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Abstract The objective of this research was to compare the
association of birthweight alone with gender-specific birth-
weight-for-gestational age on childhood cancer risk in a
large population-based case—control study in Germany.
Incident cases of childhood cancer (n = 2,024, diagnosed
1992-1994) were ascertained from the German Childhood
Cancer Registry. Controls were randomly drawn from pop-
ulation registries. Parents reported risk factor information in
a mailed questionnaire and telephone interview. The odds
ratio for acute lymphoblastic leukemia (ALL) was 1.41 (95%
confidence interval 1.08—1.84) in the high-birthweight cat-
egory (>4 kg) and was 1.45 (1.07-1.97) in the large-for-
gestational age (LGA) category compared to the normal
birthweight (2.5-4 kg) and the appropriate-for-gestational
age (AGA) categories, respectively. However, the agree-
ment between the birthweight and birthweight-for-gesta-
tional age was only moderate. Subgroup analyses revealed
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elevated odds ratios for ALL and CNS tumors in first born’s
who were LGA but of normal birth weight. Thus, two find-
ings from this post-hoc analysis are worthy of note: (1) the
use of birthweight-for-gestation age categories within
birthweight sub-groups potentially identified new high-risk
groups among firstborns for ALL tumors and among all
children for CNS tumors; and (2) although the magnitudes of
risk estimators for ALL were comparable in the traditional
high-birthweight group and in the LGA, the same children
were not jointly classified in the same newborn categories
indicating two potentially different subsets of children at
risk.

Keywords Birthweight - Cancer etiology - Childhood
cancer - Childhood leukemia - Gestational age

Abbreviations

ALL  Acute lymphoblastic leukemia
AML Acute myeloblastic leukemia
CNS Central nervous system

NHL Non-Hodgkin’s lymphoma

OR Odds ratio
CI Confidence interval

AGA  Appropriate-for-gestational age
LGA  Large-for-gestational age

SGA  Small-for-gestational age
Introduction

During the past two decades, several studies have identified
an association between high birthweight (>4,000 g) and
risk of certain childhood cancers [1-3]. In a meta-analysis
in 2003, a summary estimator of 26% increased risk for
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childhood acute lymphoblastic leukemia (ALL) was re-
ported for the high birthweight compared to the newborns
weighing <4,000 g [4]. High birthweight is one of the few
established risk factors for Wilms’ tumor [5], while the
evidence for an association between high birthweight and
childhood brain tumors, particularly astrocytoma, may be
somewhat weaker than for Wilms’ tumor [1, 6]. For other
childhood cancers, results from epidemiological studies are
equivocal [1].

The cutoff for high birthweight is 4,000 g and corre-
sponds to a higher rate of distocia and difficult deliveries in
large neonates [7]. Newborns weighing 24,500 g, not
4,000 g, are at increased risk for infant mortality [8].
Kramer et al. describe an increasing mean birthweight over
time among neonates born > 37 weeks gestation, who are
classified as appropriate- (AGA) or large-for-gestational
age (LGA) (AGA: between the 10th through the 90th
percentiles and LGA: at >90th percentile of the gender-
specific birthweight distribution within each gestational
age in weeks respectively) [9, 10]. Moreover, the per-
centage of women who are overweight or obese before
pregnancy and the rates of weight gain in pregnancy have
increased over the time similar to the trend in larger fetal
size [9]. Several decades before Kramer’s research, Yer-
ushalmy [11] first proposed a birthweight for gestational
age algorithm as a potentially more sensitive predictor of
mortality in neonates. Yerushalmy compared infant mor-
tality rates in the low birthweight at <2,500 g with rates in
the <10th percentile of the gender-specific birthweight for
gestational age in weeks (i.e., small-for-gestational age
(SGA)), because not all low birthweight newborns were at
greater risk of death than heavier newborns. Yerushalmy
found the SGA were at higher risk of mortality than the
low-birthweight group.

The Yerushalmy paradigm might provide a potentially
powerful tool to define infants at risk of childhood cancers
than birthweight alone. In this paper, we examine data from
a large-scale case—control study of childhood cancer eti-
ology conducted in Germany between 1992 and 1997 [12],
to contrast the association between birthweight-for-gesta-
tional age and childhood cancer risk with the association of
the traditional cutoffs for low and high birthweight and
childhood cancer.

