1.00 (0.99-1.02)

1.87 (1.49-2.23)
1.57 (1.26-1.86)
1.21 (1.15-1.27)
1.00 (0.98-1.02)

0.97 (0.95-1.00) 0.99 (0.95-1.03)

1.00 (1.00-1.00) 1.00 (1.00-1.00)

Abbreviations: Acute Lymphoblastic Leukemia (ALL); Confidence Interval (CI); Central Nervous System (CNS)

# Models are adjusted for calendar period, sex, and parental education.

tumors and population comparisons, 21 % was mediated by educational
attainment (RD 2.86 %, 95 %CI 2.10-3.61), and almost as much (18 %)
through somatic diseases (RD 2.45 %, 95 %CI 1.89-3.01). The risk of
health-related unemployment at age 30 years was less pronounced
among survivors of ALL, although the proportions mediated through
somatic diseases and educational attainment were comparable to those
observed for survivors of CNS tumors.

When examining the associations by age at cancer diagnosis, we
observed that a younger age was associated with a higher risk of health-
related unemployment, as previously described [10]. However, the
proportion explained by somatic diseases as a mediator increased with
age at cancer diagnosis and was highest among survivors diagnosed
between ages 15-19 years. In contrast, educational attainment played a
more pronounced mediating role in survivors diagnosed at 0-9 years,
while this pathway did not appear to mediate the association between
cancer survivorship and health-related unemployment in older age
groups (Table 2). For survivors diagnosed < 5 years old, the total risk
difference in health-related unemployment was 7.32 % (95 %CI
5.62-9.11), and the pathway through somatic diseases (RD 0.62 %,
95 %CI 0.32-0.93) explained 9 % of the association while educational
attainment explained 22 % of the association (RD 1.61 %, 95 %CI
0.95-2.26).

Fig. 2 illustrates the contributions of each mediator on the RD in
health-related unemployment between survivors and population com-
parisons. This model includes five sub-groups of somatic diseases and
shows that in particular hospital contacts for neoplasms and diseases of
the nervous system contribute to the association. Similar findings were
observed when comparing survivors to their siblings (Table S3).

We did not observe any evidence of dependency between the me-
diators, indicated by the dependence term not being significantly
different to the null value for all models. To test the robustness of our
mediation model, we changed the order of the mediators, and this

revealed similar results to the main analysis (data not shown).
4. Discussion

In this large Nordic population-based study, including nearly 9000
long-term childhood cancer survivors and more than 40,000 comparison
individuals, we estimated the mediating pathway through somatic dis-
eases, psychiatric disorders, and educational attainment on the risk of
health-related unemployment by age 30 years. We found that somatic
diseases, and to a smaller extent educational attainment, explained
parts, but not all of the previously observed differences in the risk of
health-related unemployment. In contrast, psychiatric disorders had a
very limited mediating effect. The impact of these mediators varied
largely by age at cancer diagnosis, with the proportion mediated
through somatic diseases increasing with age, while educational
attainment played a more significant mediating role among survivors
diagnosed at younger ages.

Although the reported estimates of the mediating pathways may
seem small, our findings indicate that childhood cancer survivors could
achieve a reduction in their total risk of health-related unemployment, if
their distribution of somatic diseases and educational attainment were
changed to that seen in the comparison groups.

While many previous studies have investigated various potential late
effects among childhood cancer survivors, most of them focus on either
somatic diseases [4-6], psychiatric disorders [7,8], or socioeconomic
outcomes [9] without considering their interplay. We have previously
published a systematic review of adverse socioeconomic outcomes after
childhood cancer [9] and have now updated this search supplemented
with terms for mediation which resulted in few relevant records
(Table S4). Overall, very few studies have investigated mediating factors
in the association between childhood cancer survivorship and socio-
economic outcomes, although the importance of such studies have been

Effect Risk difference,% (95%Cl)
Total 4.15 (3.56 — 4.75) ——
Direct 2.56 (2.05 - 3.09) e
Indirect via ‘Somatic diseases: Neoplasm’ 0.41 (0.23 - 0.60) —-—
Indirect via ‘Somatic diseases: Endocrine disorders’ 0.15 (0.07 - 0.23) -
Indirect via ‘Somatic diseases: Nervous system’ 0.51 (0.43 - 0.59) -
Indirect via ‘Somatic diseases: Cir and resp’ 0.05 (0.02 - 0.08) -
Indirect via ‘Somatic diseases: Other somatic diseases’ -0.07 (-0.11 - -0.04) -
Indirect via ‘Psyhiatric disorders’ 0.19 (0.12 - 0.25) -
—.
T T T T T 1
-0.5 0 1 2 3 4 5

Each subgroup of somatic diseases is included as separate mediators and without a hierarchy

Fig. 2. The direct and indirect risk difference in health-related unemployment at age 30 between survivors and population comparisons.
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clearly highlighted [27]. A recent longitudinal study from the U.S.
among adult childhood cancer survivors showed that a higher burden of
chronic health conditions was associated with negative employment
transitions, such a going from employed to unemployed (for health or
other reasons) [12]. Moreover, vision loss in survivors of childhood
astroglial tumors has been shown to be associated with unemployment
in young adulthood [28], and a study from the North American Child-
hood Cancer Survivor Study found that cognitive impairment mediated
the association between childhood cancer survivors treated with cranial
radiation therapy and social outcomes, such as number of friends, social
withdrawal, and antisocial behavior [29]. These findings align with our
results, where the association between childhood cancer survivorship
and health-related unemployment was mediated by somatic diseases,
and this was especially seen in survivors of CNS tumors.

