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Abstract
Background: Acute lymphoblastic leukemia (ALL) is the most common malignancy in children. Different
environmental factors might be effective in the occurrence of this malignancy during childhood. The aim of this study
was to find environmental risk factors in childhood ALL in Hamadan, Iran. Methods: This case-control study was
done in 2015-2018 on 125 children younger than 15 years of age suffering from ALL. Patients were matched with
130 controls with respect to age, gender, and residence location. The identification of risk factors for ALL was sought
based on the comparison of studied variables between case and control individuals. Results: A statistically significant
increased risk for ALL was found with regard to type of delivery (OR: 0.43, 95% CI: 0.20 - 0.92, p˂0.02), childcare
(OR: 4.58, 95% CI: 0.95 - 22.20, p˂0.04), birth weight (OR: 1.44, 95% CI: 1.53 - 2.21, p˂0.006), father’s education
level (OR: 2.67, 95% CI: 1.10 - 6.45, p˂0.02), and father’s job (OR: 0.2 95% CI: 0.08 - 0.51, p˂0.001). Also observed
were increased odds for ALL regarding male gender, mother’s high education level, mother’s freelance job, and medium
or high family income. No association with ALL incidence was observed for age, gender, breastfeeding, mother’s age
at pregnancy, malignancy in first- or second-degree relatives, or mother’s use of hair dye during pregnancy (p> 0.05).
Conclusion: This study showed that father’s education level, father’s job, delivery type, birth weight, and childcare
can play a role in the incidence of childhood ALL.
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Introduction
Leukemias are malignant hematologic disorders
characterized by the defective differentiation of immature
white blood cells which leads to increased leukemic blasts
cells in bone marrow (BM) and peripheral blood (PB)
(Sant et al., 2010). Based on the cell type (lymphoid or
myeloid) as well as the course of disease, leukemias are
divided into acute forms, including acute lymphoblastic
leukemia (ALL) and acute myeloid leukemia (AML),
and chronic forms, including chronic myeloid leukemia
(CML) and chronic lymphoblastic leukemia (CLL) (Sant
et al., 2010; Vardiman et al., 2009). According to reports
by the World Health Organization (WHO), ALL is the most
common type of cancer in children younger than 15 years
of age; it accounts for nearly one third of childhood cancers
(Schrappe, 2018). Similar to other malignancies, ALL
seems to be a multifactorial disease, and environmental
and genetic factors interact with each other, playing a
key role in its incidence (Eden, 2010). Several studies
have demonstrated that environmental and genetic factors
such as breastfeeding, keeping children in kindergarten,

exposure to radiation, smoking, farm animals, and some
inherited diseases (such as Fanconi anemia) can be
associated with an increased risk for ALL in children
(Gholami et al., 2011; Karimi et al., 2016; Moghaddasi
et al., 2018; Mohammadi et al., 2018; Urayama et al.,
2010). These findings suggest that knowing risk factors for
childhood leukemia, especially ALL, is a crucial step in the
prevention and reduction of ALL occurence in childhood.
Despite the importance of environmental factors in ALL
predispositions, few studies in Iran have examined the
relationship between type of delivery, birth weight,
breastfeeding experience, level of income, childcare
history, parental education level, father’s occupation,
mother’s age at pregnancy, and history of mother’s use
of hair dyes with the risk of this malignancy.
Considering the fact that several acquired and inherited
factors play a role in the occurrence of leukemia, and
given that there are various risk factors of ALL in different
geographical regions (Hashemizadeh et al., 2013), this
study investigated environmental characteristics as
potential risk factors for ALL incidence among children
less than 15 years old in Hamadan.
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Materials and Methods
This matched case-control study was conducted on
children with ALL who referred to Be’sat Hospital of
Hamadan University of Medical Sciences during the
years 2015-2018. Cases were children with a diagnosis
of ALL confirmed through BM aspiration as well as flow
cytometric analysis of the PB and BM cells. Controls were
selected from children who referred to Be’sat Hospital
for routine healthcare and had no previous history of
invasive cancers or hematological malignancies. Controls
and patients were frequency-matched by age, gender,
and residence location at the time of the study. Informed
consent was obtained from each individual participating
in this study before data collection, in accordance with
the institutional Ethics Committee of the Research
Deputy of Hamadan University of Medical Sciences.
Cases and controls were interviewed, and a questionnaire
gathering detailed information on the variables under
study was completed by the parents of each subject. The
questionnaire included questions about age, gender, birth
weight (high birth weight defined as 3,500 g or more),
duration of breastfeeding, mother’s age at pregnancy,
educational level of parents, childcare, income level,
father’s occupation, smoking, type of delivery, history of
mother’s use of hair dyes, and percentage of malignancies
in first- and second-degree relatives.
The inclusion criteria for cases were a diagnosis of
ALL at the time of the study, the absence of a previous

