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Risk factors of childhood cancer in Armenia: 2
a case-control study
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Abstract

Introduction Childhood cancer (CC) is a leading cause of death among children aged 0-19 years worldwide. Each
year, 400,000 new cases of CC are diagnosed globally. Given the between-country differences in CC incidence rates,
types and trends, this study aimed to identify possible risk factors for CCin Armenia.

Methods We used a case-control study design and enrolled participants from the only specialized pediatric
hematology and oncology center in Armenia. Cases included patients < 14 years old diagnosed and treated with a
malignant disease between 2017 and 2020 in the centre. Controls included patients diagnosed and treated in the
center during the same period for a non-malignant disease. We conducted telephone interviews with mothers of
cases and controls. Independent risk factors of cancer were identified using multivariable logistic regression analysis.

Results Overall, 234 participants (117 cases, 117 controls) were included in the study. Based on the fitted model,
maternal usage of folic acid during pregnancy was protective against CC, almost twice decreasing its odds (OR=0.54;
95% Cl: 0.31-0.94). On the contrary, experiencing horrifying/terrifying event(s) during pregnancy (OR=2.19; 95% Cl:
1.18-4.07) and having induced abortions before getting pregnant with the given child (OR=2.94; 95% Cl: 1.45-5.96)
were associated with higher odds for a child to develop cancer.

Conclusion Despite the limited sample size of the study, significant modifiable risk factors for CC in Armenia
were identified, all of which were linked to the period of pregnancy. The data from this study adds to the limited
information available from etiological CC research throughout the world, and it will increase understanding of CC
risk factors in settings with small populations and low resources. Although these findings may be helpful for future
research, they should be taken with caution unless validated from further larger-scale studies.
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Background

Childhood cancer (CC) is a rare condition but it is
a major cause of death among children worldwide.
Each year, approximately 400,000 new cases of CC are
diagnosed around the world. The leading types of CC are
hematologic malignancies and brain tumors [1].

The studied risk factors that may cause or contribute
to the occurrence of CC could be conditionally divided
into four groups: demographic (age, sex, ethnicity),
environmental/extrinsic,  intrinsic  (birth  weight,
maternal age, etc.) and genetic [2, 3]. The direct causes
for CC are not yet fully identified, and the majority of the
studied risk factors influence on genes causing de novo
mutations, which have their unique, determined place on
cancer pathogenesis [3]. Given the described uncertainty,
further descriptive and molecular epidemiology studies
are required to explain potential genome-environment
interactions that cause CC and to develop preventative
strategies.

There are considerable differences in CC incidence
rates, cancer types, clinical features, and risk factors
for developing CC between high-income countries and
low/middle income countries (LMICs). Most probably,
these differences are attributable to the different
environmental, behavioral, genetic and hygienic factors,
early or delayed exposure to infections and health system
factors in these countries [4]. These reported differences
necessitate country-specific investigation of factors
related to risk factors of CC [5].

According to the report of the Armenian National
Institute of Health, there were 684 total cases of newly
diagnosed childhood cancers between 2008 and 2018
among patients less than 18 years old in Armenia, but
this number could be underestimated given the lack of
systematic reporting. According to a survey of all clinical
sites that provide CC care, approximately 80—-100 cases
of CC are annually diagnosed in Armenia, resulting in
a rate of 100-125 per million person-years [6]. These
rates are comparable with the rates in the neighboring
country Iran: 48—144 per million person-year [7] and in
Europe, in average 137,5 per million person-years [8].
According to the estimates from recent population-based
study conducted in Armenia, the cumulative incidence
rate of the most common acute leukemias in children is
about 15 to 19 per million child population [9]. However,
based on data available from Pediatric Cancer and Blood
Disorders Center of Armenia (PCBDCA), these estimates
seriously underestimate the real rates [10].

