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The association between birth order and childhood brain 
tumors: a systematic review and meta-analysis
Mai V. Nguyena,*, Mo T. Trana,*, Chi TDu Trana, Quang H. Trana, Thuy TV Tuongaa,  
Lam N. Phunga, Huyen X. Vua, Linh C. Leb, Paolo Boffettac,†  
and Hung N. Luud,e,f,†     

The incidence of childhood brain tumors (CBT) 
has increased worldwide, likely resulting from the 
improvements of early diagnostics. We conducted a 
systematic review and meta-analysis to clarify the 
association between birth order and CBT. We followed 
established guidelines to systematically search Ovid 
Medline, PubMed, and the Cochrane Library for English 
language studies, published before March 2018. Quality 
assessment was performed using the Newcastle–Ottawa 
Scale. Meta-analysis provided pooled risk estimates and 
their 95% confidence intervals (CIs) for birth order and 
CBT. We identified 16 case–control studies with a total 
sample of 32 439 cases and 166 144 controls and three 
prospective cohort studies (i.e. 4515 incident cases of 
CBTs among 5 281 558 participants). Compared with first 
birth order, the meta-odds ratio for second birth order 
in case–control studies was 1.04 (95% CI: 1.01–1.07), 
that for third birth order was 0.98 (95% CI: 0.90–1.06), 
and that for fourth order was 0.85 (95% CI: 0.78–0.92). 
The meta-hazard ratio for second or higher birth order 
compared with first birth order in cohort studies was 1.00 
(95% CI: 0.96–1.05). We found no association between 
birth order and CBT in both case–control and cohort study 

designs; the small association observed for fourth birth 
order deserves further consideration. European Journal of 
Cancer Prevention 28: 551–561 Copyright © 2018 Wolters 
Kluwer Health, Inc. All rights reserved.
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Introduction
It is estimated that there will be 3560 new cases of child-
hood brain tumor (CBT) diagnosed in 2018 (Ostrom et al., 
2017). The incidence of CBTs in the USA is 5.54 per 100 
000 population for a total 5-year count of 16 941 incident 
cases. The incidence is higher in males than in females 
(5.69/100 000 vs. 5.24/100 000 population) (Ostrom et al., 
2017). The incidence trend of CBT in the US experi-
enced two periods: (a) increasing trend during the mid-
1980s and (b) stabilizing trend from 1987 to 2009. During 
mid-1980s, there were significantly increased trends in 
incidence of pilocytic astrocytoma, primitive neuroec-
todermal tumor/medulloblastoma, and mixed glioma 
(McKean-Cowdin et al., 2013). In addition, the incidence 
of CBTs has increased worldwide, likely resulting from 
the improvements of early diagnostics and changing in 

CBT classification (de Robles et al., 2015). It is estimated 
that the incidence rate of all CBT worldwide is 10.82 
[95% confidence interval (CI): 8.63–13.56] per 100 000 
person-years (de Robles et al., 2015).

Efforts have been made to evaluate the risk factors 
for CBTs. The only known and strong risk factors for 
CBT are the Li–Fraumeni syndrome and ionized radi-
ation [reviewed by, Johnson et al. (2014)]. Although both 
genetic and environmental factors are suggested roles in 
CBT, birth characteristics, including birth order, maternal 
age, and mode of delivery, might present the interactions 
between genetic susceptibility and perinatal environ-
mental causes (Johnson et al., 2014).

Birth order has been hypothesized to play important roles 
in CBT carcinogenesis owing to its possible role as proxy 
for (a) reduced opportunity to early infection exposure 
and (b) hormone levels as first pregnancy differs endo-
crinologically from later pregnancies. Birth order is con-
sidered as a marker of different hormonal exposures to 
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the fetus, and higher birth order children might have 
higher levels of microchimerism (Adams and Nelson, 
2004). Additionally, birth order also has been used as a 
proxy for postnatal infectious exposures (Von Behren et 
al., 2011).

The association between birth order and CBT has been 
examined; however, the results were inconclusive. Part 
of the reason for such inconclusiveness is the hetero-
geneity of the diseases and difference in methods used 
for and completeness of case ascertainment at different 
cancer registries (Johnson et al., 2014). To our knowledge, 
no effort to date has been made to address the issue of 
inconsistency in the association between birth order and 
CBT. We, therefore, conducted a systematic review and 
meta-analysis to clarify the association between birth 
order and CBT.

