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Abstract

Background: Head trauma has been associated with increased brain tumor 

risk in adults. Instrument assisted delivery can be a cause of head trauma in 

newborns. The goal of this study was to determine if instrument-assisted 

deliveries influenced the odds of childhood brain tumors in Denmark. 

Methods: We conducted a matched case-control study of childhood (<20 

years) brain tumors in Denmark born between 1978 and 2013 and diagnosed

1978—2016. A total of 1678 brain tumor cases were identified and 25 

controls were matched to each case based on the child’s sex and birth date 

(N = 40,934). Conditional logistic regression was used to estimate effects 

(odds ratios (OR) and 95% confidence intervals (95%CI)) for variables of 

interest. 

Results: Compared to children birthed by spontaneous vaginal delivery, 

children who later developed ependymomas (N = 118) had a greater 

likelihood of having experienced vacuum assisted deliveries (OR=1.74, 95% 

CI 1.02—2.96). We did not observe an overall increase in all CNS tumors 

(combined) with either vacuum delivery (OR=0.99, 95% CI 0.84—1.18) or 

forceps delivery (OR=1.26, 95% CI 0.78—2.03). 

Conclusion: Our findings suggest an association between vacuum assisted 

deliveries and ependymomas. 

Keywords: Brain neoplasms; Pediatric cancer epidemiology; Delivery 
complications; Instrument-assisted delivery; Cesarean section
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Introduction

Brain and central nervous system tumors (CNS) make up 

approximately 20% of the total cancer burden in children worldwide [1, 2]. In

Denmark, the CNS tumor rate in children <15 years old is 3.95 per 100,000 

children [3]. There are over 100 subtypes of childhood brain tumors and their

rarity makes these diseases challenging to study [3]. The most common 

brain tumor types arise from glial cells, of which astrocytoma and 

medulloblastoma are the most common types [1, 4, 5]. According to the 

International Agency for Research on Cancer, the only established 

carcinogen for brain tumors is ionizing radiation [6], while suspected 

carcinogens include infections and allergens [3]. The onset of many 

childhood brain tumors before the age of five indicates potentially relevant 

exposures occur during early life [1, 3, 7].

Severe head injuries may be a cause of adult brain tumors [8-11], 

particularly meningioma and glioma [11-14]. There is a possibility that 

childhood or perinatal head trauma could also lead to tumor formation [15]. 

Some studies have indicated that there may be an association between 

instrument-assisted delivery and childhood brain tumors [2, 16-20], including

a recent study which found an increased risk of CNS tumors with instrument 

assisted deliveries (OR=7.82, 95% CI 2.18—28.03) [19].

Vacuum and forceps assisted deliveries are commonly used during 

vaginal births. In the 2015 European Perinatal Health report, Denmark 

reported that 6.4% of deliveries were instrument assisted while 21.6% of 
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births occurred by cesarean section [21]. Large babies (>4000 g) more 

frequently require instrument assisted delivery, particularly if their mothers 

are short in stature [22, 23]. These labor procedures can sometimes lead to 

head trauma, including intracranial hemorrhages (0.15% of forceps assisted 

births and 0.12% of vacuum assisted births), facial nerve injury, and seizures

[24, 25]. 

 Recently, a growing field of research has examined whether delivery 

by cesarean section might increase risk for pediatric cancer, with many 

studies focusing on acute leukemias [26, 27]. Possible biological mechanisms

may stem from microbiome differences or different breastfeeding habits due 

to cesarean sections and related antibiotics usage [26]. In addition, children 

born via cesarean have a greater likelihood of immune disorders later in life

[28, 29], including conditions associated with lower risk for brain tumors such

as allergies and diabetes [30, 31]. These relationships may be mediated 

through increased IL-13 and enhanced T-helper (Th2) hyperallergic 

immunity. Allergy is correlated with Th1 and Th2, both which may help 

inhibit tumors. Gliomas express high amounts of cytokines that inhibit Th1 

and Th2 immunity and are secreted by T-regulatory (Treg) cells [32]. There 

are few studies on the relationship between cesarean section and childhood 

CNS tumors [2, 20, 33-35]. 

Following published results that head trauma of assisted delivery could

lead to potential brain tumors in childhood, this study aims to examine if the 

use of instrument-assisted delivery techniques increased the risk of 
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childhood brain tumors in the Danish childhood (0—19 years) population. In 

exploratory analyses, we additionally examined associations between brain 

tumors and delivery by cesarean section. An earlier study already examined 

cesarean section in the Denmark population from 1973 to 2007; the current 

study includes additional years of data [36].

Methods 

This is a matched case-control study based on linkage of multiple 

Danish registries, which has been previously described [37]. In brief, cases 

were ascertained from the Danish Cancer Registry and classified according 

to the International Classification of Childhood Cancers (ICCC) based on the 

existing ICD-O and ICD-10 codes [38]. From the Medical Births Register, we 

acquired individual gestational information such as birthweight, sex, and 

birth complications, including information on instrument-assisted delivery 

and cesarean section [39]. From the National Patient Register, we obtained 

information on maternal inpatient (1977—1993) and both inpatient and 

outpatient (1994 +) diagnoses, using a Danish modification of the 

International Classification of Diseases, ICD-8 and ICD-10 [38]. The present 

study included children born from 1978 to 2013. The age of diagnosis ranged

from 0 to 19 years old, with year of diagnosis from 1978—2016, e.g. we 

included diagnoses to age 19 or to 2016, whichever came first. This resulted 

in 1678 cases and 39,256 controls selected from the Danish Central Person 
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Registry. Cases were matched to controls on birth year and sex (1:25 

matching rate).

The most common pediatric CNS cancers in our sample were 

astrocytoma (30.9%), ependymoma (7.0%) and medulloblastoma (10.8%). 

Birth exposures of interest included vacuum assisted delivery, forceps 

assisted delivery, and any cesarean. Some mothers underwent multiple 

methods of delivery; for example, some had claims for both instrument-

assisted delivery and cesarean section, presumably because the instrument-

assisted delivery was unsuccessful. However, the number of mothers that 

underwent multiple interventions was not large enough to be looked at 

independently, thus we report risks for each intervention when it was the 

only one used. 

Conditional logistic regression was used to estimate odds ratios (ORs) 

and 95% confidence intervals (CIs) for delivery interventions and CNS tumor.

Covariates chosen were based on a review of the literature, and the final 

model adjusted for maternal age and birth order [2, 19, 25, 40]. We 

additionally considered adjustment for diabetes (gestational and/or chronic), 

maternal pre-pregnancy body mass index (BMI), infections during pregnancy,

neurofibromatosis, tuberous sclerosis, preeclampsia, gestational 

hypertension, placenta praevia, placental abruption and maternal height. 