Our finding that somatic disease burden drives some of the associa-
tion between childhood cancer and health-related unemployment later
in life is expected, and in line with recent research [12]. Survivors of
childhood cancer are known to have an increased risk of somatic late
effects [5,6,30], which may interfere with educational attainment and
with obtaining and maintaining employment to the same extent as their
peers. Also, among adolescents and young adults with cancer, late ef-
fects have been identified as a determinant for unemployment [31]. We
hypothesized that also psychiatric disorders would mediate the associ-
ation, since a recent Nordic study reported that childhood cancer sur-
vivors had a higher risk of hospital contacts for psychiatric disorders
than the general population and their siblings [8]. However, we did not
observe such strong mediation, which may be explained by the low
absolute risk of hospital contacts for psychiatric disorders.

We found that not only did the risk of health-related unemployment
differ with age at diagnosis, but the impact from the mediators also
varied by age at cancer diagnosis. While children younger at diagnosis
had an overall more pronounced increased risk of health-related un-
employment compared to teenagers, as previously shown [10], the
mediating pathway via somatic diseases was smaller in this subgroup
and mediation through educational attainment was stronger. For those
diagnosed with cancer during their teenage years, a large proportion of
health-related unemployment could instead be explained by somatic
disease burden. In the present study, we cannot disentangle the effect of
age at diagnosis and time since diagnosis and these results may suggest
that time since diagnosis could also play a role for the mediating
pathways.

To our knowledge this is the largest and most comprehensive study
investigating mediating pathways of socioeconomic late effects in
childhood cancer survivors to date. The Nordic countries’ population
register infrastructure, with longstanding and comprehensive high-
quality national health and social data, enables an optimal setting to
combine health and socioeconomic conditions and study how they
interact in a long-term perspective following survival after childhood
cancer. The large sample size allowed us to conduct analyses by specific
childhood cancer characteristics and by selected subgroups of somatic
diseases. Data on hospital contacts for somatic and psychiatric diseases
as well as educational attainment were based on prospective and
mandatory reporting to the registers, thereby providing reliable infor-
mation on the mediating factors. Moreover, registration of employment
is linked to the administration of taxes and payment of social security
benefits in the Nordic countries, which reduced the risk of information
bias. The use of two comparison groups and the similar findings ob-
tained, strengthen the validity of our results.

We used a mediation analysis allowing us to include multiple me-
diators in the same model, in accordance with our pre-defined hypoth-
esis illustrated in Fig. 1. We have assumed interventional direct and
indirect effects instead of natural direct and indirect effects, to be able to
estimate the effect of the mediators without relying on the cross-world
assumption [26]. We hypothesized that the cross-world assumption
could be violated because of exposure-induced confounding of the
mediator-outcome association [26]; as an example, somatic hospital
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contacts (affected by a childhood cancer diagnosis) may also act as a
confounder between education and health-related unemployment.
However, as seen by the dependence terms being close to the null value,
this was not a major concern.

This study should also be viewed in light of some limitations which
opens for future research. Our results show that the risk of health-related
unemployment remains increased in childhood cancer survivors even
when these mediating pathways are considered. This may imply that our
way of measuring the mediators does not capture the full picture, or that
other pathways are of importance. As an example, we used somatic and
psychiatric hospital contacts between 25 and 29 years of age as binary
measures of disease burden, although this does not capture other
(chronic and/or mild) health conditions monitored by general practi-
tioners, nor take a potential accumulating burden or severity of disease
into account. Additionally, previous health conditions requiring hospital
contacts before age 25 years were not captured in our mediation anal-
ysis. Future studies could additionally include medication use to
broaden the definition of disease burden, which may be particularly
important for psychiatric conditions. Also for the mediating pathway
through educational attainment, we did not include nuanced informa-
tion such as educational problems or type of education into account.

By design, studies of late effects in long-term childhood cancer sur-
vivors include survivors diagnosed and treated within earlier treatment
eras. How these mediating pathways look in survivors treated with
contemporary therapies remains to be investigated in the future. How-
ever, taking different treatment modalities, and detailed cancer type,
into account is a first step that can be taken in forthcoming studies.

Our findings bring novel knowledge by quantifying the role of me-
diators on the associations between childhood cancer and work life
status later in life. We have shown that somatic diseases, and to some
extent educational attainment, experienced by the survivors in early
adulthood explain some of the increased risk of health-related unem-
ployment at 30 years of age. Elucidating such underlying mechanisms
increases the incentives to offer timely, tailored, and comprehensive
survivorship care to address potential health problems and barriers that
could interfere with later possibilities for obtaining and maintaining
suitable employment. Offering a comprehensive follow-up care during
the entire childhood cancer survivorship trajectory may both benefit
survivors and possess a great societal and health economic benefit in
light of the growing population of childhood cancer survivors.
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