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Positive associations have been reported between measures of accelerated fetal growth and risk of
childhood acute lymphoblastic leukemia (ALL). We investigated this association by pooling
individual-level data from 12 case-control studies participating in the Childhood Leukemia
International Consortium. Two measures of fetal growth – weight-for-gestational-age and
proportion of optimal birth weight (POBW) – were analysed. Study-specific odds ratios (ORs) and
95% confidence intervals (CIs) were estimated using multivariable logistic regression, and
combined in fixed effects meta-analyses. Pooled analyses of all data were also undertaken using
multivariable logistic regression. Subgroup analyses were undertaken when possible. Data on
weight for gestational age were available for 7,348 cases and 12,489 controls from all 12 studies
and POBW data were available for 1,680 cases and 3,139 controls from three studies. The
summary ORs from the meta-analyses were 1.24 (95% CI 1.13, 1.36) for children who were large
for gestational age relative to appropriate for gestational age, and 1.16 (95% CI: 1.09, 1.24) for a
one standard deviation increase in POBW. The pooled analyses produced similar results. The
summary and pooled ORs for small-for-gestational-age children were 0.83 (95% CI: 0.75, 0.92)
and 0.86 (95% CI 0.77, 0.95) respectively. Results were consistent across subgroups defined by
sex, ethnicity and immunophenotype, and when the analysis was restricted to children who did not
have high birth weight. The evidence that accelerated fetal growth is associated with a modest
increased risk of childhood ALL is strong and consistent with known biological mechanisms
involving insulin like growth factors.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most common childhood malignancy. Most
studies of perinatal risk factors have reported an increased risk associated with high birth
weight or accelerated fetal growth. A recent review and meta-analysis1 reported positive
associations between high birth weight and risk of ALL in 21 of 23 studies; the summary
odds ratio (OR) was 1.23 relative to normal birth weight, with a 95% confidence interval
(CI) of 1.15, 1.32. However, these studies did not all take account of gestational age, and
therefore the rate of fetal growth.

The measure ‘large-for-gestational age’ (LGA) takes into account whether the child’s birth
weight was more than expected for the gestational age at birth (above the 90th percentile of a
population-based reference group). A German study2 found that children who were large-
for-gestational-age (LGA) were at increased risk of ALL (OR 1.45; 95% CI 1.07, 1.97), and
that the OR was even higher for LGA children whose birth weight was <4,000 grams (OR
1.89; 95% CI 0.94, 3.79). A Texan study3 also reported an elevated OR for LGA: OR 1.66;
95% CI: 1.32, 2.10. The proportion of optimal birth weight (POBW) is another derived
value designed to assess appropriateness of fetal growth, and takes into account the child’s
gestational age, gender, birth order, and mother’s height4; it is similar to the ratio of
observed to expected weight for gestational age, with estimated optimal birth weight
substituted for expected weight. Milne et al.5 reported an OR of 1.18 (95% CI 1.04, 1.35) for
ALL for a 1 standard deviation (SD) increase in POBW in Australian children. In that study,
the OR for POBW remained elevated when analyses were restricted to children whose birth
weight was less than 3,500 grams or 4,000g, but there was no association of ALL with birth
weight per se. The results of these studies suggest that accelerated fetal growth is associated
with an increased risk of ALL in the absence of high birth weight, and that investigation of
the former is important for valid conclusions to be drawn.2, 3, 5, 6 This issue is particularly
important when considering possible underlying biological mechanisms.
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The Childhood Leukemia International Consortium (CLIC) is a multi-national collaboration
of epidemiologic and genetic studies of childhood leukemia(see https://ccls.berkeley.edu/
clic/).7 In this CLIC collaborative study, we combined data from 12 case-control studies
conducted in 9 countries to investigate the association between accelerated fetal growth and
risk of childhood ALL.

Methods
Original data were requested from participating studies including child’s sex, age at
diagnosis or recruitment, ALL immunophenotype, year of birth, birth weight, gestational
age, birth order, ethnicity, maternal age at child’s birth, maternal height, maternal smoking
during pregnancy, birth defects (including Down syndrome), plurality, educational level of
parents, household income and socioeconomic status. Any other variables used in the
matching or selection of cases and controls (e.g. geographical region) were also requested.
Study design and participant characteristics for each study have been summarised
elsewhere.7 All studies included were approved by institutional ethics committees, ensuring
that informed consent was provided by all participants who provided data.

