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Abstract

IMPORTANCE The number of children born through the use of assisted reproductive technology
(ART) has been increasing. These children may have higher risks for epigenetic alteration and adverse
perinatal outcomes, which may be associated with childhood cancers.

OBJECTIVE To determine the associations between different modes of conception and childhood
cancers and potential mediation by preterm birth and low birth weight.

DESIGN, SETTING, AND PARTICIPANTS This nationwide, population-based cohort study included
registry data from 2 308 016 eligible parents-child triads in Taiwan from January 1, 2004, to
December 31, 2017. A total of 1880 children with incident childhood cancer were identified. Data
were analyzed between September 1, 2020, and June 30, 2022.

EXPOSURE Mode of conception, defined as (1) natural conception, (2) subfertility and non-ART (ie,
infertility diagnosis but no ART-facilitated conception), or (3) ART (ie, infertility diagnosis and
ART-facilitated conception).

MAIN OUTCOMES AND MEASURES Diagnosis of childhood cancer according to the International
Classification of Childhood Cancers, Third Edition.

RESULTS The mean (SD) paternal and maternal ages were 33.28 (5.07) and 30.83 (4.56) years,
respectively. Of the 2 308 016 children, 52.06% were boys, 8.16% were born preterm, and 7.38%
had low birth weight. During 14.9 million person-years of follow-up (median, 6 years [IQR, 3-10
years]), ART conception was associated with an increased risk of any type of childhood cancers
compared with natural conception (hazard ratio, 1.58; 95% CI, 1.17-2.12) and subfertility with non-ART
conception (hazard ratio, 1.42; 95% CI, 1.04-1.95). The increased cancer risk of children conceived
with ART was mainly owing to leukemia and hepatic tumor. The increased cancer risk associated with
ART conception was not mediated by preterm birth or low birth weight.

CONCLUSIONS AND RELEVANCE In this cohort study, children conceived via ART had a higher risk
of childhood cancers than those conceived naturally and those born to parents with an infertility
diagnosis did not use ART. The increased risk could not be explained by preterm birth or low
birth weight.
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Key Points
Question Are children conceived via

assisted reproductive technology (ART)

at a higher risk of childhood cancers?

Findings In this nationwide population-

based cohort study of 2 308 016

parents-child triads in Taiwan, children

conceived via ART were at a statistically

significant increased risk for childhood

cancers compared with children

conceived naturally and those born to

parents with an infertility diagnosis who

did not use ART. This association was

not mediated by preterm birth and low

birth weight.

Meaning The findings suggest that ART

conception is associated with an

increased risk for childhood cancers, and

the increased risk cannot be attributed

to preterm birth or low birth weight.
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Introduction

The number of infants born via assisted reproductive technology (ART) has increased worldwide.1 In
Taiwan in 2018, approximately 1 in every 20 neonates was born with the help of ART (5.7% of all
births).2,3 However, children born to parents with fertility problems or undergoing infertility
treatment have been found to be at increased risk of epigenetic alterations4,5 and adverse perinatal
outcomes,6-8 possibly associated with childhood cancers.9-14

Current evidence on the association between ART conception and childhood cancers remains
debatable. Some studies indicated that ART conception increases the risk of childhood cancers,15-19

but others found no association.20-23 This discrepancy may be due to several factors. First, different
reference groups were used in these studies, and very few studies have differentiated children of
parents who had an infertility diagnosis with or without fertility treatments from those who delivered
after natural conception to provide an appropriate comparison.16,19,22 Male infertility also has rarely
been considered as an exposure variable. Second, only a few studies adjusted for potential
confounders or adjusted for very few confounders.15-17,19-23 In circumstances in which both exposure
and outcome are rare events, few studies used a nationwide or large population-based design to
reduce selection bias and avoid the limited number of exposed cases.15,17,18,21 Finally, to our
knowledge, no previous study explored whether perinatal outcomes mediate the association
between mode of conception and childhood cancers.24

Therefore, we designed a population-based cohort study using nationwide registry data from
Taiwan between 2004 and 2017 to examine the association of mode of conception (natural
conception, subfertility and non-ART, and ART) with the risk of childhood cancers. We also assessed
the potential mediating role of perinatal outcomes in this association.