Methods
Search strategy
Between June 2017 and March 2018, two investigators 
(M.V.N. and M.T.T.) conducted a systematic search to 
identify published studies up to March 2018. Owing to 
the rarity of disease, we did not limit the earlier date 
and year to optimize our search. Three databases (i.e. 
Ovid Medline, PubMed, and Cochrane Library) were 
searched using the following search terms: ‘birth order’ 
AND ‘childhood brain cancer OR childhood brain tum-
ors OR medulloblastoma OR PNET OR astrocytoma 
OR Low-grade astrocytoma OR High-grade astrocy-
toma OR ependymoma OR glioma OR juvenile pilocytic 
astrocytoma OR hypothalamic glioma OR oligodendro-
glioma OR hemispheric astrocytoma OR ganglioglioma 
OR brainstem glioma OR glial tumor OR CNS tumor or 
embryonal tumor’.

Study screening and selection criteria
We used published guidelines for reported observational 
studies (Strengthening the Reporting of Observational 
Studies in Epidemiology) (von Elm et al., 2007) and sys-
tematic review and meta-analyses (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) 
(Moher et al., 2009) for evaluating studies to be included 
in this meta-analysis. Inclusion criteria were English lan-
guage report of original research in human subject that 
provided full estimates (i.e. odds ratios or hazard ratios or 
relative risks or risk ratios) and their respective 95% CIs. 
We further excluded articles if they were review papers 
or case-report papers or provided results from animal 
model studies. For example, in a study by McCredie et 
al. (1999), even though estimates were provided suffi-
ciently, we could not use them, as the reference group 
(i.e. no birth) was different from the reference group we 
used in our current meta-analysis (i.e. first child); thus, 
we excluded this full-text article from our meta-analysis. 
All citations were independently reviewed by two inves-
tigators (M.V.N. and M.T.T.). Any discrepancies were 

resolved by discussion and consensus between the two 
investigators and in consultation with a senior author 
(H.N.L).

Data abstraction and coding
After the review process, two investigators (M.V.N. and 
M.T.T.) extracted data on the characteristics of the study. 
For each eligible study, information included in the table 
of characteristics was first author’s name, year of publica-
tion, and country of study conducted; study design and 
sample size; sources of population (i.e. sources of cases 
and controls for case–control study or sources of incident 
cases for cohort studies); study period; age at diagnosis; 
covariates used to control for confounding factors in the 
multivariable models; and major results (i.e. estimates 
and their respective 95% CIs).

Quality assessment of selected studies
As the current systematic review and meta-analysis was 
performed in observational studies (i.e. case–control 
design or cohort design), we used the Newcastle–Ottawa 
scale for nonrandomized studies (Wells et al., 2013 ) 
to assess quality of selected studies. In brief, the scale 
examined quality of case–control study based on (a) 
selection of study groups (i.e. selection of case and con-
trol groups); (b) comparability of cases and controls on 
the basis of the design or analysis; and (c) ascertainment 
of the exposure group. Similarly, the quality of a cohort 
study was assessed based on (a) selection of exposed 
cohort, (b) comparability of the cohort on the basis of the 
design or analysis, and (c) ascertainment of the outcome. 
A maximum score of 9 (or stars: selection of study group/
exposed cohort = 4, comparability = 2, and ascertainment 
of exposure/outcome = 3) can be obtained for each study, 
meaning that higher score indicates a higher quality.

Statistical analysis
We calculated weight for log odds ratios for case–control 
studies and log relative risks for cohort studies by the 
inverse of their variance. These were used to calculate 
summary estimates (i.e. odds ratios or relative risks/haz-
ard ratios) and their respective 95% CIs. DerSimonian 
and Laird random-effect model (DerSimonian and Laird, 
1986), for both within-study and between-study varia-
tion, was used to combine studies in our meta-analysis. 
Q and I2 statistics were used to evaluate statistical het-
erogeneity among studies. Specifically, P value less than 
0.1 was considered statistically significant heterogeneity 
for Q statistics and I2 was the proportion of total varia-
tion contributed in between-study variation (Higgins and 
Thompson, 2002). Publication bias was evaluated using 
funnel plots and Egger’s regression asymmetry test in 
which P value less than 0.1 was considered statistically 
significant publication bias (Egger et al., 1997). We also 
performed stratified analysis by geographical regions 
(i.e. USA and/or Canada, Europe, and others including 
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Australia and Brazil) and whether the reported results 
from models were adjusted for age at diagnosis. All sta-
tistical analyses were conducted using META command 
in Stata statistical software, version 15.0 (StataCorp., 
College Station, Texas, USA). All tests were two sided 
and were considered significant at the level of P value 
less than 0.05.