Materials and methods

This population-based case—control study includes all cases
of acute leukemia (acute lymphoblastic leukemia (ALL)
and acute myeloid leukemia (AML)), Non-Hodgkin’s
lymphoma (NHL), tumors of the central nervous system
(CNS), neuroblastoma, nephroblastoma, soft tissue sar-
coma, or bone tumor in children aged < 14 years who
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lived in West Germany at the age of diagnosis. Case
ascertainment was performed by the nationwide German
Childhood Cancer Registry (GCCR) at the University of
Mainz, which is estimated to be more than 95% complete
[13]. Incident cases were eligible, if their disease was
diagnosed between October 1992 and September 1994. For
each case, one control matched on gender, date of birth
within one year, and community was randomly selected
from complete files of local resident registration offices. If
a control family could not be traced or refused to partici-
pate, a substitute family was sampled. An additional cri-
teria for inclusion of cases and controls was that children,
who were older than one year of age at diagnosis or the
reference date, must have lived in the respective commu-
nity for at least half a year. Because this criterion could be
checked only after recruitment of participants, 3.4% of
families who had already agreed to participate were ex-
cluded. More details about the study methodology have
been published elsewhere [12].

Information on potential risk factors was collected by
both self-administered questionnaire and subsequent tele-
phone interview with parents. The questions about birth-
weight, gestational age, parental smoking, number and
birth dates of siblings and of the parents were on the postal
questionnaire. Socioeconomic status of a family was based
on parental education, occupational training, and average
monthly family net income as reported in the telephone
interview. The fieldwork for the study was conducted from
October 1992 until the end of 1997.

The calculations of SGA with the cutoff at <10th per-
centile, AGA from the 10th through the 90th percentiles, and
LGA with the cut-off at >90th percentile were based on
gender-specific percentiles for birthweight by gestation age in
weeks from a large German birth cohort [14]. The SGA,
AGA, and LGA were calculated for all 563,480-singleton live
births in West Germany in 1992. A second survey of 80,000
twins born in Germany between 1990 and 1995 provided data
to calculate SGA, AGA, and LGA for multiple births [15].

Statistical methods

Odds Ratios (OR) and 95 percent confidence intervals
(95% CI) were computed by conditional logistic regression
analysis for frequency-matched data sets, using Proc Phreg
of SAS 6.1.2 [16]. With this approach, each diagnostic-
specific model always included the total control group for
comparison, regardless of an individually matched partner
[17]. The frequency-matched logistic regression model was
stratified by gender and age (groups of one year), resulting
in strata of m:n matched cases and controls for the
calculation of conditional maximum likelihood given
the explanatory variables gender and age. Additional
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adjustments were made for degree of urbanization (urban,
rural, mixed urban-rural) and for socioeconomic status
(high, other).

Odds ratios were calculated for both the whole group
and for singletons alone (but not separately for the small
number of multiple births). In the tables presented in this
manuscript, results are presented for singletons, although
the results did not substantially differ with inclusion of
multiple births (data not shown). Multiple gestations may
be the result of infertility treatments, which can alone or
via an inherited trait from a woman who had a history of
subfecundity, place offspring at greater risk of cancer. In
addition, the in utero environment for multiple gestations
differs from that of singletons’, sufficiently so to justify the
presentation of results for singletons alone. As Down’s
syndrome is associated with a greatly increased risk of
several childhood cancers and leukemia in particular,
children with Down’s syndrome were excluded from the
analysis [1]. In the model of birthweight and gestational
age, the data were stratified by birth order (first versus later
born) because growth factors and birthweight vary by
parity [1].

The agreement between birthweight and birthweight-
for-gestational age was evaluated with the kappa statistic
[18]. The kappa statistic quantifies the extent of agreement
beyond the expected level of agreement from chance alone.
Kappa values range from 1 (perfect agreement), 0 (no
agreement) to —1 (perfect disagreement), with values
around 0.5 representing fair agreement. To be consistent,
we excluded the same subjects from this analysis as from
the risk analyses (including multiple births) and applied the
same categorization for birthweight and birthweight-for-
gestational age.