history of organ transplantation, age less than 15 years,
and residence in Hamadan at the time of diagnosis.
Controls had no previous history of ALL, other
invasive cancers, or hematological diseases and were
frequency-matched to cases by age (less than 15 years),
gender, race, and residence in Hamadan during data
collection.
Statistical analysis
All statistical analyses were performed using SPSS
version 22, and quantitative data was expressed as mean
± SD. Logistic regression was used to estimate the
odds ratios, and a 95% confidence interval was used to
investigate the relationship between the studied variables
and a predisposion to ALL. Chi-square and and t-tests for
differences between groups were used to compare cases
and controls to determine the association between the
studied variables and the risk of ALL. A p-value of < 0.05
was considered significant.

Results
One hundred twenty-five children with ALL and one
hundred thirty healthy individual controls less than 15
years of age were enrolled in this study from 2015 to
2018. Out of the leukemic cases, 52 (41.6%) were girls
and 73 (58.4%) were boys. Although the difference was
not statistically significant, boys showed a 1.25-time
increase in odds for ALL (95% CI: 0.61 - 2.57) than over

Table 1. ALL Incidence Risk based on Children Characteristics
Characteristics

Cases n = 125

Controls n = 130

Sex; n (%)
Male

73 (58.4%)

79 (60.7)

Female

52 (41.6%)

51 (39.3)

Caesarian

89 (71.2)

68 (52.4)

Normal

36 (28.8)

62 (47.6)

Type of birth; n (%)

Birth weight (gr); n (%)
Mean ± SD

3130 ± 2.1

2510 ± 1.4

≤2500

16 (12.8)

20 (15.3)

2,500-2,999

21 (16.8)

36 (27.3)

3,000-3,500

31 (24.8)

61 (46.9)

≤3,500

57 (45.6)

14 (10.5)

No

67 (53.6)

56 (35.4)

Yes

58 (46.4)

74 (64.6)

1-3

20

23

4-6

13

17

7-9

11

13

10-12

8

10

≥12

6

11

114 (91.2)

110 (84.6)

11 (8.8)

20 (15.4)

Ever breast-fed; n (%)

Odds ratio (95% CI)

P-value

1.25 (0.61 - 2.57)

0.54

0.43 (0.20 - 0.92)

0.02

1.44 (1.53 - 2.21)

0.006

0.02 (0.54 - 1.93)

0.57

4.58 (0.95 - 22.20)

0.04

Months breast-fed; n (%)

Child care; n (%)
Home
Kindergarten
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girls. As shown in Table 1, the mean age of ALL patients
was 6.4 ± 5.23 years (range, 1-10), and the mean age of
control individuals was 7.43 ± 8.11 years (range, 1-12),
but no significance difference was observed (p = 0.74).
Risk factors for ALL incidence
To identify ALL risk factors, the association between
different variables and ALL incidence was evaluated.
Based on the children’s characteristics, a significant
association was found between both type of birth
(p ˂ 0.02) and childcare (p ˂ 0.04) and increased risk of
ALL (Table 1). High birth weight was also associated
with an increased risk of ALL (p ˂ 0.006) (Figure 1). The

risk of ALL was shown to be lower for children who were
breastfed for more than 12 months, although no statistical
significance was found (p ˂ 0.57). Univariable analysis
showed that the odds of children delivered by caesarian
for developing ALL was increased 0.43 times (95% CI:
0.20 - 0.92) compared with children delivered vaginally.
Moreover, an increased risk of ALL was observed among
children whose fathers had a high level of education (p
˂ 0.02) or had a freelance job (p ˂ 0.001) (Table 2). The
odds of developing ALL for children whose fathers had
a higher level of education and those with a freelance job
were 2.67 and 0.2 times higher than other children (95%
CI: 1.10 - 6.45), (95% CI: 0.08 - 0.51), respectively.

