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Abstract

Background: Autoimmune diseases have been linked to an increased risk of pregnancy-related
complications. A family history of autoimmune diseases may be related to the risk of childhood
cancer based on similar histocompatibility antigens. We utilized data from national registries

in Denmark to examine associations between maternal autoimmune disease and cancer in their
offspring.

Methods: We linked data from several national registries in Denmark to identify childhood
cancer cases in children <20 years diagnosed between 1977 to 2016. Controls were selected from
the Central Population Register and matched to cases by birth year and sex (25:1). Mothers with
autoimmune disease diagnosed in pregnancy or prior were identified from the National Patient
Register. Multivariable conditional logistic regression analyses were used to estimate associations
between maternal autoimmune diseases and childhood cancer in offspring.

Results: Autoimmune diseases (all types) were positively associated with all childhood cancers
combined (Odds Ratio (OR) = 1.25, 95% CI 1.06, 1.47), acute lymphoblastic leukemia (OR =1.52,
95% CI 1.09, 2.13), Burkitt lymphoma (OR = 2.69, 95% CI 1.04, 6.97), and central nervous
system tumors (OR = 1.45, 95% CI 1.06, 1.99), especially astrocytoma (OR = 2.27, 95% CI 1.36,
3.77) and glioma (OR = 1.75, 95% CI 1.13, 2.73). When we examined mothers with rheumatoid
arthritis, we observed an increased association for all cancers (OR = 2.15, 95% CI 1.40, 3.30),
acute lymphoblastic leukemia (OR = 3.55, 95% CI 1.69, 7.47), and central nervous system tumors
(OR =2.91, 95% CI 1.46, 5.82), especially glioma (OR = 3.58, 95% CI 1.40, 9.18) in offspring.
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Conclusion: There is a positive association between maternal autoimmune disease and
childhood cancer. This association is especially prominent in the offspring of women with
rheumatoid arthritis.

Keywords

Maternal autoimmune diseases; childhood cancer; leukemia; rheumatoid arthritis; pregnancy;
psoriasis; inflammatory bowel disease

Background:

Cancer is the leading disease-causing death in children, only surpassed by accidents in
child and adolescent mortality. Risk factors reported to play roles in cancer development
among children include lifestyle, occupational, and environmental factors such as radiation
exposure, air pollution, genetic mutations, and cancer-linked genetic disorders. There

is increasing evidence that maternal chronic conditions in pregnancy, and associated
medication use, may impact risk of pediatric cancers [1-4].

Autoimmune disorders cause the immune system to attack multiple organs in the body due
to an inability of the immune system to differentiate the host cells from foreign cells [5].
Autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus, Type-1
diabetes, multiple sclerosis, and scleroderma are often associated with severe morbidity
and mortality. During pregnancy, the body undergoes hormonal changes, and fetal antigens
can serve as a trigger for the development of autoimmune diseases [5]. One in twelve
women in the United States will develop some autoimmune disease during their lifetime,
versus only one in twenty men. Approximately 3.6% of women in the United States have
been diagnosed with rheumatoid arthritis. Rheumatoid arthritis can impact pregnancy via
reduced fertility and lead to an increased risk of complications such as neurodevelopmental
disorders, preterm birth, miscarriage, and preeclampsia [6, 7]; both preeclampsia and
preterm birth have been linked to childhood cancer [8]. Autoimmune diseases are associated
with cardiovascular diseases and cesarean delivery [9], which may also be related to
childhood cancer.

A few epidemiological studies have suggested an increased risk of hematological cancers

in children born to parents with autoimmune diseases [10-15], specifically associations
between multiple sclerosis and acute leukemia [10], autoimmune thyroiditis (Graves’
disease), Hashimoto’s thyroiditis and leukemia [12], and systemic lupus erythematosus in
mothers and non-Hodgkin’s lymphoma in offspring [16]. However, not all studies have
shown increased risks [2, 17]. Varying results may be due to the etiologic heterogeneity of
hematologic subtypes, the age of onset of leukemia, or the small number of exposed cases in
most studies.