Data preparation and statistical analysis
Data from each study centre were checked for completeness, and clarification or correction
was sought from study investigators where necessary. Categorical variables were recoded or
created from continuous data to conform to standard groupings as needed.

We investigated the association between risk of childhood ALL and two measures of fetal
growth, LGA and POBW. Information on birth weight and gestational age was provided by
the mother in all studies except the Greek study and two of the French studies (Adele and
Escale), where data were obtained from medical records. For all studies, sex, birth weight
and gestational age (where available) were used to classify children into weight for
gestational age categories: large-for-gestational-age (LGA), defined as having a birth weight
above the country-specific 90th percentile for sex and gestational age; small-for-gestational-
age (SGA), defined as having a birth weight below the 10th percentile; and appropriate-for-
gestational-age (AGA). Published population birth weight centiles from the respective
country were used, wherever possible, to derive these categories. If more than one reference
was available for a country, we used the one from the time period that most overlapped the
birth years of the study participants. Where published centiles were not available (NZ,
Greece and Brazil), we used centiles from the country that most closely matched the study
population geographically and with respect to years of birth. Sex-specific centiles were used
for all countries except Brazil, where only combined-sex centiles from Chile were available.
The source of reference data for each study is indicated in Table 1. Initially, ORs for LGA
were estimated using two separate reference categories: AGA and AGA/SGA combined. As
the results were similar, and SGA may be an ‘abnormal’ birth outcome in itself, we only
report results of analyses with AGA as the reference category.

The formula for calculating POBW has been published previously4 and is included in
Supporting Information file 1; briefly, it includes mother’s height and birth order in the
calculation in addition to sex, birth weight and gestational age. POBW was calculated for
the three studies where maternal height was available (Australia, UK and USA (NCCLS)).
POBW was modelled as a continuous variable, with ORs being estimated for a one SD
increase (SD of cases and controls combined).

We used two distinct analytical approaches. The primary analyses involved estimating
study-specific ORs, then undertaking a meta-analysis using precision based weighting
methods.8 The second approach involved the analysis of data from all participating studies
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pooled in a single dataset. Where possible, appropriate subgroup analyses were undertaken
in both meta- and pooled analyses, including among children who were not high birth
weight (ie <4000g).

Children were excluded from analyses if they had a birth defect (according to the Western
Australian Birth Defect Registry’s definition9), were from a multiple birth, were born at <30
or >44 weeks gestation, or (for analyses using POBW) had a POBW <50 or >200, which
were considered to be implausible values. The numbers of subjects included in the study-
specific meta-analyses and pooled analyses approaches vary modestly because of the
different covariates included in the models, and hence the extent of missing data.

Estimation and meta-analysis of individual study ORs
Unconditional logistic regression in PASW statistics version 18 (IBM SPSS Inc. 2010) was
used to estimate study-specific ORs and 95 percent confidence intervals (95% CIs) for each
measure of fetal growth. All models included child’s age and sex and additional study-
specific matching variables. Variables considered a priori to be potential confounders
(maternal age, maternal smoking, ethnicity, child’s birth order, child’s year of birth, parental
education, household income and other measures of socio-economic status (SES) based on
residential address) were considered for inclusion in the study-specific models; they were
retained if their inclusion changed the OR by more than five percent. The study-specific
ORs were then combined in a meta-analysis using the ‘metan’ procedure (Mantel-Haenszel
method fixed effect model in StataIC version 11 (StataCorp LP, College Station Texas,
USA, 2010). Summary ORs, 95% CIs and forest plots were produced, along with I2

statistics (an estimate of the proportion of inconsistency among studies that cannot be
explained by chance)10 and their P-values.

Pooled analysis
Unconditional logistic regression in PASW statistics version 18 (IBM SPSS Inc. 2010) was
used to estimate pooled ORs and 95% CIs for each measure of fetal growth. Confounders
identified in the individual study analyses described above were entered into all pooled
models if they were available for all studies. Some studies used matching variables (eg
region) that could not be used in the pooled analyses as they were unique to a particular
study. A variable denoting the study of origin was included in the pooled analyses.

