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Abstract  

Background: Childhood B-cell precursor acute lymphoblastic leukaemia (BCP-ALL) has been 

associated with early life exposures including birth by cesarean section (C-section), and a deficit of 

social exposure (first child). These exposures as proxies for microbiome acquisition in infancy are 

essential to prime the immune system and, restrain later dysregulated immune responses which can 

trigger ALL in susceptible individuals. We tested risk factors pertaining to immune stimulation that 

may impact BCP-ALL development. 

Methods: Cases comprised 1126 children (0-12 years) with ALL (BCP-ALL: 78.5%) from the 

EMiLI study group in Brazil (2002-2020). Age and sex-matched controls (n=2252) were randomly 

selected from healthy children whose mothers participated in the National Placental and Umbilical 

Cord Blood Bank donation. Multiple logistic regression was run fitted and adjusted for selected 

covariates models. 

Results: C-section delivery was associated with increased risk for ALL [Odds Ratio (OR)ALL:1.10, 

95% Confidence Intervals (CIs):1.04-1.15; ORBCP-ALL:1.09, 95% CIs:1.03-1.14], as well as being the 

first-born child. Interaction analysis showed a significant effect of first birth on the observed C-

section associations (p<0.0001). Indeed, high-risk children, namely first-born children delivered via 

C-section were at increased risk for ALL (OR: 2.33, 95% CIs:2.40-4.84) compared to non-first, 

vaginally born children. An increased risk was found for first-born children delivered by C-section 

and non-breastfed with ALL (ORALL:2.32, 95%CIs: 1.27-4.24; ORBCP-ALL:2.37, 95%CIs: 1.18-4.76).  

Conclusions: Our observations are in accord with the prediction that exposures determining 

microbiome composition and adrenal pathway in infancy contribute to the risk of BCP-ALL. 

Impact: These findings encourage the exploration of potential preventative interventions. 
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Introduction  

Childhood acute lymphoblastic leukemia (ALL), the most common pediatric cancer account for 

about 35% of all childhood cancer cases with BPC-ALL being the most prevalent subtype (1). 

Implementation of risk-stratified, multi-agent treatment has led to impressive cure rates of 

approximately 90% (2). Relapse remains a clinical challenge, however, whereas the treatment is toxic 

with significant morbidity and long-term sequelae (3). This brings into focus the issue of ALL 

causation and the extent to which the disease might be preventable (4,5). 

There is mounting support for a coherent and plausible causal explanation for BCP-ALL (5). 

According to this model risk of BCP-ALL is ascribed to a deficit of microbiome dependent immune 

priming in infancy with the consequence that later immune responses to common infections in 

childhood are dysregulated and can trigger ALL in susceptible children. The latter are children who 

have acquired clinically silent pre-malignant clones in utero (5). 

This model is supported by robust epidemiological data derived from replicated case-control studies 

and meta-analyses which have identified Caesarean section birth (C–section) (6), lack of 

breastfeeding and a deficit of social contacts in infancy via older siblings or day care attendance as 

risk factors (7) 8). These social variables all reflect the different routes via which infants normally 

acquire a diverse gut microbiome (9,10). Previous studies have looked at these early-life social 

variables usually on an individual level. But given their likely essential and independent role in both 

acquisition and nourishment of a diverse and balanced infant gut microbiome ecosystem, we 

predicted they should interact or compound to amplify the risk of BCP-ALL.  

 Recently, a study using data from the Ministry of Health Live Birth Information System (SINASC in 

Portuguese) showed great improvements in maternal and childcare indicators, however, a high rate of 

C-section deliveries in both private and public sectors (11). Nonetheless, exclusive breastfeeding 

remains modest, namely less than 6 months in most settings (12). Obstetricians assist most deliveries 
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and, they are crucial in the decision about the type of delivery. When the Robson classification 

system was applied, the proportion of C-section deliveries was the same among women at low risk of 

maternal or fetal death suggesting that most C-sections were due to elective reasons (13). Herein, we 

tested this proposition in Brazil, a country experiencing one of the highest rates of C-section 

deliveries worldwide. Specifically, we considered that the highest risk group should be children born 

by C-section, first born and non-breastfed. 

Material and Methods  

Study Design and Subjects 

The present hospital-based case-control study included children within incident diagnosis of ALL 

(less than 12 years) over the period 2002-2020 who participated in the project “Epidemiology of 

Multi-institutional Study Group of Acute Leukemia (EMiLI). The participants included in this study 

represent all geographic regions of Brazil in a network of studies linking patient ascertainment for 

diagnostic biomarkers' identification and epidemiological data. A flow diagram summarizing the study 

design with the selection process is detailed in Supplementary Fig 1. Briefly, cases were referred to 

the EMILi study with the purpose of immuno-molecular characterization of acute leukemia subtypes 

at the Pediatric Oncological-Hematological Research Program, National Cancer Institute-Rio de 

Janeiro, Brazil. There were 2178 incidents ALL cases. Cases with aberrant immunophenotype (n=44), 

children adopted (n,10), a genetic syndrome associated with leukemia (n,87), and children with more than 12 

years at the diagnosis (n,453). The type of assistance healthcare received by 91.3% of children herein 

were within the Unified Health System [SUS; in which three-quarters of all Brazilian births take 

place (11)]. 

