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Birth weight and risk of childhood acute leukaemia
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ABSTRACT Studies of risk factors for acute leukaemia are inconclusive. This case-control study was done in West
Azerbaijan province, Islamic Republic of Iran, to determine the relationship between birth weight and acute
leukaemia in children aged under 15 years. For every patient 2 age- and sex-matched controls were selected
from hospital and community populations. Of 130 cases diagnosed over the period 2003-2009, 108 (83.1%) had
lymphoblastic and 22 (16.9%) myloblastic type. Significantly more of them were male than female (55.4% versus
44.6%). In a multivariate logistic regression model variables significantly associated with acute leukaemia were:
birth weight (OR = 2.25), birth order (OR = 2.25), birth place (OR =7.93), history of chickenpox (OR = 0.46) and
mothers” education (OR = 3.23). The risk of acute leukaemia increased significantly with increasing birth weight in
the total group and among girls, but not among boys.

Poids de naissance et risque de leucémie aigué de I'enfant

RESUME Les études des facteurs de risques d'une leucémie aigué n'ont pas permis de tirer de conclusions. La
présente étude cas-témoins a été menée dans la province d'Azerbaidjan de I'ouest (République islamique d'lran),
pour déterminer la relation entre le poids de naissance et une leucémie aigué chez I'enfant de moins de 15 ans.
Pour chaque patient, deux témoins appariés pour l'age et le sexe ont été sélectionnés dans des populations
hospitalieres ou communautaires. Sur 130 cas diagnostiqués entre 2003 et 2009, 108 (83,1 %) étaient porteurs
du type lymphoblastique et 22 (16,9 %) du type myéloblastique. Les patients de sexe masculin étaient nettement
plus nombreux que les patients de sexe féminin (55,4 % contre 44,6 %). Dans un modele de régression logistique
multivariée, les variables fortement associées a une leucémie aigué étaient les suivantes : poids de naissance (OR
= 2,25), rang de naissance (OR = 2,25), lieu de naissance (OR = 7,93), antécédents de varicelle (OR = 0,46) et
niveau d'études de la mere (OR = 3,23). Le risque d'une leucémie aigué augmentait nettement avec un poids de
naissance accru dans I'ensemble du groupe et chez les filles, mais pas chez les garcons.
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Introduction

Leukaemia is a malignant progressive
cancer which is caused by incomplete
production of white blood cells and
their precursors in blood and bone
marrow. The disease is classified into
acute and chronic types according to
the speed of progression of cancer and
into lymphoblastic or myeloblastic ac-
cording to the types of white blood cell
affected [1-3]. Leukaemia is the most
prevalent childhood cancer and the
most common type in children is acute
lymphoblastic leukaemia (ALL). ALL s
avery rapid cancer which is usually seen
in ages between 2 and 6 years [2]. ALL
has a high mortality rate, great costs for
treatment and a long period of hospi-
talization, with associated psychological
trauma for patients and their families
[4].

In view of the social and economic
burden of this disease, a number of stud-
ies have been done in different coun-
tries to study the relationship between
genetic and environmental factors and
the risk of acute leukaemia. One of
these factors is birth weight and in some
studies a statistically significant relation-
ship has been reported between birth
weight and leukaemia [S-21], while
other studies have found no relation-
ship [22-25]. In view of the conflicting
findings on this subject, we decided to
study the relationship between birth
weight and acute leukaemia in children
in the province of West Azerbaijan, Is-
lamic Republic of Iran.

Study sample

This was a case—control study. The
case group were patients with acute
leukaemia, diagnosed from 20 March
2003 and 20 March 2009, age less
than 15 years at the time of diagnosis
and residing in West Azerbaijan prov-
ince at the time of diagnosis. For each
patient we selected 2 controls from 2

groups: a hospital control and a com-
munity control. Cases and controls
were matched according to age group
(<5,5-9 and 1014 years old) and
sex. Hospital controls were selected
from the children’s ward and the chil-
dren’s clinic centre in Motahari hos-
pital in the city of Urmia. Community
controls were selected from children
who came to Urmia health centres for
routine health care. Inclusion criteria
for controls were not having acute
leukaemia or any other blood disease,
age less than 15 years at the time of
data collection and residing in West
Azerbaijan province.