Given the small number of studies and inconsistent results, we examined autoimmune
disease and its association with childhood cancer in a population-based study in Denmark
using national individual medical and pharmaceutical records, which can all be linked by the
use of a unique personal identifier applied to residents since 1968.

EJC Paediatr Oncol. Author manuscript; available in PMC 2024 June 01.
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Materials and Methods:

Childhood cancer cases were identified from the Danish Cancer Registry, established in
1942, which contains information on morphology, topography, and date of diagnosis, among
other factors [18]. The diagnosis was based on the International Classification of Diseases
(ICD-7) until 1977, thereafter ICD-O, and from 2004 ICD-10 afterward; the subtype of
cancer was based on morphology recorded in the International Classification of Childhood
Cancer (ICCC) revision one until 2003 and revision three subsequently [19]. We included all
cancer cases born in Denmark between 1977 (the first year of the National Patient Register)
and 2013, aged 0-19 years at diagnosis, and diagnosed between 1977 and 2016. Cases
included all tumors with malignant behavior and malignant and non-malignant tumors of the
central nervous system.

Controls born in Denmark, randomly selected from the Central Population Registry [20],
were matched by birth date and sex (ratio 1:25) and were free of cancer at the date of
diagnosis of the corresponding case. Children who were likely not viable (gestational age
< 20 weeks or birth weight < 5009, n = 17) were excluded, resulting in 6,420 cases and
160,484 controls for the final analyses.

The cases and controls were linked to the Medical Births Registry [21] for gestational
information. We used ICD codes to determine mothers diagnosed with autoimmune diseases
up to 4 years after birth, which takes into account the preclinical phase of disease [22].

Data on maternal autoimmune diagnoses were retrieved from the Danish National Patient
Registry (1977-2016), using International Classification of Disease codes (ICD-8 codes
during 1970-1993 and ICD-10 codes from 1994), using ICD codes identified by Eaton and
colleagues [23]. We previously examined Type 1 diabetes in relation to childhood cancer [1];
therefore, we included it here among all autoimmune diseases, but we did not report on it
individually (please note that the ICD codes used in our previous analysis [1] differ slightly
than those in Eaton’s manuscript [23]; for consistency in the present analysis we are using
Eaton’s ICD coding.)

Multivariable conditional logistic regression analyses were used to estimate associations
with maternal autoimmune diseases and childhood cancer in offspring. We limited analyses
to cancer types with at least five exposed cases. We first examined the relationship

between rheumatoid arthritis and childhood cancer. We attempted to investigate other types
of autoimmune diseases, but power was limited, except for inflammatory bowel disease
and psoriasis, which we reported on in exploratory analyses. Second, to compare our
results to earlier studies, we examined the association between any maternal autoimmune
disease (all types combined) and childhood cancer. Finally, to determine whether observed
associations were solely due to rheumatoid arthritis, we examined associations for any
maternal autoimmune disease other than rheumatoid arthritis.

The covariates were selected based on the literature [11] and obtained from the Medical
Births Registry. All models were adjusted for maternal age (continuous) and maternal
history of cardiovascular disease (ICD-8 code 425.99 and ICD-10 codes 142.0-43.8 or
090.3) [24] prior to the index child’s birth (ever/never; Supplemental Figure 1). Other

EJC Paediatr Oncol. Author manuscript; available in PMC 2024 June 01.
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covariates were considered for inclusion based on the literature but left out of final models
due to not meeting the 10% change in estimate criterion [25] were urban or rural residence,
maternal birthplace (Denmark/other), parity, maternal history of infections during pregnancy
[26] (ICD codes available in Supplemental Table 1), and the child’s history of rheumatoid
arthritis or other autoimmune disorders prior to cancer diagnosis. We did not adjust for
Cesarean section because it is a likely intermediate on the cancer pathway. Additionally,
mediation analyses were conducted to evaluate the potential mediation effects of preterm
birth and maternal pre-eclampsia during pregnancy, considering that they have both been
linked to childhood cancer [8]. All statistical analyses were conducted using SAS, Version
9.4 (SAS Institute Inc., Cary, NC, USA).