On-line forms with demography and maternal-childbirth characteristics, as well as clinical data was 

completed by the referring physicians according to their medical records. Once the case met the 

eligibility criteria, the mother was invited to answer an additional questionnaire (maternal interviews) 

about pregnancy characteristics, child delivery and healthcare during the first year of childhood. Pro-
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B ALL, BCP-ALL or T-ALL subtypes were identified by flow cytometry including the most 

common cytogenetics and/or molecular aberrations mutual exclusively associated with ALL 

subtypes, such as numerical abnormalities (hyperdiploidy or hypodiploidy) and structural 

abnormalities, such as translocations (ETV6-RUNX1, TCF3-PBX1, STIL-TAL1, KMT2A-

rearrangements and BCR-ABL1). 

Controls ascertainment were children without leukemia, or any history of pediatric cancer selected 

from the National Placental and Umbilical Cord Blood Bank (NPUCBB, INCA-BR), whose mother 

voluntarily donated cord blood samples for hematopoietic progenitor cell transplantation as described 

in detail in the Supplementary Material. Controls were chosen from the total NPUCBB participants 

according to study-year and Brazilian macroregion, frequency-matched to cases on sex and age (by 

year of birth). Cases and controls were equally assisted within the Unified Health System (11,14).  

In both cases and controls, children with Down syndrome and mothers who refused to participate in 

the enquiries and/or to sign the consent forms were excluded from the study. Quality control 

mechanisms were applied to the data recorded at baseline in NPUCBB along with comparisons to the 

national measurements of the variables included in this study, as well as to the inequalities in health 

indicators of the mode of delivery rate.  

Maternal interviews were conducted within the first year after the ALL diagnosis by trained 

personnel either in person (period of 2002-2012) or in digital mode (after the year 2012). Only 

biological mothers of cases and controls were eligible. Information on pregnancy characteristics, 

birth delivery and the first year of child healthcare was verified by interviews throughout the Child 

Health Handbook (CHH) handled by the mothers. Controls ‘information was also provided by the 

NPUCBB regarding the child’s sex and ethnicity, mode of delivery, birth weight, gestational age, 

birth order and breastfeeding recorded at the maternal´ s chart.  
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The maternal questionnaires were approved by the Instituto Nacional de Cancer Ethics and Research 

Committee (CONEP # 1.394.043) and the parents signed the written consent form to participate in 

the study. 

 

Statistical analysis  

The distributions of the variables of interest were initially assessed through Pearson's chi-square test 

with Yates' continuity correction. To express the power calculation in odds ratio (OR), the sample 

size was calculated considering 2 controls per 1 case α=0.05 ; β=0.2 for power=0.80, which provides 

us with the detection of a main effect of approximately OR,1.45, if the prevalence of exposure is 

11.5% in cases and about 7% in controls. (http://powerandsamplesize.com). First, we compared 

whether information collected in the control group reflects the Brazilian demographic and 

epidemiological profile on Maternal-Child health, such as the mean gestational age, birth size and 

mode of delivery. Then, controls were frequency matched to cases on age and sex in a 1:2 ratio.  

To explore the impact of early life risk factors we have tested, (A) children aged 0-12 years with 

ALL, (B) children aged 1-12 years with BCP-ALL and, (C) infant-ALL (i-ALL, namely children less 

than 1 year of age at the diagnosis) controlling for potential confounders.   

Multiple logistic regressions were fitted, and adjusted effect estimates (OR) and 95% confidence 

intervals (CIs) were calculated to assess the association of the mode of delivery with total ALL and 

BCP-ALL risk controlling for selected covariates. Specifically, the core model included the main 

variables of interest, namely, mode of delivery (C-section vs. vaginal); birth order (first born child as 

yes or no); child’s ethnicity (White; non-White with mixed ethnicity), birth weight (≤2500, 2500-

2999, 3000-3499, 3500-3999, >4000 grams) and gestational age (<37, 37-40, >41 weeks), maternal 

ages (<35; ≥35 year-old), maternal schooling (≤5, 6-12, >12 years).  
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Formal interaction analyses were thereafter conducted to assess the potential mediating effect of main 

variables of interest on the association of C-section delivery with total ALL, BCP-ALL and i-ALL 

(15). Simulation multiple logistic regression models were also run considering all controls with 

unknown birth order status as non-first born (best case scenario), and alternatively all controls with 

unknown birth order status as first born (worst case scenario).  

We have also estimated the size of the effect among non-breastfed, first-born children who had been 

delivered by C-section (16). Similarly, we have tested the effect of breastfed and mode of delivery. 