However, these variables did not meet the 10% change in estimate criterion

[41] and were not included in final models. We additionally adjusted for 

maternal pregnancy smoking, which was available from 1991 to 2013, but 
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change in estimates remained below 10%; a study of Danish children from 

the same registries reported no increased risk of CNS tumors from smoking

[42].

It is possible that if a brain tumor is present before birth, the fetus may

have a larger head size leading to a higher probability of instrument-assisted

delivery or cesarean section. Due to this possible reverse causality, we 

conducted a sensitivity analysis restricting diagnosis age to less than four 

years old and four years or older. We calculated gestational age-specific > 

90th percentile head circumference, based on the international standards for 

fetal growth from 2006 [43]. Because children with brain tumors are more 

likely to be born at either high or low birthweight [4, 44], we also conducted 

sensitivity analyses including only infants with normal birthweight (2500—

4000 g). Although maternal height and BMI were only collected during some 

of the study period, we conducted sensitivity analyses examining 

associations stratifying by mothers’ stature (<165 cm/≥165 cm) and BMI 

(<25/≥25), because maternal height and BMI influence the use of delivery 

interventions [45, 46]. We additionally considered the role of plural birth, but

the very small numbers of plural births meant that overall findings were very

similar between all births and singleton births (results not shown).

All analyses were performed using SAS, Version 9.4 (SAS Institute Inc., 

Cary, NC, USA).  

Results
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Demographic characteristics of cancer cases and controls were 

previously published [37].  The demographics of children were similar by 

mode of delivery (Table 1). Male children were more likely to have been born

using forceps-assisted deliveries and female children were more likely to 

have been born by cesarean section. Birthing interventions were more likely 

to be used with children born first or second, compared to later births. Older 

mothers (35 +) were more likely to have had a cesarean section. The use of 

forceps declined across the study period from 8% in 1990 to < 1% in 2010. 

Mean birthweight was slightly higher for those with CNS tumors and 

astrocytoma, compared to those without CNS tumors, and slightly lower for 

those with ependymoma and medulloblastoma when compared to controls 

(Table 2). Medulloblastoma cases had almost double the percentage of 

preterm birth compared to controls. The percentage of pelvic disproportion 

and prolonged labor among ependymoma cases was almost four times 

greater than the other cancers. A higher percentage of astrocytoma cases 

were classified to be in an abnormal fetal position than controls. Compared 

to controls, CNS tumor cases had a higher percentage of children with a five-

minute Apgar score of less than ten.

Adjusted results revealed that ependymoma cases had 1.74 higher 

odds of having a vacuum assisted delivery compared to those who were 

birthed spontaneously (95% CI 1.02, 2.96). CNS (all types) and astrocytoma 

cases had an increased risk of being born by cesarean section, 1.20 (95% CI 

1.06, 1.36) and 1.26 (95% CI 1.00, 1.58), respectively (Table 3). 
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Sensitivity analysis of age at diagnosis restriction to four years 

(Supplementary Table 2) showed no difference in the increased risk for 

ependymoma with vacuum delivery, while the association between 

astrocytoma and cesarean section was attenuated. Restricting to diagnosis 

at less than 4 years old had an increased risk for CNS and astrocytoma 

tumors for any cesarean section. When we conducted a sensitivity analysis 

restricting to cases with normal birthweight (2500—4000 g), point estimates 

were similar to all cases (Supplementary Table 3). Sensitivity analyses for 

average maternal height and BMI showed that CNS tumor cases had a higher

odds of having any cesarean sections, 1.58 (95% CI 1.13, 2.22) and 1.54 

(95% CI 1.05, 2.28), respectively (Supplementary Tables 4, 5). In sensitivity 

analysis that restricted to women of shorter height (<165 cm), CNS tumor 

cases’ associations moved closer towards the null value (OR 1.15, 95% CI 

1.00, 1.32) for any cesarean section (Supplementary Table 4). 

Discussion

In this population-based case-control study using nationwide Danish 

registries, we found an elevated risk of vacuum assisted deliveries among 

ependymoma cases, and a weak increase in astrocytoma risk following 

cesarean section. European countries with low instrument assisted delivery 

rates also tend to have lower incidence of ependymoma [47, 48]. The 

prevalence of cesarean section (19.5%) and other modes of delivery we 

observed in our sample was similar to that seen in other Danish studies [21, 
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49].  We did not expect an increased risk of embryonal brain tumors 

(medulloblastoma) from instrument-related head trauma, as by definition 

embryonal cancers are initiated during the embryonal period prior to the 

birth. A larger head size may be a consequence of the tumor [50], leading to 

greater likelihood of need for surgical interventions during delivery. This may

have introduced reverse causality into our study. However, our sensitivity 

analyses restricting to four years or more at age at diagnosis for brain 

tumors, i.e. tumors that most likely did not develop or grow until after birth, 

did not show a difference in estimated risk. 

Prior studies on this topic suggested potential increase in risk with 

instrument-assisted delivery. One study reported on delivery via forceps and 

found an increased risk for any CNS tumor (all types grouped together) when

there was also a head injury (OR=1.2, 95% CI 0.9, 1.6) [16]. Because the use

of forceps was rare in our population (0.84% of births), we were unable to 

confirm these associations. Most other studies on this topic reported 

increased risk for CNS tumors, but none of these reported results specific to 

ependymoma [2, 16, 19, 20]. Several of these prior studies collected data via

self-report [16, 19, 20], leading some authors to question whether such 

results may have been due to recall bias [19]. A study that relied on record 

linkage grouped all cancer subtypes together and found no association with 

vacuum and only a weak increase with forceps (OR=1.11) [2]. Notably, the 

one other record-linkage study that did report on vacuum extraction and 

ependymoma risk also showed an elevated point estimate with wide 
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confidence intervals (OR=1.4, 95% CI 0.4, 5.2) [34]. Thus, although prior 

results have not been reported in a consistent manner, our findings support 

that instrument-assisted delivery may result in increased ependymoma risk.

Risk for brain tumors after instrumental delivery may depend on the 

development of inflammation at the injury site, or may be due to cell 

proliferation during tissue repair, potentially leading to mutations. Tissue 

repair from head injuries may activate oncogenes or inactivate tumor 

suppressor genes [51]. Alternatively, disturbances in the blood-brain barrier 

resulting from injuries may make the barrier leaky and allow mutagenic 

substances to reach brain cells [52]. 