Results

In the 2,346 eligible families of childhood cancer patients,
60 (2.6%) were not contacted due to the physician’s pref-
erence. Of the remaining 2,286 contacted case families,
1,938 (84.8%) returned the questionnaire. Since specific
eligibility criteria could only be checked from the ques-
tionnaire, certain participants were excluded a posteriori
leaving 1,867 childhood cancer patients for analyses (see
‘“Methods’”). Among families of healthy control children,
2,126 (70.9%) of 2,998 eligible families returned the
questionnaire and 2,057 fulfilled the eligibility criteria.
Furthermore, we excluded cases and controls with trisomy
21, multiple births and subjects for whom birthweight and/
or gestational age were not available (Table 1).

Since more control than case families were high SES, all
analyses were adjusted for SES (Table 1). The mean
birthweight was 3,417 g (95% CI 3,394-3,441) in all

controls compared to 3,427 g (95% CI 3,401-3,454) in all
childhood cancer patients. In the healthy controls, 86%
were normal birthweight (2,500—4,000 g), three percent
were low birthweight (<2,500 g) and the remaining 11%
high birthweight (>4 kg). Using the birthweight-for-gesta-
tion age algorithm, 80% of all controls were AGA, 11%
SGA, and 8% LGA. The differences in mean birthweight
across childhood cancer diagnostic groups were minor.
Finally, among controls, the percent high birthweight was
higher in boys than girls (15% vs. 9%), children of non-
smoking mothers compared to mothers who smoked (14%
vs. 7%), birth order of two or higher compared to firstborns
(16% vs. 9%), and older mothers (13% vs. 10% vs. 2% for
age groups = 30 years, 20-29 years, and <20 years at
delivery).

In a comparison of the adjusted ORs of childhood can-
cers for SGA and LGA to the AGA as well as a comparison
of low and high birthweight to the normal birthweight, the
LGA had a higher risk ranging from 18% to 57% for ALL,
AML, NHL, CNS tumors, neuroblastoma, and nephro-
blastoma, with a statistically significantly higher odds for
ALL. The higher risk in the high-birthweight ranged from
34 % to 65 % for the same set of cancer diagnostic groups,
except the bone tumor patients also experienced a higher
risk in the high birthweight, not the LGA, and the NHL
experienced a higher risk in the LGA only. In contrast, no
significant associations were seen for SGA; indeed when an
elevated OR appeared in the SGA, the magnitudes were
much lower than the ones observed in the low birthweight
even though the number of cases and controls who were
SGA were larger than the number of low birthweight. The
adjusted ORs of all case groups were elevated in the low
birthweight, with a significantly higher OR for NHL. Also,
there were four childhood cancer groups in which the OR
for SGA was below one and, therefore, in the opposite
direction than for low birthweight, notably AML, CNS
tumors, nephroblastoma, and bone tumors.

Birth order, maternal smoking during pregnancy and
maternal age at delivery were considered potential con-
founders, because a woman in her first pregnancy has
higher hormone-levels than in subsequent pregnancies (in
particular, estrogen and its metabolites are correlated with
pregnancies in a woman [19]) and maternal age is corre-
lated with parity [20]. Higher insulin-growth factor-1 levels
were higher in cord blood of infants who later developed
childhood cancer than healthy controls [21]. Maternal
smoking is assumed to be a risk factor for certain childhood
cancers and maternal smoking is known to be associated
with a lower birthweight [1]. Thus birth order, maternal
smoking and maternal age were tested as confounding
factors by inspecting the changes in the risk estimates.
Adjustment for these factors marginally changed the results
(data not shown), thus, we kept the final statistical model in
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Table 1 Demographic characteristics of childhood cancer patients and controls®

Controls ALL* AML* NHL* CNS Neuro- Nephro- Bone Soft tissue
tumor blastoma blastoma tumor sarcoma
n (%) n (%) n (%) N (%) n (%) n (%) n (%) n (%) n (%)