Classification of ethnicity (or ‘race’) varied among the studies, so this variable was re-coded
into two broad groups for the purposes of the pooled analysis. The first group combined
groups originally classified variously in each study as either ‘Caucasian’, ‘European’ or
‘White’, and the other included all other ethnic groups as well as those classified in their
own study as ‘non-Caucasian’ or ’non-white’, ‘Hispanic’(North American studies only), or
‘mixed’. Parental education level (highest level of either parent if both were available) was
coded into 3 groups: those who hadn’t completed secondary school, those with complete
secondary school, and those with a college/university level education. Maternal age was
classified as: less than 25 years, 25-34 years, and 35 or older. Child’s age at diagnosis or
recruitment was grouped as: 0-1 year of age (infants), >1-5 years, and >5-14 years. Child’s
year of birth was grouped as: before 1988, 1988 to 1995, and after 1995. Birth order higher
than second born was collapsed into a ‘3rd or higher’ group.

Results
The characteristics of participating studies are shown in Supporting Information Table 1. All
studies recruited children from birth up to 15 years of age, and over 50% of cases were male
in all studies. The key exposure variables and covariates relevant to this analysis are shown
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in Table 1. There was considerable variation among the studies in the proportion of LGA
babies, ranging from 7.8% in Canada to 19.9% in France (Adele).

Meta-analysis of weight for gestational age
A total of 7,348 ALL cases and 12,489 controls from 12 studies were included. The
summary OR for LGA (vs AGA) was 1.24 (95% CI 1.13, 1.36) (Figure 1). There was little
evidence of heterogeneity among the ORs. The summary estimates changed by less than
four percent when each individual study was removed in turn, or when studies were
excluded if less than 80% of participants had data required for calculation of LGA (Greece
(42%) and Australia (76%)), less than 300 cases, or hospital rather than population controls
(data not shown).

The summary OR for LGA among participants with birth weight less than 4,000g was 1.26
(95% CI 1.07, 1.49) (Supporting Information Figure 1), similar to the overall summary OR.
The summary ORs for LGA among B-lineage and T-lineage cases, 1.23 (95% CI: 1.11,
1.36) and 1.35 (95% CI: 1.07, 1.69) respectively, were also consistent with the overall
summary OR (Supporting Information Figure 1). The New Zealand study was not included
in the meta-analysis of T-lineage immunophenotype due to lack of cases. There was little
evidence of heterogeneity in any of the subgroup meta-analyses. The summary OR for SGA
vs AGA was 0.83 (95% CI: 0.75, 0.92) with I2 = 0% (not shown in Figures).

Pooled analysis of weight for gestational age
The pooled analysis of weight for gestational age included 7,292 cases and 12,406 controls
from 12 studies, and the models included child’s age, sex and year of birth group, mother’s
age group, ethnic group, parental education, birth order and study of origin. The pooled OR
for LGA was 1.21 (95% CI 1.11, 1.32) (Table 2). The summary estimates changed little
when each individual study was removed in turn, or when studies were excluded if they had
less than 80% of participants with data required for calculation of LGA, less than 300 cases,
or used hospital rather than population controls (Table 2). The pooled ORs for most
subgroups, including children with birth weight <4,000g, were similar to the overall pooled
OR. The pooled OR for LGA among infants was close to unity, but the P-value for the LGA
by age interaction term was 0.66. The pooled OR for SGA relative to AGA was 0.86 (95%
CI: 0.77, 0.95) (not shown in tables).

A pooled analysis in which the model contained all combinations of weight for gestational
age (SGA, AGA and LGA) with birth weight (<4000g and ≥4000g) was also undertaken. In
children with birth weight <4,000g, OR of ALL increased from SGA to AGA to LGA
(Table 3). In children with birth weight ≥4000g, ORs were the same for AGA and LGA, and
only a little less than that for LGA in children with birth weight <4,000g.

We repeated the analysis of LGA among the three studies where data were also available for
POBW (see below). The results of the analysis of these three studies were similar to those
for all 12 studies: Meta-analysis (total cases/controls: 1,680/3,139) summary OR = 1.24
(95% CI 1.03, 1.48); pooled analysis (total cases/controls: 1,689/3,154), pooled OR = 1.24
(95% CI, 1.04, 1.49) (results not shown in tables).