Some antirheumatic drugs may be teratogenic; their potential impact on offspring cancer
risk is unknown. Conversely, discontinuing effective therapy may result in disease

relapse and a subsequent increase in the risk of adverse pregnancy outcomes. Thus, in

a sensitivity analysis, we examined the National Pharmaceutical Register (established

in 1996) for medications linked to rheumatoid arthritis to determine whether results
changed when mothers redeemed prescriptions for these medications. Medications used
for rheumatoid arthritis included azathioprine (LO4AX01), methotrexate (LO1BA01),
leflunomide (LO4AAL3), sulfasalazine (AO7ECO01), hydroxychloroquine (P01BA02),
etanercept (LO4ABO01), adalimumab (LO4ABO04), certolizumab pegol (LO4ABO05),
tocilizumab (LO4ACO07), sarilumab (LO4AC14), abatacept (LO4AA24), infliximab
(LO4ABO02), golimumab (LO4ABO06), rituximab (LO1XC02), tofacitinib (L0O4ACO07),
baricitinib (LO4AA37), and upadacitinib (L04AA44). Although 0.5% of mothers took any of
these medications before pregnancy, less than five case mothers redeemed prescriptions for
these medications during pregnancy; thus, medication intake was not used as a variable in
analyses.

Some of the most prevalent autoimmune disorders in this study include type | diabetes,
rheumatoid arthritis, thyrotoxicosis, psoriasis, inflammatory bowel disease (Crohn’s disease
& ulcerative colitis), iridocyclitis, lupus, and celiac disease.

Demographic and maternal characteristics are displayed in Table 1. Mothers of cases were
more often ages 35 and older and more often resided in urban areas and had a pre-pregnancy
BMI >25 compared to controls.

Demographic characteristics of the mothers with and without autoimmune diseases are
shown in Supplemental Table 2. A higher proportion of mothers with autoimmune diseases
were 30 years and above than those without. In addition, a higher percentage of mothers
with autoimmune disorders lived in urban areas and were born in non-Western countries
compared to mothers without autoimmune diseases. Mothers with autoimmune diseases had
more bacterial infections in pregnancy, cardiovascular diseases before or during pregnancy,
and more births via Cesarean section, compared to women without autoimmune diseases.

EJC Paediatr Oncol. Author manuscript; available in PMC 2024 June 01.
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When examining mothers with any autoimmune disease, we observed an increased
association with childhood cancer in the offspring, which was seen with all cancers
(combined) OR =1.25, 95% CI 1.065 1.47), acute lymphoblastic leukemia (ALL; OR =
1.52, 95% CI 1.09, 2.13), Burkitt lymphoma (OR = 2.69, 95% CI 1.04, 6.97), central
nervous system (CNS) tumors (OR = 1.45, 95% CI 1.06, 1.99), especially astrocytoma (OR
=2.27,95% CI 1.36, 3.77) and glioma (OR = 1.75, 95% CI 1.13, 2.73) (Table 2).

The association between mothers with any autoimmune disease and cancer risk in offspring
was not mediated by maternal pre-eclampsia during pregnancy and weakly mediated by
preterm birth, as the mediated percentages for pre-eclampsia were both below 1% and
those for preterm birth were —6.36% and 1.01%, respectively, assuming either there was an
interaction with any autoimmune disease or not.

Considering mothers with rheumatoid arthritis, the sample size was more limited, but we
estimated an increased risk of all cancers (OR = 2.15, 95% CI 1.40, 3.30), ALL (OR =
3.55, 95% CI 1.69, 7.47), CNS tumors (OR = 2.91, 95% CI 1.46, 5.82), and gliomas (OR
= 3.58, 95% CI 1.40, 9.18) (Table 3). When excluding rheumatoid arthritis and examining
the association with all other autoimmune conditions (combined), we only observed an
association with astrocytoma (OR = 2.07, 95% 1.19, 3.60) (Supplemental Table 3).

