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Abstract

Background: Pediatric cancer incidence has steadily increased concurrent with rising adult obesity, but associations between
maternal obesity and associated comorbidities and pediatric cancer risk remain understudied. We aimed to quantitatively
characterize associations of pediatric cancer risk with maternal prepregnancy body mass index (BMI), gestational weight
gain, and maternal diabetes. Methods: We performed a comprehensive and systematic literature search in Ovid and EMBASE
from their inception to March 15, 2021. Eligible studies reported risk estimates and sample sizes and provided sufficient
description of outcome and exposure ascertainment. Random effects models were used to estimate pooled effects. Results:
Thirty-four studies were included in the analysis. Prepregnancy BMI was positively associated with leukemia risk in offspring
(odds ratio [OR] per 5-unit BMI increase ¼1.07, 95% confidence intervals [CI] ¼1.04 to 1.11; I2 ¼ 0.0%). Any maternal diabetes
was positively associated with acute lymphoblastic leukemia risk (OR¼1.46, 95% CI¼1.28 to 1.67; I2 ¼ 0.0%), even after
restricting to birthweight-adjusted analyses (OR¼1.74, 95% CI ¼ 1.29 to 2.34; I2 ¼ 0.0%), and inversely associated with risk of
central nervous system tumors (OR¼0.73, 95% CI¼0.55 to 0.97; I2 ¼ 0.0%). Pregestational diabetes (OR¼1.57, 95% CI¼1.11 to
2.24; I2 ¼ 26.8%) and gestational diabetes (OR¼1.40, 95% CI¼1.12 to 1.75; I2 ¼ 0.0%) were also positively associated with acute
lymphoblastic leukemia risk. No statistically significant associations were observed for gestational weight gain. Conclusions:
Maternal obesity and diabetes may be etiologically linked to pediatric cancer, particularly leukemia and central nervous
system tumors. Our findings support weight management and glycemic control as important components of maternal and
offspring health. Further validation is warranted.

Although pediatric cancers remain rare, their global incidence is
increasing (1). In the United States, pediatric cancer incidence is
increasing by an average of 0.8% per year (2) and has increased
by almost 40% since the mid-1970s (3), making them the sec-
ond-leading cause of death among US children (4). In addition
to the immediate challenges of a pediatric cancer diagnosis, in-
cluding risk of death, pediatric cancer patients are more likely
to experience adverse late effects, including premature aging,
cognitive deficits, obesity, infertility, and secondary cancers
(5-8), highlighting the need to identify risk factors and opportu-
nities for primary prevention.

A clear etiology for the steady rise in pediatric cancer inci-
dence has not been sufficiently elucidated. Certain perinatal
risk factors, including advanced parental age, high birthweight,
and Cesarean delivery (9-11), are known to be associated with
certain pediatric cancers. However, with the exceptions of con-
genital anomalies, certain genetic conditions, and ionizing radi-
ation (12), knowledge of strong risk factors remains elusive.
Maternal anthropometrics may play a meaningful role in pedi-
atric cancer etiology, yet such characteristics have not been
thoroughly studied. Maternal obesity has been particularly
understudied. As incidence of pediatric cancers has increased,
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prevalence of adult obesity has seen a concurrent rise (13,14),
with US adult obesity more than tripling from 13% in 1960 to
42% in 2018 (15). Obesity is linked to 13 adulthood cancers and is
potentially associated with others (16,17). Given obesity preva-
lence and its association with adult cancer risk, there is increas-
ing interest in the role of maternal obesity as a risk factor for
childhood cancer in offspring.

The objective of this meta-analysis is to characterize the as-
sociation of childhood cancer with maternal obesity and associ-
ated comorbidities, including pregestational diabetes (PGD),
gestational diabetes (GD), and gestational weight gain (GWG).
As maternal obesity and diabetes are also associated with
known pediatric cancer risk factors, including congenital abnor-
malities and birthweight (18-23), it is critical to understand
whether maternal obesity and associated comorbidities play a
meaningful, independent role in the etiology of pediatric
cancer.