It was considered possible that whole population distributions of birth weight by gestational
age might not correctly represent the expected distributions in study participants, because of
low participation rates and other potential sources of ascertainment bias. Therefore, we
undertook a sensitivity analysis in which, in each study, the distribution of birth weight by
gestational age in controls was used to allocate cases and controls to weight for gestational
age categories, and the main analyses reported in Table 2 and Figure 1 repeated. Because of
the generally small numbers of controls available from which to create this distribution, we
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collapsed gestational age into four categories, 30-38, 39, 40 and 41+ weeks. This enabled
allocation of all children into weight for gestational age categories except those in the
highest GA category for three studies (Adele, Greece and Brazil), where there were too few
children in the highest category. The results of this analysis and the associated forest plot are
in Supporting Information Table 2 and Supporting Information Figure 2. While results for
individual studies differ somewhat from those based on distributions for the whole
population, as would be expected from the greater statistical uncertainty in distributions of
weight for gestational age based on controls, the overall results are similar to those shown in
Table 2 and Figure 1. In addition, we used the combined controls from all studies as well as
two external populations – the US11 and France12 – to allocate all participants into weight
for gestational age categories, and the results were virtually unchanged (data not shown).

Meta-analysis of POBW
A total of 1,680 cases and 3,139 controls from three studies – Australia, USA (NCCLS) and
UK – were included in the meta-analysis of POBW. The summary OR for a 1 SD increase
(13.1% for Australia and UK, and 14.7% for USA (NCCLS)) was 1.16 (95% CI 1.09, 1.24).
There was little evidence of heterogeneity (Figure 2). Excluding each study in turn made
little difference to the summary ORs, which varied between 1.16 (95% CI 1.08, 1.14) and
1.17 (95% CI 1.09, 1.25).

Subgroup meta-analyses among children with birth weight less than 4,000g and by
immunophenotype (B-lineage and T-lineage) produced summary ORs consistent with the
overall results (Supporting Information Figure 3).

Pooled analysis of POBW
Individual data from 1,689 cases and 3,154 controls from these three studies were available
for inclusion in the pooled analysis. After adjustment for child’s age group, sex, year of birth
group, mother’s age group, ethnic group, parental education and Study, the pooled OR for a
1 SD (13.0% overall) increase in POBW was 1.16 (95% CI 1.09, 1.24). The pooled ORs
were similar when each study was excluded in turn, and in the subgroups examined (Table
4). The pooled OR for POBW among infants was close to unity, but the P-value for the
POBW by age interaction term was 0.90.

Discussion
The results of both pooled and meta-analyses of international data from 12 case-control
studies indicate that accelerated fetal growth is associated with an increased risk of
childhood ALL. Importantly, this association was observed in children whose birth weight
was <4,000g, thus suggesting that accelerated fetal growth is associated with an increased
risk of ALL in the absence of high birth weight. In contrast, among children with birth
weight ≥4000g, risk of ALL appeared to be little influenced by weight for gestational age.
This apparent dependence of the relationship between fetal growth and risk of ALL on birth
weight warrants further exploration. The overall increased risk of ALL associated with
accelerated fetal growth was seen across the subgroups of sex, ethnicity and
immunophenotype.

To our knowledge, all previously published studies of LGA or POBW and childhood ALL
except one3 have been included in our CLIC meta-and pooled analyses. Through CLIC, we
have been able to combine data on LGA and POBW from 12 and three (respectively) case-
control studies, providing strong support for these associations – overall and within
informative sub-groups. Exclusion from the analyses of each study in turn made little
difference to the pooled/summary ORs. The results of the CLIC pooled analyses of LGA
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and POBW are consistent with those of all previously published studies, including the study
not included which reported an OR of 1.66 (95% CI 1.32-2.10) for LGA.3

The reduced OR we observed for SGA is consistent with that of Sprehe and colleagues:3 OR
0.78; 95% CI: 0.57, 1.05. Schuz and colleagues, however, did not observe this reduction.2

Two different measures of fetal growth – one categorical (LGA vs AGA) and one
continuous (POBW) – were used to investigate this association and the results were highly
consistent, including when the same set of participants were analysed using these two
measures. The similarity in results from the meta- and pooled analyses provide additional
support for the validity of the associations observed.