Total available 2,057 650 105 172 399 160 147 97 137
Down’s syndrome 1 10 7 0 0 0 0 0 0
Missing birthweight/ 34 19 4 8 12 4 3 3 1

gestational age

Total included 2,024 100.0 621 100.0 94 100.0 164 100.0 389 100.0 156 100.0 144 100.0 94 100.0 136 100.0

Gender
Boys 1,162 574 369 594 53 564 123 750 226 581 87 558 70 48.6 50 532 79 58.1
Girls 862 42.6 252 40.6 41 43.6 41 250 163 419 69 442 74 514 44 468 57 419

Age
0 years 204 101 26 4217 181 O 00 22 57 70 449 31 215 O 00 19 140
1-4 years 825 40.8 342 55.1 27 287 40 244 138 355 71 455 79 549 8 85 44 324
5-9 years 604 298 168 27.1 31 33.0 64 39.0 144 370 13 83 31 215 33 351 41 30.1
10-14 years 391 193 85 137 19 222 60 366 8 218 2 1.3 3 21 53 564 32 235

Birth year
<1980 93 46 22 35 4 43 13 79 12 31 1 0.6 1 07 16 17.0 8 59
1980-84 405 200 85 13.7 22 234 62 37.8 101 260 2 1.3 3 2.1 47 500 35 257
1985-89 737 364 251 404 29 30.8 69 42.1 155 39.8 28 180 52 361 27 287 46 338
1990-94 789 39.0 263 424 39 415 20 122 121 31.1 125 80.1 88 61.1 4 43 47 346

Degree of urbanization
Urban 841 41.6 267 430 36 383 65 39.6 151 388 71 455 63 438 39 415 48 353
Mixed 642 31.7 192 309 30 319 57 348 121 31.1 50 321 46 319 20 213 47 346
Rural 541 267 162 26.1 28 298 42 25.6 117 30.1 35 224 35 243 35 372 41 30.1

SES?*

Other 1,425 704 468 754 75 79.8 120 732 288 740 120 769 106 73.6 64 68.1 105 77.2
High 599 29.6 153 246 19 202 44 268 101 260 36 231 38 264 30 319 31 228

Maternal smoking during pregnancy
No 1,607 79.4 493 794 74 78.7 119 72.6 314 80.7 113 724 115 799 80 851 112 824
Yes 414 205 124 20.0 17 181 42 256 72 185 43 276 28 194 13 138 24 176

unknown 3 01 4 06 3 32 3 18 3 08 0 0.0 1 07 1 1.1 0 0.0

Birth type
singleton 1,993 985 610 982 91 96.8 159 97.0 380 97.7 149 955 143 993 91 96.8 128 94.1
multiple 31 1.5 11 1.8 3 32 5 30 9 23 7 4.5 1 07 3 32 8 59

Birth order
1 982 485 325 523 45 479 81 494 196 504 76 487 76 528 53 564 77  56.6
2 732 362 203 327 33 351 59 36.0 136 350 44 282 43 298 26 277 36 265
3 or higher 310 153 93 150 16 140 24 146 57 146 36 231 25 174 15 159 23 16.9

Birthweight (g)

Median 3,410 3,450 3,485 3,420 3,450 3,475 3,550 3,440 3,358
Mean 3,417 3,446 3,436 3,371 3,430 3,406 3,484 3,464 3,337
95% CI 3,394— 3,402- 3,304- 3,280- 3,373- 3,305- 3,391- 3,358- 3,240-

3,441 3,490 3,567 3,462 3,487 3,507 3,577 3,569 3,435

 abbreviations: ALL (acute lymphoblastic leukemia), AML (acute myeloid leukemia), NHL (Non-Hodgkins’ lymphoma), SES (socioeconomic
status; estimated on the basis of parental education, parental occupational training, and average family net income), CI (confidence interval)

Table 2 as simple as possible. For ALL, we examined risk ~ youngest children (up to two years of age at diagnosis)
by age group, but did not see any clear pattern. The asso-  compared to the two < six years old and 6+ years old
ciation with high birthweight was slightly stronger in the  children, however, the odds ratios were 1.64, 1.33, and 1.41
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Table 2 Adjusted odds ratios (OR) of childhood cancer in the large-for-gestational age (LGA) or small-for-gestational age (SGA) compared to
the appropriate-for-gestational age (AGA) and in the low and high birthweight compared to the normal birthweight*