Breast-feeding was defined using three categories, (1) none and/less than 29 days; (2) breast-feeding 

less than 3 months and, (3) more than 3 months.  

 Lastly, cytogenetics-molecular subtypes exclusively associated with BCP-ALL were also analyzed 

controlling for maternal age, child’s age, sex, birth size, and ethnicity. All statistical analyses were 

performed using both R studio version R4.1.1 and the SAS software (SAS, Cary, NC). 

 

Results 

Out of eligible 1584 cases, 86 were excluded because their mothers refused to participate due to 

death of the index child, and there was loss of contact address for another 366, leaving 1132 cases 

(71.4%) for the analyses. The response rate for eligible cases were 71.4%% and for controls were 

74%%.  

The distributions of main variables of interest of 1126 children with ALL and their 2252 age and sex 

matched controls are shown in Table 1. Among cases, there were 130 (11.6%) pro-B ALL, 883 

(78.1%) BCP-ALL and 112 (9.9%) T-ALL. As expected, most cases were 1-5 years old (mean age: 

3.8 years), males and Whites. Among i-ALL subgroup a predominance of non-Whites was observed 

(p<0.001).  Pregnancy duration of at least 37 weeks or more was predominant among cases (80.5%) 

and controls (87.9%), while being the first child and born by C-section was predominant among cases 
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(52.8% and 45.8% among controls). Maternal´ s age at childbirth was 26.1 (standard deviation 6.1, 

minimum 13 and maximum 47) and 86.3% were less than 35 years of age. The majority of mothers 

‘cases and controls have reported less than 12 years of schooling. For cases, mean 9.2 (standard 

deviation 4.5, minimum 0.1 and maximum 30), and mean 10.0 (standard deviation 3.1, minimum 0.1 

and maximum 27) for controls. 

Missing values (MV) were less than 5% for both cases and controls in the two main variables of 

interest, notably mode of delivery and birth order. The retrospectively collected data on breastfeeding 

had high proportion of MV among cases (23.4%) and controls (48.7%), and a high likelihood for 

recall bias among cases was observed.  

In the multiple logistic regression (MLR) models (Table 2), low birth weight [(≤2500g), adjOR, 1.28 

(95%CI, 1.12-1.47)], born less than 37 weeks (adjOR,1.18, 95%CI,1.02-1.28), C-section delivery 

(adjOR,1.10, 95%C,I 1.03-1.15) and being first born child (adjOR,1.06, 95%CI 1.02-1.10) were 

significantly associated with ALL, as well as BCP-ALL risk (adjOR, 95%1.14 (1.06-1.22). T-ALL 

were on the same direction [low birth weight: OR 2.9, 95%CI (0.69-2.72); C-section: OR 1.33, 95% 

CI, (0.81-2.19)], albeit not reaching statistical significance (Supplementary Table 1). We have also 

included gestational age as covariate, but no statistically significant changes were noted. 

Simulation derived logistic regressions models for the association mode of delivery and first born 

showed no differences in the risk magnitude for ALL (OR, 1.23, 95% CI: 1.07-1.43) and BCP-ALL 

(OR, 1.21, 95% CI:1.04-1. 42) as shown in Supplementary Table 2. In the formal interaction analysis 

(Table 3), a positive relative excess risk due to interaction was noted regarding the effect of first 

birth on the association of C-section delivery with ALL (OR, 1.45 95% CI 1.78-8.39), BCP-ALL 

(OR, 1.41 95% CI 1.11-1.78), and i-ALL (OR, 1.81 95% CI 0.99-3.30).  

To test the additive effect, in the both variables, a MLR was performed in 862 cases and 1150 

controls according to the age break in ALL, BCP-ALL and i-ALL, test adjusted by maternal age and 

ethnicity (Table 4). The high-risk group, namely first-born children delivered by C-section were at 
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increased risk for ALL as well as BCP-ALL (ORALL: 2.33, 95% CIs: 1.20-4.54; ORBCP-ALL: 2.41, 

95% CIs: 1.20-4.84) compared to non-first, vaginally born children.  

Because of the questionable quality of posthoc collected data about breastfeeding, sub-analyses were 

run only among the reported non-breastfed children to assess any increase in the risk on account of 

lack of breastfeeding. Indeed, in sub-analyses among non-breastfed children (Supplementary Table 

3), despite small numbers of cases (n=128) and controls (n=93), the MLR showed that first born 

children were associated with ALL and BCP-ALL (OR: 2.32, 95% CIs:1.27-4.25). Of note, the odds 

for ALL and BCP-ALL among non-first-born child were of similar, albeit not statistically significant, 

among non-breastfed pointing to other factors that may also mediate the association.  