Table 2. ALL Incidence Risk by Parental and Family Characteristics
Characteristics

Cases n = 125

Controls n = 130

Father's smoking; n (%)
Yes

26 (20.8)

45 (34.6)

No

99 (79.2)

85(65.4)

Low

44 (35.2)

19 (14.6)

Medium or high

81 (64.8)

111 (85.4)

Family income; n (%)

Malignancy in first-degree relatives; n (%)
Yes

9 (7.2)

12 (9.3)

No

116 (92.8)

118 (90.7)

Malignancy in second-degree relatives; n (%)
Yes

43 (34.4)

48 (36.9)

No

82 (65.6)

82 (63.1)

114 (91.2)

110 (84.6)

11 (8.8)

20 (15.4)

≤ High school

84 (67.2)

86 (66.1)

≥ High school

41 (32.8)

44 (33.9)

Child care; n (%)
Home
Kindergarten
Father's education level; n (%)

Mother's education level; n (%)
≤ High school

101 (80.8)

95 (73.1)

≥ High school

24 (19.2)

35 (26.9)

Mean of years ± SD

28.2 ± 2.4

25.6 ± 3.7

≤19

22 (17. 6)

27 (20.8)

20-25

30 (24.0)

47 (36.1)

26-30

23 (18.4)

29 (22.3)

31-35

37 (29.6)

19 (14.7)

≥35

13 (10.4)

8 (6.1)

Employee

16 (12.8)

54 (41.5)

Freelance

109 (87.2)

76 (58.5)

Mother age at pregnancy, n (%)

Father's job; n (%)

Mother's job; n (%)
Employee

9 (7.2)

15 (11.5)

Freelance

116 (92.8)

115 (88.5)

Use of hair dye during pregnancy by mother; n (%)
Yes

18 (14.4)

21 (16.1)

No

107 (85.6)

109 (83.8)

Odds ratio (95% CI)

P-value

0.50 (0.22 - 1.13)

0.09

3.24 (1.33 - 7.91)

0.08

0.17 (0.02-1.46)

0.07

0.94 (0.44 - 1.98)

0.87

4.58(0.95 - 22.20)

0.04

2.67 (1.10 - 6.45)

0.02

1.55 (0.65 - 3.66)

0.32

1.48 (0.31- 0.6.8)

0.41

0.20 (0.08 - 0.51)

0.001

0.60 (0.17 - 2.18)

0.43

0.87(0.32 - 2.37)

0.77
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Figure 1. Comparison of Mean of Birth Weight between Cases and Control Individuals
Although no significant association was found between
mother’s education level or mother’s job and ALL
incidence, univariable analysis showed that the odds of
children whose mothers had a high level of education
or a freelance job were 1.55 and 0.6 times higher for
developing ALL (95% CI: 0.65 - 3.66), (95% CI: 0.17
- 2.18), respectively. Similarly, a mother’s high age at
pregnancy was also associated with an increased risk
for ALL, but the finding was not statistically significant
(Figure 2). Children with homecare had 4.58 times higher
odds for ALL occurrence (95% CI: 0.95 - 22.20). No
significant association was found between the risk for
ALL and father’s smoking, family income, malignancy
in first- and second-degree relatives, or mother’s use of
hair dye during pregnancy (Table 2). However, the odds
associated with family income showed that children with
a medium- or high-level family income were 3.24 times
higher for ALL incidence.