Data collection

A specially designed questionnaire was
used to collect data on the child’s demo-
graphic characteristics, type of cancer
(forcases only), childsrisk factors (birth
order, birth place, history of chickenpox,
history of icterus, history of mumps
infection, history of X-ray exposure,
breastfeeding, formula-milk feeding)
and parents’” demographic characteris-
tics (mother’s age, father’s age, mother’s
education and father’s education at the
birth of the child). The questionnaire
design was based on a questionnaire
provided by the Washington Health
Department [26] and questionnaires
from previous studies in the Islamic
Republic of Iran and with input from
local professors of epidemiology and
oncology. A pilot study was done to test
the validity of the questionnaire. Ques-
tionnaires were completed using data
files and face-to-face interviews with the
mothers of patients and controls.

To prevent recall bias in the birth
weightvariable, we used the birth weight
recorded in the household folders kept
by the health system and in vaccination
cards; the birth weight of 90.8% of the
case patients and 95.0% of controls were
recorded.

Statistical analysis

A logistic regression model in SPSS,
version 16 was used to investigate the

relationship between birth weight and
acute leukaemia and also to control
for confounding factors and investigate
the possible effects on acute leukaemia
risk of the risk factors investigated. We
report odds ratios (OR), 95% confi-
dence interval (CI) and P-values for all
variables. The chi-squared test for trend
was used to determine the trend of
birth weight in the developing of acute
leukaemia.

Atotal of 138 children affected by acute
leukaemia were diagnosed in west Azer-

baijan province over the study period
(113 with ALL and 25 with AML); 8
patients dropped out of the study, 1
because the parents did not agree to
participation and 7 because of a change
of address. So the study was based on
130 patients, of whom 108 (83.1%)
were affected by ALL and 22 (16.9%)
by AML. Of these, 72 patients (55.4%)
were boys and 58 (44.6%) girls. At the
time of diagnosis, 52.3% of their families
lived in urban areas and 47.7% in rural
areas. Most cases (43.1%) were aged
under 5 years (Figure 1). There were
260 age and sex-match controls: 144
boys (55.4%) and 116 girls (44.6%).

The mean birth weight of children
affected by acute leukaemia [3400 (SD
650) g] was significantly higher than
that the control group [3240 (SD 592)
g] (P=002).

A univariate logistic regression
model was used to evaluate the contri-
bution of each variable and its relation
to leukaemia. Variables with a signifi-
cant association were as follows: birth
weight (< 4000 g versus > 4000 g),
birth order (1 versus > 2), birth place
(home versus hospital), history of
chickenpox, mother’s and father’s age
(< 35 versus > 35 years) and mother’s
and father’s education (below high
school versus high school and above)
(Table 1). Variables without any sig-
nificant relationship according to the
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univariate logistic regression model
were as follows: history of icterus, his-
tory of mumps, history of X-ray expo-
sure, breastfeeding (> 6 months and
< 6) and formula milk feeding (only
formula feeding) (Table 1).

Using a multivariate logistic regres-
sion model with a forward method,
we evaluated different variables in
relation to acute leukaemia. Variables
that remained significantly associated
with acute leukaemia were as follows:
birth weight (> 4000 versus < 4000
g) (OR =225; 95% CI: 1.09-4.64),
birth order (= 2 versus 1) (OR =
225; 95% CI: 1.33-3.83), birth place
(home versus hospital) (OR = 7.93;
95% Cl: 4.07-15.5), positive history
of chickenpox (OR = 0.46; 95% CI:
0.25-0.96) and mothers” education
(below high school versus high school
or above) (OR = 3.23;95% CI: 1.77—
5.89) (Table2).