Lastly, as shown in Table 5, we examined the most common cytogenetic-molecular subtypes of 

BCP-ALL (1-12 years) to test the hypothesis of in utero origin of ALL and risk factors that would be 

relevant to impart the additional hits necessary to lead to leukemic cells expansion. The MLR showed 

that either C-section and breastfed risk associations were null or not statistically significant, while the 

variable first born maintained the direction of the association in BCP-ALL with hyperdiploidy/ETV6-

RUNX1 (adjOR: 1.12, 95% CI:0.99-1.22) and other chromosomal abnormalities (adjOR: 1.10, 95% 

CI:1.01-1.21).  

 

Discussion  

Exploiting a large Brazilian case-control dataset, we have validated the prediction that early life risk 

factors for ALL, namely delivery by C-section (8,17,18) and, additionally being first born are 

consistently associated with increased risk as previously reported. Recently, Williams et al (2021) 

using populational-base information found similar results regarding C-section associated with ALL 

and hepatoblastoma (19), while Dwyer et al. (2021) have explored mode of delivery and birth 

characteristics in early-onset of non-Hodgkin lymphoma (20). The compound effect is essentially 
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additive as might be expected if the variables of birth process, breastfeeding, birth order and social 

contacts each had an independent contribution to establishment of a balanced gut microbiome.  

Indeed, the established association with high birthweight was not found in the Brazilian data (21).  Of 

note, however, about 47.1% of children in Brazil are born via elective C-section  (13,14), which is 

scheduled earlier than normal delivery leading to a lower average birthweight compared to that 

expected through vaginal term deliveries. Increasing rates of prematurity and low birth weight in 

Brazil are associated to the increasing rates of Caesarean sections (22).  

Regarding the low birth weight (LBW) association observed in our data, this is in line with the ALL 

association reported in the Junqueira et al study of São Paulo (18) in which, they found a positive 

association of LBW with ALL in a population different than the one in the current analysis.  LBW 

was more likely observed in premature babies, children born by elective C-section and/or those of 

deprived population groups (23). Indeed, LBW maybe considered a proxy of increased gestational-

prenatal stress due to deprivation conditions during such as shortage of nutrition and/or adverse 

environmental factors during pregnancy, leading to increased levels of glucocorticoids. The reported 

biological plausibility is speculative. A higher proportion of deliveries through elective C-section 

(although we did evaluate it herein) and LBW would decrease performance of all elements 

(epinephrine, cortisol levels and cytokines) necessary to establish the enteral feeding that can 

contribute to dysbiosis. Usually, low birthweight children receive formula and/or little mother's own 

milk, stay longer in the hospital environment, that might contribute to dysbiosis. 

In any of the above conditions we speculate that the adrenal pathway and the microbiome 

composition may contribute to the ALL risk. Indeed, the adrenal hypothesis emerged from the 

ecological studies on age-related incidence of ALL, differences of incidence rate of ALL in 

developed and less developed societies and, the kinetics of disappearance of pre-leukemic clone 

throughout qualitative and quantitative changes in plasma cortisol levels (24). It was presented as a 
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plausible mechanism in the Greek study by Thomopoulos et al., that was confirmed later in CLIC 

data (6,17).   

We did not evaluate other key variables of social exposure and established risk factor for BCP-ALL, 

namely lack of day care attendance in infancy, but Rudent et al (2015) have shown that day care 

attendance and breast feeding have a compound impact on ALL risk (8,25). Our findings suggest the 

possibility to identify a population of children at higher ALL/BCP-ALL risk who might benefit from 

preventive measures. 

The biological plausibility underlying these associations need to be further explored, and several 

distinct pathways have been postulated, including the diminished cortical stress response in C-section 

compared to vaginal birth (26,27). In the study of Vogl et al.(2006), a significantly lower cortical 

stress umbilical cord concentration of cortisol was found, whereas children born via C-section had 

lower gestational age and birthweight compared to those born vaginally (28). However, the most 

likely biological mechanism at play with compounded early life exposures and risk of ALL is 

acquisition of the gut microbiome (9). We note that the same early life exposures are linked to risk of 

other more common immunopathology of children in developed societies including type 1 diabetes 

and allergies suggesting a shared underlying microbiome dependent immune deficit (29,30). 

 A diverse microbiome is essential to prime the infant immune system for well-regulated responses, 

avoiding chronic inflammation, in later life (31,32). This process depends upon microbial exposure 

during vaginal birth, breastfeeding, and social contacts especially in infancy and in the first few years 

of childhood and may be further compromised by antibiotic exposure (33). C-section birth, especially 

in pre-term babies is associated with a less diverse gut microbiome which is further compromised if 

mothers have a non-secretor (fucosyltransferase 2- FUT2) genotype with a lack of oligosaccharides 

in breast milk that nourish keystone microbiome species such as Bifidobacteria  (34). Significantly, 

probiotic supplementation with probiotics including Bifidobacteria and Lactobacillus may restore the 

microbiome deficit in C- section born infants (35–37). We have no data on the gut microbiome status 

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/doi/10.1158/1055-9965.EPI-22-0664/3231620/epi-22-0664.pdf by Institute of C

ancer R
esearch user on 10 M

arch 2023



 

15 
 

of cases and controls in our study. However, there is published data showing that children with ALL 

have a less diverse gut microbiome than age matched controls (38,39). 