Birthweight for gestational age® % Cases % Controls ~ OR (95% CI)°® Birthweight % Cases % Controls  OR (95% CI)°
ALL

SGA 10.8 113 1.00 (0.74-1.35) <2.5kg 3.1 2.8 1.23 (0.71-2.10)

AGA 71.9 80.4 1.00 Normal 82.0 86.1 1.00

LGA 11.3 8.3 1.45 (1.07-1.97) >4.0kg 149 11.1 1.41 (1.08-1.84)
AML

SGA 9.9 11.3 0.89 (0.43-1.83) <2.5kg 4.4 2.8 1.58 (0.55-4.59)

AGA 78.0 80.4 1.00 Normal 79.1 86.1 1.00

LGA 12.1 8.3 1.45 (0.75-2.83) >4.0 kg 16.5 11.1 1.56 (0.88-2.79)
NHL

SGA 12.6 11.3 1.15 (0.69-1.91) <25kg 6.3 2.8 2.77 (1.33-5.76)

AGA 76.7 80.4 1.00 Normal 83.6 86.1 1.00

LGA 10.7 8.3 1.40 (0.81-2.43) >4.0kg 10.1 11.1 0.94 (0.54-1.63)
CNS tumor

SGA 10.8 11.3 0.96 (0.67-1.37) <2.5kg 3.7 2.8 1.44 (0.79-2.63)

AGA 79.5 80.4 1.00 Normal 81.8 86.1 1.00

LGA 9.7 8.3 1.18 (0.80-1.72) >4.0 kg 14.5 11.1 1.34 (0.97-1.85)
Neuroblastoma

SGA 114 11.3 1.23 (0.70-2.15) <2.5kg 5.4 2.8 1.78 (0.78-4.09)

AGA 75.8 80.4 1.00 Normal 79.8 86.1 1.00

LGA 12.8 8.3 1.57 (0.90-2.71) >4.0 kg 14.8 11.1 1.41 (0.85-2.34)
Nephroblastoma

SGA 8.4 11.3 0.86 (0.46-1.60) <2.5 kg 2.8 2.8 1.07 (0.37-3.06)

AGA 79.7 80.4 1.00 Normal 83.9 86.1 1.00

LGA 11.9 8.3 1.48 (0.86-2.56) >4.0 kg 13.3 11.1 1.29 (0.77-2.15)
Bone tumor

SGA 6.6 11.3 0.48 (0.20-1.14) <2.5kg 33 2.8 1.19 (0.35-4.05)

AGA 83.5 80.4 1.00 Normal 80.2 86.1 1.00

LGA 9.9 8.3 1.06 (0.51-2.23) >4.0 kg 16.5 11.1 1.65 (0.90-3.01)
Soft tissue sarcoma

SGA 133 11.3 1.12 (0.65-1.93) <2.5kg 3.1 2.8 1.03 (0.36-2.94)

AGA 80.5 80.4 1.00 Normal 88.3 86.1 1.00

LGA 6.3 8.3 0.74 (0.35-1.55) >4.0kg 8.6 11.1 0.73 (0.39-1.39)

 abbreviations: ALL (acute lymphoblastic leukemia), AML (acute myeloid leukemia), NHL (Non-Hodgkins’ lymphoma), OR (Odds Ratio), CI
(confidence interval)

® small-for-gestational age (SGA): <10% percentile of birthweight distribution of comparison population, large-for-gestational age (LGA):
>90% percentile of birthweight distribution of comparison population

¢ odds ratio and respective 95% confidence interval derived from conditional logistic regression analyses for frequency-matched data sets

stratified for gender and age at diagnosis (one year age groups), additionally adjusted for degree of urbanization and socioeconomic status

and the confidence intervals fully overlapped. With respect
to LGA, odds ratios were 1.12, 1.38, and 1.59 for the same
three age groups, so the trend was reverse, but again the
differences were in line with random variation.

