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Abstract

Background: Acute lymphoblastic leukemia (ALL) is a malignancy of lymphoid progenitors in bone marrow, peripheral blood, and
extra medullar, which accounts for 1/4 of childhood cancers.
Objectives: Regarding the uncertainties of the exact causes of the disease and the importance of identifying risk factors of acute
lymphoblastic leukemia, this study aimed at investigating the causes of pre- and post - natal birth in children with ALL.
Methods: This case - control study was performed on 156 patients with ALL and 85 patients without ALL in a 4 - year period in Ali
Asghar, Shahid Faghihi, and Shahid Motahari Hospitals in Shiraz, Iran between January 2013 and March 2017. The student’s t and
Chi - square tests were used. To evaluate relationships between various variables, Pearson’s or Spearman’s correlation analyses were
used. The data were analyzed, using the SPSS 16 software.
Results: Based on the findings of this study, the presence of Dawn’s syndrome and familial history of leukemia and brain tumors
were identified as risk factors for the incidence of ALL in children. There was no significant relationship with the history of abortion,
radiation exposure, economic status, place of residence, birth rate, etc.
Conclusions: The results indicate that among pre- and post - birth causes, the presence of Down syndrome and familial history of
leukemia and brain tumors were as risk factors for the incidence of ALL in children. Due to the fact that therapeutic protocols are
useful for the treatment of ALL in children, the results of this study and similar studies can be effective in preventing and managing
the disease in children.
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1. Background

Cancer is one of the most pivotal causes of mortal-
ity after cardiovascular disease in the world and was re-
sponsible for 8.8 million deaths in 2015. In 2017, approxi-
mately 1688780 new cancer cases and 600920 deaths due
to cancer were reported in the United States and more than
30000 new cases are annually reported in Iran (1). Gener-
ally, proliferation and apoptosis imbalance results in can-
cer formation. Leukemia is characterized by the abnor-
mal proliferation of immature hematopoietic cells in bone
marrow; the prevalence of acute leukemia is more than
chronic types (2). Acute lymphoblastic leukemia (ALL) is
a malignancy of lymphoid progenitors in bone marrow,

peripheral blood, and extra medullar, which can affect
both children and adults (3). This malignancy accounts for
1/4 of childhood cancers with an increased prevalence be-
tween the ages of 2 to 5 years (3, 4). Although the precise
causes of ALL progression are unknown, its relevance with
Down’s syndrome, Bloom’s syndrome, ataxia - telangiec-
tasia, and Nijmegen breakage syndrome, fanconi anemia,
ionizing radiation or exposure to specific chemotherapy
drugs is indicated (3, 5). Furthermore, in many cases, ALL is
arisen from chromosomal abnormalities. However, chro-
mosomal appearances are not the absolute causes of ma-
lignancy generation (5). Maternal reproductive history, us-
ing tobacco or alcohol by parents, exposure to pesticides,
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or solvents are likely factors, which increase the risk of
this disease (3). Interestingly, some studies have demon-
strated that ALL is associated with hygiene conditions and
infectious agents. Herein, some studies have been demon-
strated the correlation between hepatitis A and ALL (6). An
investigation in 2003 indicated that maternal EBV infec-
tion is linked to ALL (7). Hence, we aimed at investigat-
ing the pre- and post - natal risk factors, which influence
ALL stricken children. Since, the current therapeutic pro-
tocols in children are impressive, such studies will have
prospective influences in the prevention and management
of childhood ALL.

2. Methods

This case - control study was performed on patients
with ALL picked from Ali Asghar, Shahid Faghihi, and
Shahid Motahari Hospitals in Shiraz, Iran between January
2013 and March 2017. The convenience sampling was used
as the sampling method. After obtaining written informed
consent from all parents, information were collected from
the patients’ files. Also, patients’ parents answered the
prepared questionnaire, including questions about fac-
tors leading to increase the risk of this disease such as
the age of diagnosis, pregnancy age, pregnancy course,
child birth order in the family, maternal abortion history,
history of stillbirth, economic and social situation, radia-
tion exposure, patient habitat and distance to high volt-
age power pole, history of viral infections such as flu and
chicken pox in patients before ALL diagnosis, family his-
tory of brain tumors and hematologic malignancies, and
specific syndromes in the child. Eighty - five patients hos-
pitalized with non - leukemic reasons were considered as
a control group and studied by this questionnaire. Partici-
pants included children of 14 years or younger with newly
diagnosed and immunophenotipically defined ALL. Cases
with inadequate or duplicate information and lack of ac-
cess to parents were excluded from the study.