Methods

We conducted this meta-analysis according to Preferred
Reporting Items for Systematic reviews and Meta-analyses
guidelines (24).

Search Strategy and Eligibility Criteria

A comprehensive and systematic literature search was per-
formed in Ovid and EMBASE databases from their inception
(1946 for Ovid, 1947 for EMBASE) to March 15, 2021. Search terms
used can be found in the Supplementary Methods (available on-
line). For inclusion in the analyses, eligible studies needed to
meet the following criteria: published in English; were nested
case-control, case-control, cohort, or case-cohort; analyzed
childhood cancer risk as outcome of interest and included pre-
pregnancy body mass index (BMI), maternal diabetes (pregesta-
tional and/or gestational), or GWG as exposure variables;
reported risk estimates (odds ratio [OR], standardized incidence
ratio, hazard ratio, or relative risk); reported sample sizes; de-

scribed how outcome and exposure variables were ascertained.
Studies were excluded if they did not meet these criteria; if they
were not complete, published, or peer-reviewed studies; or if
they provided incompatible exposure data.

Data Extraction and Quality Assessment

Two reviewers (AM and AD) independently performed the data
extraction and quality assessment. Extracted data included first
author, study year, study design, study period, country of origin,
type of cancer(s), sample, patients, controls, age range, ascer-
tainment of BMI and/or diabetes and/or GWG, number of moth-
ers in various exposure categories, ascertainment of cancer

diagnosis, method of analysis, effect sizes and 95% confidence
intervals (CIs), and adjusted covariates.

The Newcastle-Ottawa Scale was used to assess the quality
of each included study. Quality was judged on study group se-
lection, group comparability, and ascertainment of the exposure
or outcome of interest (25). Scores of 7-9 were considered high
quality, 4-6 were considered moderate quality, and 1-3 were
considered poor quality.

Statistical Analyses

Summary odds ratios and 95% confidence intervals were esti-
mated to assess effects of prepregnancy BMI, maternal diabetes,
and GWG on risk of pediatric cancer in offspring. Because pedi-
atric cancer is rare and incidence was low in included cohort
studies, we used odds ratios to estimate effect sizes. Data for a
given exposure or outcome category were meta-analyzed if the
category contained at least 3 effect sizes and confidence inter-
vals extracted from the literature. If an exposure/outcome cate-
gory contained less than 3 effect sizes, the data were considered
insufficient for meta-analysis. Prepregnancy BMI was assessed
according to BMI categories defined by the Centers for Disease
Control and Prevention (BMI <18.5: underweight; BMI 18.5-24.9:
normal weight; BMI 25-29.9: overweight; BMI �30: obese) (26).
Because not all studies used these cutoffs, we calculated risk
per 5-unit increase in prepregnancy BMI using methodology of
Il’yasova et al. (27). Maternal diabetes was evaluated as any dia-
betes, GD, and PGD. If studies provided separate risk estimates
for type 1 and type 2 diabetes, we extracted type 2 data as PGD
and excluded type 1 data. We assessed GWG as inadequate, ap-
propriate, and excessive according to weight gain guidelines by
the Institute of Medicine (28). Because several studies presented
GWG as raw weight gain, however, we also provided risk esti-
mates per 5-kilograms of GWG.

Random effects models were used to estimate summary
odds ratios and 95% confidence intervals when heterogeneity
was greater than 25%; when heterogeneity was less than 25%,
fixed effect models were used. I2 was used to assess between-
study heterogeneity. Data were grouped together to perform
meta-analyses for any cancer and, when data were sufficient,
for individual cancers, including acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), any leukemia, neuroblas-
toma, retinoblastoma, hepatoblastoma, central nervous system
(CNS) tumors, Wilms tumor, germ cell tumors, rhabdomyosar-
coma, and lymphoma. Where data allowed, subgroup analyses
were performed according to study design (case-control and
nested case-control vs cohort and case-cohort) and location
(North America vs Europe and other). Sensitivity analyses were
performed to evaluate result robustness, including restricting to
high-quality studies for all statistically significant main analy-
ses. Associations for individual cancer types were considered
suggestive if upper- and lower-bound confidence intervals were
1.00 to 1.05 and 0.95 to 1.00, respectively. Funnel plots and Egger
tests (P < .05) were used to evaluate publication bias. Stata 16.1
(Stata Corp, College Station, TX) was used for all analyses. Tests
were 2-sided, with P values less than .05 indicating statistical
significance.