Our results also suggest an increased risk for astrocytoma with 

cesarean section. Yet, these findings are attenuated in sensitivity analyses, 

suggesting that pregnancy complications seen in children who later develop 

brain tumors [33, 35, 53] may in part explain elevated risks. In addition, 

European countries with higher rates of cesarean section do not consistently 

have higher incidence of astrocytoma [47, 48]. {, 1998 #4363}Prior studies 

have found mixed results when examining astrocytoma or “astroglial 

tumors” and cesarean section [20, 33, 34]. Studies assessing the impact of 

cesarean section on the brains of newborns have been rare, but animal 

studies have suggested that vaginal births may be neuroprotective by 

decreasing cell death across brain regions. This may be due to the 

vasopressin’s protective effect from excitotoxicity in the brain since vaginal 
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birth triggers a much larger release of vasopressin than cesarean section

[54].

There was a 13.8% increase in cesarean sections in Europe from 1990 

to 2014 [55]. As cesarean sections have become more common, instrument-

assisted deliveries declined by 14.6% from 2004 to 2015 [21, 56]. Cesarean 

sections are associated with a number of complications in the newborn 

including hypoglycemia, respiratory distress syndrome and 

hyperbilirubinemia [57]. Although low by international standards, the rate we

observed for cesarean section was still above optimal levels (10—15% of {, 

1985 #4364}births [58]);{, 1985 #4364} nonetheless, Denmark has lower 

cesarean section rates than other European nations [48]. Typically, 

instrument-assisted deliveries are viewed as having lower risks than 

cesarean section, with some researchers urging a return to these deliveries

[59] because complication rates remain lower than with cesarean section. 

However, higher rates of instrumental births do not necessarily equate to 

lower cesarean sections [21].  Solutions that may increase spontaneous 

vaginal births include external prenatal physical maneuvering for breech 

cases, parental education to reduce elective cesarean rates, promoting 

vaginal deliveries after previous cesarean section and social support 

interventions to diminish maternal anxieties about potential risks associated 

with labor [60]. 

A cohort study analysis of the Danish data was not feasible because 

Danish privacy laws prevented access to the entire cohort of Danish births. 
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This study did not have access to medical records to verify or extract 

additional information than what was provided in the Danish Registries. Yet, 

the use of the Danish Hospital Registry data is a strength of this study as 

these data are nationwide and any errors are expected to be non-differential.

The free and universal health care system in Denmark, with almost full 

uptake of prenatal care, guarantees high coverage and validity of data 

elements used in our study. Certain variables, such as maternal smoking, 

BMI, and height were collected for only part of the study period, thus limiting

our ability to adjust for these variables. However, in sensitivity analysis, 

height and obesity did not change observed risk estimates. Maternal 

smoking is not expected to act as a predictor of childhood brain tumor risk

[42]. Furthermore, breech presentation was not present in the registries, 

which may be a relevant cofactor in cesarean risk, nor was breastfeeding 

available, which may impact cancer risk. Abnormal fetal position was not 

broken down by type, such as breech, face, brow presentation, as that 

information was not available. Length of delivery was also not present in the 

database. Results must be taken in light of multiple comparisons in this 

study. 

In summary, we found increased risk for ependymomas with vacuum-

assisted delivery. The literature on this topic has been inconsistent in 

examining brain tumor subtypes and instrument types. Pooling data on this 

topic may provide better statistical power for additional subgroup analyses. 

Further studies on the pathophysiology need to be conducted, but if these 
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hypotheses are found to be true, reducing instrument assisted deliveries 

may be an actionable strategy to reduce childhood brain tumor risk. 

Nonetheless, childhood brain tumors are rare, and thus the absolute risk is 

low from these modes of delivery.

Acknowledgements

The Danish study was supported by grants from the US National Institutes of 

Health, USA (R21CA175959, R03ES021643). Ms. Yeh received funding 

through the Child and Family Health Fellowship sponsored by University of 

California, Los Angeles (UCLA), USA. Ms. He was supported by a grant from 

the California Tobacco-Related Disease Research Program, USA (grant # 

T29DT0485). Dr. Heck was supported by a grant from Alex’s Lemonade 

Stand Foundation, USA (grant #17-01882). We thank Dr. Maryam Navaie 

from Advance Health Solutions for her providing editorial comments on 

earlier drafts of this manuscript.

15



Bibliography 

[1] R.T. Baldwin, S. Preston-Martin, Epidemiology of brain tumors in 
childhood--a review, Toxicol Appl Pharmacol. 199(2) (2004) 118-131.
[2] D. Vienneau, D. Infanger, M. Feychting, J. Schuz, L.S. Schmidt, A.H. 
Poulsen, G. Tettamanti, L. Klaeboe, C.E. Kuehni, T. Tynes, N. Von der Weid, B.
Lannering, M. Roosli, A multinational case-control study on childhood brain 
tumours, anthropogenic factors, birth characteristics and prenatal exposures:
a validation of interview data, Cancer Epidemiol. 40 (2016) 52-59.
[3] K.J. Johnson, J. Cullen, J.S. Barnholtz-Sloan, Q.T. Ostrom, C.E. Langer, M.C. 
Turner, R. McKean-Cowdin, J.L. Fisher, P.J. Lupo, S. Partap, J.A. 
Schwartzbaum, M.E. Scheurer, Childhood brain tumor epidemiology: a Brain 
Tumor Epidemiology Consortium review, Cancer Epidemiol Biomarkers Prev. 
23(12) (2014) 2716-2736.
[4] T. Harder, A. Plagemann, A. Harder, Birth weight and subsequent risk of 
childhood primary brain tumors: a meta-analysis, Am J Epidemiol. 168(4) 
(2008) 366-373.
[5] I.F. Pollack, R.I. Jakacki, Childhood brain tumors: epidemiology, current 
management and future directions, Nat Rev Neurol. 7(9) (2011) 495-506.
[6] International Agency for Research on Cancer, IARC monographs on the 
evaluation of carcinogenic risks to humans, World Health Organization. 
Volume 75 (2000).
[7] World Health Organization, Agents classified by the IARC monographs, 
volumes 1-124, 2019. https://monographs.iarc.fr/agents-classified-by-the-
iarc/. (Accessed March 28 2021).
[8] Y.H. Chen, J.J. Keller, J.H. Kang, H.C. Lin, Association between traumatic 
brain injury and the subsequent risk of brain cancer, J Neurotrauma. 29(7) 
(2012) 1328-1333.
[9] V. Tyagi, J. Theobald, J. Barger, M. Bustoros, N.S. Bayin, A.S. Modrek, M. 
Kader, E.G. Anderer, B. Donahue, G. Fatterpekar, D.G. Placantonakis, 
Traumatic brain injury and subsequent glioblastoma development: review of 
the literature and case reports, Surg Neurol Int. 7 (2016) 78.
[10] H.Y. Wee, C.H. Ho, C.H. Chang, C.C. Chio, J.J. Wang, C.C. Wang, J.R. Kuo, 
Probability of new-onset cancer between patients with traumatic brain injury 
and a comparison general population cohort, World Neurosurg. 121 (2019) 
e817-e826.
[11] G.T. Monteiro, R.A. Pereira, R.J. Koifman, S. Koifman, Head injury and 
brain tumours in adults: a case-control study in Rio de Janeiro, Brazil, Eur J 
Cancer. 42(7) (2006) 917-921.
[12] P.D. Inskip, L. Mellemkjaer, G. Gridley, J.H. Olsen, Incidence of 
intracranial tumors following hospitalization for head injuries (Denmark), 
Cancer Causes Control. 9(1) (1998) 109-116.
[13] S. Preston-Martin, J.M. Pogoda, B. Schlehofer, M. Blettner, G.R. Howe, P. 
Ryan, F. Menegoz, G.G. Giles, Y. Rodvall, N.W. Choi, J. Little, A. Arslan, An 
international case-control study of adult glioma and meningioma: the role of 
head trauma, Int J Epidemiol. 27(4) (1998) 579-586.