Discussion
In addition to cytogenetic abnormalities, the increased
risk of ALL can be associated with different environmental
factors. Several case-control studies have introduced
heavy smoking, father’s freelance job, exposure to low or

moderate/high levels of pesticides, and obesity as the most
common risk factors associated with the predisposition
for ALL in children (Gholami et al., 2011; Moghaddasi
et al., 2018; Mohammadi et al., 2018; Urayama et al.,
2010). Among all enrolled cases in the current study, 52
(41.6%) were girls and 73 (58.4%) were boys. Although
no significant difference between cases and control
individuals was found to explain a predominant tendency
to develop ALL, univariable analysis showed that boy’s
gender had higher odds for developing ALL. This
finding is in agreement with previous studies (Gholami
et al., 2011; Zakerinia et al., 2015). Since few studies
have investigated the association between gender and
development of ALL, whether this association may be an
effect of sexual hormones is still unclear. The relationship
between the development of ALL and lifestyle is another
important issue. In the current study, a significant
association was observed between both caesarian delivery
and home childcare and the incidence of ALL in children.
Similarly, Francis et al. and Marcotte et al. reported that
because of the increased possibility of infection and the
low level of immune responses with caesarian delivery,
it is associated with the higher risk of ALL (Francis et al.,
2014; Marcotte et al., 2016).
In the current study, high birth weight was associated

Figure 2. Frequency of Different Groups of Mothers Based on Age at Pregnancy
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with an increased risk of ALL. Similarly, this association
has also been reported in recent large studies (Hjalgrim et
al., 2003; McLaughlin et al., 2006; Oksuzyan et al., 2012;
Von Behren et al., 2011); conversely, some studies have
found a negative or weak increased risk of ALL among
children who had higher birth weights (Ma et al., 2005;
Shu et al., 2002). One possible mechanism suggested to
explain this finding is insulin-like growth factor I (IGF-I),
which is associated with the stimulation of myeloid and
lymphoid cells proliferation (McLaughlin et al., 2006).
Furthermore, maternal risk factors, including pregnancy
weight gain, mother’s own birth weight, diabetes, smoking,
drug use, and duration of breastfeeding can also be related
to higher birth weight as well as an increased risk for ALL
(McLaughlin et al., 2006). Although this study was not
able to account for either of these variables, an increased
risk of ALL with a history of breastfeeding for less than 12
months was observed. Biologically possible mechanisms
that may explain the relationship between breastfeeding
and the increased risk of ALL relate to the fact that IGF1 level and its leukemogenesis effect have been isolated
from human milk, while breast milk replacements do not
have this capability (Martin et al., 2014).
Mother’s high age at pregnancy is another risk factor
for increased risk of ALL. However, no significant
difference in risk for ALL between cases and control
subjects was observed in this regard. There is some
controversy in studies with regard to maternal age and
the risk of ALL (Gholami et al., 2011; McLaughlin et al.,
2006). While some studies have reported an increased
risk of ALL in children of mothers with a high age at
pregnancy, numerous studies have shown a negative or
weak risk of ALL with older maternal age (Jourdan-Da
Silva et al., 2004; Murray et al., 2002; Okcu et al., 2002).
As leukemia is a disease related to chromosomal breakage
and translocation, older maternal age, which is associated
with an increased risk of chromosomal malformations,
is suggested as a potential risk factor for ALL incidence
(McLaughlin et al., 2006). In the censored analysis in
which childcare was assessed, it was found that a large
number of participants were under home care. Published
reports concerning the role of childcare practices in
childhood ALL are few; however, Ma et al., (2002)
suggested that exposure to more children and common
infections at daycare play a vital role in the increased risk
of ALL. Although this finding was quite unexpected for
authors, the hypothesis herein is that parents of the cases in
this study possessed limited information and experiences
about home childcare. In contrast to the results of Shu and
Wen who reported a negative correlation between parents’
education level and ALL incidence (Shu et al., 1999; Wen
et al., 2000), in the current study, it was observed that
children who had parents with high education levels had
increased odds for ALL incidence. However, some studies
have not reported a significant correlation between parents’
education level and childhood leukemia (Zolala et al.,
2004). In the current study, it was observed that children
with a medium or high family income had increased odds
for ALL. It is inferred that because parents are working,
they have less time to spend caring for their children.
In addition, the increased odds for ALL incidence in