So far, no study evaluated factors associated with
childhood cancer in Armenia. The aim of this study was
to identify possible risk factors for childhood cancer in
Armenia.
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Methods

Study design and setting

A single-center hospital-based case-control study
was conducted in 2020 in the PCBDCA (located in
Hematology Center (HC) after Prof. R. Yeolyan, Yerevan,
Armenia). This single-center-based approach was
applied, because the vast majority of pediatric cancer
patients in Armenia receive their treatment in PCBDCA.
The reason for this is that PCBDCA is the only center
in the country that provides comprehensive diagnostic,
treatment and follow-up services for children with
oncological and hematological malignancies. Among
few exceptions could be children with CNS tumors who
may get treatment in neurological departments of non-
pediatric hospitals and, hence, be omitted from the
PCBDCA registry.

Study population

Cases included patients less than 15 years of age,
permanently living in Armenia and Artsakh Republic,
who were diagnosed with or received care for a malignant
disease at the PCBDCA during 2017-2020 and who were
alive during the study time. Controls were patients less
than 15 years of age, permanently living in Armenia and
Artsakh Republic, who were diagnosed with or received
care for a non-malignant hematologic disease at the
PCBDCA during the same period (2017-2020). Sex and
age were accounted for in the analysis. Mothers of cases
and controls were chosen as the key informants, as they
were better aware of exposures to potential risk factors
of CC before and during their pregnancy and after the
delivery of the child. Exclusion criteria were absence of
contact information of a patient’s mother or her inability
to speak Armenian.

Study instrument and data collection

The study questionnaire was developed based on
instruments used in similar studies conducted in different
countries [9, 10], and the items were included after being
adapted for the local specificities. The study instrument
collected detailed information on demographic
characteristics of the child and the parents, family’s
socioeconomic  characteristics and environmental
exposures, child’s health and mother’s pregnancy related
factors with the given child.

We attempted to contact mothers of all eligible cases
and controls, and conducted telephone interviews
with all those mothers available during March 2020.
Telephone interview-based data collection approach
was selected because of COVID-19 pandemic-related
lockdown in the country.
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Study variables

The dependent variable (outcome) in this study was the
presence or absence of malignancy in a child aged 0-14
years based on the confirmed diagnosis in the medical
record.

Independent variables were potential risk factors
of childhood cancer, including child’s demographic
characteristics (age, sex, residency, diagnosis), family’s
sociodemographic characteristics (e.g., residential status,
family size, income), parental characteristics (e.g., age,
education, employment, alcohol usage), child’s health
(e.g., birth weight, birth order, breastfeeding duration,
birth defects (ICD-10-CM QO00-Q99)), mother’s health
and pregnancy related factors (e.g., gestational age,
mode of delivery, usage of oral contraceptives, history
of miscarriages, abortions, usage of folic acid, coffee,
alcohol, experiencing any horrifying/terrifying events
(e.g., disaster, life threatening accident, violence, sudden
death of a loved one, participation in war), exposure
to tobacco smoke during the pregnancy) and family’s
environmental exposures (e.g., exposure to pesticides,
house construction year as a proxy for possible exposure
to asbestos, chemical industry or mining dump within
10 km of the house).

Statistical analysis

The data entry and analysis were performed using IBM
SPSS 23 and Stata/SE 13.0 software, respectively. The
characteristics of cases and controls were summarized
using descriptive statistics. Continuous variables were
compared between cases and controls using t-test and
categorical variables using Chi-square test or Fisher’s
exact test. Variables were entered into logistic regression
analysis as either dichotomous or continuous variables,
while dummy variables were created for some multilevel
categorical variables. All variables associated with the
outcome of cancer status at p<0.25 level of significance in
descriptive comparisons [12], were included in univariate
and then multivariable logistic regression analyses.
Finally, a logistic regression model of independent
predictors of childhood cancer was fitted. The model
fit was evaluated using Hosmer-Lemeshow goodness
of fit test for calibration and the area under the receiver
operating characteristic (ROC) curve for discrimination
[12].