Birth by C-section has increased in recent decades in many countries and Brazil has a very high 

incidence of around 70% in nulliparous women, in which a greater risk associated with unnecessary 

C-section was observed and regardless the socioeconomic status (13,14,22), albeit the highest C-

section rates were found mainly in regions with high development indices such as the South, 

Southeast and Midwest macroregion of Brazil (13,22). Regarding breastfeeding, it is documented that 

C-section may prolong the mother surgery´s recovery, leading to delay of initiation of breastfeeding 

(40). Encouragement of normal vaginal birth when safe to do so along with more protracted breast 

feeding would be beneficial for several reasons and it should reduce risk of BCP-ALL along with a 

potential of more substantial risk reduction by probiotic supplementation (35). This latter intervention 

approach is already employed in clinical trials with encouraging early results for combating sepsis in 

infants  (36), reducing risk of allergy, and restoring the microbiome of infants born by C-section. 

Given the prevalence of microbiome linked immune priming deficiencies, including ALL, in 

developed societies there may be a case for population wide probiotic supplementation (38,41). 

However, a more practical intervention to reduce the risk of childhood BCP-ALL, highlighted by our 

findings reported here, might be to follow recent clinical studies with specific bacterial probiotic 

supplementation in a large cohort of infants at higher risk by virtue of their C-section birth, paucity of 

breast feeding and lack of elder siblings.  

The distribution of cytogenetic-molecular subtypes of B-cell ALL have important clinic-

etiopathology characteristics (42). The evidence of ETV6-RUNX1 or hyperdiploidy in utero origin as 

driver mutation and, age-associated ploidy/fusion gene abnormalities, it is not sufficient for overt 

leukemia unless complementary hits occur (5,43). We tested if they could have relevance in the 

interplay of C-section and first-born child´s models, being first born maintained the direction of the 

increased association in BCP-ALL. These risk factors impact ALL risk in the expected pattern, 
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supporting a risk scenario proposed in the combination of adrenal pathways hypothesis and 

microbiome composition where lack of immune priming increases ALL risk. The present study 

included the largest so far series of ALL cases in analytic epidemiology study in Brazil. The recall of 

mode of delivery, namely the main exposure variable, was nearly 100% accurate, validated in 

medically recorded information in both cases and controls. The data obtained from maternal 

questionnaires were cross-checked through the Child’s Health Handbook handled by the mothers of 

cases during the interviews. Despite being geographically heterogeneous, the study is nationally 

representative, and the results reflect the country indicators, given that the Brazilian health system 

has national coverage largely funded and regulated by the federal government regarding specialized 

reference centers as well as maternal-child primary healthcare  (11,14).   

Regarding the statistical analyses- strengths, it is worth to mention that, over and beyond testing the 

primary hypothesis, namely whether C-section is also associated with BCP-ALL risk, we have 

exploited this dataset by testing the composite impact of being simultaneously first born and C-

section delivered on the childhood ALL/BCP-ALL risk. We have also performed formal interaction 

analyses to assess whether there are additive effects among the main variables of interest namely 

mode of delivery and birth order which seem to be accurately reported in both cases and controls.   

To bypass the inherent limitation of recall bias selectively among mothers of diseased children in this 

case control study regarding the breastfeeding duration, we performed sub-analyses exclusively 

among those children whose mothers reported not to have breastfeed the child, as well as, C-section 

and breast-feeding.  Indeed, the high proportion of MV in the control series regarding breast feeding 

and its duration was an initial concern; the frequency of breast feeding, however, in the control series, 

after excluding the unknown breastfeeding values, was close to the nationwide figures, which gave 

some confidence to infer that the missing information was non differential and that we could proceed 

with the analyses among non-breastfed only. Regarding contribution to underlying biological 
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mechanisms, our dataset lacked information on the indication for C-section, which did not allow us to 

perform further sub-analyses and calculation of preventable fractions.  

In conclusion, a sizeable increased risk was found for ALL subtypes for those children delivered by 

C-section, first born and non-breast fed. These findings endorse the causal hypothesis for childhood 

ALL associated with gut microbiome dysbiosis. The complex interplay of variables used as proxies 

of socialization and those shaping the microbiome of the newborn, such as birth order and 

breastfeeding, early exposure to infections and early day care attendance as well as specific reasons 

prelabour/scheduled C-section needs to be further explored in large cohort studies and concerted 

actions. Nevertheless, additive effects of first birth and non-breastfeeding on the association of C-

section with BCP-ALL risk provide cues for clinical practices and the potential benefits of decreasing 

unnecessarily scheduled C-sections, especially among women giving birth to their first child, as well 

as for encouraging universal breastfeeding of the newborn. Our findings also identify a group of 

infants at significantly higher risk of ALL who might provide a target population for risk reduction 

via probiotic supplementation. 
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Table 1. Distribution of phenotypes and variables of A. 1126 children aged 0-12 years with acute lymphoblastic leukemia (ALL) and their 2252 age and 

sex matched controls; B. 883 children aged 1-12 years with B cell precursor acute lymphoblastic leukemia (Bcp-ALL) and their 1766 controls; and C. 131 

infants with ALL (i-ALL <1 year) and their 262 controls by study variables: Brazil, 2002-2020. 