Methods

Data Sources
Data between January 1, 2004, and December 31, 2017, were retrieved from the Maternal and Child
Health Database, which contains 99.78% of all parents-child triads (defined as 1 offspring and both
parents) in Taiwan,25 and its linkages to 6 national administrative databases. These national registry
databases have previously been evaluated as valid and complete.26-29 The detailed linkage process
across databases and how to assess these databases are described in eFigure 1 and the eAppendix in
the Supplement.

The institutional review board of National Yang-Ming University approved the study and waived
the requirement for informed consent for deidentified data. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Cohort Identification and Exposure Assessment
Among the successfully matched parents-child triads (n = 2 553 583) from the national
administrative databases, we excluded those with (1) parental age younger than 20 years; (2) a
parent with a recorded addiction to alcohol, tobacco, or drugs during pregnancy or a history of
cancer; (3) conception using sperm or oocyte donations; (4) an older sibling who was born in the
same year as the index child; and (5) a parent of a foreign origin (owing to a lack of medical records
before coming to Taiwan) (eFigure 3 in the Supplement).

Three groups of children were classified based on mode of conception: (1) natural conception,
(2) subfertility and non-ART, and (3) ART. For classification as ART, all of the following 3 criteria had to
be met. First, one of the parents had to have an infertility diagnosis (female: International
Classification of Diseases, Ninth Revision [ICD-9] codes 628.0-628.9 or International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision [ICD-10] codes N97.0-N97.9;
male: ICD-9 606 or ICD-10 N46), because an infertility diagnosis is a prerequisite for ART in Taiwan.30

Second, a clinical pregnancy had to be recorded following ART (fresh or frozen embryo). Third, to
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minimize misclassification and to identify which child was born following ART if there were more than
1 child in a household, the offspring’s birth date had to be within 290 days after the date of transfer
(approximately 44 weeks’ gestational age) (eFigure 2 in Supplement). Subfertility and non-ART was
determined if one of the parents had an infertility diagnosis and no history of ART or record of clinical
pregnancy following ART. Natural conception was determined if the parents had neither an infertility
diagnosis nor ART. The 3 groups were tracked from birth until they developed childhood cancers,
met any of the exclusion criteria, died during the observation period, or reached the end of the
follow-up period (December 31, 2017), whichever came first.

Definitions of Childhood Cancers
Cancers that occurred between birth and the end of the follow-up (offspring age ranging from birth
to 13 years) were identified as cases. Information on cancer diagnosis was from the linkage to the
Taiwan Cancer Registry, which records all incident cancer cases. This database has high completeness
and accuracy.27 Childhood cancers were categorized using the International Classification of
Childhood Cancers, Third Edition (ICCC-3),31 based on morphology and topography codes from the
International Classification of Diseases for Oncology, Third Edition (ICD-O-3) (eTable 1 in Supplement).

Potential Confounders and Mediators
Several confounders were taken into account based on variables that are associated with modes of
conception and can affect childhood cancers: maternal age32,33; paternal age32,34; maternal
addiction to tobacco, alcohol, or drugs35-37; parity14,16; abortion history (ICD-9-CM: 630-639;
ICD-10-CM: O00-O08)38,39; socioeconomic status38,40; parental cancer history; and residential
urbanization level.41 A proxy for parental socioeconomic status was household income at birth,
calculated by the National Health Insurance program, which covers 99.6% of Taiwan’s residents.42

Residential urbanization level was based on an urban-rural classification of townships in Taiwan.43

Preterm birth and low birth weight were reported to be associated with the conception mode and
the frequency of childhood cancers.6-8,11-14 Therefore, these variables were examined for whether
they met the criteria of potential mediators. The criteria for a potential mediator were as follows: (1)
a change in the level of the exposure variable significantly affects that of the mediator, and (2) a
change in the level of the mediator significantly affects that of the outcome.44 Only the variables that
met the criteria for a potential mediator were included in the mediation analysis.