Results

Study Selection and Characteristics

Overall, 10 917 citations were retrieved from the literature
search, and 9 additional citations were identified from reference
lists. After excluding duplicates, non-English articles, review
articles, and nonhuman studies, 8835 citations were screened,
with 34 studies included in our meta-analysis (Figure 1).

Nine studies provided eligible prepregnancy BMI data
(Supplementary Table 1, available online) (29-37). An additional 7
studies with maternal prepregnancy weight data were found but
excluded because of vague obesity definitions/lack of ascertain-
ment description (38,39), providing weight rather than BMI (40-42),
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or expressing BMI in categories that could not be converted into
usable data (43,44). Eligible studies covered 3 404 747 participants
and 14 706 childhood cancer patients across 5 countries. Of the
studies, 25 provided diabetes data (Supplementary Table 2, avail-
able online) (29,32,36,38,39,41,42,45-62) and covered 14 748 772 par-
ticipants and 44 628 childhood cancer patients from 12 countries,
and 11 studies provided GWG data (Supplementary Table 3, avail-
able online) (29-34,37,40-42,63). Two additional GWG studies were
found but excluded because of weight gain expressed in unusable
categories (39,55). Eligible studies covered 2 124 647 participants
and 15 915 pediatric cancer patients from 4 countries. Of the 34 in-
cluded studies, 28 were considered high quality, and 6 were con-
sidered moderate quality (Supplementary Tables 4 and 5,
available online). A heat map was created to summarize meta-
analysis results across all exposures and tumors (Figure 2).

Prepregnancy BMI and Childhood Cancer Risk in Offspring

To assess prepregnancy BMI at an equivalent scale and ensure all
eligible data were analyzed, we calculated risk per 5-unit increase
in BMI (Figure 3). Data were sufficient to meta-analyze associa-
tions for any leukemia, any lymphoma, any CNS tumor, embryo-
nal CNS tumors, and retinoblastoma. Although unable to analyze
ALL or AML individually, we identified a statistically significant as-
sociation for any leukemia, finding a 7% increased leukemia risk
in offspring for each 5-unit increase in maternal prepregnancy

BMI (OR¼ 1.07, 95% CI¼ 1.04 to 1.11; I2 ¼ 0.0%, heterogeneity
P¼ .41) with no evidence of publication bias according to Egger
test (P¼ .92). No other statistically significant results were seen, al-
though we found suggestive evidence of an inverse association for
CNS tumors (OR¼ 0.94, 95% CI¼ 0.86 to 1.03; I2 ¼ 28.4%, heteroge-
neity P¼ .24), particularly embryonal CNS tumors (OR¼ 0.89, 95%
CI¼ 0.78 to 1.02; I2¼ 0.0%, heterogeneity P¼ .57). There were insuf-
ficient data to meta-analyze neuroblastoma, hepatoblastoma,
Wilms tumor, germ cell tumors, and rhabdomyosarcoma.

Any Maternal Diabetes and Childhood Cancer Risk in
Offspring

We analyzed maternal diabetes as any diabetes, PGD, and GD.
We found a statistically significant association between any di-
abetes and any cancer (OR¼ 1.20, 95% CI¼ 1.12 to 1.29; I2 ¼ 1.7%,
heterogeneity P¼ .44) (Supplementary Figure 1, available on-
line). For individual cancers, we had sufficient data to meta-
analyze associations for any leukemia, ALL, any lymphoma, any
CNS tumor, neuroblastoma, retinoblastoma, Wilms tumor, and
hepatoblastoma. As seen in Figure 4, we found a positive associ-
ation for any leukemia (OR¼ 1.34, 95% CI¼ 1.19 to 1.51; I2 ¼ 0.0%,
heterogeneity P¼ .53, Egger P¼ .41) and a stronger effect for ALL
(OR¼ 1.46, 95% CI¼ 1.28 to 1.67; I2 ¼ 0.0%, heterogeneity P¼ .59,
Egger P¼ .68). Sensitivity analyses were performed to determine
whether high birthweight could explain associations between
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-analyses flow diagram of study selection and study identification.
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Figure 2. Heat map of the associations between prepregnancy BMI, gestational weight gain, maternal diabetes, and risk of pediatric cancers. Cells depicting statistically