Results
We identified 16 case–control studies (Kuijten et al., 1990; 
Emerson et al., 1991; McCredie et al., 1994; Savitz and 
Ananth, 1994; Linet et al., 1996; Schüz et al., 1999; Shaw et 
al., 2006; Mallol-Mesnard et al., 2008; Harding et al., 2009; 
MacLean et al., 2010; Schmidt et al., 2010; Von Behren et 
al., 2011; Oksuzyan et al., 2013; Greenop et al., 2014; de 
Paula Silva et al., 2016; Vienneau et al., 2016) and three 
prospective cohort studies (Heuch et al., 1998; Mogren 
et al., 2003; Schüz et al., 2015) of birth orders and CBTs 
(Fig.  1). Of the case–control studies, six (Kuijten et al., 
1990; Emerson et al., 1991; Shaw et al., 2006; MacLean et 
al., 2010; Von Behren et al., 2011; Oksuzyan et al., 2013) 
were conducted in the USA or Canada, seven (Savitz and 
Ananth, 1994; Linet et al., 1996; Schüz et al., 2001; Mallol-
Mesnard et al., 2008; Harding et al., 2009; Schmidt et al., 
2010; Vienneau et al., 2016) from Europe, two (McCredie 
et al., 1994; Greenop et al., 2014) from Australia, and one 
(de Paula Silva et al., 2016) from Brazil. Among the three 
prospective cohort studies, one was from Norway (Heuch 
et al., 1998), one from Sweden (Mogren et al., 2003), and 
the other study from Denmark (Schüz et al., 2015). The 
total sample size for 16 case–control studies was 32 439 
cases and 166 144 controls, and among the three pro-
spective cohort studies, 4515 incident cases of CBTs 

were included with a total follow-up of 5 281 558 study 
participants. Among 16 case–control studies, the study 
with the smallest sample size included 245 [in Australia 
(McCredie et al., 1994)] and largest sample size included 
75 638 in California, USA (Von Behren et al., 2011). Most 
cases were identified from population cancer registries 
and/or birth registries, whereas controls were randomly 
selected and matched from population catchment. 
Moreover, most selected studies used the age at diagno-
sis definition of 0–14 years of age, except one study in 
Denmark (Vienneau et al., 2016) using a cut-off of 7–19 
years of age. Common covariates used in the multivaria-
ble models included sex, age at diagnosis, parents’ level 
of education, and birth weight. The mean scores of the 
Newcastle–Ottawa scale were 3.74, 2.0, and 2.32 for selec-
tion of case/control group/exposed cohort, comparability, 
and ascertainment of exposure/outcome components, 
respectively (Supplemental Table 1, Supplemental dig-
ital content 1, http://links.lww.com/EJCP/A221); thus, total 
nonrandomized studies score was 8.06 (Table 1).

The association between birth order and CBTs is pre-
sented in Fig. 2. Compared with first birth order, the meta-
odds ratio (mOR) for second birth order in case–control 
studies was 1.04 (95% CI: 1.01–1.07), that for third birth 
order was 0.98 (95% CI: 0.90–1.06), and that for fourth 
birth order or higher was 0.85 (95% CI: 0.75–0.92). The 
pooled-odds ratio of second or higher birth order, com-
pared with first birth order, was 1.01 (95% CI: 0.98–1.03). 
The meta-hazard ratio for second or higher birth order 
compared with first birth order in cohort studies was 1.00 
(95% CI: 0.96–1.05) (data not shown). Sufficient studies 
did not exist to perform stratified meta-analysis by histo-
logic subtypes of CBTs.

Fig. 1

Flowchart for screening and eligibility evaluation process.

http://links.lww.com/EJCP/A221
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The funnel plot to evaluate the publication bias for 16 
included case–control studies in this meta-analysis shows 
that there was no publication bias in our meta-analy-
sis (Fig.  3). The heterogeneity tests show insignificant 
results. Accordingly, the Q heterogeneity test and its P 
value as well as I2 for second birth order, third bird order, 
and fourth birth order were 13.73, 0.48, and 0.00; 4.69, 
0.65, and 0.00; and 4.69, 0.20, and 36.00, respectively 
(data not shown). A sufficient sample size was not present 
to perform publication bias for prospective cohort studies 
in our current meta-analysis.