Statistical Analysis
Statistical analyses were conducted between September 1, 2020, and June 30, 2022. The person-
years at risk, crude incidence rates, and incidence rate difference of childhood cancers were
calculated. The association between the mode of conception and childhood cancers was examined
using Cox proportional hazards models to estimate hazard ratios (HRs) after adjustment for maternal
age, paternal age, child’s birth year, child’s sex, parity, household income at birth, residential
urbanization level, and abortion history. We further stratified the association between ART
conception and childhood cancers by embryo type (fresh or frozen), source of infertility (paternal,
maternal, or both), and child’s sex.

The primary analysis of the association between the conception mode and childhood cancers
comprised offspring who were the first to have childhood cancer in their household to avoid
correlation between siblings. It was noted that only 4 children (0.2%) were the second to have
childhood cancer in their families, and we obtained similar estimates when they were included in the
analysis. Furthermore, the primary results used complete case analysis because the missing data on
adjusted variables were very few (1.79%). The complete case result was similar to that obtained using
the multivariate imputation by chained equations method to deal with missing data.45,46 The
proportional hazards assumption of the Cox model was examined graphically based on scaled
Schoenfeld residuals and showed no violation. An E-value analysis was performed to estimate how
large an unmeasured confounder must be to render the observed association a null estimate.47
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We used the 4-way decomposition using the med4way command in STATA, version 15.0
(StataCorp LLC) to perform mediation analysis, allowing for the setting of binary mediator and
survival outcome under a rare outcome assumption.48,49 This method decomposes the association
between conception mode and childhood cancers (total association) into 4 components: (1)
controlled direct association (independent of the mediator and interaction between ART and the
mediator), (2) pure indirect association (mediation only), (3) reference interaction (interaction only
between ART and the mediator), and (4) mediated interaction (mediation and interaction between
ART and the mediator). Estimates were reported as excess relative risks after adjusting for the
confounders.

All statistical analyses were performed using STATA version 15.0.50 All P values were 2-tailed and
were set at a critical significance level of 5%.

Results

Characteristics of Study Participants
After applying the exclusion criteria, the study cohort consisted of 2 308 016 parents-child triads
(eFigure 3 in the Supplement), giving 14 926 318.5 person-years of observation during a median
follow-up of 6 years (IQR, 3-10 years). The characteristics of study participants are presented in
Table 1. Among 2 308 016 children (mean [SD] paternal age, 33.28 [5.07] years; mean [SD] maternal
age, 30.83 [4.56] years), 1 201 585 (52.06%) were boys and 1 106 424 (47.94%) were girls; 2 236 562
(96.90%) were singletons; 188 231 (8.16%) were born preterm; and 170 312 (7.38%) had low birth
weight. Children born after ART conception had the highest percentages of multiple gestations
(23 081 [48.95%]), preterm birth (17 185 [36.45%]), and low birth weight (17 141 [36.35%]).
Additionally, their parents were more likely to be older and primiparous, live in more urbanized areas,
and have a higher household income.

Risk of Childhood Cancers
We identified 1880 offspring with incident childhood cancers. The incidence rates and incidence rate
differences of childhood cancers by mode of conception are presented in Table 2 and Table 3. The
incidence rates of childhood cancers per million person-years were the highest for the ART group,
followed by subfertility and non-ART, and lowest for natural conception for any type of cancer (ART,
203.1; non-ART, 137.6; and natural, 121.4), leukemias (ART, 56.2; non-ART, 34.4; and natural, 29.8),
and hepatic tumors (ART, 34.6; non-ART, 9.9; and natural, 8.2). The incidence rate of retinoblastoma
was higher in the ART group (22.3) than the natural conception (5.6) and subfertility and non-ART
(5.3) groups.