This study had some limitations. Data on birth weight and gestational age (necessary for the
calculation of both POBW and LGA) were reported by the mother in nine studies, and
abstracted from medical records in three studies. Although mothers’ reports of birth weight
have been shown to be highly correlated with data obtained from medical records,13this has
not been established for gestational age. Our results may have been affected by inaccuracies
in maternal recall and reporting of gestational age; however, such inaccuracies are likely to
be similar among cases and controls, particularly as birth weight and gestational age are not
widely known to be possible risk factors for childhood cancer. Therefore, the most likely
effect of this error in exposure measurement is under-estimation of the strength of
association, rather than the introduction of bias and distortion of the association.

Data on gestational age were missing for a high proportion of participants in two studies
(57.9% for Greece and 23.4% for Australia); sensitivity analyses, however, showed little
change in results after removal of these studies. Gestational age data were missing for
similar proportions of cases and controls in eight of the 12 studies, for a higher proportion of
cases than controls in two studies (USA (NCCLS) and France (Electre)), and for a higher
proportion of controls than cases in two studies (Australia and Greece). Any impact of these
missing data on study results is difficult to predict and probably unlikely.

Published population-based birth weight for gestational age centiles – on which we based
our LGA/AGA/SGA estimates – may include babies who died shortly after birth. As early
infant death is associated with low birth weight,14, 15 the inclusion of these babies in the
population centiles, but not in the case-control studies, may have led to over-estimation of
the proportion of study children who were LGA and under-estimation of the proportion who
were SGA. This is consistent with our observation that the percentage of LGA children was
higher than 10 percent in nine of the 12 studies, and the percentage of SGA controls was less
than 10 percent in five of the 12 studies. As the same standards were applied to cases and
controls in each study, any over-estimation of percent LGA is unlikely to have introduced
substantial bias in the study-specific ORs.

A related issue is that percentages of LGA children varied among the studies, despite the use
of the published birth centiles from the most relevant populations available and from time
periods overlapping subject recruitment in each study. The reasons for the variation are not
clear, but they may reflect differences in the study participants relative to the underlying
populations and/or chance variation. To determine the possible impact of these issues on our
results, we re-analysed the data using the 90th percentile among controls in each individual
study to assign LGA, with little change in the results; this consistency suggests our findings
are robust.

As is often observed in case-control studies,16 the controls in the CLIC member studies had
higher SES – variously classified – than the case families (data not shown), and this
difference, if SES were also related to exposure, could potentially confound the association
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between exposure and disease. At least one measure of SES was available for all studies,
and it was positively associated with LGA in five of 12 studies [Canada, France (all 3
studies) and UK]. Therefore, the appropriate SES variable was included in all models
estimating study-specific ORs; parental education level – the only SES variable common to
all studies – was included in the pooled analysis. Given our empirical evidence that LGA
was associated with higher SES (at least in some studies) and the likelihood that controls are
of higher SES than the source population, the most likely effect of confounding or bias
associated with SES would be to underestimate the effect of increased fetal growth on risk
of ALL. Classification of non-Caucasian participants into weight for gestational age
categories based on largely Caucasian reference groups may have led to some
misclassification, but this was probably non-differential for cases and controls.

Each of the analytical methods used has advantages and disadvantages. The primary
advantage of meta-analysis of study-specific ORs is that matching between cases and
controls can be retained, and study-specific confounding variables can be included in their
original form. This is not possible in a pooled analysis of individual data if potentially
confounding variables were classified differently or not collected in some studies; one or the
other was the case for ethnicity, income and education in this study. The main advantage of
pooled analysis is that it is possible to conduct subgroup analyses, even when the numbers
of participants in particular subgroups are small in individual studies. Meta-analysis is often
not possible in this situation, as small numbers may preclude estimation of study-specific
ORs. In addition, pooled analysis can offer greater precision for effect estimates if
heterogeneity between studies is low, as in this analysis.17

The similarity among the results of the analysis of POBW using data from three studies,
LGA using these same three studies, and LGA using data from all 12 studies, provides
confidence that both are useful measures of accelerated intra-uterine growth. The
disadvantage of using weight for gestational age categories is that, by definition, only
approximately 10% of most study populations will be in the LGA category, so even large
studies may have limited statistical power, particularly when sub-group analyses are
important.