In stratified analysis (Table  2), we did not observe sig-
nificant association between birth order and the risk of 
CBTs in studies across geographic regions. Accordingly, 
the mORs and their respective 95% CIs for second or 
higher birth order, in comparison with the first birth 

order, in the studies in the USA and Canada, Europe, and 
Australia and Brazil were 1.01 (0.97–1.03), 0.97 (0.92–
1.03), and 1.02 (0.85–1.19), respectively. Moreover, in the 
stratified analysis, the mOR while age at diagnosis was 
included in the multivariable model of individual study 
was 0.94 (0.91–0.98) and 1.07 (1.03–1.11) while age was 
not included in the multivariable model (Table 2).

Discussion
In the current meta-analysis of 16 case–control studies 
and three prospective cohort studies, we found no over-
all association between birth order and childhood birth 
tumors in both case–control and cohort study designs; 
however, there was an inverse association in case–control 
studies for fourth birth order. Moreover, the studies that 
adjusted for age at diagnosis suggested a small but statis-
tically significant inverse association.

Fig. 2

Forest plot of the association between birth orders and childhood brain tumors in case–control studies. CI, confidence interval.
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Table 1  Characteristics of included studies in current meta-analysis

References,  
countries

Study design –  
sample size

Sources of  
population Study period

Age at  
diagnosis Covariates

Results (estimates  
and 95% CI)

Kuijten et al. 
(1990), USA

Case–control (163 
cases vs. 163 
controls)

Cases: tumor registries
Controls: random digit, 

matched by age, race, 
and phone number

1980–1986  < 15 years Demographics Astrocytomas: OR = 1.0 
(0.6–1.6) – first child 
vs.  > 1 child

Emerson et al. 
(1991), USA

Case–control (157 
cases vs. 785 
controls)

Cases: Cancer 
Surveillance System 
(population-based 
tumor registry)

Controls: randomly 
selected from state 
birth file (5: 1), 
matched by birth year 
and county

1974–1986  < 10 years Age and county of 
residence

All:  ≥ second child 
as reference group 
OR = 1.1 (0.8–1.5)

Astrocytoma: OR = 0.8 
(0.4–1.3)

Ependymoma: OR = 1.3 
(0.5–3.3)

Medulloblastoma: 
OR = 1.6 (0.7–3.5)

McCredie et al. 
(1994), Australia

Case–control (82 
cases vs. 164 
controls)

Cases: Central Cancer 
Registry

Controls: Electoral polls

1985–1989 0–14 years Years of father’s 
schooling (tertiles)

All: OR (first vs. other)
OR=1.1 (0.6–1.8)

Savitz and Ananth 
(1994), USA

Case–control (241 
cases vs. 212 
controls)

Cases: Denver Standard 
Metropolitan 
Statistical Area

Controls: random digit 
dialing; matching 
by age ( ± 3 years) 
and sex

1976–1983  < 15 years Age at diagnosis, 
year of diagnosis, 
sex, race, 
residential 
stability, mother’s 
age, mother’s 
smoking during 
pregnancy, 
father’s education, 
annual per capita 
income, wire code

OR = 0.9 (0.5–1.8) – 2–3 
child

OR = 0.7 (0.2–2.5) –  
≥ fourth child

Linet et al. (1996), 
Sweden

Case–control (570 
cases vs. 2850 
controls)

Cases: linked and 
ascertained by 
National Cancer 
Registers and 
Medical Birth Register

Controls: randomly 
selected from Medical 
Birth Register and 
Cause of Death 
Registries

1973–1989  < 15 years Sex, birth year 
and month, and 
surviving without a 
diagnosis of brain 
tumor to the date 
of diagnosis for 
the matched case

Total: OR = 1.2 (1.0–1.5) 
– first child vs.  ≥ sec-
ond child

Low-grade astrocytoma: 
1.0 (0.7–1.3)

High-grade astrocytoma: 
1.6 (0.9–2.8)

Medulloblastoma: 
OR = 1.4 (0.9–2.2)

Ependymoma: OR = 1.4 
(0.8–2.5)

Others: OR = 1.2 
(0.9–1.7)

Heuch et al. 
(1998), Norway

Cohort (n = 459 
brain tumors and 1 
489 297 children)

Cases: ascertained via 
linkage of Norwegian 
Cancer Registry and 
Medical Birth Registry