2.1. Statistical Analysis

For the comparison between patient and control
groups, student’s t and Chi - square tests were used. To
evaluate the relationships between various variables, Pear-
son’s or Spearman’s correlation analyses were used. Data
were analyzed, using statistical package for social sciences
(SPSS) version 16 (SPSS Inc. Chicago, IL) for windows. P value
< 0.05 was considered significant.

2.2. Ethical Considerations

This study was approved by the medical ethics com-
mittee of Shiraz University of Medical Sciences with the

unique ID of 99_1541. An informed consent form was
signed by individuals. All the terms of the Helsinki decla-
ration were considered and the personal information re-
mained anonymous.

3. Results

Among the patient group, 94 males (60%) and 62 fe-
male patients (40%) and among the control group, 57 (67%)
were males and 28 (33%) female. The average age of the
children was 7.7 years and the median age was 7 years. In
relation to the history of abortion and stillbirth or death
of children among mothers of 156 patients with ALL, 29
(18.6%) had a history of abortion. Compared to the control
group, which was 13 cases (15.5%), there was no significant
difference (P = 0.66 and OR = 1.25).

In conjunction with the economic situation among pa-
tients, 5% had a good socioeconomic status, 49.3% had a
bad economic and social status, and 45.5% of them had a
moderate socioeconomic status and in the control group,
these values were 11%, 41%, and 47%, respectively. There was
no statistically significant difference between the patient
group and the control group (P = 0.13).

The average age of mothers during pregnancy was 25.5
years. The minimum age was 13 and the maximum was 41
years, which were not significantly different from the con-
trol group.

Among the mothers of children with ALL, only 18 cases
(11.53%) had a history of disease during pregnancy, and in
the control group, 8 mothers (9.4%) were patient during
pregnancy (Table 1). This difference is not statistically sig-
nificant (P = 0.26 and OR = 1.26).

Table 1. Frequency Distribution of Disease History during Pregnancy in the Control
and Patient’s Mothers

Disease Patient Control No.

Infectious disease 7 (38.8%) 1 (12.5%) 8

Gynecologic disease 5 (27.7%) 4 (50%) 9

Chronic pain 6 (33.3%) 3 (37.5%) 9

Total 18 8 36

In relation to birth order, in the control group, the
highest frequency was in the third group and the sixth
birth order, and in the patient group, the highest fre-
quency was related to the first birth order (Table 2).

Among the 156 mothers of the affected child, only 1
mother had a history of radiation during pregnancy, and
others had no history of exposure to radiation. This differ-
ence was not statistically significant (P = 0.75).

Among the 156 mothers of ALL children, 20 cases (12.8%)
had a history of drug use during pregnancy. In compar-
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Table 2. Frequency Distribution of Birth Order in the Control Group and Patients

Birth Order Patient Control

1st 35 (22.4%) 18 (21.2%)

2nd 32 (20.5%) 18 (21.2%)

3th 26 (16.6%) 19 (22.3%)

4th 16 (10.2%) 6 (7%)

5th 24 (15.4%) 5 (5.9%)

≥ 6th 23 (14.8%) 19 (22.1%)

ison, the control group had 9 cases (10.6%) (Table 3); the
difference between the control group and patients is not
meaningful (P = 0.2).

Table 3. Frequency Distribution of the Types of Drugs Used by the Mothers of the
Control Group and the Patients

Type of Drug Patient Control No.

Calmative & antibiotic 9 (45%) 5 (55.5%) 14

Oral contraceptive 5 (25%) 0 (0%) 5

Unknown drugs or drug for abortion 6 (30%) 4 (44.5%) 10

Total 20 9 29

Regarding exposure to radiation by the patient, 31 chil-
dren (20%) had a history of radiation and imaging before
the diagnosis. This number was 85 in the control group
(47%), and the difference was statistically significant (P ≤
0.05).

In relation to the magnetic field, 17 patients (11%) and
their families in the past 5 years have lived near high volt-
age power towers, compared to 8 cases in the control group
(9.4%). This difference is not statistically significant.

In relation to viral infections, 23 patients (21%) out of
156 patients under study and 9 patients (10.6%) of the con-
trol group had a history of chickenpox disease (P = 0.05).