Results

Overall, the screening of the patient database identified
189 eligible cases and 212 eligible controls. Sixty-eight
of the identified 189 cases and 78 of the identified 212
controls could not be contacted due to various reasons
(incorrect phone number, mother unavailable at the time
of data collection, or no response). Out of 121 contacted
cases, completed interviews were obtained from 117
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mothers and four mothers refused to participate. Of
the 134 contacted controls, interviews were conducted
with 117 mothers and 17 mothers refused to participate.
Hence, among contacted eligible participants, the refusal
rate was 3.3% for cases and 12.7% for controls.

Of the cases, 42.7% were diagnosed with acute
lymphoblastic leukemia (ALL), 16.2% with lymphoma,
9.4% with different types of sarcomas, 7.7% with either
central nervous system (CNS) or Wilms tumors, and
the rest with germ cell tumors, histiocytosis or other
malignant conditions. Of the controls, 39.3% were
diagnosed with hemolytic or other anemia, 32.5% with
thrombocytopenia, 9.4% with hemorrhagic vasculitis,
and the rest with lymphadenopathy, coagulopathy,
hemophilia or other non-malignant conditions
(Supplementary Table 1).

The mean age of children was 7.1 (standard deviation
(SD) 3.8) years for the cases and 5.3 (SD 3.5) years for the
controls (Table 1). There were more males than females
in both groups.

In comparisons adjusted for age and sex, a statistically
significant difference was detected between cases and
controls regarding their mother’s history of induced
abortions before getting pregnant with the given child
and significantly higher proportion of mothers of cases
reported experiencing highly stressful event(s) during the
pregnancy.

The analysis comparing solely ALL cases with the
controls revealed significant findings regarding highly
stressful events during pregnancy, and mothers of
leukemia patients reported experiencing very stressful
situations during pregnancy at a significantly higher
proportions than mothers of controls (OR=2.50; 95% CI:
1.18-5.28). The rest of the variables yielded insignificant
results, perhaps, due to insufficient power of the study
because of the small number of cases with ALL (n=50).

Table 2 depicts the final fitted model of independent
predictors of CC with three significant risk factors.
According to this model, mother’s taking folic acid during
pregnancy was associated with 46% lower odds of having
a child with cancer compared to not taking folic acid
during pregnancy (OR=0.54; 95% CI: 0.31-0.94). The
history of induced abortions before getting pregnant with
the given child was associated with 2.94 times higher
odds for the child to develop cancer (95% CI. 1.45-
5.96). The odds of developing cancer by a child, whose
mother reported experiencing a horrifying/terrifying
event during pregnancy was 2.19 (95% CIL: 1.18-4.07)
times the odds of developing cancer by a child, whose
mother reported no such experience. The p-value of
the Hosmer-Lemeshow goodness-of-fit test for the final
model was 0.615, indicating a good fit (acceptable level of
calibration) and the area under the ROC curve was 0.699
indicating acceptable discrimination.
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Table 1 Distribution of selected characteristics between cases with childhood cancer and controls diagnosed or treated at PCBDCA,