1967–1992  < 15 years Sex and age (in four 
intervals)

All: OR (95% CI) first 
child as reference

1.06 (0.85–1.31) – 
second

1.06 (0.84–1.34) –  ≥ third
Medulloblastoma: 0.94 

(0.56–1.59) – second
1.05 (0.60–1.84) –  ≥ third
Astrocytoma: 1.19 

(0.84–1.69) – second
1.11 (0.75–1.64) –  ≥ third

Schüz et al. (2001), 
Germany

Case–control (446 
cases vs. 2458 
controls)

Cases: German’s Chil-
dren Cancer Registry

Controls: local offices 
for registration of 
residents

1993–1997  < 15 years Sex, age groups of 
1 year, and year 
of birth, degree of 
urbanization and 
socioeconomic 
status

All: OR (95% CI)  > first 
child as reference

1.06 (0.86–1.30) – first 
child

Astrocytoma: 1.16 
(0.78–1.73)

Ependymoma: 0.98 
(0.54–1.78)

Medulloblastoma: 1.21 
(0.81–1.80)
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Table 1  (continued)

References,  
countries

Study design –  
sample size

Sources of  
population Study period

Age at  
diagnosis Covariates

Results (estimates  
and 95% CI)

Mogren et al. 
(2003), Sweden

Cohort (237 cases, 
n = 248 701)

Cases: identified and 
ascertained by 
Swedish Cancer 
Registry

1955–1990  < 15 years NA All tumors: first child as 
reference RR = 1.15 
(0.75–1.70) – 2–3 
child 0.74 (0.15–2.16) 
–  ≥ fourth child

Low-grade astrocytoma: 
RR = 1.00 (0.70–1.38) 
– 2–3 child

1.15 (0.49–2.26) 
–  ≥ fourth child

High-grade astrocytoma: 
RR = 0.97 (0.48–1.730) 
– 2–3 child 0.72 
(0.08–2.62) –  ≥ fourth 
child

Shaw et al. (2006), 
Canada

Case–control (272 
cases vs. 272 
controls)

Cases: tertiary care 
centers designated 
by governmental 
policy to hospitalize 
and treat children with 
cancer in the province 
of Quebec, Canada

Controls: Quebec 
provincial health 
insurance agency files

1980–1989  < 15 years Mother’s level of 
education

All tumors: OR = 1.3 
(0.8–2.1) – 1 child 1.4 
(0.9–2.3) –  ≥ 2 child

Mallol-Mesnard 
et al. (2008), 
France

Case–control (209 
cases vs. 1681 
controls)

Cases: National 
Registry of Childhood 
Hematological 
Cancers (RNHE) and 
the National Registry 
of Childhood Solid 
Tumors (RNTSE)

Controls: randomly 
selected from the 
French national 
population 
representatives

2003–2004 0–14 years Age and sex All CNS: OR (95% CI)
1.3 (0.9–1.8) – second
0.8 (0.5–1.2) –  ≥ third
Ependymoma: 1.3 

(0.6–2.8) – second 0.7 
(0.3–2.0) –  ≥ third

Embryonal tumors:
1.9 (1.2–2.9) – second
1.0 (0.6–1.9) –  ≥ third
Astrocytomas: OR = 1.3 

(0.6–3.0) – second
0.4 (0.1–1.6) –  ≥ third 

Other gliomas: 0.7 
(0.4–1.4) – second 0.8 
(0.3–1.7) –  ≥ third

Harding et al. 
(2009), UK, 
Wales, Scotland

Case–control (576 
cases vs. 6276 
controls)

Cases: UK Childhood 
Cancer Study 
Controls: randomly 
selected and matched 
on age and sex from 
the Family Health 
Services Authority

  ≤ 15 years Deprivation 
(socioeconomic 
status) according 
to Townsend 
category quintiles 
based on address 
at (pseudo) 
diagnosis

All CNS tumors: OR 
(95% CI)

1.08 (0.89–1.32) – 
second

1.01 (0.80–1.28) – third
All gliomas:
1.03 (0.80–1.34) – 

second
0.88 (0.64–1.21) – third 

PNET/medulloblastoma:
1.24 (0.82–1.87) – 

second
1.30 (0.81–2.09) – third
Pilocytic astrocytoma:
1.01 (0.70–1.47) – 

second
0.84 (0.53–1.34) –  ≥ third

Schmidt et al. 
(2010), Denmark, 
Norway, Sweden, 
Finland

Case–control (3983 
cases vs. 71 488 
controls)