16

https://monographs.iarc.fr/agents-classified-by-the-iarc/
https://monographs.iarc.fr/agents-classified-by-the-iarc/


[14] S. Preston-Martin, M.C. Yu, B.E. Henderson, C. Roberts, Risk factors for 
meningiomas in men in Los Angeles County, J Natl Cancer Inst. 70(5) (1983) 
863-866.
[15] R.R. Kuijten, G.R. Bunin, Risk factors for childhood brain tumors, Cancer 
Epidemiol Biomarkers Prev. 2(3) (1993) 277-288.
[16] J.G. Gurney, S. Preston-Martin, A.M. McDaniel, B.A. Mueller, E.A. Holly, 
Head injury as a risk factor for brain tumors in children: results from a 
multicenter case-control study, Epidemiology. 7(5) (1996) 485-489.
[17] G.R. Howe, J.D. Burch, A.M. Chiarelli, H.A. Risch, B.C. Choi, An 
exploratory case-control study of brain tumors in children, Cancer Res. 
49(15) (1989) 4349-4352.
[18] S. Preston-Martin, M.C. Yu, B. Benton, B.E. Henderson, N-nitroso 
compounds and childhood brain tumors: a case-control study, Cancer Res. 
42(12) (1982) 5240-5245.
[19] M.K. Georgakis, N. Dessypris, V. Papadakis, A. Tragiannidis, E. Bouka, E. 
Hatzipantelis, M. Moschovi, E. Papakonstantinou, S. Polychronopoulou, S. 
Sgouros, E. Stiakaki, A. Pourtsidis, T. Psaltopoulou, E.T. Petridou, Perinatal 
and early life risk factors for childhood brain tumors: is instrument-assisted 
delivery associated with higher risk?, Cancer Epidemiol. 59 (2019) 178-184.
[20] M. McCredie, J. Little, S. Cotton, B. Mueller, R. Peris-Bonet, N.W. Choi, S. 
Cordier, G. Filippini, E.A. Holly, B. Modan, A. Arslan, S. Preston-Martin, Search
international case-control study of childhood brain tumours: role of index 
pregnancy and birth, and mother's reproductive history, Paediatr Perinat 
Epidemiol. 13(3) (1999) 325-341.
[21] Euro-Peristat Project, European Perinatal Health Report. Core indicators 
of the health and care of pregnant women and babies in europe in 2015. 
2018.
[22] M. Black, D.J. Murphy, Forceps delivery for non-rotational and rotational 
operative vaginal delivery, Best Pract Res Clin Obstet Gynaecol. 56 (2019) 
55-68.
[23] S.J. Benjamin, A.B. Daniel, A. Kamath, V. Ramkumar, Anthropometric 
measurements as predictors of cephalopelvic disproportion: can the 
diagnostic accuracy be improved?, Acta Obstet Gynecol Scand. 91(1) (2012) 
122-127.
[24] D. Towner, M.A. Castro, E. Eby-Wilkens, W.M. Gilbert, Effect of mode of 
delivery in nulliparous women on neonatal intracranial injury, N Engl J Med. 
341(23) (1999) 1709-1714.
[25] C. Gardella, M. Taylor, T. Benedetti, J. Hitti, C. Critchlow, The effect of 
sequential use of vacuum and forceps for assisted vaginal delivery on 
neonatal and maternal outcomes, Am J Obstet Gynecol. 185(4) (2001) 896-
902.
[26] S. Greenbaum, E. Sheiner, T. Wainstock, I. Segal, M. Ben-Harush, R. 
Sergienko, A. Walfisch, Cesarean delivery and childhood malignancies: a 
single-center, population-based cohort study, J Pediatr. 197 (2018) 292-
296.e293.