After adjustment for confounders, ART conception was associated with an increased risk for any
type of childhood cancers (HR, 1.58; 95% CI, 1.17-2.12), leukemias (HR, 2.10; 95% CI, 1.20-3.70), and
hepatic tumors (HR, 2.71; 95% CI, 1.28-5.73) (Table 2) when compared with natural conception.
When compared with subfertility and non-ART, ART was also associated with higher risks for any type
of childhood cancers (HR, 1.42; 95% CI, 1.04-1.95), leukemias (HR, 1.88; 95% CI, 1.03-3.43), and
hepatic tumors (HR, 2.41; 95% CI, 1.05-5.52) (Table 3). Other types of childhood cancers showed no
association with mode of conception (Table 2 and Table 3). The risk of childhood cancers was not
significantly different between subfertility and non-ART conception and natural conception groups.

Stratified analysis was performed to examine whether the above associations differed by source
of infertility, embryo type (eTable 2 in the Supplement), and child sex (eTable 3 in the Supplement).
The association between mode of conception and childhood cancer did not differ significantly by
source of infertility and child sex. Use of frozen embryos was not associated with cancer risk, whereas
use of fresh embryos was associated with increased cancer risk. Sensitivity analyses of unmeasured
confounders for those associations indicated that fairly substantial confounding would be required to
explain the associations (any childhood cancers: HR, 2.54; lower limit of 95% CI, 1.62; leukemias: OR,
3.62; lower limit of 95% CI, 1.69; hepatic tumors: OR, 4.86; lower limit of 95% CI, 1.88).
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Table 1. Characteristics of Study Participants

Characteristic

No. (%)
Total
(N = 2 308 016)

Natural conception
(n = 1 794 555)

Subfertility and non-ART
conception (n = 466 309)

ART conception
(n = 47 152)

Paternal age, mean (SD), y 33.28 (5.07) 32.89 (5.04) 34.42 (4.89) 37.24 (4.55)

Missing data 41 332 (1.79) 35 898 (2.00) 5279 (1.13) 155 (0.33)

Maternal age, mean (SD), y 30.83 (4.56) 30.39 (4.50) 32.10 (4.43) 34.89 (3.68)

Missing data 41 332 (1.79) 35 898 (2.00) 5279 (1.13) 155 (0.33)

Birth year

2004-2007 663 801 (28.76) 522 975 (29.14) 133 028 (28.53) 7798 (16.54)

2008-2012 793 445 (34.38) 615 601 (34.30) 163 695 (35.10) 14 149 (30.01)

2013-2017 850 770 (36.86) 655 979 (36.55) 169 586 (36.37) 25 205 (53.45)

Sex

Male 1 201 585 (52.06) 938 323 (52.29) 238 865 (51.74) 24 397 (51.22)

Female 1 106 424 (47.94) 856 227 (47.71) 227 442 (48.26) 22 755 (48.78)

Missing data 7 (<0.01) NR NR NR

Parity

1 1 533 591 (66.45) 1 180 938 (65.81) 311 827 (66.87) 40 826 (86.58)

≥2 774 425 (33.55) 613 617 (34.19) 154 482 (33.13) 6326 (13.42)

No. of births

Singleton 2 236 562 (96.90) 1 766 157 (98.42) 446 334 (95.72) 24 071 (51.05)

Multiple gestations 71 454 (3.10) 28 398 (1.58) 19 975 (4.28) 23 081 (48.95)

Residential urbanization level

Cluster 1 (highest) 663 775 (28.76) 512 765 (28.57) 134 106 (28.76) 16 904 (35.85)

Cluster 2 565 476 (24.50) 434 410 (24.21) 117 939 (25.29) 13 127 (27.84)

Cluster 3 541 244 (23.45) 423 539 (23.60) 108 303 (23.23) 9402 (19.94)

Clusters 4-7 (lowest)a 537 512 (23.29) 423 834 (23.62) 105 959 (22.72) 7719 (16.37)

Missing data 9 (<0.01) NR NR 0

Household income quartile at time of birth

Q1 (lowest) 549 566 (23.81) 445 180 (24.81) 98 403 (21.10) 5983 (12.69)