Cases: childhood 
cancer registries 
(Sweden and 
Denmark) and 
solid-tumor database 
(Norway)

1985–2006  < 15 years Birth weight and 
gestational age

Embryonal CNS: OR 
(95% CI)

0.96 (0.79–1.17) – 
second

0.85 (0.65–1.13) – third
0.89 (0.62–1.30) – 
≥fourth
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Table 1  (continued)

References,  
countries

Study design –  
sample size

Sources of  
population Study period

Age at  
diagnosis Covariates

Results (estimates  
and 95% CI)

Controls: were matched 
individually by age 
(birth month and 
year), sex, and 
country to five 
controls; randomly 
selected from the 
national population 
registries

Other gliomas: 1.03 
(0.76–1.40) – second

0.95 (0.64–1.42) – third
0.99 (0.91–1.07) 

–  ≥ fourth
Other specified tumors:
1.10 (0.81–1.39) – 

second
0.83 (0.53–1.15) – third
1.15 (0.90–2.12) –  
≥ fourth

Other unspecified tumors:
0.70 (0.50–0.98) – 

second
0.81 (0.51–1.21) – third
0.85 (0.45–1.63) –  ≥ fourth

MacLean et al. 
(2010), USA

Case–control (3793 
cases vs. 14 932 
controls)

Cases California 
Cancer Registry and 
confirmed via linkage 
with California Office 
of Vital Records’ 
live birth certificate 
database

Controls: matched on 
date of birth and sex, 
randomly selected 
(4: 1) from California 
birth certificate 
database

1988–2006  < 15 years Birth weight and 
birth order, the 
matching factors 
(date of birth 
and sex), race, 
ethnicity, maternal 
age, and maternal 
education

All brain tumors:
OR = 1.01 (0.90–1.12) 

– second
1.07 (0.93–1.22) – third
0.90 (0.76–1.05) 

–  ≥ fourth
Low-grade glioma:
0.92 (0.77–1.11) – 

second
0.94 (0.75–1.18) – third
0.75 (0.56–0.99) 

–  ≥ fourth
High-grade glioma:
1.32 (1.01–1.72) – 

second
1.32 (0.96–1.72) – third
1.36 (0.95–1.96) 

– ≥ fourth
Medulloblastoma:
0.93 (0.70–1.25) – 

second
1.05 (0.72–1.54) – third
0.95 (0.62–1.45) 

–  ≥ fourth
PNET:
1.14 (0.81–1.62) – 

second
0.92 (0.58–1.46) – third
1.10 (0.65–1.84) 

–  ≥ fourth
Germ cell:
1.10 (0.63–1.94)-second
1.23 (0.63–2.42) – third
0.58 (0.23–1.50) 

–  ≥ fourth
Ependymoma:
0.99 (0.68–1.45) – 

second
1.07 (0.66–1.71) – third
0.91 (0.52–1.60) 

–  ≥ fourth
Von Behren et al. 

(2011), USA
Case–control (17 

672 cases vs. 49 
236 controls)

– California: 
1988–1997

Minnesota: 
1988–2004

New York: 
1985–2001

Texas: 1990–
1998

Washington: 
1980–2004

28 days to 4 
years

28 day to –14 
years

28 day to 14 
years

28 day to 14 
years

28 day to 14 
years

Matching and 
pooling variables 
(state, sex, year 
of birth), maternal 
race, maternal 
age, singleton 
vs. multiple birth, 
gestational age 
and birth weight

All CNS: 1.01 (0.93–
1.09) – second

0.85 (0.77–0.95) – third
0.77 (0.68–0.89) 

–  ≥ fourth
Ependymoma and choroid 

plexus
0.97 (0.77–1.23) – 

second
0.71 (0.51–0.89) – third
0.62 (0.41–0.95) 

–  ≥ fourth
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Table 1  (continued)

References,  
countries

Study design –  
sample size

Sources of  
population Study period

Age at  
diagnosis Covariates

Results (estimates  
and 95% CI)

Astrocytoma:
0.98 (0.87–1.10) – 

second
0.79 (0.67–0.92) – third
0.72 (0.59–0.88) 

–  ≥ fourth
Intracranial embryonal:
0.99 (0.84–1.16) – 

second
0.96 (0.78–1.18) – third
0.93 (0.72–1.20) –  
≥ fourth

Other gliomas:
1.21 (0.97–1.50) – 

second
1.05 (0.79–1.39) – third
0.76 (0.52–1.10) 

–  ≥ fourth
Oksuzyan et al. 