HC, Armenia, during 2017-2020

Characteristics Cases Controls Total
n=117 n=117 n=234
Family socio-demographic characteristics
Living in an urban area, %(n) 65.8 (77) 67.5(79) 66.7 (156)
Family size, mean (SD) 53(1.62) 5.2(1.57) 534
Monthly expenditures, %(n) 30.2 (23) 304 (25) 304 (48)
Less than 100 000 drams 64.5 (49) 56.1 (46) 60.1 (95)
From 100 001-300 000 drams 5.2 (4) 134(11) 9.5(15)
Above 300 000 drams
Child’s health
Child's age (at the interview) (years), mean (SD)** 7.1(3.79) 53(352) 6.2 (3.66)
Sex, %(n) 57.3(67) 62.4 (73) 59.8 (140)
Male 427 (50) 37.6 (44) 40.2 (94)
Female
Low birth weight, %(n) 7.7 (9) 128 (15) 10.3 (24)
Birth order, mean (SD) 1.8 (0.86) 1.8 (1.03) 1.8 (0.95)
Birth defect, %(n) 4.3 (5) 3.4 (4) 3.8(9)
Chronic disease, %(n) 7.7 (9) 8.5(10) 8.1(19)
X-ray before disease diagnosis, %(n) 31.6(37) 37.6 (44) 346 (81)
Breastfeeding duration (months), mean (SD) 14.0 (8.59) 14.2 (8.31) 14.1 (8.45)
Pregnancy related factors
Delivery via C-section, %(n) 25.9 (30) 284 (33) 27.2 (63)
Folic acid during pregnancy, %(n) 38.3 (44) 534 (62) 459 (106)
Daily coffee usage during pregnancy, %(n) 68.7 (79) 58.6 (68) 63.6 (147)
Alcohol usage during pregnancy, %(n) 7.8 (9) 52 (6) 6.5(15)
Number of ultrasounds during pregnancy, mean (SD) 47 (2.33) 53(2.93) 5.0(2.63)
Antibiotic usage during pregnancy, %(n) 104 (12) 6.9 (8) 8.7 (20)
Acute illness during pregnancy, %(n) 40.0 (46) 35.7 (41) 37.8(87)
Oral contraceptive usage, %(n) 3.5(4) 43 (5) 3909
Miscarriages before getting pregnant, %(n) 21.9(25) 21.7 (25) 21.8 (50)
Induced abortions before getting pregnant, %(n)** 30.7 (35) 122 (14) 214 (49)
Horrifying/terrifying events during the pregnancy, %(n)** 37.6 (44) 19.7 (23) 286 (67)
Second hand smoke exposure during pregnancy, %(n) 65.2 (75) 56.6 (65) 60.8 (140)
Parental and family characteristics
MOTHER
Mother’s age at the interview time (years), mean (SD) 33.91 (4.89) 33.24(5.97) 33.57(543)
Mother's education, %(n) 33.6(39) 274 (32) 305 (71)
Elementary or secondary school 284 (33) 35.0 (41) 31.8 (74)
Professional technical education 37.9 (44) 376 (44) 37.8 (88)
Institute/University or post-graduate
Marital status, %(n) 93.2(109) 96.6 (113) 949 (222)
Married 6.8 (8) 34 (4) 5.102)
Other
Ever cigarette smoking, %(n) 26(3) 5.1(6) 3.8(9)
Current cigarette smoking, %(n) 0.0(0) 09 (1) 045 (1)
Never using alcohol, %(n) 47.0 (55) 56.0 (65) 51.5(120)
FATHER
Father's age at the time of the interview (years), mean (SD) 386 (6.23) 37.8(7.85) 38.2(7.04)
Father’s education, %(n) 479 (56) 41.0 (48) 444 (104)
Elementary or secondary school 20.5 (24) 19.7 (23) 20.1 (47)
Professional technical education 31.6(37) 39.3 (46) 35.5(83)
Institute/University or post-graduate
Father's ever smoking, %(n) 83.6 (97) 76.7 (89) 80.2 (186)
Current smoking, %(n) 62.8 (75) 67.5(79) 65.5 (154)

FAMILY MEMBERS
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Table 1 (continued)
Characteristics Cases Controls Total
n=117 n=117 n=234
Daily second-hand smoke exposure, %(n) 214 (25) 179 (21) 19.7 (46)
Binge drinking in family, %(n) 6.8 (8) 6.0 (7) 6.4 (15)
Core family member with diagnosed cancer, %(n) 34.2 (40) 23.1(27) 286 (67)
Family environmental exposures
Pesticide usage, %(n) 21.6(25) 184 (21) 20.0 (46)
Child's presence during pesticide sprays, %(n) 512 (6) 1.8(2) 333(8)
Average age of the house (years), mean (SD) 35.9(16.07) 32.8(18.15) 344(17.17)
Housing conditions, %(n) 32.5(38) 26.1(30) 29.3 (68)
Good 61.5(72) 67.8 (78) 64.7 (150)
Average (meets basic needs) 6.0(7) 6.1 (7) 6.0(14)
Poor
Chemical industries within 10 km from the house, %(n) 13.7 (16) 12.2 (14) 12.9 (30)
Mining dump within 10 km from the house, %(n) 7.7 (9) 14.8 (17) 11.2 (26)