Q2 593 643 (25.72) 464 459 (25.88) 117 893 (25.28) 11 291 (23.95)

Q3 589 151 (25.53) 462 905 (25.79) 116 446 (24.97) 9800 (20.78)

Q4 (highest) 575 656 (24.94) 422 011 (23.52) 133 567 (28.64) 20 078 (42.58)

Gestational age, wk

Median (IQR) 38 (38-39) 38 (38-39) 38 (37-39) 37 (36-38)

<37 188 231 (8.16) 125 996 (7.02) 45 050 (9.66) 17 185 (36.45)

37-42 1 967 502 (85.25) 1 551 716 (86.47) 390 434 (83.73) 25 352 (53.77)

>42 142 (0.01) 123 (0.01) 19 (0.00) 0

Missing data 152 141 (6.59) 116 720 (6.50) 30 806 (6.61) 4615 (9.79)

Birth weight, g

Median (IQR) 3090 (2820-3350) 3100 (2840-3350) 3080 (2800-3350) 2650 (2242-3074)

<2500 170 312 (7.38) 113 675 (6.33) 39 496 (8.47) 17 141 (36.35)

2500-4200 1 974 629 (85.56) 1 555 803 (86.70) 393 524 (84.39) 25 302 (53.66)

>4200 10 934 (0.47) 8357 (0.47) 2483 (0.53) 94 (0.20)

Missing data 152 141 (6.59) 116 720 (6.50) 30 806 (6.61) 4615 (9.79)

Abortion

No 1 298 627 (56.27) 1 039 989 (57.95) 231 620 (49.67) 27 018 (57.30)

Yes 1 009 389 (43.73) 754 566 (42.05) 234 689 (50.33) 20 134 (42.70)

Source of infertility

Paternal 32 168 (6.26) NA 31 749 (6.81) 419 (0.89)

Maternal 409 767 (79.80) NA 379 158 (81.31) 30 609 (64.92)

Both 71 526 (13.93) NA 55 402 (11.88) 16 124 (34.20)

Abbreviations: ART, assisted reproductive technology; NA, not applicable; NR, not
reported due to the number being smaller than 3 to protect patient confidentiality under
the Taiwan Data Protection Law.

a Grouped cluster 4 to cluster 7 together owing to the small sample size in cells.
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Mediation Through Perinatal Factors
Preterm birth and low birth weight were associated with ART conception and non-ART conception
(eTable 4 and 5 in the Supplement). They were also associated with increased risks of any type of
childhood cancers and hepatic tumors, but not leukemias (eTable 6 in the Supplement). Thus,
preterm birth and low birth weight met the criteria for potential mediators. However, mediation
analyses showed that they did not mediate the association between ART conception and any type of
childhood cancer and hepatic tumors (Table 4).

Discussion

In this cohort study using nationwide data from Taiwan between 2004 and 2017, ART conception
was associated with an increased risk of childhood cancers when compared with natural conception
or subfertility and non-ART conception. The increased childhood cancer risk was mainly due to the
occurrence of leukemias and hepatic tumors. The risk of childhood cancers was not significantly
different when comparing subfertility and non-ART conception with natural conception. This study

Table 3. Comparison of Childhood Cancer Risk by ART Conception and Subfertility and Non-ART Conception

Types of childhood cancer

No. of casesa Incidence rate difference
per million person-years
(95% CI) HR (95% CI)bNon-ART ART

Any type of childhood cancers 416 47 65.5 (5.7 to 125.1) 1.42 (1.04 to 1.95)

Leukemia 104 13 21.8 (9.5 to 62.0) 1.88 (1.03 to 3.43)

Hepatic tumors 30 8 24.6 (4.3 to 48.9) 2.41 (1.05 to 5.52)

Lymphomas and reticuloendothelial
neoplasms

15 <5 −6.4 (−9.5 to 8.2) 0.92 (0.12 to 7.35)

CNS and miscellaneous intracranial and
intraspinal neoplasms

86 5 −6.8 (−26.7 to 13.0) 0.80 (0.32 to 2.01)