17



[27] E.L. Marcotte, T.P. Thomopoulos, C. Infante-Rivard, J. Clavel, E.T. 
Petridou, J. Schüz, S. Ezzat, J.D. Dockerty, C. Metayer, C. Magnani, M.E. 
Scheurer, B.A. Mueller, A.M. Mora, C. Wesseling, A. Skalkidou, W.M. Rashed, 
S.S. Francis, R. Ajrouche, F. Erdmann, L. Orsi, L.G. Spector, Caesarean 
delivery and risk of childhood leukaemia: a pooled analysis from the 
Childhood Leukemia International Consortium (CLIC), Lancet Haematol. 3(4) 
(2016) e176-185.
[28] K. Kristensen, L. Henriksen, Cesarean section and disease associated 
with immune function, J Allergy Clin Immunol. 137(2) (2016) 587-590.
[29] M. Pistiner, D.R. Gold, H. Abdulkerim, E. Hoffman, J.C. Celedón, Birth by 
cesarean section, allergic rhinitis, and allergic sensitization among children 
with a parental history of atopy, J Allergy Clin Immunol. 122(2) (2008) 274-
279.
[30] M.L. Bondy, M.E. Scheurer, B. Malmer, J.S. Barnholtz-Sloan, F.G. Davis, 
D. Il'yasova, C. Kruchko, B.J. McCarthy, P. Rajaraman, J.A. Schwartzbaum, S. 
Sadetzki, B. Schlehofer, T. Tihan, J.L. Wiemels, M. Wrensch, P.A. Buffler, Brain
tumor epidemiology: consensus from the Brain Tumor Epidemiology 
Consortium, Cancer. 113(7 Suppl) (2008) 1953-1968.
[31] C.M. Kitahara, M.S. Linet, A.V. Brenner, S.S. Wang, B.S. Melin, Z. Wang, 
P.D. Inskip, L.E. Freeman, M.Z. Braganza, T. Carreón, M. Feychting, J.M. 
Gaziano, U. Peters, M.P. Purdue, A.M. Ruder, H.D. Sesso, X.O. Shu, M.A. 
Waters, E. White, W. Zheng, R.N. Hoover, J.F. Fraumeni, Jr., N. Chatterjee, M. 
Yeager, S.J. Chanock, P. Hartge, P. Rajaraman, Personal history of diabetes, 
genetic susceptibility to diabetes, and risk of brain glioma: a pooled analysis 
of observational studies, Cancer Epidemiol Biomarkers Prev. 23(1) (2014) 47-
54.
[32] O.M. Grauer, S. Nierkens, E. Bennink, L.W. Toonen, L. Boon, P. 
Wesseling, R.P. Sutmuller, G.J. Adema, CD4+FoxP3+ regulatory T cells 
gradually accumulate in gliomas during tumor growth and efficiently 
suppress antiglioma immune responses in vivo, Int J Cancer. 121(1) (2007) 
95-105.
[33] H.D. Bailey, P. Rios, B. Lacour, L. Guerrini-Rousseau, A.I. Bertozzi, P. 
Leblond, C. Faure-Conter, I. Pellier, C. Freycon, J. Michon, S. Puget, S. 
Ducassou, L. Orsi, J. Clavel, Factors related to pregnancy and birth and the 
risk of childhood brain tumours: the ESTELLE and ESCALE studies (SFCE, 
France), Int J Cancer. 140(8) (2017) 1757-1769.
[34] M.S. Linet, G. Gridley, S. Cnattingius, H.S. Nicholson, U. Martinsson, B. 
Glimelius, H.O. Adami, M. Zack, Maternal and perinatal risk factors for 
childhood brain tumors (Sweden), Cancer Causes Control. 7(4) (1996) 437-
448.
[35] J.E. Heck, C.A. Lombardi, M. Cockburn, T.J. Meyers, M. Wilhelm, B. Ritz, 
Epidemiology of rhabdoid tumors of early childhood, Pediatr Blood Cancer. 
60(1) (2013) 77-81.
[36] N.C. Momen, J. Olsen, M. Gissler, S. Cnattingius, J. Li, Delivery by 
caesarean section and childhood cancer: a nationwide follow-up study in 
three countries, BJOG. 121(11) (2014) 1343-1350.

18



[37] Z.A. Contreras, J. Hansen, B. Ritz, J. Olsen, F. Yu, J.E. Heck, Parental age 
and childhood cancer risk: a Danish population-based registry study, Cancer 
Epidemiol. 49 (2017) 202-215.
[38] M.L. Gjerstorff, The Danish cancer registry, Scand J Public Health. 39(7 
Suppl) (2011) 42-45.
[39] M. Bliddal, A. Broe, A. Pottegard, J. Olsen, J. Langhoff-Roos, The Danish 
medical birth register, Eur J Epidemiol. 33(1) (2018) 27-36.
[40] C. Ekeus, U. Hogberg, M. Norman, Vacuum assisted birth and risk for 
cerebral complications in term newborn infants: a population-based cohort 
study, BMC Pregnancy Childbirth. 14 (2014) 36.
[41] G. Maldonado, S. Greenland, Simulation study of confounder-selection 
strategies, Am J Epidemiol. 138(11) (1993) 923-936.
[42] N.C. Momen, J. Olsen, M. Gissler, J. Li, Exposure to maternal smoking 
during pregnancy and risk of childhood cancer: a study using the Danish 
national registers, Cancer Causes Control. 27(3) (2016) 341-349.
[43] A.T. Papageorghiou, E.O. Ohuma, D.G. Altman, T. Todros, L. Cheikh 
Ismail, A. Lambert, Y.A. Jaffer, E. Bertino, M.G. Gravett, M. Purwar, J.A. Noble, 
R. Pang, C.G. Victora, F.C. Barros, M. Carvalho, L.J. Salomon, Z.A. Bhutta, S.H.
Kennedy, J. Villar, International standards for fetal growth based on serial 
ultrasound measurements: the Fetal Growth Longitudinal Study of the 
INTERGROWTH-21st project, Lancet. 384(9946) (2014) 869-879.
[44] J.M. Heuch, I. Heuch, L.A. Akslen, G. Kvåle, Risk of primary childhood 
brain tumors related to birth characteristics: a Norwegian prospective study, 
Int J Cancer. 77(4) (1998) 498-503.
[45] S. Kirchengast, B. Hartmann, Short stature is associated with an 
increased risk of caesarean deliveries in low risk population, Acta Med Litu. 
14 (2007) 1-6.
[46] M. Mohammadi, S. Maroufizadeh, R. Omani-Samani, A. Almasi-Hashiani, 
P. Amini, The effect of prepregnancy body mass index on birth weight, 
preterm birth, cesarean section, and preeclampsia in pregnant women, J 
Matern Fetal Neonatal Med. 32(22) (2019) 3818-3823.
[47] IARC, International Incidence of Childhood Cancer, vol. II, IARC Sci Publ. 
(144) (1998) 1-391.
[48] A.J. Macfarlane, B. Blondel, A.D. Mohangoo, M. Cuttini, J. Nijhuis, Z. 
Novak, H.S. Ólafsdóttir, J. Zeitlin, Wide differences in mode of delivery within 
europe: risk-stratified analyses of aggregated routine data from the Euro-
Peristat study, BJOG. 123(4) (2016) 559-568.
[49] S.M. O'Neill, E. Agerbo, L.C. Kenny, T.B. Henriksen, P.M. Kearney, R.A. 
Greene, P.B. Mortensen, A.S. Khashan, Cesarean section and rate of 
subsequent stillbirth, miscarriage, and ectopic pregnancy: a Danish register-
based cohort study, PLoS Med. 11(7) (2014) e1001670.
[50] S.O. Samuelsen, L.S. Bakketeig, S. Tretli, T.B. Johannesen, P. Magnus, 
Head circumference at birth and risk of brain cancer in childhood: a 
population-based study, Lancet Oncol. 7(1) (2006) 39-42.