SD=standard deviation
**p-value<0.01

p-values were adjusted for age and sex

Table 2 Multiple logistic regression model of determinants
of childhood cancer among patients treated at PCBDCA, HC,
Armenia, during 2017-2020 (n=229)

Characteristics Odds  95%Cl P-value
Ratio

Folic acid usage during pregnancy 0.54 031- 0.030
0.94

Induced abortions before getting 294 145-  0.003

pregnant 5.96

Horrifying/terrifying events during the 2.19 1.18- 0013

pregnancy 4.07

Family member diagnosed with cancer 1.71 093- 0085
3.18

Model fit statistics: Hosmer-Lemeshow goodness of fit test, p=0.615;

Area under the receiver operating characteristics curve: 0.699; McFadden’s R squared:
0.0847

Discussion

Current study aimed to reveal independent risk factors of
CC among children aged 0—14 years old in Armenia, thus
filling an important research gap in this area. The study
identified three important predictors of CC: maternal
folic acid usage during pregnancy as a protective factor
and two strong risk factors of CC—history of induced
abortions before the pregnancy and trauma-induced
stress during the pregnancy. These findings are important
for planning new research initiatives. However, unless
validated from further larger-scale studies, they should
be taken with prudence.

Similar case-control studies in other countries had
comparable study populations in terms of patients’ sex
distribution with male predominance, and cancer type
distribution with leukemias, lymphomas and brain
tumors being the most common types of CC [11, 12].
Similarly, CC cases were more commonly living in urban
areas in other studies as well, and the maternal age range

in this study was comparable to those in other case-
control studies [12, 13].

The protective effect of maternal folic acid usage
before and during pregnancy on the risk of development
of childhood cancer identified in this study was
consistent with the literature, as many studies found
that taking folic acid before and during pregnancy was
significantly inversely associated with the cancer risk
(leukemia, brain tumor) in a child [14]. Indeed, several
studies from the United States and Canada recorded a
decrease in childhood cancer incidence (neuroblastoma,
Wilms tumor and primitive neuroectodermal tumors
(PNET)) after folic acid fortification of food [15].
Folate is considered as an essential nutrient for the cell
multiplication (as a coenzyme for DNA synthesis) and
cell homeostasis (metabolism and regeneration) [16].
According to WHO standards for maternal and neonatal
care, mothers should start taking 400 pg folic acid daily
two months before getting pregnant and continue taking
it until the 12th week of pregnancy [17]. This study adds
to the existing evidence on the importance of following
this recommendation.

According to this study findings, the history of
induced abortions before pregnancy increased the risk
of childhood cancer almost threefold. This finding is
consistent with the findings of a number of studies
indicating that the past history of fetal losses including
induced abortions, miscarriages and stillbirths is
associated with a higher incidence of cancer (leukemia,
neuroblastoma, soft tissue sarcoma) in children [16, 17].
However, some studies report lack of such association
or insignificant associations [18, 19]. A matched case-
control study conducted by Children’s Cancer Group
and the Pediatric Oncology Group identified two times
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higher risk of neuroblastoma in children whose mothers
had a history of two or more previous induced abortions
[19].