Neuroblastoma and other peripheral
nervous cell tumors

55 <5 −9.0 (−18.5 to 16.7) 0.89 (0.31 to 2.53)

Retinoblastoma 33 5 11.4 (−1.3 to 7.00) 2.32 (0.98 to 5.28)

Renal tumors 16 <5 7.7 (−7.2 to 22.6) 1.82 (0.50 to 6.65)

Malignant bone tumors NR 0 −0.3 (−1.0 to −0.3) NA

Soft tissue and other extraosseous sarcomas 30 <5 −5.6 (−1.5 to 3.6) 0.46 (0.06 to 3.51)

Germ cell tumors, trophoblastic tumors, and
neoplasms of the gonads

36 <5 −2.9 (−15.5 to 9.6) 0.69 (0.16 to 2.95)

Other malignant epithelial neoplasms and
malignant melanomas

NR <5 2.2 (−4.4 to 8.7) 1.83 (0.56 to 9.36)

Abbreviations: ART, assisted reproductive technology;
CNS, central nervous system; HR, hazard ratio; NA, not
applicable; NR, not reported owing to the number
being smaller than 3 to protect patient confidentiality
under the Taiwan Data Protection Law.
a The first-occurred childhood cancer in their

household.
b Adjusted for maternal age, paternal age, child’s birth

year, child’s sex, parity, socioeconomic status,
population density of living areas, and
abortion history.

Table 4. Mediation Analysis for the Association Between ART Conception and Childhood Cancers With Preterm Birth or Low Birth Weight as a Potential Mediatora

4-Way decompositions of total
association

Estimate (95% CI)

Any type of cancer Hepatic tumors

Reference, natural conception Reference, non-ART conception Reference, natural conception Reference, non-ART conception
Preterm birth (<37 wk)

Controlled direct association 0.57 (−0.24 to 1.38) 3.21 (−0.83 to 7.24) 0.52 (−0.26 to 1.29) 0.97 (−3.05 to 5.00)

Reference interaction −0.16 (−1.06 to 0.74) −2.28 (−6.35 to 1.78) −0.21 (−1.03 to 0.62) −0.18 (−4.01 to 3.64)

Mediated interaction 0.06 (−0.25 to 0.37) 0.79 (−0.62 to 2.20) 0.07 (−0.20 to 0.34) 0.06 (−1.20 to 1.32)

Pure indirect association 0.11 (−0.03 to 0.18) 0.04 (−0.22 to 0.29) 0.05 (−0.05 to 0.16) 0.61 (−0.09 to 1.12)

Low birth weight (<2500 g)

Controlled direct association 0.78 (−0.05 to 1.60) 2.92 (−1.28 to 7.11) 0.35 (−0.46 to 1.16) 0.86 (−3.29 to 5.02)

Reference interaction −0.36 (−1.28 to 0.56) −2.06 (−6.26 to 2.15) −0.05 (−0.91 to 0.82) −0.13 (−4.11 to 3.85)

Mediated interaction 0.13 (−0.19 to 0.45) 0.72 (−0.75 to 2.18) 0.02 (−0.27 to 0.30) 0.04 (−1.25 to 1.33)

Pure indirect association 0.05 (−0.03 to 0.12) 0.18 (−0.15 to 0.51) 0.11 (−0.01 to 0.23) 0.65 (−0.07 to 1.23)

Abbreviation: ART, assisted reproductive technology.
a Estimates were reported as excess relative risks after adjusting for maternal age, paternal age, child’s birth year, child’s sex, parity, socioeconomic status, residential urbanization

level, and abortion history.
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also showed that the observed associations were not mediated by preterm birth and low birth
weight. Our findings suggest that couples seeking ART treatment need to be informed of the low but
significantly increased risk of childhood cancers. Health care workers should collect information on
the mode of conception and screen children conceived through ART for early detection of
childhood cancers.