As seen in Table 3, the risk of acute
leukaemia increased with increasing
birth weight category, from < 3000
g (OR = 0.65; 95% CI: 0.34-1.24),
through 3000-3499 (reference
group), 3500-3999 g (OR = 1.30;
95% CI: 0.76-2.20) to = 4000 g (OR
=220;95% CI: 1.09-4.50). This trend
was statistically significant in the total
group (P = 0.016) and among girls
(P =0.006), but not among boys (P =
0.133).

Discussion

In this study we examined 130 children

with acute leukaemia who were diag-
nosed in West Azerbaijan province. In
our sample of children diagnosed with
acute leukaemia, 83.1% were affected by
ALL and 16.9% by AML. In MacArthur
et al’s study in Canada 88% of patients
were affected by ALL, 10% by AML and
2% by acute unknown lymphoblastic
leukaemia [27]. In Milne et al’s study
in Western Australia 86.8% of children
were affected by ALL and 13.2% by
AML [28]. In all these studies, we see
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Figure 1 Frequency of childhood acute leukaemia by age groups. ALL = acute
lymphoblastic leukaemia; AML = acute myloblastic leukaemia

that more than 80% of acute leukaemia
cases were ALL type.

Slightly more of the cases were
among males than females (55.4%
versus 44.6%). This agrees with the re-
sults of other research. For example,
Hjalgrim et al. found 52.9% of patients
were males and 47.1% were females
[S], Rosenbaum et al, studying patients
with ALL only, found 57% were males
and 43% were females [29], while
Mallol-Mesnard et al. reported that
54.4% of patients were males and 45.6%
were females [30]. Most of the cases
in our study were under $ years of age
(43.1%), which is similar to the results
of Westergard et al. [7] Hjalgrim et al.
[S] and Zolala et al. [22]. In our study
the number of patients living in urban
areas (52.3%) was greater more than in
rural areas (47.7%). In Auvinen et al’s
study on ALL patients 24% of patients
lived in rural areas, 32% in urban areas
and 44% in suburban areas [31]. Zolala
et al. reported 63.5% of patients living
in urban areas and 36.5% in rural areas
[22].

One of the major advantages of
this study was that the subjects in the
control group were randomly selected
from the children’s ward and from the
children’s clinic centre in Motahari
hospital in Urmia city and from chil-
dren who came to Urmia health cen-
tres for routine care rather than from
recruited volunteers as in most other

case—control studies. In addition, the
use of vital records eliminated the
problem of recall bias (in the birth
weight variable) because the data were
not self-reported after a diagnosis of
leukaemia.

We observed a strong relationship
between increasing birth weight and
acute leukaemia risk. Several studies
have suggested a possible relation-
ship between acute leukaemia risk
in children and particularly high
birth weight [5-21,23,32-36]. For
example in Hjalgrim et al’s study a
significant relationship was seen be-
tween birth weight and ALL but not
between birth weightand AML [S].In
Caughey and Michel’s meta-analysis
(6] and a meta-analysis by Hjalgrim
et al [36], a significant relationship
was seen between weight > 4000 g at
the time of birth and acute leukaemia
(AML and ALL) [6,27]. Some stud-
ies did not observe any relationship
between high birth weight and leukae-
mia [22-25].

We found a relationship not only
for those with high birth weight but
also a steady increase in leukaemia risk
with increasing birth weight category.
This relationship was statistically
significant for girls but not for boys.
This agrees with Westergard et al,
who observed that for each kilogram
increase in birth weight the relative risk
increased by 1.46 in ALL and 2.14 in
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Variables

Birth weight (g)
24000
<4000
missing
Birth order
22
1
Birth place
Home
Hospital
History of chickenpox
Yes
No
History of icterus
Yes
No
History of mumps infection
Yes
No
History of X-ray exposure
Yes
No
History of breastfeeding
Yes?
NoP
History of formula milk feeding
Yes?