 

  A. ALL  
A. Controls   

  B. Bcp-ALL B. Controls   C. i-ALL 
C. Controls 

  
Variable         

  N (%) N (%) p-value N,  (%) N,  (%) p-value N, (%) N,  (%) p-value 

ALL Phenotypes                 
Pro-B lymphoblastic  131 11.6 --   --  --   131  --   

Pre-B (CD10+) 883 78.5 --   883  --   0  --   
T cell lymphoblastic  112 9.9 --   --  --   0  --   

Child’s sex   Matching Variable   Matching Variable   Matching Variable
Female 516 45.8 1032 45.8  425 48.2 851 48.2  59 44.6 117 44.6  
Male 610 54.2 1220 54.2  458 51.8 915 51.8  72 55.4 145 55.4  

Child’s age (years)   Matching Variable   Matching Variable   Matching Variable
<1 136 12.0 272 12  --     --  --   
1-5 686 61.0 1374 61  636 72.0 1272 72.0  --  --   
6-12 304 27.0 608 27  247 28.0 494 28.0  --  --   

Child’s ethnicity     0·496     0.786     0.001 
White 592 52.6 1198 53.2  472 53.5 942 53.3  52 39.2 147 56.2  

Non-White 534 47.4 1028 45.6  411 46.5 802 45.4  79 60.8 114 43.5  
Missing -- -- 26 1.2  --  22 1.2  --  1 0.3  

Birth weight (grams)     0.001     0.001     0.159 
≤2500 85 7.6 98 4.1  65 7.4 77 4.4  12 9.2 20 7.7  
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2501-2999 188 16.7 383 17  162 18.3 295 16.7  16 12.3 55 21.2  
3000-3499 462 41.0 928 41.4 357 40.4 728 41.2 61 46.2 102 38.5
3500-3999 288 25.6 636 28.2  219 24.8 509 28.7  34 26.2 63 24.2  

>4000 68 6.0 187 8.3  52 5.9 141 8.0  6 4.6 20 7.7  
Missing 35 3.1 20 0.9  28 3.2 16 0.9  2 1.5 2 0.8  

Gestational age (weeks)   0.001  0.001 0.095
<37 90 8.0 95 4.2  78 8.8 71 4.0  4 3.1 13 4.6  

37-40 906 80.5 1975 87.9  705 79.8 1543 87.4  112 85.4 236 90.8  
>41 99 8.8 175 7.8  76 8.6 146 8.3  13 10.0 13 4.6  

Missing 31 2.8 7 0.3  24 2.7 6 0.3  2 1.5 --   

First-Birth     0.001     0.003     0.086 
Yes 594 52.8 1032 45.8 473 53.6 828 46.9 64 49.2 104 40.0
No 505 44.8 1118 49.6  386 43.7 865 49.0  64 49.2 153 58.1  

Missing 27 2.4 102 4.5  24 2.7 73 4.1  3 1.5 5 1.9  

Mode of Delivery     0·088     0.336     0.389 
Vaginal 552 49.0 1174 52.1  442 50.1 919 52.0  56 43.1 126 47.7  
Cesarean 574 51.0 1078 47.9  441 49.9 847 48.0  74 56.9 136 52.3  

Breastfeeding*     0.947     0.803     0.245 
Yes 725 64.4 971 43.1  576 65.2 755 42.8  86 66.2 108 41.5  
No 137 12.1 185 8.2  102 11.6 129 7.3  27 20.8 47 18.1  

Missing 264 23.4 1096 48.7  205 23.2 882 49.9  18 13.1 107 40.4  

Maternal Age (years)⸹     0.003     0.002     0.069 
< 35 855 75.8 1944 86.3  675 76.3 1516 85.8  112 86.1 236 86.8  
≥ 35 95 8.4 294 13.1  69 7.8 233 13.2  18 13.8 36 13.2  

Missing 176 15.8 13 0.6  139 15.9 15 1.0  1 0.1 - -  
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Maternal Schooling 
(years) ⸹  

≤5 207 18.4 219 9.7 p0.001 160 18.1 164 15.7 25 19.2 34 12.9 
6-12 666 59 1475 65.5 527 59.5 1094 62 80 61.5 176 67.2 
>12 181 16 337 15 139 15.7 306 17.3 25 19.2 37 14.1

Missing 72 6.6 221 9.8 57 6.7 202 11.4 1 0.1 25 9.5 

 Cytogenetics-Molecular tests§               
Successful 864 81.0 - - 739 83.7 - - 125 95.3

Missing at least one 214 19.0 - -    144 16.3 - -    6 4.7       
                

 

* Further statistical evaluation was performed after missing values were excluded.⸹, The mother´s mean age at childbirth was 26.1 (standard deviation 

6.0, minimum age 13 and maximum 47) years. The mean years of maternal schooling was 9.2 (standard deviation 6.0, minimum age 13 and maximum 

47) years. 