Since the magnitude of the odds ratios for LGA and
high birthweight were similar, we examined the extent to
which birthweight and birthweight for gestational age
were related. Among the controls, 63% of the high
birthweight newborns were LGA, while 84% of LGA

babies had a high birthweight. The agreement between the
two measures was fair, as shown by a kappa of 0.44 (95%
CI 0.39-0.49). Among ALL patients, the respective fig-
ures were 62% and 81%, with a kappa of 0.45 (95% CI
0.37-0.53). Hence, as there were differences in the pro-
portion of newborns who were classified by birthweight
alone versus birthweight for gestational age, we examined
the following exposure categories: LGA babies who were
classified as normal or low birthweight; heavy babies
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(>4 kg) who were not categorized as LGA; and LGA
babies who weighed >4 kg at birth. Since ALL and CNS
tumor patients had large sample sizes, the risk estimates
were calculated separately for firstborn versus children of
higher birth order (Table 3). An over five-fold higher
odds of ALL was observed in first, but not later born
children, who were categorized as LGA, weighing

< 4 kg, compared to the first born who were AGA
<4 kg. A similar pattern to that observed for ALL, was
seen for CNS tumor patients who were first-born, but the
95% CI included one. Those born LGA and weighing
>4 kg had a 40% elevated odds ratio of ALL. Finally for
all the CNS tumor patients, who were high birthweight,
but not LGA, their odds ratios were elevated by 81%
compared to the AGA, <4 kg.

In a trend analysis for every 100 g of additional birth-
weight in those weighing > 4 kg at birth, the odds of ALL
increased by 5% (95% CI 0.99-1.12), compared to a ref-
erent of birthweight ranging from 2.5 kg to 4 kg. For CNS
tumors, the respective figure was 1.00 (95% CI 0.93-1.09).
Gender-specific analysis revealed slightly stronger associ-
ations between high birthweight and risk of ALL for boys
than for girls, but this difference was within random
variation (data not shown).

Discussion

In a large population-based case—control study of child-
hood cancer, the association of birthweight alone was
compared with gender-specific birthweight-for-gestation
age categories on risk of cancer. Children who were high
birthweight or LGA had a 41-45% higher adjusted odds of
ALL compared to the normal birthweight and the AGA,
respectively, but 16% of LGA babies were not classified
high birthweight and 36% of the heavy babies were not
classified as LGA among the controls. A similar proportion
of the ALL cases, to the controls, were not jointly classified
in both categories of large newborns. In a trend analysis,
100 g increments in birthweight increased the odds of
ALL, but not CNS tumors. Children who were low birth-
weight had over a 2 2 fold higher adjusted odds of NHL,
but no association was observed in the SGA even though
11% and 13% of the NHL patients and controls were SGA,
respectively. Since there were differences in the proportion
classified by birthweight alone in contrast with birth-
weight-for-gestation age, we examined the effects of the
two factors in one analysis model. When we examined risk
by birthweight and birthweight-for-gestation age categories
in the first born, the LGA who were < 4 kg at birth had a

Table 3 Adjusted odds ratios of childhood acute lymphoblastic leukemia and childhood CNS tumors in the large-for-gestational age and in the