Although most other autoimmune diseases were rare in our population, two different types
of autoimmune conditions were sufficiently represented (exposed cases = 5) to examine
associations with childhood cancer. There was no increased association with cancer in
offspring when mothers had been diagnosed with inflammatory bowel disease, either with
regards to all cancers combined (OR =1.19, 95% CI = 0.87, 1.62) or ALL (OR = 1.48,

95% CI =0.78, 2.81). In addition, a slight increase in association with cancer was seen
among mothers diagnosed with psoriasis (OR=1.59, 95% CIl=0.96, 2.65; for all cancer types
combined).

Discussion:

This register-based nested case-control study of childhood cancer suggests that diagnosis
with maternal autoimmune disease is related to an increased risk of cancer in children.
While rheumatoid arthritis was strongly linked to all cancers, ALL, CNS, and glioma, other
types of autoimmune disorders in mothers were also associated with childhood cancer,
although we lacked statistical power to examine most of these conditions individually.

Our findings support other studies that show associations between a family history of
autoimmune diseases and hematological cancers in offspring [10, 12] and build on these
prior results by discovering possible associations with different cancer types, such as

CNS tumors. We observed possible associations between neuroblastoma and maternal
autoimmune disease, potentially due to pleiotropic genes [27]. Links with Burkitt lymphoma
may be due to Epstein-Barr virus, a potential cause of several autoimmune diseases [28].

Previous studies investigating childhood cancers in relation to rheumatoid arthritis have
examined various cancer types [13, 15]. One study found a positive association between
maternal rheumatoid arthritis and the risk of lymphoma in young adults [15]. A Finnish

EJC Paediatr Oncol. Author manuscript; available in PMC 2024 June 01.
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register-based study showed results that are discrepant to ours, observing no association
between maternal autoimmune disease diagnosis and childhood cancer (all types combined);
however, similar to our study, they observed a weak increased association with CNS tumors
[17]. One reason for these differences might be that paper did not report specifically on
rheumatoid arthritis diagnoses; instead, it reported on people taking antirheumatic drugs,
and intake of those medications may have dropped in pregnancy, as we observed. Pregnant
women have lower medication adherence, which would bias results in that study to the null.
In addition, antirheumatics are also taken for other conditions, such as cancers, suggesting
that antirheumatic medication intake may not be a good proxy for rheumatoid arthritis. A
different case-control study that relied on self-report of autoimmune disorders found no
associations with offspring ALL or acute myeloid leukemia [13].

The course of rheumatoid arthritis changes through pregnancy insofar that half of all
pregnant women with rheumatoid arthritis have a decreased disease activity, and up to
40% have remission during the third trimester of pregnancy, after which 20% of women
experience worse flare-ups postpartum [28]. Although antenatal use of some autoimmune
medications, such as anti-Tumor Necrosis Factor inhibitors, has been reported to have

low teratogenic risks, others, like methotrexate, have high teratogenic risks. Therefore,
guidelines in Denmark and other countries recommend discontinuing confirmed teratogens
before pregnancy and other non-teratogenic medications around 24-26 weeks of gestational
age [28]. Our analysis determined that few mothers filled prescriptions for autoimmune
medicines during pregnancy; thus, we could not assess any putative associations with
medication intake.

In patients with rheumatoid arthritis and other autoimmune diseases, infections are a leading
cause of morbidity, mortality and a common cause of hospital admission. These infections
are commonly caused by opportunistic microorganisms [29]. Infections may be related to

an increased risk of childhood cancer [30]; however, adjustment for pregnancy infections
did not change our results. The predisposition of people with autoimmune disease to have
an increased risk of infection and multimorbidity makes them more likely to take several
medications simultaneously [31]. However, it is unclear if the other medicines they take

for other conditions may play any role in the increased associations in offspring. Few
studies have linked medications used during pregnancy to cancer in offspring, but suggestive
findings have been seen with some types of medication [32].