Regarding influenza, it should be noted that 44 (28.2%)
patients had a history of the disease, and 20 (23.5%) had a
history of influenza in the control group (P = 0.5).

Among the patients, 21 cases (13.5%) had a familial his-
tory of brain tumors or leukemia, and in the control group,
these cases were observed in 3 (3.52%) cases. This difference
is statistically significant (P = 0.025).

Of the patients, 2 cases (1.3%) had Down syndrome, and
no patients with Down syndrome was observed in the con-
trol group.

4. Discussion

This study was conducted to evaluate the risk factors
and pre- and post - partum causes of ALL in children. Based

on the findings of this study, the presence of Down syn-
drome and familial history of leukemia and brain tumors,
and exposure to the radiation by cases were identified as
risk factors for the incidence of ALL children. A study by
Ripert et al., who reviewed the family history of cancer in
ALL children, reported this variable as a risk factor that
could contribute to the presence of ALL (8). The results of
several other studies were consistent with this report (9-11).
Furthermore, in other studies, the potential impact of au-
toimmune diseases on childhood cancers has also been re-
ported (12-17). This indicates that a family history of cancer
or immune system abnormalities may indirectly lead to
ALL, but not as a major cause. In this study, Down syndrome
was reported as one of the risk factors for ALL in children.
The role of Down syndrome (trisomy 21), as a risk factor for
the incidence of ALL children, has been shown in numer-
ous studies, in which children with Down syndrome have
a significantly higher risk of ALL as compared to children
without it (18-22).

In the present study, there was no meaningful relation-
ship between the birth order and ALL in children, which
was similar to the findings of other studies (23-25). How-
ever, some studies have reported a rise in the birth order
(26, 27) and some others reported a decrease in the birth
order (28) as a risk factor for the incidence of ALL in chil-
dren. The findings, although contradictory, have been in-
terpreted according to the infectious assumptions of the
causes of childhood leukemia, as the presence of larger sis-
ters and brothers increases the chances of an increase in ex-
posure to post - partum infectious agents (29). Some stud-
ies have suggested that maternal age and birth order are re-
lated to the underlying causes of childhood leukemia (30,
31), but we were not able to find such association, probably
due to the small number of cases.

In this study, there was no significant relationship be-
tween the incidence of ALL in children and viral infections,
which was consistent with the results of other studies (32-
34). Some studies have supported a role for EBV in EBV - as-
sociated Burkitt’s lymphoma (35), but the low number of
patients with virus infection in our study may be responsi-
ble for not creating a difference.

Previous studies did not show a significant correlation
between the incidence of ALL children and radiography, X -
rays, and living near high-pressure craters (36-38) were con-
sistent with the results of this study. In other studies, there
has been an association between ALL children and expo-
sure to X - rays (4, 39). In relation to the X - ray image in this
study, there was a significant difference, but in favor of the
control group. It can be due to the type of diseases in the
control group, which needs to be more radiographed.

Findings of various studies have shown an increased
risk of ALL among mothers of advanced age with a history
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of abortion and stillbirth (40, 41). Other studies did not
show a meaningful relationship between these two vari-
ables and the incidence of ALL children (24, 29, 42). There
is no significant relationship between the results of this
study. In relation to the history of maternal morbidity and
drug use and the risk of ALL children in this study, there is
no significant relationship. The contradictions reported in
the above variables may all be affected by a population and
a low diversity of study.

Limitations of this study can be attributed to informa-
tion gathering methods, particularly information remem-
ber by parents or family of patients. It is suggested that fur-
ther studies be conducted to determine the effect of birth
weight, viral infection, history of the disease, and drug use
during pregnancy in the incidence of ALL in children.

4.1. Conclusions

The exact cause of leukemia is still unknown and scien-
tists and physicians believe that a combination of genetic
and environmental factors contribute to the disease. The
data and results of this study show that among the causes
and risk factors of pre- and post - natal risk, the presence of
Down syndrome and family history of leukemia and brain
tumors can be considered as risk factors for ALL in children.

It is urgent to treat the patients with acute leukemia
immediately before bone marrow loss. The ultimate goal
of this study and similar studies is to identify the best risk
factors and causes for ALL, so that preventive measures can
be taken on the basis of this information for children. Since
the current treatment protocols in children are hopefully
improved, such studies can have a significant impact on
the prevention and management of ALL children.
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