high birthweight®

ALL % cases % controls OR (95% CI) ¢ CNS tumor % cases % controls OR (95% CI)°
All children
SGA, <4kg® 10.8 11.3 1.01 (0.75-1.36) SGA, <4 kg 10.8 11.3 1.01 (0.70-1.46)
AGA, <4kg 72.1 76.3 1.00 AGA, <4kg 72.4 76.3 1.00
LGA, <4 kg 2.1 1.3 1.89 (0.94-3.79) LGA, <4kg 24 1.3 1.86 (0.85-4.09)
SGA/AGA, >4 kg 5.7 4.1 1.36 (0.89-2.08) SGA/AGA, >4 kg 7.1 4.1 1.81 (1.13-2.88)
LGA, >4 kg 9.2 7.0 1.41 (1.01-1.98) LGA, >4 kg 7.4 7.0 1.09 (0.71-1.67)
Only first-born
SGA, <4 kg 12.7 14.4 1.02 (0.68-1.51) SGA, <4 kg 13.1 14.4 1.14 (0.70-1.84)
AGA, <4 kg 73.1 71.3 1.00 AGA, <4 kg 72.3 71.3 1.00
LGA, <4kg 3.1 0.8 5.21 (1.78-15.3) LGA, <4kg 2.6 0.8 2.47 (0.73-8.37)
SGA/AGA, >4 kg 4.0 3.1 1.45 (0.72-2.90) SGA/AGA, >4 kg 7.3 3.1 1.94 (0.97-3.90)
LGA, >4 kg 7.1 4.8 1.50 (0.87-2.60) LGA, >4 kg 4.7 4.8 1.04 (0.48-2.28)
Only not first-born
SGA, <4 kg 8.7 8.7 0.98 (0.60-1.60) SGA, <4 kg 8.5 8.7 0.91 (0.51-1.64)
AGA, <4 kg 71.1 75.3 1.00 AGA, <4 kg 72.5 75.3 1.00
LGA, <4kg 1.0 1.8 0.67 (0.19-2.38) LGA, <4kg 2.1 1.8 1.23 (0.40-3.80)
SGA/AGA, >4 kg 7.7 5.1 1.29 (0.74-2.24) SGA/AGA, >4 kg 6.9 5.1 1.52 (0.77-2.98)
LGA, >4 kg 11.5 9.2 1.43 (0.91-2.26) LGA, >4 kg 10.1 9.2 1.07 (0.62-1.85)

 abbreviations: ALL (acute lymphoblastic leukemia), OR (Odds Ratio), CI (confidence interval), SGA (small-for-gestational age), AGA

(appropriate-for-gestational age), LGA (large-for-gestational age)

" small-for-gestational age (SGA): < 10% percentile of birthweight distribution of comparison population, large-for-gestational age (LGA):

>90% percentile of birthweight distribution of comparison population

c

odds ratio and respective 95% confidence interval derived from conditional logistic regression analyses for frequency-matched data sets

stratified by gender and age at diagnosis (one year age groups), additionally adjusted for degree of urbanization and socioeconomic status
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5.2-fold higher odds of ALL compared to the AGA
weighing <4 kg. In CNS tumor patients, those who
weighed >4 kg but were not LGA had an 80% higher odds
than those who weighted < 4 kg. Thus, two results of this
post-hoc analysis are worthy of discussion: notably, the use
of birthweight-for-gestation age categories within birth-
weight subgroups potentially identified a new high risk
group among firstborns for ALL and for all CNS tumor
patients; and the magnitude of the odds ratios for the tra-
ditional high birthweight group and the LGA were similar
for ALL but the same children were not jointly classified in
the large newborn categories.

The largest ORs appeared for ALL in the newborns who
were LGA, but not high birthweight, and who were first
rather than later born children. These newborns would not
have been identified using the traditional cut-offs for
birthweight alone. The large size of these newborns com-
pared to those born in the same gestational weeks might be
due to a higher fetal growth rate [9]. Their fetal growth rate
occurred relative to a modestly increasing mean birth-
weight for the AGA, i.e., the referent group. The work of
Lof et al. and of Chellakooty et al. demonstrated an asso-
ciation of maternal basal metabolic rate and IGF-1 levels in
larger fetal size [22, 23]. Insulin-like growth factor 1 (IGF-
1) is a mitotic hormone and is antiapoptotic [21] and has
been proposed to have a role in the relation of large new-
born size and childhood cancer [2]. The elevated risk in
ALL patients who are first rather than later borns may or
may not reflect the combination of larger fetal size and
later exposure to infectious pathogens incurred more fre-
quently in the first born child [24].

The 80% elevated OR for CNS tumors in those weigh-
ing >4 kg but not LGA might not be due to the same
mechanisms as in ALL patients, because the OR was not
appreciably different from the null with 100 g increments
of birthweight in the trend analysis. In the CNS tumors,
regulators of embryonic brain development, like Twist a
transcription factor responsible for closing the neural tubes
and migration of neural crest cells, might remain upregu-
lated in the presence of IGF-1 [25-27]. Indeed Twist is
overexpressed in human pediatric osteosarcomas, in
N-Myc-amplified neuroblastomas to override the p53
pathway, and is a target of transcriptional deregulation in
experimental nephroblastoma [28-30]. Other potential
candidates for a similar role are members of the Snail and
Slug family genes that enhance carniosynostosis associated
with Saethre-Chotezen Syndrome [31, 32].