Only 4 nationwide studies, generally comparable to this study, examined the associations of
ART conception and natural conception with overall childhood cancers.16,17,21,22 Two of these studies
reported similar results to that of our study, ie, a significant association between ART conception and
an increased risk of overall childhood cancers compared with natural conception.16,17 The results of
the other 2 studies were in contrast to our findings. A Danish cohort study with a mean follow-up of
11.3 years and a Dutch study using records of ART clinics with a median follow-up of 21 years found
no statistically significant association between ART conception and overall childhood cancers after
adjusting only for the year of birth21 or the parental cause of infertility,22 respectively. These studies
had some critical limitations: a lack of infertility diagnosis and the amount of missing data on the
conception method.21,22 These limitations may have led to nondifferential misclassifications and bias
toward the null.

Few studies have examined the association between ART conception and specific types of
cancers. A US study using administrative data from 14 states with a mean follow-up of 4.6 years17

reported an increased risk of hepatic tumors in children born after ART conception compared with
non-ART conception, which concurred with our findings. A Nordic population-based cohort study
reported ART conception being associated with a 2.61-times higher risk of hepatic tumors than
natural conception,51 similar to the risk estimates of our study. However, the Nordic study did not find
a significant difference (95% CI, 0.74-9.26), which may be attributed to the limited number of cases
in their study.

Furthermore, we found that children born after ART conception were at an increased risk of
leukemias compared with those born after natural conception, consistent with results of a study
using nationwide data from Greece and Sweden between 1995 and 2008 (OR, 2.21; 95% CI,
1.27-3.85).15 However, a US study observed no such association with leukemia,17 possibly owing to
the shorter follow-up time (mean, 4.6 years). A Danish study found a 2.87-fold increased risk of
leukemia (95% CI, 1.19-6.93) compared with natural conception only for children conceived using
frozen embryo transfer.21 However, in our study, no association between the use of frozen embryos
and cancers was found.

This study found significant differences in the risk of childhood cancers when comparing ART
conception with subfertility and non-ART conception, but no significant differences were found
between natural conception and subfertility with no use of ART. Those comparisons suggest that the
increased cancer risk may be due to ART treatment rather than subfertility. However, ART conception
may be a proxy for more severe infertility.

Although preterm birth and low birth weight seem to be plausible mechanisms,6-8,11-14 the
findings of this study suggest that these variables did not mediate the association between ART
conception and childhood cancers. However, we found that the other decomposed associations
were not significant either, suggesting that the limited number of cases may have influenced
the results.

Strengths and Limitations
This study has several strengths. The long-term and nationwide registry data were used to reduce the
possibility of selection bias, loss to follow-up, and recall bias. This study is, to our knowledge, the first
and largest investigation into an Asian population. This study also controlled and adjusted for several
potential confounders, unlike previous studies. Additionally, 3 groups of exposure comparisons
provided a more complete understanding of the association between the mode of conception and
childhood cancers. Also, this is the first study to offer a plausible mechanism for the association
through perinatal outcomes using mediation analysis.
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Our study has some limitations. First, although this study used data from the entire population
in Taiwan, Taiwan’s lower incidence rate of childhood cancers resulted in a limited number of cases
for various types of childhood cancers and consequently a failure to accurately analyze them.52

Second, we could not rule out the possibility of a failure to identify the mediating role of preterm
births and low birth weight owing to the limited number of cases in the mediation analysis. Third, this
study did not have data on intracytoplasmic sperm injection. Further division of the ART group was
not possible. Additionally, the lack of information on out-migration might lead to misclassification.
The possibility of unknown and residual confounding could not be ruled out; however, it required
fairly substantial confounding to explain away. We were not able to verify sequential ignorability
assumptions in the interpretation of mediation analyses, but we have employed covariate
adjustment in our analyses to make the assumptions plausible.

Conclusions

This cohort study showed that regardless of comparison to natural conception or subfertility with no
use of ART, ART conception was associated with increased risks for any type of childhood cancers,
leukemias, and hepatic tumors. These associations were not mediated by preterm birth and low birth
weight. Despite the reported increased risk of childhood cancers, the incidence rate remains low.
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