19



[51] C. Nygren, J. Adami, W. Ye, R. Bellocco, J.L. af Geijerstam, J. Borg, O. 
Nyrén, Primary brain tumors following traumatic brain injury--a population-
based cohort study in Sweden, Cancer Causes Control. 12(8) (2001) 733-737.
[52] D. Simińska, K. Kojder, D. Jeżewski, I. Kojder, M. Skórka, I. Gutowska, D. 
Chlubek, I. Baranowska-Bosiacka, The pathophysiology of post-traumatic 
glioma, Int J Mol Sci. 19(8) (2018).
[53] M.R. Sprehe, N. Barahmani, Y. Cao, T. Wang, M.R. Forman, M. Bondy, 
M.F. Okcu, Comparison of birth weight corrected for gestational age and birth
weight alone in prediction of development of childhood leukemia and central 
nervous system tumors, Pediatr Blood Cancer. 54(2) (2010) 242-249.
[54] A. Castillo-Ruiz, M. Mosley, A.J. Jacobs, Y.C. Hoffiz, N.G. Forger, Birth 
delivery mode alters perinatal cell death in the mouse brain, Proc Natl Acad 
Sci U S A. 115(46) (2018) 11826-11831.
[55] A.P. Betran, J. Ye, A.B. Moller, J. Zhang, A.M. Gulmezoglu, M.R. Torloni, 
The increasing trend in caesarean section rates: global, regional and national
estimates: 1990-2014, PLoS One. 11(2) (2016) e0148343.
[56] Euro-Peristat Project, European Perinatal Health Report. EURO-PERISTAT
project in collaboration with SCPE, EUROCAT & EURONEOSTAT. (2008).
[57] Z. Vidic, I. Blickstein, I. Štucin Gantar, I. Verdenik, N. Tul, Timing of 
elective cesarean section and neonatal morbidity: a population-based study, 
J Matern Fetal Neonatal Med. 29(15) (2016) 2461-2463.
[58] B. Moore, Appropriate technology for birth, Lancet. 326(8458) (1985) 
787.
[59] P.E. Bailey, The disappearing art of instrumental delivery: time to 
reverse the trend, Int J Gynaecol Obstet. 91(1) (2005) 89-96.
[60] D. Montoya-Williams, D.J. Lemas, L. Spiryda, K. Patel, J. Neu, T.L. Carson,
What are optimal cesarean section rates in the U.S. and how do we get 
there? A review of evidence-based recommendations and interventions, J 
Womens Health (Larchmt). 26(12) (2017) 1285-1291.

20



Table 1: Demographics of the Danish registry population cases and controls 
(<20 years) by modes of delivery (births 1978—2013 and diagnosed 1978—
2016)a.

Spontaneou
s Delivery Forceps Vacuum

Any
Cesarean
Section

Total N= 40,934 N(%)b 28,268 (69.1) 343 (0.8) 4,339 (10.6) 7,984 (19.5)

Child's Sex N(%)
Male 14,520 (51.4) 192 (56.0) 2,252 (51.9) 3,575 (44.8)
Female 13,748 (48.6) 151 (44.0) 2,087 (48.1) 4,409 (55.2)

Birthweight N(%)
Low (≤2449) 869 (3.1) 14 (4.1) 124 (2.9) 965 (12.1)
Normal (2500-4000) 22,580 (80.0) 283 (82.5) 3,427 (79.0) 5,718 (71.6)
High (4000+) 4,716 (16.7) 45 (13.1) 781 (18.0) 1,264 (15.8)
Missing 103 1 7 37

Maternal Age N(%)c

≤ 24 6,623 (23.4) 97 (28.3) 1,134 (26.1) 1,490 (18.7)
25-29 10,873 (38.5) 119 (34.7) 1,676 (38.6) 2,785 (34.9)
30-34 7,767 (27.5) 93 (27.1) 1,090 (25.1) 2,457 (30.8)
35+ 3,005 (10.6) 34 (9.9) 439 (10.1) 1,252 (15.7)

Birth Order N(%)c

1 10,835 (38.3) 135 (39.4) 2,999 (69.1) 3,374 (42.3)
2 11,448 (40.5) 136 (39.7) 1,016 (23.4) 2,858 (35.8)
3 4,454 (15.8) 50 (14.6) 263 (6.1) 1,283 (16.1)
4+ 1,531 (5.4) 22 (6.4) 61 (1.4) 469 (5.9)

Age of Diagnosis N(%)
0 - 4 8,944 (31.6) 88 (25.7) 1,371 (31.6) 2,903 (36.3)
5 - 9 8,132 (28.8) 91 (26.5) 1,309 (30.2) 2,323 (29.1)
10 - 14 5,865 (20.8) 80 (23.3) 912 (21.0) 1,529 (19.2)
15 - 19 5,327 (18.8) 84 (24.5) 747 (17.2) 1,229 (15.4)

Gestational Age N(%)
Very Preterm Birth (≤32 weeks) 130 (0.5) <5 8 (0.2) 242 (3.0)
Preterm Birth (33 to 36 weeks) 905 (3.2) 13 (3.8) 131 (3.0) 713 (8.9)
Term Birth (37+ weeks) 26,292 (93.0) 317 (92.4) 4,020 (92.6) 6,763 (84.7)
Missing 941 10 180 266

Head circumference (mean; cm) 35.1 (1.8) 35.1 (1.3) 35.4 (1.8) 35.0 (2.4)
Head circumference >90th 
Percentile N(%) 3,393 (12.0) 11 (3.2) 623 (14.4) 1,938 (24.3)

Maternal Smoking N(%)d

Yes 3,838 (13.6) 30 (8.8) 524 (12.1) 1,383 (17.3)
No 11,398 (40.3) 53 (15.5) 1,846 (42.5) 4,167 (52.2)
Missing 663 5 86 346

Maternal Height N(%)e

163 cm or less 761 (17.8) <5 154 (18.6) 505 (22.9)
164-168 cm 928 (21.8) <5 215 (26.0) 522 (23.7)
169-172 cm 787 (18.5) 5 (50.0) 141 (17.1) 388 (17.6)
173 cm+ 858 (20.1) <5 144 (17.4) 350 (15.9)
Missing 932 <5 173 441