§ Cytogenetics-Molecular tests only in B-cell precursor acute Lymphoblastic leukemia and infant-Acute Lymphoblastic leukemia;  
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Table 2. Multiple logistic regression-derived odds ratios (ORs) and 95% confidence intervals (CIs) for childhood. A.1068 children 

(0-12 years) acute lymphoblastic (ALL) and their 2106 controls, B.834 children B-cell precursor (Bcp-ALL; 1-12 years) and their 

1660 controls, C.127 children infant (<1 years) acute lymphoblastic leukemia and their 253 controls, Brazil, 2002-2020 

 
A. ALL  

 B. Bcp-ALL  
C. i-ALL  

 
Variables adjOR (95%CIs) p-value adjOR (95%CIs) p-value adjOR (95%CIs) p-value

Child’s ethnicity     
White 1.00 (reference)  1.00 (reference)    

Non-White 0.86 (0.81-0.91) 0.001 0.87 (0.82-0.94) 0.001 1.27 (0.51-3.20) 0.61 
Birth weight (gram)       

≤2500 1.28 (1.12-1.47) 0.001 1.28 (1.12-1.47) 0.001 1.57 (0.41-5.94) 0.51 
2501-2999 1.05 (0.98-1.13) 0.17 1.08 (0.99-1.17) 0.05 0.65 (0.27-1.67) 0.36 
3000-3499 1.00 (reference)  1.00 (reference)  1.00 (reference)  
3500-3999 0.98 (0.97-1.04) 0.31 0.99 (0.93-1.04) 0.61 0.79 (0.39-1.59) 0.51 

>4000 0.93 (0.86-1.02) 0.13 0.92 (0.83-1.03) 0.13 0.61 (0.19-1.98) 0.41
Gestational age (weeks)       

<37 1.18 (1.04-1.31) 0.01 1.22 (1.09-1.37) 0.01 0.34 (0.05-2.14) 0.25
37-40 1.00 (reference)  1.00 (reference)  1.00 (reference)  
>41 0.95 (0.87-1.03) 0.20 0.94 (0.84-1.04) 0.23 1.76 (0.67-4.65) 0.22 

First birth       
No 1.00 (reference)  1.00 (reference)  1.00 (reference)  
Yes 1.06 (1.02-1.10) 0.02 1.14 (1.06-1.22) 0.001 1.51 (0.66-3.42) 0.33 

Mode of delivery       
Vaginal 1.00 (reference)  1.00 (reference)  1.00 (reference)  

Cesarean section 1.10 (1.04-1.15) 0.001 1.08 (1.03-1.14) 0.003 1.57 (0.60-4.13) 0.36 
All variables are in the model; Adj OR, adjusted maternal age. 
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Table 3. Formal interaction analysis tested for Cesarean section delivery and the first-born child risk factors and childhood acute lymphoblastic 

leukemia (ALL, 0-12 years), B-cell precursor-ALL (Bcp-ALL, 1-12 years) and, infant-ALL (≤1 1year), Brazil, 2002-2020. 

 

 A. ALL  B. Bcp-ALL  C. i-ALL (<1 years) 
Variables* Cases Controls  p- Cases Controls  p- Cases Controls OR (95%CIs) p- 

 n, 1099 n, 2147 OR (95%CIs) value n, 860 n, 1695 OR (95%CIs) value n, 128 n, 255  value 
             

1.Vaginal/Non first-born 265 (24.1) 535 (24.9) 1.00 (reference)  207 (24.1) 425 (25.1) 1.00 (reference)  29 (22.7) 69 (27.1) 1.00 (reference)  
2.Vaginal/first-born 271 (24.7) 586 (27.3) 0.92 (0.74-1.13) 0.42 223 (25.9) 467 (27.6) 0.82 (0.64-1.04) 0.11 25 (19.5) 53 (20.8) 1.12 (0.59-2.13) 0.73 

3.Cesarean/Non first-born 240 (21.8) 590 (27.5) 0.81 (0.66-1.01) 0.05 180 (20.9) 441 (26.0) 0.98 (0.77-1.23) 0.84 35 (27.3) 82 (32.2) 1.02 (0.56-1.82) 0.95 
4.Cesarean/first-born 323 (29.4) 436 (20.3) 1.46 (1.78-8.39) 0.001 250 (29.1) 362 (21.4) 1.41 (1.11-1.78) 0.004 39 (30.5) 51 (20.0) 1.81 (0.99-3.30) 0.05 

  AP* SI*  AP* SI*  AP* SI* 
First birth  0.50 < 1  0.43 < 1  0.37 < 1 

          
AP, Attributable proportion to the interaction; SI, Synergy index; the proportion of first-born child born via C-section among cases was 54.3% and among 

controls was 42.6% (p value <0.0001) was calculated by Z-test. 
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Table 4. Multiple logistic regression-derived odds ratios (ORs) and 95% confidence intervals (CIs) for confounders, A. 862 children (0-12 years) acute lymphoblastic (ALL) and 

their 1150 controls, B.678 children with B-cell precursor (Bcp-ALL; 1-12 years) and their 884 controls, and, C. 113 infant (<1 years) acute lymphoblastic leukemia and their 155 

controls, Brazil, 2002-2020. 