significant or suggestive associations display meta-analyzed odds ratios (95% confidence intervals). † Considered suggestive if upper- and lower-bound confidence

intervals were 1.00 to 1.05 and 0.95 to 1.00, respectively. *For inadequate gestational weight gain (Institute of Medicine defined guidelines) only. ALL ¼ acute lympho-

blastic leukemia; AML ¼ acute myeloid leukemia; BMI ¼ body mass index; CNS ¼ central nervous system.

Figure 3. Forest plots: meta-analysis of the association between a 5-unit increase in prepregnancy BMI and risk of (A) any leukemia, (B) central nervous system tumors, and

(C) embryonal central nervous system tumors. The error bars represent the 95% confidence intervals (CIs). Fixed effects models (inverse variance method) were used for pan-

els A and C, and random effects models (DerSimonian and Laird method) were used for panel B. Tests were 2-sided. DL ¼ DerSimonian-Laird; IV¼ inverse variance.
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any diabetes and any leukemia or ALL and demonstrated that
associations persisted even after restricting to birthweight-
adjusted analyses (41,47,48,57,61) (any diabetes OR ¼ 1.56, 95%
CI ¼ 1.28 to 1.90; ALL OR ¼ 1.74, 95% CI ¼ 1.29 to 2.34)
(Supplementary Figure 2, available online). Additionally, we
found any maternal diabetes was inversely associated with risk
of CNS tumors (OR¼ 0.73, 95% CI¼ 0.55 to 0.97; I2 ¼ 0.0%, hetero-
geneity P¼ .44) with no evidence of publication bias (Egger

P¼ .19). Data were not sufficient to analyze PGD and GD sepa-
rately for this association. There were no other statistically sig-
nificant associations among individual cancers, although
lymphoma (OR¼ 1.51, 95% CI¼ 0.99 to 2.30; I2 ¼ 0.0%, heteroge-
neity P¼ .93) and Wilms tumor (OR¼ 1.25, 95% CI¼ 0.95 to 1.64;
I2 ¼ 0.0%, heterogeneity P¼ .62) provided suggestive evidence of
an association (Figure 4). Data for AML, germ cell tumors, and
rhabdomyosarcoma were insufficient for meta-analysis.

Figure 4. Forest plots: meta-analysis of the association between any diabetes and risk of (A) any leukemia, (B) acute lymphoblastic leukemia, (C) central nervous system

tumors, (D) lymphoma, and (E) Wilms tumor. The error bars represent the 95% confidence intervals (CIs). Fixed effects models (inverse variance method) were used for

statistical analyses. Tests were 2-sided. ALL ¼ acute lymphoblastic leukemia; AML ¼ acute myeloid leukemia; IV ¼ inverse variance.
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PGD and GD and Childhood Cancer Risk in Offspring

For PGD and GD, we found statistically significant positive
associations for any cancer (PGD OR¼ 1.19, 95% CI¼ 1.02 to 1.37;
I2 ¼ 28.8%, heterogeneity P¼ .11; GD OR¼ 1.20, 95% CI¼ 1.09 to
1.33; I2 ¼ 0.0%, heterogeneity P¼ .65) (Supplementary Figure 3,
available online). We also found positive associations between
PGD and GD and risk for ALL and any leukemia. PGD (Figure 5)
was associated with a 41% increased risk of any leukemia
(OR¼ 1.41, 95% CI¼ 1.05 to 1.89; I2 ¼ 27.4%, heterogeneity P¼ .24,
Egger P¼ .20) and a 57% increased risk for ALL (OR¼ 1.57, 95%
CI¼ 1.11 to 2.24; I2 ¼ 26.8%, heterogeneity P¼ .25, Egger P¼ .31).
No statistically significant associations were found for lym-
phoma or CNS tumors, and data were insufficient to meta-
analyze associations for AML, neuroblastoma, retinoblastoma,
Wilms, hepatoblastoma, rhabdomyosarcoma, and germ cell
tumors. GD (Figure 6) was associated with a 32% increased risk
for any leukemia (OR¼ 1.32, 95% CI¼ 1.08 to 1.61; I2 ¼ 0.0%,