Maternal BMI N(%)e

Underweight (<18.5) 161 (3.8) <5 29 (3.5) 55 (2.5)
Normal weight (18.5-24.99) 2,167 (50.8) 5 (50.0) 408 (49.3) 947 (42.9)
Overweight (25-29.99) 611 (14.3) <5 120 (14.5) 441 (20.0)
Obese (>30) 345 (8.1) <5 86 (10.4) 289 (13.1)
Missing 982 <5 184 474
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Gestational Diabetes N(%)f

Yes 154 (1.2) <5 26 (1.3) 148 (2.9)
No 12,360 (98.8) 46 (95.8) 2,032 (98.7) 4,987 (97.1)

Pre-pregnancy Diabetes N(%)
Yes 32 (0.3) <5 6 (0.3) 79 (1.5)
No 12,482 (99.7) 48 (100.0) 2,052 (99.7) 5,056 (98.5)

Neurofibromatosis N(%)
Yes 55 (0.2) <5 5 (0.12) 24 (0.3)

  No 28,253 (99.9) 342 (99.7) 4,334 (99.9) 7,960 (99.7)
a This table is limited to mothers exposed to one intervention only.
b Total N is the sum of spontaneous delivery, forceps, vacuum and cesarean section. 
c There was no missing in this variable.
d Maternal smoking information was available from 1991-2013.
e Maternal height and maternal BMI information was available from 2003-2013. 
f Gestational diabetes information available from 1994-2013. 
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Table 2. Pregnancy and labor characteristics of brain tumor cases and controls for children (<20 years; 
births 1978—2013 and diagnoses 1978—2016).

   
Controls

(N=39,256)
CNS Tumors

(N=1,678)
Astrocytoma

(N=518)
Ependymoma

(N=118)
Medulloblast
oma (N=181)

Gestational factors
Maternal Age1

≤24 8,971 (22.9) 373 (22.2) 131 (25.3) 31 (26.3) 38 (21.0)
25-29 14,793 (37.7) 660 (39.3) 198 (38.2) 46 (39.0) 77 (42.5)
30-34 10,937 (27.8) 470 (28.0) 143 (27.6) 27 (22.9) 39 (21.5)
35+ 4,555 (11.6) 175 (10.5) 46 (8.9) 14 (11.8) 27 (15.0)

Birth Order1

1 16,646 (42.4) 697 (41.5) 226 (43.6) 54 (45.8) 80 (44.2)
2 14,820 (37.8) 638 (38.0) 188 (36.3) 42 (35.6) 69 (38.1)
3 5,787 (14.7) 263 (15.7) 79 (15.3) 17 (14.4) 26 (14.4)
4+ 2,003 (5.1) 80 (4.8) 25 (4.8) 5 (4.2) 6 (3.3)

Child’s Sex1

Male 19,712 (50.2) 827 (49.3) 237 (45.8) 66 (55.9) 106 (58.6)
Female 19,544 (49.8) 851 (50.7) 281 (54.2) 52 (44.1) 75 (41.4)

Birthweight (g)1 3,444.9 (580.4) 3,480.7 (608.8) 3,472.7 (602.4) 3,433.1 (575.4) 3,362.4
(650.8)

Low (≤2449) 1,880 (4.8) 92 (5.5) 31 (6.0) 6 (5.1) 16 (8.8)
Normal (2500-4000) 30,768 (78.4) 1,240 (73.9) 380 (73.4) 93 (78.8) 137 (75.7)
High (4000+) 6,466 (16.5) 340 (20.3) 106 (20.5) 18 (15.3) 28 (15.5)
Missing 142 6 <5 <5 -

Gestational age (weeks)2 39.5 (1.8) 39.4 (1.9) 39.5 (1.8) 39.4 (2.0) 39.0 (2.4)
Very Preterm Birth (≤32 
weeks)1 364 (0.9%) 19 (1.1%) 5 (1.0%) <5 <5

Preterm Birth (33 to 36 
weeks)1 1,691 (4.3%) 71 (4.2%) 21 (4.1%) <5 15 (8.3%)

Term Birth (37+ weeks)1 35,858 (91.3%) 1,534 (94.5%) 462 (89.2%) 109 (92.4%) 159 (87.8%)
Head circumference (cm)2 35.1 (1.9) 35.1 (2.0) 35.2 (1.7) 35.0 (1.8) 34.6 (2 .3)

Head circumference >90th 
Percentile1 5722 (14.6%) 243 (14.5%) 65 (12.5%) 10 (8.5%) 33 (18.2%)

1-minute Apgar score2 9.33 (1.36) 9.32 (1.40) 9.32 (1.23) 9.23 (1.37) 9.24 (1.87)
1-minute Apgar score <71 1,000 (2.6%) 45 (2.7%) 13 (2.5%) <5 6 (3.3%)

5-minute Apgar score2 9.86 (0.72) 9.85 (0.77) 9.87 (0.67) 9.79 (0.91) 9.85 (0.71)

  5-minute Apgar score <101 1,411 (3.6%) 70 (4.2%) 26 (5.0%) 7 (5.9%) 6 (3.3%)

  Risk factors for Instrument-assisted Vaginal Delivery or Cesarean Section
Threatened fetal death1 268 (0.7%) 15 (0.9%) 5 (1.0%) <5 <5
Pelvic disproportion1 444 (1.1%) 21 (1.3%) 6 (1.2%) 5 (4.2%) <5
Abnormal fetal position1 1,376 (3.5%) 60 (3.6%) 29 (5.6%) <5 <5
Prolonged labor for other 
reasons1 878 (2.2%) 33 (2.0%) 8 (1.5%) 5 (4.2%) <5

Any of the above risk factors1,3 2,685 (6.8%) 121 (7.2%) 47 (9.1%) 11 (9.3%) 9 (5.0 %)
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Primipara1 11,171 (28.5%) 503 (30.0%) 172 (33.2%) 41 (34.8%) 60 (33.2%)
1 N (%)
2 Mean (standard deviation)
3 Any one or more of the above risk factors 
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Table 3: Odds Ratios for brain tumor risk and mode of delivery for children 
(<20 years; births 1978—2013 and diagnoses 1978—2016).

Vacuum Forceps Cesarean section

 
Cases
N(%) ORa

Cases
N(%) ORa Cases N(%) ORa

CNS tumors 168 (10.0)
0.99 (0.84,

1.18) 19 (1.1)
1.26 (0.78,

2.03) 370 (22.1)
1.20 (1.06,

1.36)

Astrocytoma 63 (12.2)
1.19 (0.89,

1.58) <5 --- 108 (20.9)
1.26 (1.00,

1.58)

Ependymoma 20 (17.0)
1.74 (1.02,

2.96) <5 --- 18 (15.3)
0.90 (0.52,

1.54)
Medulloblastom
a 16 (8.8)

0.90 (0.52,
1.55) <5 --- 44 (24.3)

1.26 (0.87,
1.82)

a Models adjust for maternal age and birth order.