The history of maternal trauma-induced stress during
pregnancy was a risk factor for developing childhood
cancer in the offspring in this study. A population-
based cohort study conducted in Denmark and Sweden
that included 39,002 children born to women who had
psychological stress (parental death) during pregnancy,
identified a similar link between this experience and
the risk of cancer in the offspring. In particular, the risk
was increased for leukemia (standardized incidence
ratio (SIR), 1.49; P=0.004), testicular cancer (SIR, 1.80;
P=0.02) and colon cancer (SIR, 3.95; P=0.003) before
the age of 15 years [20]. There are studies indicating the
role of the stress during pregnancy for increasing the risk
of childhood cancer [21]. There is a proposed hypothesis
explaining the pathogenesis of a stress-induced cancer
by the mediated inhibition of the enzyme, which initiates
activation of cancerous cells to get under immune
surveillance, leading to the newly generated malignant
cells to continue growing without being checked by the
immune system [20]. This mechanisms could explain
the findings of a cohort study conducted in Israel,
which observed higher cancer incidence (for leukemia,
lymphoma and melanoma) among bereaved Jewish
people [22]. However, the mechanism underlying the
association between maternal stress during pregnancy
and carcinogenesis in the offspring is not yet clearly
understood.

This is the first study that evaluated risk factors of
childhood cancers in Armenia. Both cases and controls
were selected from the same hospital, which is the only
place in the county where children with hematologic
and oncologic diseases can get specialized diagnosis
and treatment. While this could indicate that cases and
controls potentially experienced similar exposures,
we cannot generalize the findings to overall Armenian
population considering the selection of our control
population (i.e., ideal controls would have been healthy
children with similar exposures and characteristics).This
study did not identify significant associations between
child’s second-hand smoking and childhood cancer, or
other well-known environmental exposures confirmed
as risk factors for childhood cancer, such as pesticides,
chemicals, radiation or others. The underlying reason
for this could be the small size of the studied sample,
which was the major limitation of the study overall and
the wide diversity of diseases with potentially different
sets of risk factors combined in a heterogeneous group
of CC. Recall bias could be a potential limitation of this
study due to long interval between the onset of the child’s
disease and the interview. To minimize this bias, we
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selected participants who were diagnosed or received CC
treatment relatively recently.

The telephone interviews were conducted by six
trained interviewers; however, they were aware of
the participant’s case and control status which could
introduce an interviewer bias. There was also a likelihood
that mothers of cases might remember some events,
which mothers of controls might disregard or had
forgotten.

Selection bias could be a potential threat to the
generalizability of the study findings, as patients with
missing contact information or being not registered
in PCBDCA (e.g., patients with CNS tumors) could
somehow differ from the participants with the contact
information available, although it is unlikely that
the difference, if existing, could seriously alter the
study findings. Cases of CNS malignancy could be
underrepresented considering the fact that these are
treated mostly in surgical departments of other hospitals
after which patients are not referred to a pediatric
oncology clinic. Additionally, it is a worldwide difficulty
for population-based cancer registries to approve full
coverage, particularly for the most prevalent non-
malignant CNS tumors in children, which are eligible for
registration but are often overlooked by the system[23].
Furthermore, twenty-three patients diagnosed with
cancer in the PCBDCA during the same period (2017-
2020) who did not survive by the time of the study
were excluded from the survey because of ethical
considerations of conducting interviews with their
mothers. This could have influenced the study findings
if the non-survivors were different than the study cases.
However, the analysis of the available characteristics of
the non-survivors demonstrated that they did not differ
from the survivors in terms of age, sex, residency, and the
cancer type. Inclusion of participants with different types
of cancer as cases is another limitation of this study, as
there are cancer-specific risk factors, which cannot be
identified with this approach.

A number of important recommendations could
be derived from the findings of this study. First,
they add another important argument for folic acid
supplementation before and during pregnancy, which
is preventing CC. Although folic acid supplementation
of pregnant women is currently recommended by the
Ministry of Health of Armenia to prevent neural tube
defects, there are issues with its timing and coverage
[24]. Hence, efforts should be undertaken to achieve
timely and universal coverage of all pregnant women
with this supplementation. Also, this study highlights the
need to increase the awareness among women about the
importance of using safe and effective methods of birth
control and family planning to avoid induced abortions.
Education of reproductive age women and their family
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members on the importance of stress reduction during
pregnancy is another important area for improvement.
To investigate childhood cancer-specific risk factors,
large-scale studies with a larger sample size of children

with homogeneous group of CC are recommended.
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