(2013), USA
Case–control (3308 

cases vs. 3308 
controls)

Cases: California 
Cancer Registry

Controls: randomly 
selected from the 
California Birth 
Registry and matched 
to cases (1: 1) on the 
basis of date of birth 
(6 months) and sex

1988–2008  < 15 years Child’s race, 
gestational age, 
father’s education, 
mother’s age, and 
source of payment 
for delivery

OR = 0.92 (0.79–1.06)

Greenop et al. 
(2014), Australia

Case–control (335 
cases vs. 1363 
controls)

Incident cases: 0 
pediatric oncology 
centers in Australia

Controls: random digit 
dialing, Matched 
by: child’s age 
at diagnosis or 
recruitment (controls), 
sex and state of 
residence

2005–2010  < 15 years Maternal age, child’s 
year of birth 
group, child’s 
ethnicity, and 
maternal pre-
pregnancy folate 
supplementation

All brain tumors:
1.0 (0.7–1.3) – second
1.0 (0.7–1.4) – ≥ third
Low-grade gliomas
1.1 (0.7–1.6) – second 

1.1 (0.7–1.8) – ≥ third
High-grade gliomas
0.8 (0.5–1.5) – second 

0.8 (0.4–1.6) – ≥ third

Schüz et al. (2015), 
Denmark

Cohort (1469 cases, 
n = 2 461 283)

Cases: Danish
Cancer
Registry and
Danish Medical
Birth Registry

1973–2010 0–14 years Birth weight and 
parental age at 
the child’s birth

CNS tumors:
OR (95% CI) 0.96 

(0.86–1.08) – second
0.91 (0.77–1.08) – third
1.02 (0.92–1.02) – 
≥ fourth

0.98 (0.92–1.04) – Linear
De Paula Silva et al. 

(2016), Brazil
Case–control (340 

cases vs. 1580 
controls)

Cases national cancer 
registries

Controls: systematic 
randomly selected 
from Brazil’s Live Birth 
Information System 
(4: 1), matched by 
birth year and sex

2000–2010 0–14 years Maternal education, 
sex, birth 
weight, and birth 
anomalies

Embryonal tumors:
OR=0.96 (0.73–1.25) 

first vs. ≥ second child 
(as reference group)

Embryonal tumors – 
diagnosed  ≤ 24 months

OR = 0.82 (0.57–1.17) 
first vs.  ≥ second child

Embryonal tumors – 
diagnosed  > 24 months

OR = 1.13 (0.79–1.61) 
first vs.  ≥ second child

Vienneau et al. 
(2016), Denmark, 
Sweden, Norway, 
and Switzerland

Case–control (352 
cases vs. 646 
controls)

Cases: unequivocal 
diagnostic imaging

Controls: population 
registries

Matched by age, sex, 
and geographical 
region

2004–2008 7–19 years Maternal age and 
parental education

1.04 (0.68–1.20) 
–  ≥ second child

CI, confidence interval; CNS, central nervous system; OR, odds ratio; NA, not applicable; PNET, primitive neuroectodermal tumor; RR, relative risk.
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Our findings are consistent with several large case–con-
trol studies (MacLean et al., 2010; Von Behren et al., 2011; 
Oksuzyan et al., 2013) and a cohort study by Schüz et 
al. (2015). For example, in a case–control study of 3793 
cases and 14 932 controls using data from California 
Cancer Registry, MacLean et al. (2010) showed that 
compared with first birth order, the association between 
second, third, and fourth birth order and higher and all 
CBT were 1.01 (95% CI: 0.90–1.12), 1.07 (0.93–1.22), and 
0.90 (0.75–1.05), respectively. The null association was 
consistent in both stratified analysis (i.e. low grade vs. 
high-grade glioma) and histologic subtypes (i.e. medul-
loblastoma, ependymoma, or germ cell) (MacLean et al., 
2010). Similarly, in a cohort study of 1499 incident cases 
among 2 461 283 study participants in Denmark, Schüz 
et al. (2015) did not find an association between birth 
order and the risk of central nervous system. The hazard 
ratios for second, third, and fourth order or higher order of 
birth, compared with first order of birth, were 0.98 (95% 
CI: 0.86–1.08), 0.91 (0.77–1.08), and 0.98 (0.92–1.02), 
respectively.