As discussed in previous reports, an association between accelerated fetal growth and risk of
ALL is biologically plausible, and suggests involvement of fetal growth factors.3, 5, 18-21

Insulin-like growth factor 1 (IGF-1) is involved in cell proliferation and prevention of
apoptosis.18, 19, 21 There is empirical evidence for a relationship between IGF-1, birth
weight and leukemia. IGF-1 levels have been found to be lower in SGA babies and higher in
LGA babies.22 In addition, knock-out mouse models confirm the role of IGF-1 in murine
fetal growth.23 Studies have also found that IGF-2 is associated with ALL24 and AML,25

and IGFs are known to be involved in the regulation of normal and malignant
haematopoiesis.26 It has been proposed that high levels of bioavailable IGFs would increase
the likelihood of ALL development because lymphocytes (or their precursors) with acquired
genetic damage would be less likely to undergo apoptosis and more likely to divide.21

Associations observed between accelerated fetal growth and risk of other childhood
cancers2, 21, 27, 28 suggest that the proliferative and anti-apoptotic effects of IGF may also be
involved in their development.

The evidence for a positive association between accelerated fetal growth and risk of
childhood ALL is strong and consistent. Future studies should focus on investigating the
mechanisms that underlie this association. Exploring it among cytogenetic subtypes of ALL
may offer clues to the mechanisms.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Glenn Marshall (Sydney Children’s Hospital, Sydney); Elizabeth Smibert (Royal Children’s Hospital, Melbourne);
Ram Suppiah, (previously Mater Children’s Hospital, Brisbane).

The UKCCS was conducted by 12 teams of investigators (10 clinical and epidemiological and two biological)
based in university departments, research institutes, and the National Health Service in Scotland. Its work is
coordinated by a management committee. Further information can be found on the web-site www.ukccs.org.

The Northern California Childhood Leukemia Study (NCCLS) was conducted in northern and central California
from 1995 to 2008 and included the following clinical collaborators and participating hospitals: University of
California Davis Medical Center (Dr. Jonathan Ducore), University of California San Francisco (Dr. Mignon Loh
and Dr Katherine Matthay), Children’s Hospital of Central California (Dr. Vonda Crouse), Lucile Packard
Children’s Hospital (Dr. Gary Dahl), Children’s Hospital Oakland (Dr. James Feusner), Kaiser Permanente
Sacramento (Dr. Vincent Kiley), Kaiser Permanente Santa Clara (Dr. Carolyn Russo and Dr. Alan Wong), Kaiser
Permanente San Francisco (Dr. Kenneth Leung), and Kaiser Permanente Oakland (Dr. Stacy Month). Key
investigators and staff during the conduct of the study include Patricia A. Buffler (PI), Catherine Metayer (UCB),
Anand Chokkalingam (UCB), Joe Wiemels (UCSF), Xiaomei Ma (Yale University), Monique Does (UCB), Pagan
Morris (UCB), and Alice Kang (UCB). The study is continuing as the California Childhood Leukemia Study with
support from the National Institutes of Health (National Institute of Environmental Health Sciences and the
National Cancer Institute).

GCCR: The German study was conducted by the nationwide German Childhood Cancer Registry (GCCR) at the
Institute of Medical Biostatistics, Epidemiology and Informatics at the Johannes Gutenberg-University Mainz;
researchers involved were Drs Jörg Michaelis (head), Peter Kaatsch, Uwe Kaletsch, Rolf Meinert, Anke Miesner
and Joachim Schüz.

COG: The E15 cohort of the Children’s Oncology Group was identified by CCG (Children’s Cancer Group)
principle and affiliate member institutions. Further information can be found on the web-site: http://
www.curesearch.org/

The NZCCS was co-ordinated at the University of Otago, where the study team included JD Dockerty, GP
Herbison (who helped prepare data for this pooled analysis), DCG Skegg and JM Elwood.