Several plausible mechanisms may explain how maternal autoimmune diseases may be
related to an increased association with childhood cancers in offspring. A study investigating
changes in the epigenetics of white blood cells of children born to mothers with rheumatoid
arthritis compared to the general population reported different DNA methylation patterns at
cytosine-phosphate-guanine (CpG) sites in children born to parents with rheumatoid arthritis
indicating varying genome-wide DNA methylation patterns. For example, CpG sites with
differences in DNA methylation were associated with the decreased expression of the ADD2
gene (R-adductor protein) [33]. Changes in this protein have been associated with cancer
pathogenesis and systemic lupus erythematosus [34].

EJC Paediatr Oncol. Author manuscript; available in PMC 2024 June 01.
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The relationship between autoimmune diseases and cancers might be due to B-cell
hyperactivity without normal T-cell control [14]. For example, childhood cancers in
offspring of mothers with autoimmune diseases may stem from an aberrant immune system
composition and response resulting in abnormal B-cell activation due to persistent antigenic
stimulation, cell-cycle deregulation, and impaired apoptosis, which may result in uninhibited
cell proliferation, increased humoral immune response, and risk of oncogene translocation
[35]. Also, increased malignancy has been reported in adults with autoimmune diseases [36].

Another plausible mechanism of the relationship between maternal autoimmune disease and
childhood cancer may involve genetic factors related to the immune system. Investigators
have reported an association between HLA-DRB1*04 alleles and a twofold increase in ALL
risk in children [37]. Similarly, HLA-DRB1*04 alleles are genetic susceptibility factors for
rheumatoid arthritis, conferring up to an 11-fold increase in rheumatoid arthritis risk [38].
Likewise, various alleles of the human leukocyte antigen (HLA) class | and class Il have
been associated with autoimmune diseases such as multiple sclerosis, Type 1 diabetes,
rheumatoid arthritis, or celiac disease [39]. The studies above show similar genotypic
variations in autoimmune diseases and cancers. A recent study also showed that some
childhood cancers might be genetically close to autoimmune diseases [27].

In addition to small numbers of some cancers and specific autoimmune diseases, a limitation
of this study is that information on autoimmune diseases was only available from hospital
records.

A strength of our research design was that the study was population-based, with independent
ascertainment of autoimmune disease based on medical records and not subject to recall
bias. Validation studies using maternal interviews reported that only 44% of autoimmune
diseases in parents could be confirmed in medical records [14]. The free, universal health
care in Denmark also increases the likelihood that people with autoimmune conditions

will be diagnosed. Validation studies for several diseases diagnosed in the Danish National
Health Register suggest 75% to 90% agreement between the register and medical records
[40]. For specific autoimmune diseases such as ulcerative colitis, rheumatoid arthritis,

and inflammatory bowel disease, the validity was 90%, 59%, and 95% kappa agreement,
respectively [41].

Many of the cancers and autoimmune diseases we studied were rare and thus resulted in
small sample sizes for some cancers, yet our study was larger than previous studies. Our
study design prevented us from assessing disease severity and whether this may impact
offspring cancer.