heterogeneity P¼ .60, Egger P¼ .56) and a 40% increased risk of
ALL (OR¼ 1.40, 95% CI¼ 1.12 to 1.75; I2 ¼ 0.0%, heterogeneity
P¼ .81, Egger P¼ .16). No statistically significant associations
were found for AML or CNS tumors, and data for lymphoma,
neuroblastoma, retinoblastoma, Wilms tumor, hepatoblastoma,
rhabdomyosarcoma, and germ cell tumors were insufficient to
meta-analyze.

GWG and Childhood Cancer Risk in Offspring

Data were sufficient to meta-analyze GWG data for any leukemia,
any CNS tumor, embryonal CNS tumors, and retinoblastoma.
Results (any cancer and individual tumors) lacked any statisti-
cally significant results; however, we found suggestive evidence
of a positive association between inadequate GWG (Institute of
Medicine guidelines) and risk of any CNS tumor (OR¼ 1.29, 95%
CI¼ 0.99 to 1.68; I2 ¼ 30.8%, heterogeneity P¼ .23) (Figure 7). Data

Figure 4. (Continued)
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for ALL, AML, lymphoma, neuroblastoma, Wilms tumor, hepato-
blastoma, rhabdomyosarcoma, and germ cell tumors were insuf-
ficient for meta-analysis. Funnel plots for results presented in
Figures 2-7 analysis are displayed in Figure 8.

Subgroup and Sensitivity Analyses

As data allowed, subgroup analyses were performed according
to study geographic region and study design. Subgroup analyses
were primarily performed among any cancer, ALL, and any leu-
kemia and among pregestational, gestational, and any diabetes.
With some exceptions, effect sizes were larger among studies
conducted in other regions vs in North America and among co-
hort and case-cohort studies vs case-control and nested case-
control studies (Supplementary Table 6, available online).
Where data allowed, sensitivity analyses restricting to high-
quality studies were performed for all statistically significant
main results. No appreciable changes were observed.

Discussion

We summarized current evidence evaluating associations be-
tween maternal obesity, maternal diabetes, and GWG with risk
of pediatric cancers in offspring. We found greater prepreg-
nancy BMI was associated with an increased risk of pediatric
leukemia; maternal diabetes was associated with a decreased
risk of CNS tumors but increased risk of leukemia, particularly
ALL; and inadequate GWG may increase risk for pediatric CNS
tumors. To our knowledge, this is the first meta-analysis of pre-
pregnancy BMI and GWG as pediatric cancer risk factors. One
prior meta-analysis for maternal diabetes and childhood cancer

risk has been recently published (64); however, our meta-
analysis includes more studies and greater detail on risks asso-
ciated with individual tumor types and differing forms of ma-
ternal diabetes.

We found a statistically significant 7% increased risk of
childhood leukemia for every 5-unit increase in prepregnancy
BMI. Obesity has been repeatedly linked to leukemia risk in
adult populations (65-67), but recent research has identified
links between childhood obesity and childhood leukemia (68-
71). Our own research has demonstrated a statistically signifi-
cant association between childhood obesity and ALL risk among
4726 pediatric leukemia cases (71), suggesting early obesity ex-
posure may propagate pediatric leukemia risk. Obesity may spe-
cifically promote leukemogenesis via several mechanisms,
including altered adipokine secretion (68), decreased circulating
adiponectin (72), and increased leptin bioavailability (73,74).
Additionally, as obesity heritability is estimated to be 0.85-0.9
(75,76), obese mothers are more likely to have obese children,
thus increasing leukemogenesis risk; however, with our data,
there was no way to determine leukemia risk attributable to
obesity genomics. These mechanisms may not just apply to
obese persons individually, but may confer obesity-associated
risk to infants during gestation. Similar mechanisms may be
present for other pediatric tumors, however, with limited data
available, associations were not detected.