The stratified analysis by age at diagnosis shows that 
although age was included in the multivariable model, 
there was a small but significant inverse association 
between birth orders and CBTs, whereas there was a pos-
itive association without controlling for age at diagnosis in 
the multivariable model. It appeared that age at diagnosis 
might be a confounder; however, the underlying mecha-
nisms need to be elucidated, given the fact that there is 
no clear trend in the risk of CBT across age group. We, 
however, consider that age at diagnosis be given more 
weight in the adjusted results.

Mechanistically, birth order might be a marker of infec-
tious exposures in which higher order children might 

have higher exposure to infectious agents than lower 
order children. For example, Greaves (2001), proposed 
that delayed exposure to infectious agents might cause 
an abnormal response after a common infection, thus 
increasing possibility of the second mutation and leading 
to acute lymphocytic leukemia. In this particular disease, 
it appears that immune response may play an important 
role in cancer risk. It should be noted that the associa-
tion between birth order and infectious agents might be 
diluted owing to the large interval of birth or once the 
child had infections from other sources such as day care 
(Perrillat et al., 2002; Gilham et al., 2005; Ma et al., 2005). 
While recognizing the importance of this information, we 
were not be able to obtain such information.

Another mechanism is that birth order might be a marker 
for early exposure to estrogen, which plays an impor-
tant role in later development of cancer (Ekbom, 1998). 
Estrogen levels in maternal and umbilical cord blood 
were found to be higher in first pregnancies compared 
with second or higher order pregnancies (Maccoby et al., 
1979; Bernstein et al., 1986; Panagiotopoulou et al., 1990). 
By this hormonal-related mechanisms, birth order was 
found to be related with several adult cancers, such as 
testicular cancer (reduced risk) (Richiardi et al., 2004; 
Cook et al., 2008) or adult glioma (reduced risk) (Amirian 
et al., 2010).

The other mechanism is that higher birth order children 
might have higher levels of microchimerism (Adams and 
Nelson, 2004). In other words, transportation of cells 
between mother and fetus during pregnancy has been 
reported (Srivatsa et al., 2003) with the potential of reten-
tion of maternal cells in children remains for decades 
(Maloney et al., 1999). This microchimeric mechanism 
may pose different levels of susceptibility to diseases by 
birth order such as chronic lymphocytic leukemia and 
lymphoproliferative disease (Adams and Nelson, 2004; 
Gadi, 2007; Jønsson et al., 2007). There are, however, lim-
ited epidemiologic data to support this hypothesis and 
thus warrant for further studies.

One of the most important challenges in the current 
meta-analysis is the heterogeneity of the disease. Indeed, 
the central nervous system tumors have more than 100 
histologic subtypes. Even though there are several main 
histologic subtypes of CBTs (i.e. astrocytoma, ependy-
moma, medulloblastoma, or gliomas, both low grade and/
or high grade), we could not perform stratified analysis 
by those subtypes owing to the small number of stud-
ies that contain complete estimates for such analysis. 
Another difficulty is the incompleteness and difference 
in methods used for case ascertainment at different can-
cer registries. The other challenge is that different cancer 
registries vary one to the other regarding when to report 
or record benign brain tumors. For example, the reporting 
of nonmalignant tumors is not required by law, thus such 
type of data is limited before 2004 (Johnson et al., 2014). 

Fig. 3

Funnel plot to evaluate publication bias of included case–control 
studies in the current meta-analysis.
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However, it is unclear whether incomplete ascertainment 
would generate a bias with respect to birth order results.

In addition, one limitation in the current meta-analy-
sis is the availability of few prospective cohort studies. 
Consequently, we could only perform an analysis to 
determine the association between first order and CBTs 
in comparison with second or higher birth order. The 
other limitation is that there might be a potential resid-
ual confounding in our meta-analysis. For example, fam-
ily size is correlated with social economic status in many 
countries.

Conclusion
We found no overall association between birth order 
and CBT in both case–control and cohort study designs. 
Given the secular trend toward smaller number of chil-
dren, our results, if confirmed, might explain part of the 
increasing incidence of brain tumors (less fourth birth 
order children in the population). This small association 
observed for fourth birth order in case–control studies 
deserves further consideration. Limited statistical power 
might have hampered the results of the analyses of cohort 
studies.﻿﻿﻿﻿﻿‍
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