In conclusion, our population-based nationwide study found an increased association of
childhood cancers in the offspring of mothers with autoimmune diseases. It was not possible
to evaluate any increased cancer association in this study from medication use. However,
treating mothers with autoimmune diseases may improve pregnancy and birth outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Childhood cancer in relation to demographic factors (birth year 21977)

Demographic or health factor Cases Controls
N=6420 N= 160484
n (%) n (%)
Maternal age group (years)
<25 1423 (22.2) 36923 (23.0)
25-29 2472 (385) 60759 (37.9)
30-34 1744 (27.2) 44546 (27.8)
35-39 669 (10.4) 15695 (9.8)
40+ 112 (1.7) 2561 (1.6)
Urbanicity of residence
Urban 2114 (32.9) 50981 (31.8)
Small town 1808 (28.2) 46632 (29.1)
Rural 2498 (38.9) 62871 (39.2)
Mother’s birthplace
Denmark 5853 (91.3) 146777 (91.6)
Other Europe or North America 217 (3.4) 5523 (3.4)
Other 338 (5.3) 7893 (4.9)
Maternal smoking at the first prenatal visit? 818 (23.9) 20753 (24.2)
Pre-pregnancy BMIY
<185 33 (4.1) 815 (4.1)
185-25 496 (61.0) 12775 (64.2)
25-30 181 (22.3) 4036 (20.3)
30+ 103 (12.7) 2273 (11.4)
Bacterial infection in pregnancy 125 (1.9) 2411 (1.5)
Viral infection in pregnancy 17 (0.3) 380 (0.2)
Cardiovascular disease, diagnosed before or during pregnancy 185 (2.9) 3945 (2.5)
Diabetes, diagnosed before or during pregnancy 84 (1.3) 1790 (1.1)
Index child born by cesarean section 815 (12.7) 17647 (11.0)

aMatemaI smoking was collected for the years 1991-1996 and 1998+

bPre-pregnancy BMI was collected for the years 2004+
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Table 2.

Maternal autoimmune disease (any type) and association with childhood cancer

Crude OR (95% Cl)

*Adjusted OR (95% Cl)

Type of Cancer N (%)
Controls 3060 (1.9)
All cancers 153 (2.4)
Acute lymphoblastic leukemia 38(3.1)
Acute myeloid leukemia 7(2.8)
Hodgkin lymphoma 6 (1.7)
Non-Hodgkin lymphoma 6(1.9)
Burkitt lymphoma 5(4.9)
Central nervous system tumors 43 (2.7)
Astrocytoma 17 (3.4)
Glioma 22 (2.8)
Intracranial and intraspinal embryonal tumor 12 (1.8)
Neuroblastoma 7(2.6)
Wilms tumor 7(3.5)

Referent

1.26 (1.07, 1.49)
1.55(1.11, 2.16)
1.44 (0.66, 3.12)
1.11 (0.49, 2.56)
1.05 (0.46, 2.41)
2.77 (1.07, 7.15)
1.45 (1.06, 1.99)
2.22(1.33,3.68)
1.74 (1.12, 2.70)
1.08 (0.60, 1.95)
1.35(0.62, 2.93)
1.75 (0.80, 3.84)

Referent

1.25 (1.06, 1.47)
1.52 (1.09, 2.13)
1.42 (0.66, 3.09)
1.09 (0.48, 2.51)
1.05 (0.46, 2.40)
2.69 (1.04, 6.97)
1.45 (1.06, 1.99)
2.27 (1.36,3.77)
1.75 (1.13, 2.73)
1.07 (0.59, 1.92)
1.34 (0.62, 2.90)
1.83 (0.83, 4.02)

*
Adjusted for maternal age and maternal history of cardiovascular disease before or during pregnancy.
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Table 3.

Maternal rheumatoid arthritis and association with childhood cancer

Type of cancer N (%) CrudeOR (95% Cl)  *adjusted OR (95% Cl)
Controls 265 (0.2) Referent Referent
All cancers 23(0.4)  2.17(1.42,3.33) 2.15 (1.40, 3.30)

Acute lymphoblastic leukemia 8 (0.7) 3.58 (1.71, 7.52)
Central nervous system tumors 9 (0.6) 2.90 (1.45,5.79)
Glioma 5(0.6) 3.50 (1.37, 8.98)

3.55 (1.69, 7.47)
2.91 (1.46, 5.82)
3.58 (1.40, 9.18)

*
Adjusted for maternal age and maternal history of cardiovascular disease before or during pregnancy.
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