 
 ALL Controls OR* P Bcp-ALL Controls OR* P i-ALL Controls OR* P 

 n, (%) n, (%) 95% CI  n, (%) n, (%) 95% CI  n, (%) n, (%) 95% CI  

Risk Variable: 

202 (23.4) 

205 (23.7) 

 190 (22.1) 

240 (27.8) 

25 (2.9) 

292 (25.4) 

389 (33.7) 

221 (19.2) 

226 (19.7) 

10 (0.9) 

  

158 (23.3) 

169 (24.9 

142 (20.9) 

188 (27.6) 

23 (3.2) 

228(25.8) 

288 (34.1) 

171 (18.4) 

192 (21.7) 

5 (0.6) 

  

26 (23.0) 

21 (18.6) 

32 (28.3) 

32 (28.3) 

2 (1.8) 

48 (31.0) 

46 (28.0) 

37 (23.6) 

33 (21.3) 

-- 

  

1. V/n-First Child 1.00*  1.00*  1.00*  

2. V/First Child 1.08 (0.56-2.08) 0.83 1.21 (0.61-2.41) 0.59 1.23 (0.12-6.59) 0.86 

3. C/n-First Child 1.81 (0.92-3.56) 0.08 1.74 (0.86-3.53) 0.12 2.70 (0.25-12.53) 0.40 

4. C/First Child 2.33 (1.20-4.54) 0.01 2.41 (1.20-4.84) 0.01 3.10 (0.31-15.10) 0.34 

Missing     --  

 
The variables in model were, 1.V/n-First Child=vaginal birth and being non-first birth child, as reference; 2. V/First Child = vaginal birth and being first birth child; 3. C/n-

First Child =Cesarean section and being non-first birth child; 4. C/First Child= Cesarean section and first birth child. Values corresponding to the number of cases and 

controls excluding the breastfeeding missing variable; Adj OR, adjusted by maternal age and ethnicity. 
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Table 5. Subgroup analyses by cytogenetics/molecular subtypes: unconditional multiple logistic regression-derived 

odds ratio (OR) and 95% Confidence Intervals (CI) for the association of mode of delivery with B-cell precursor 

acute lymphoblastic leukemia (Bcp-ALL;1-12 years; n,883), Brazil, 2002-2020 

Subtype Variable 
Bcp-ALL  

 
Controls 
(n=1766) adjOR 95% CI p-value 

Hyperdiploid/ 
ETV6-RUNX1 Mode of delivery      

(n=332) Vaginal 176 919 1.00 (reference)  
 Cesarean section 156 847 1.04 0.97-1.11 0.24 
 Firstborn child      
 Yes 178 828 1.12 0.99-1.22 0.06 
 No 146 865 1.00 (reference)  
 Missing 8 73    

Others§ Mode of delivery      
(n=154) Vaginal 76 919 1.00 (reference)  

 Cesarean section 78 847 1.02 0.92-1.12 0.73 
 Firstborn child      
 Yes 86 828 1.10 1.01-1.21 0.05 
 No 63 865 1.00 (reference)  
 Missing 5 79    

All Negative §§ Mode of delivery      
(n=137) Vaginal 66 919 1.00 (reference)  

 Cesarean section 71 847 1.02 0.85-1.21 0.85 
 Firstborn child      
 Yes 71 828 1.09 0.98-1.21 0.11 
 No 64 865 1.00 (reference)  
 Missing 2 73    
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Missing  Mode of delivery      
(n=144) Vaginal 73 919 1.00 (reference)  

 Cesarean section 71 847 1.11 0.94-1.32 0.22 
 Firstborn child       
 Yes 75 828 1.06 0.76-1.23 0.78 
 No 64 865 1.00 (reference)  
 Missing 5 73    

  

Abbreviation: n, number; p,p value; *adj.OR, Adjusted odd ratio for child’s age, sex, maternal age and ethnicity; 

 § Others chromosomal-molecular aberrations, excluding infants. §Includes TCF3-PBX1, BCR-ABL1, near-hyperdiploid, 

hypodiploid. §§Normal karyotype/no fusion gene found; Missing are cases of unknown karyotype with negative fusion genes 

by fluorescence in situ hybridization and/or negative molecular results in the diagnostic evaluation of Bcp-ALL. 
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