The strength of the German case—control study is its
population base. Cases were ascertained by a nationwide
cancer registry and controls were sampled from population
registries. Given the overall participation rates of 85% for
cases and 71% for controls, we adjusted for factors that
were associated with control participation, particularly SES

and parental age, wherein controls had fewer families of
lower SES and families of younger ages [33]. Also parental
recall of early life exposures were more detailed in parents
of patients than in parents of healthy control children as
described earlier [34]. Hence, potential effects of selection
bias and recall bias, which are joint drawbacks of all
questionnaire-based case—control studies [35], have to be
mentioned in the context of the results. Finally, our birth-
order specific findings are based on small subgroups and
may be a chance finding. It needs to be stressed that our
present analysis is a post-hoc analysis of existing study
material and no new data were gathered [12], thus, the
results may be valid but could have arisen by chance.
Consequently, the results should rather be regarded as
hypothesis generating. We are currently involved in a
similar analysis of birthweight-for-gestational age in an
international pooling project of childhood ALL.

In a previous case—control study on childhood cancer in
Germany, we compared birthweights abstracted from
obstetric records with those reported by parents [36]. The
same questionnaire was used in the latter and the current
study [37]. Of 633 subjects with data from parental-
reported and record abstraction, only 69 (11%) had a
birthweight difference of more than 100 g. After catego-
rization at <2.5 kg and >4 kg, the agreement between the
data sources revealed a kappa of 0.95 (95% CI 0.92-0.98).
A very good agreement for birthweight was also observed
in a similar U.S. study [38]; thus the validity of maternal-
reported birthweight is high. Because data on gestational
age is likely to be less accurate, as demonstrated by a kappa
of 0.6 in a US study [38], recall bias may play a role in our
birthweight-by-gestational age analysis.

The distribution of birthweight from the birth registry of
the University of Mainz was compared to the distribution
in our control group [39]. Although this birth registry
covers part of our study region, it is appropriate for a
comparison, since substantial regional variation in birth-
weight has not been identified in West Germany [14, 39].
From this registry, we calculated the birthweight distribu-
tion by weeks of gestation for all singleton live births of
children born in 1990-1992. The rates of low birthweight
(i.e., <2.5 kg) over the same birth years were 6.0% (95%
CI 5.6%—6.5%) in the registry and 3.2% (95% CI 1.8%—
4.6%) in singleton births of our control group. Likewise,
the percent of short pregnancies (<37 weeks) of singleton
births in our control group was 3.4% (95% CI 1.9%-4.8%)
compared to 6.4% (95% CI 5.9%—6.8%) in the birth reg-
istry cohort. For high birthweight (>4 kg), on the other
hand, the prevalence rates of the two groups were similar,
notably 10.4% (95% CI 9.8%—-11.0%) in the birth registry
cohort and 11.7% (95% CI 9.2%-14.2%) in our control
group. In contrast, the rate of high birthweight was 17.0%
(95% CI 12.2%-21.7%) among the ALL singletons born
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1990-1992. Thus, these data indicate that our associations
of low birthweight and childhood cancer risk are likely to
be biased, while it strengthens the plausibility of our
findings for high birthweight.

In conclusion, in a large population-based case—control
study of childhood cancer, children who were high birth-
weight or LGA had a 41-45% higher adjusted odds of ALL
compared to the normal birthweight and the AGA,
respectively, thus, the results are similar to those from a
2003 meta-analysis on birthweight and ALL risk [4]. When
we examined risk by birthweight and birthweight-for-ges-
tational age categories in the first born, the LGA who were
< 4 kg at birth had a 5.2 fold higher odds of ALL compared
to the AGA weighing <4 kg. In a trend analysis, 100 g
increments in birthweight increased the odds of ALL.
Application of birthweight-for-gestational age categories
identified new high-risk groups for ALL in LGA first-born
children, who weighed < 4 kg at birth, and in CNS tumor
patients who weighed >4 kg but were not LGA. In an
international pooling project, we have the opportunity to
test the algorithm for ALL for evidence of consistent
associations.
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