NARECHEM Greek Pediatric Hematology Oncology Clinicians: Margarita Baka MD: Department of Pediatric
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Maria Moschovi MD: Hematology-Oncology Unit, First Department of Pediatrics, Athens University Medical
School, “Aghia Sophia” General Children’s Hospital, Athens, Greece, Thivon & Papadiamantopoulou, Goudi,
11527 Athens, Greece; Sophia Polychronopoulou MD: Department of Pediatric Hematology-Oncology, “Aghia
Sophia” General Children’s Hospital, Athens, Greece, Thivon & Papadiamantopoulou, Goudi, 11527 Athens,
Greece; Fani Athanassiadou MD: 2nd Department of Pediatrics, Aristotelion University of Thessaloniki, AHEPA
General Hospital, Thessaloniki, Greece, 1 St. Kyriakidi, 54636 Thessaloniki, Greece; Ioanna Fragandrea MD:
Pediatric Oncology Department, Hippokration Hospital, Thessaloniki, Greece ; Eftichia Stiakaki MD: Department
of Pediatric Hematology-Oncology, University Hospital of Heraklion, Heraklion, Greece. Charalampia
Papadopoulou MD and Ioannis Matsoukis MD: Department of Hygiene, Epidemiology and Medical Statistics,
Athens University Medical School, 11527 Athens, Greece helped prepare the data.
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OR Odds ratio
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Novelty and impact

Over twenty studies of perinatal risk factors for childhood acute lymphoblastic leukemia
(ALL) have reported an increased risk associated with high birth weight, but most have
not distinguished between high birth weight per se and accelerated fetal growth by
accounting for gestation age. This study involved pooling original data from 12 case-
control studies internationally to investigate specifically the association of accelerated
fetal growth and ALL. The findings were relatively consistent across studies and positive
overall.
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Figure 1.
Forest plot showing individual and summary odds ratios for LGA (ref = AGA), using
precision based weighting (fixed effects), Childhood Leukemia International Consortium.
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Figure 2.
Forest plot showing individual and summary odds ratios for a one standard deviation
increase in POBW, Childhood Leukemia International Consortium.
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Table 3

Pooled analysis of combined categories of weight for gestational age and birth weight < or ≥ 4,000g and risk
of acute lymphoblastic leukemia, Childhood Leukemia International Consortium.

N Case/controls OR1 95% CI

SGA and <4,000g2 634/1,229 0.86 0.78, 0.96

AGA and <4,000g 5,463/9,440 1.00 Referent

LGA and <4,000g 297/408 1.26 1.08, 1.48

AGA and ≥4,000g 207/339 1.20 1.00, 1.44

LGA and ≥4,000g 691/990 1.20 1.08, 1.33

1
ORs adjusted for child’s age group, sex, year of birth group, mother’s age group, parental education, ethnic Group, birth order group and study.

2
No study participants were both SGA and ≥4,000g.
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Table 4

Pooled ORs (95% CI) for Association Between POBW and Risk of Acute Lymphocytic Leukemia among 3
Studies1: Overall and by Subgroup, Childhood Leukemia International Consortium

Subgroup N Cases/controls Pooled OR2 95% CI

Overall 1,689/3,154 1.16 1.09, 1.24

Excluding Australia 1,345/2,394 1.16 1.08, 1.24

Excluding UK 816/1,502 1.16 1.07, 1.27

Excluding USA (NCCLS) 1,217/2,412 1.17 1.09, 1.26

Birth weight <4,000g 1,467/2,771 1.21 1.12, 1.31

Sex of child3

Males 954/1,746 1.11 1.02, 1.21

Females 735/1,408 1.22 1.12, 1.34

Age at diagnosis (years) 4

0-1 179/268 1.09 0.87, 1.37

>1-5 971/1,769 1.17 1.08, 1.27

>5 539/1,117 1.18 1.06, 1.31

Ethnic Group5

White/European/Caucasian 1,281/2,583 1.14 1.06, 1.23

Other 408/571 1.22 1.08, 1.39

Immunophenotype

B-lineage cases 1,400/3,154 1.17 1.09, 1.24

T-lineage cases 161/3,154 1.22 1.04, 1.43

1
Australia, USA (NCCLS), and UK

2
ORs adjusted for child’s age group, sex, year of birth group, mother’s age group, parental education, ethnic group and study.

3
P-value of sex by POBW interaction term = 0.14

4
P-value of age by POBW interaction term = 0.90

5
P-value of ethnic group by POBW interaction term =0.39

Int J Cancer. Author manuscript; available in PMC 2014 December 15.