Nob

Mother’s age (years)
235
<35

Father’s age (years)
=35
<35

Mother’s education
Below high school
High school and above

Father’s education
Below high school

High school and above

Patients
(n=130)

No.

21
97

87

43

55
75

15
115

46

84

124

33
97

118

31
9

24

106

48
82

111
19

94
36

Controls
(n=260)

No.

Child variables

22
225
13

112
148

21
239

59
201

119
141

255

61
199

247
13

67
193

Parent variables

21
239

65
195

140
120

143
117

Table 1 Univariate logistic regression model of factors associate with acute leukaemia compared with healthy controls

OR (95% CI)

2.21(1.16-4.21)

2.67 (1.72-4.15)

8.35 (4.74-14.7)

0.44(0.24-0.82)

0.65 (0.42-1.00)

2.47(0.74-8.24)

1.11(0.68-1.81)

0.52(0.23-1.17)

0.90 (0.55-1.47)

2.58 (1.37-4.83)

1.76 (112-2.76)

5.01(2.91-8.63)

2.14 (1.36-2.37)

0.014

>0.001

>0.001

0.008

0.05

0.13

0.68

0.11

0.68

0.002

0.014

<0.001

<0.001

@>6 months; * < 6 months or not used.
OR = odds ratio; Cl = confidence interval.
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Table 2 Multivariate logistic regression model showing significant risk factors associated with childhood acute

leukaemia

Variable

Birth weight (< 4000 g vs 24000 g)
Birth order (1vs > 2)

Birth place (home vs hospital)

History of chickenpox (yes vs no)

Mother’s education (< high school vs > high school)

OR(95% CI)
2.25(1.09-4.64)
2.25(1.33-3.83)
7.93 (4.07-15.5)
0.46 (0.25-0.96)
3.23(1.77-5.89)

P-value
0.028
0.003

<0.001
0.038
<0.001

OR = od(ds ratio; Cl = confidence interval.

Table 3 Risk of developing acute leukaemia according to birth weight and sex of children with acute leukaemia compared
with healthy controls

160

Sex/birth weight (g) Patients Controls OR(95% CI)
(n=130) (n=260)
Both sexes
<3000 18 64 0.65 (0.34-1.24)
3000-3499 39 90 1(Ref.) 0.016
3500-3999 40 71 1.30 (0.76-2.20)
>4000 21 22 2.20 (1.09-4.50)
Missing data 12 13
Girls
<3000 10 32 0.84(0.32-2.17)
3000-3499 12 46 1(Ref.)
3500-3999 20 27 2.37(0.95-5.92) 0006
>4000 5.60 (1.36-23.1)
Missing data 9 7
Boys
<3000 8 32 2.46 (0.99-6.10)
3000-3499 27 44 1 (Ref.) 0133
3500-3999 20 44 1.82 (0.71-4.65)
>4000 14 18 3.11(1.10-8.83)
Missing data 3 6

OR = odds ratio; Cl = confidence interval; Ref. = reference group.

AML [7]. Robert et al. also observed
that increasing birth weight increased
the risk of acute leukaemia in children
and the association was statistically
significant [8]. Our findings might
imply that factors that are influential
on fetal growth play an important role
in the development of childhood leu-
kaemia. It was previously suggested
that children with a high birth weight
may be more likely to be exposed to
diagnostic radiation in utero or in the
neonatal period and that this radiation
exposure might explain some of the

excess risk associated with high birth
weight [ 16]. It has been suggested that
high birth weight may result from high
levels of growth factors in uterus, and
these growth factors might increase
the risk of ALL by inducing prolif-
erative stress on the bone marrow
[37,38].

In conclusion, our study adds
to the evidence that birth weight is
related to an increased risk of child-
hood acute leukaemia and this may be
useful for diagnosis and prevention.

Further studies in Islamic Republic of
Iran and other countries are needed
to evaluate the risk factors for child-
hood leukaemia, including high birth
weight.
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