25



Supplementary Tables 

Supplementary Table 1: Danish ICD-10 Codes used to identify modes of delivery

Vacuum Assisted 
Delivery

KMAE00, KMAE03, KMAE20, 
KMAE96, KMAE99, O814

Forceps Assisted 
Delivery

KMAF00, KMAF10, KMAF20, 
O810, O811, O812, O813

Spontaneous 
Delivery

O80, O800, O801, O802, O803, 
O808, O809, O840

Cesarean Section KMCA00, KMCA10, O828, O829, 
O82, KMCA10A, KMCA10C, 
KMCA10D, KMCA10E, KMCA12, 
KMCA12A, KMCA12B, O21, 
O821A, O821B, O821C, O822, 
O843, O843A, O843B, O843C, 
KMCA10B, KMCA11, KZYM00, 
O842, O820
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Supplementary Table 2: Sensitivity analysis for odds ratios of childhood brain tumor risk and modes of 
delivery, stratifying by age at diagnosis

Age at Diagnosis <4 Years Old Age at Diagnosis 4+ Years Old1

Forceps Vacuum Cesarean Section Vacuum Cesarean
Section

Case
s

N(%
)

OR2
Case

s
N(%)

OR2 Cases
N(%)

OR2

Cas
es

N(%
)

OR2

Cas
es

N(%
)

OR2

CNS 5
(0.3)

1.59 (0.62,
4.07)

50
(3.0)

1.17 (0.85,
1.60)

126
(7.5)

1.45 (1.16,
1.82)

118
(7.0

)

0.94 (0.76,
1.15)

244
(14.
5)

1.11 (0.95,
1.29)

Astrocytoma <5 --
17

(3.3)
1.41 (0.80,

2.46)
36

(6.9)
1.65 (1.08,

2.51)

46
(8.9

)

1.12 (0.80,
1.56)

72
(13.
9)

1.13 (0.85,
1.49)

Ependymom
a <5 -- 11

(9.3)
1.85 (0.88,

3.90)
11

(9.3)
1.00 (0.49,

2.06)

9
(7.6

)

1.79 (0.82,
3.90)

7
(5.9

)

0.80 (0.34,
1.86)

Medulloblast
oma <5 --

6
(3.3)

1.02 (0.41,
2.53)

18
(9.9)

1.54 (0.83,
2.83)

10
(5.5

)

0.84 (0.42,
1.67)

26
(14.
4)

1.13 (0.71,
1.81)

1 Sample size was too small to examine forceps assisted deliveries. 
2 Models adjust for maternal age and birth order.
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Supplementary Table 3: Sensitivity analysis for odds ratios of childhood brain tumor risk and modes of 
delivery, restricting to normal birthweights (2500-4000g) 

Vacuum Forceps Cesarean Section
Cases
N(%) OR1

Cases
N(%) OR1

Cases
N(%) OR1

CNS 117 (7.0)
0.90 (0.74,

1.11) 15 (0.9)
1.25 (0.72,

2.15) 248 (14.8)
1.15 (0.98,

1.33)

Astrocytoma 44 (8.5)
1.13 (0.81,

1.60) <5 --- 75 (14.5)
1.31 (0.99,

1.72)

Ependymoma 12 (10.2)
1.32 (0.68,

2.56) <5 --- 12 (10.2)
0.76 (0.39,

1.48)
Medulloblastom
a 14 (7.7)

1.06 (0.58,
1.94) <5 --- 33 (18.2)

1.27 (0.83,
1.96)

1 Models adjust for maternal age and birth order.
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Supplementary Table 4: Sensitivity analysis for odds ratios of childhood brain tumor risk and modes of 
delivery, stratifying by average maternal height (≥165cm)1 or short maternal height (<165cm) 

Average Maternal Height (≥165cm)1 Short Maternal Height (<165cm)
Vacuum Cesarean Section Vacuum Forceps Cesarean Section

Cases
N(%) OR2 Cases

N(%) OR2 Cases
N(%) OR2 Cases

N(%) OR2 Cases
N(%) OR2

CNS 17
(1.0)

1.10 (0.64,
1.91)

66
(3.9)

1.58 (1.13,
2.22)

151
(9.0)

0.97
(0.81,
1.17)

19
(1.1)

1.29
(0.80,
2.07)

304
(18.1)

1.15 (1.00,
1.32)

Astrocytom
a 7 (1.4)

2.19 (0.86,
5.56)

13
(2.57)

1.40 (0.66,
3.00)

56
(10.8)

1.13
(0.83,
1.52)

<5 ---
95

(18.3)
1.25 (0.98,

1.60)

Ependymo
ma <5 --- <5 --- 18

(15.3)

1.74
(0.99,
3.08)

<5 --- 15
(12.7)

0.86 (0.47,
1.55)

Medullobla
stoma <5 --- 8 (4.4)

1.99 (0.75,
5.29)

15
(8.3)

0.88
(0.50,
1.57)

<5 ---
36

(19.9)
1.14 (0.76,

1.72)
1 The number of forceps assisted deliveries was too small to run sensitivity analyses. 
2 Models adjust for maternal age and birth order.
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Supplementary Table 5: Sensitivity analysis for odds ratios of childhood brain tumor risk and modes of 
delivery, stratifying by normal maternal BMI (≤25)1 or high maternal BMI (>25)1,2

Normal Maternal BMI (≤25) High Maternal BMI (>25)

Vacuum Cesarean section Vacuum Cesarean Section

 
Cases
N(%)

OR Cases
N(%)

OR
 

Cases
N(%)

OR Cases
N(%)

OR

CNS 19 (1.1) 1.49 (0.87,
2.56)

47 (2.8) 1.54 (1.05,
2.28)

9
(0.5)

0.88 (0.39,
2.00)

35 (2.1) 1.07 (0.65,
1.75)

Astrocytoma 7 (1.4) 2.38 (0.91,
6.23)

8 (1.5) 0.96 (0.39,
2.33)

<5 --- 7 (1.4) 1.04 (0.35,
3.07)

Medulloblasto
ma

<5 --- 7 (3.9) 1.46 (0.51,
4.14)

<5 --- 6 (3.3) 3.08 (0.66,
14.48)

1The number of forceps assisted deliveries was too small to run sensitivity analyses. Models adjust for maternal age and birth order
2The sample size of ependymoma was too small for this analysis.
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