children whose mothers had high education levels or
freelance jobs in the current study may be related to the
low duration of breastfeeding that was introduced as a risk
factor for childhood leukemia ( Martin et al., 2005; Shu et
al., 1999). Similar to mother’s job, more than two thirds
of the participants in the current study had fathers who
had a freelance job, and it was found that these children
had higher odds for developing ALL than children who
had employed fathers. This finding confirmed those of
previous studies that have identified father’s freelance job
(such as animal husbandry, agriculture, work in the rubber
industry, and work in an oil refinery) as a common risk
factor for childhood ALL (Chen et al., 2006; Hassanzade
et al., 2012; Mehrabani et al., 2008). This higher incidence
of ALL in children whose fathers had a freelance job may
be attributed to the higher exposure to chemical materials,
such as pesticides or insecticides, and contact with animals
that are a threat to human health (Infante-Rivard et al.,
1999; Zakerinia et al., 2015). In the present study, fathers
of cases were more occupationally exposed to pesticides
containing benzene. Although occupational exposure
to benzene is one of the most consistently reported risk
factors for hematologic malignancies, solid tumors, and
lung dysfunction (Hesam et al., 2019; Panahi et al., 2018;
Samadi et al., 2019; Schnatter et al., 2012), no significant
differences were observed between exposure to pesticides
and other chemical materials, including dyes, mineral
oils, motor vehicle oils, and gasoline. It is assumed that
exposure to pesticides was more likely to be related with
ALL incidences in cases of the current study. In our
assessment of relationship between father’s smoking
and risk of ALL, No significant relation between father’s
smoking and risk of ALL was found in the current study,
which is the most considerable difference between this
study and previous literature findings that have reported
a positive association (Damirchi et al., 2013; Kasim
et al., 2005). However, in agreement with the current
findings, Bjork et al. reported that there was no significant
association between smoking and AML risk (Björk et
al., 2009). Since numerous epidemiologic studies have
demonstrated the association between smoking and both
childhood and adult leukemias, it may be that the small
sample size in the current study reduced the statistical
significance of the relationship between this important risk
factor and ALL incidence. In contrast to the meta-analysis
by Veisani et al. that showed that the first relative history
of leukemia was associated with an increase of four times
the risk of leukemia in children aged less than 15 years old
(Veisani et al., 2017), no significant association between it
and a history of a malignancy in first- and second-degree
relatives was not found in the current study. Because the
major percentage of cases and controls in the present
study had no family history of malignancies, it seems
that environmental factors have potential influences
for incidence of ALL in Hamadan. The use of hair dye
which contains numerous carcinogenic and mutagenic
chemicals is another factor that might increase the risk
of developing leukemia. However, in disagreement with
other case-control studies that have shown that hair dyes
may have an impact on the risk of adult acute leukemia
(Rauscher et al., 2004; Towle et al., 2017), in this study,
Asian Pacific Journal of Cancer Prevention, Vol 20

2481

Hassan Rafieemehr et al

no significant association was found between mother’s
use of hair dye during pregnancy and the risk of ALL. It
may be that the impact of dyes on ALL incidence is related
to the duration and frequency of use or to the amounts
of carcinogenic and mutagenic chemical components in
the dyes.
In conclusion, in this case-control study, multiple
risk factors for ALL incidence in children were identified
including differences in types of birth, higher weight at
birth, childcare, father’s education level, and father’s
freelance job. The current study also suggests the increased
odds for ALL can be associated with mother’s higher
education level, mother’s freelance job, mother’s high age
at pregnancy, low duration of breastfeeding, boys gender,
and a meduim or high family income. These findings
highlight the importance of identifying epidemiological
risk factors in addition to the genetic background to
better understand the underlying heterogeneity of ALL.
Because of the limited number of individuals in this
study, identifying other childhood ALL risk factors was
difficult. Therefore, more research with a higher number
of participants is necessary to accurately detect ALL risk
factors.
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