We identified similar, approximately 20% increased risks
for any cancer associated with any maternal diabetes and
PGD. These results are consistent with a recently published
meta-analysis (64), although our summary effect sizes are
smaller because of inclusion of several more studies. Our
finding for GD was not consistent with the previous meta-

Figure 5. Forest plots: meta-analysis of the association between pregestational diabetes and (A) any leukemia and (B) acute lymphoblastic leukemia. The error bars rep-

resent the 95% confidence intervals (CIs). Random effects models (DerSimonian and Laird method) were used for statistical analyses. DL ¼ DerSimonian-Laird.
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Figure 6. Forest plots: meta-analysis of the association between gestational diabetes and risk of (A) any leukemia and (B) acute lymphoblastic leukemia. The error bars

represent the 95% confidence intervals (CIs). Fixed effects models (inverse variance method) were used for statistical analyses. Tests were 2-sided. ALL ¼ acute lympho-

blastic leukemia; AML ¼ acute myeloid leukemia; IV ¼ inverse variance.

Figure 7. Forest plot: meta-analysis of the association between inadequate gestational weight gain and risk of central nervous system tumors. The error bars represent the

95% confidence intervals (CIs). Random effects models (DerSimonian and Laird method) were used for statistical analyses. Tests were 2-sided. DL¼ DerSimonian-Laird.
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analysis, which found GD to be associated with a non-
statistically significant 10% increased cancer risk (OR ¼ 1.10,
95% CI ¼ 0.94 to 1.28) (64). This inconsistency is likely due to
the more robust nature of our analysis (15 vs 6 studies). We
also found that any diabetes, PGD, and GD were specifically
associated with risk of any leukemia and ALL, consistent with
the previous meta-analysis (64). Although PGD and GD are

associated with differing effect sizes in other perinatal and/or
pediatric conditions (77), our findings of similar but slightly
higher effect sizes for PGD vs GD indicate both conditions in-
fluence pediatric cancer risk via similar mechanisms, with
earlier fetal exposure to PGD resulting in a slightly higher risk
of pediatric cancer. These findings could also reflect the ear-
lier, quicker onset of other perinatal conditions (ie, congenital

Figure 8. Funnel plots for meta-analysis results of the associations between prepregnancy BMI, maternal diabetes, and gestational weight gain and risk of pediatric

cancers. A) Funnel plot for the association between prepregnancy BMI and risk of any leukemia; (B) funnel plot for the association between prepregnancy BMI and risk

of central nervous system tumors; (C) funnel plot for the association between prepregnancy BMI and risk of embryonal central nervous system tumors; (D) funnel plot

for the association between any diabetes and risk of any leukemia; (E) funnel plot for the association between any diabetes and risk of acute lymphoblastic leukemia;

(F) funnel plot for the association between any diabetes and risk of central nervous system tumors; (G) funnel plot for the association between any diabetes and risk of

lymphoma; (H) funnel plot for the association between any diabetes and Wilms tumor risk; (I) funnel plot for the association between pregestational diabetes and risk

of any leukemia; (J) funnel plot for the association between pregestational diabetes and risk of acute lymphoblastic leukemia; (K) funnel plot for the association be-

tween gestational diabetes and risk of any leukemia; (L) funnel plot for the association between gestational diabetes and risk of acute lymphoblastic leukemia; (M) fun-

nel plot for the association between inadequate gestational weight gain and risk of central nervous system tumors. BMI ¼ body mass index; logor ¼ natural log of the

odds ratio; s.e. ¼ standard error.
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anomalies) vs the later, longer onset of GD and of leukemo-
genesis. Mechanistically, these findings may be due to de-
creased levels of adiponectin and higher levels of insulin-like
growth factors (IGF)–1 and leptin associated with gestational
and type 2 diabetes (78-80), as well as increased fetal oxida-
tive stress, altered fetal metabolism (80,81), and epigenetic

modifications (82) associated with maternal hyperglycemia.
Maternal diabetes may also promote leukemogenesis via its
impact on birthweight. Maternal hyperglycemia is associated
with large for gestational age offspring (83), a well-
established leukemia risk factor (84,85). However, when
restricting birthweight-adjusted analyses, we found the

Figure 8. (Continued)
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association between any diabetes and any leukemia per-
sisted, suggesting other biological mechanisms may be
relevant.

An association between GWG and risk of pediatric cancer
was not identified. Although GWG was hypothesized to impact
offspring cancer risk via similar mechanisms as prepregnancy
BMI, our lack of statistically significant findings indicates that
temporary GWG, even when excessive, does not confer the
same risks as longer-term overweight or obesity.

We identified unexpected and interesting results for CNS
tumors. We found a statistically significant inverse association
between any maternal diabetes and CNS tumor risk (OR¼ 0.73,
95% CI¼ 0.55 to 0.97). To assess whether this result may be a
function of data quality, we performed a sensitivity analysis
and found no appreciable difference when restricting to studies
considered high quality (OR¼ 0.73, 95% CI ¼ 0.54 to 0.98;).
Additionally, we found suggestive evidence of inverse associa-
tions for CNS tumors, including a decreased CNS tumor risk per
5-unit BMI increase and an increased risk of CNS tumors associ-
ated with inadequate GWG. These findings have not been
widely researched, thus we can only speculate as to underlying
causes. One hypothesis involves adipokines interacting with
the blood-brain barrier and exerting CNS effects. Increasing adi-
posity results in increased secretion of adipokines.
Transforming growth factor–b1, an adipokine that can act at the
blood-brain barrier and has potent anti-inflammatory proper-
ties, may protect against metabolic disturbances (86,87) and
therefore protect against CNS tumorigenesis. Another hypothe-
sis speculates that, because diabetes is associated with de-
creased IGF-1, and IGF-1 has been demonstrated to stimulate
glioma cell division (88), diabetes may protect against CNS tu-
morigenesis via the IGF pathway. Again, these speculative hy-
potheses need to be further studied and understood.

Our meta-analysis is subject to several limitations. As with
all analyses of observational studies, we cannot rule out resid-
ual confounding, and as many case-control studies were in-
cluded in the analyses, results are subject to recall bias; also,
included studies adjusted for different covariates. Furthermore,
only a few studies adjusted for established risk factors such as
congenital anomalies or radiographic exposure. Also notable,
none of the maternal diabetes studies adjusted for prepreg-
nancy BMI, and none of the included studies adjusted for child’s
weight or BMI at time of diagnosis, allowing for possible con-
founding. Additionally, lack of available data limited our ability
to analyze individual tumors, and therefore some outcomes
were analyzed according to cancer grouping (eg, all leukemia,
CNS tumors, lymphoma). As various cancers within a grouping
can have distinct etiologies, grouped results should be inter-
preted with caution. Analyses were particularly limited for neu-
roblastoma, hepatoblastoma, Wilms tumor, and AML, and no
analyses were possible for germ cell tumors and rhabdomyosar-
coma. Finally, we were limited by differences in GWG categori-
zation, disallowing us from combining these data as we did for
prepregnancy BMI.

These findings advance knowledge of pediatric cancer risk
factors and have direct implications for clinical practice. Our
findings highlight the importance of maintaining health check-
ups before and throughout pregnancy and emphasize glycemic
control as an important part of prenatal and perinatal health.
These findings also highlight the importance of weight manage-
ment for both maternal and offspring health. Lastly, for moth-
ers struggling with excessive weight gain, our GWG findings
may offer reassurance that such gain is not associated with in-
creased risk of childhood malignancies.

In conclusion, the current meta-analysis provides evidence
that maternal obesity and diabetes may play a role in the devel-
opment of pediatric malignancies, specifically for leukemias
and CNS tumors. Further investigation is needed to support
these variables as potential factors in the etiology of pediatric
cancers and confirm of our novel findings.
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