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Introduction: Epidemiological studies around the world on acute leukemia
(AL) and risk factors in infants are scarce. Infant AL has been proposed to
originate in utero, which facilitates its study by establishing a short exposure
time in pregnant women to environmental and dietary factors that could
contribute to the risk of or protection against leukemia. We hypothesized that
maternal diet during pregnancy may be an important factor involved in AL
in offspring.

Methods: We conducted a hospital-based case-control study from 2010 to
2019 on maternal diet during pregnancy in nine high-specialty public
hospitals of different health institutions that diagnose and offer treatment
to children with AL in Mexico City. Cases (n=109) were children <24 months
of age with de novo diagnosis of AL, and controls (n=252) were children
obtained in hospitals from second-level medical care matched for age, sex,
and health institution. Maternal diet during pregnancy was obtained by a
semiquantitative food frequency questionnaire. Unconditional logistic
regression models were used to assess the association between food
groups and infant AL. Potential confounders were assessed by constructing
directed acyclic graphs (DAGs) with Dagitty software in which adjusted
options were identified for the construction of unconditional logistic
regression models.
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Results: Cases were slightly predominantly female (52.3%). The years of
education of the mother in cases and controls was 0-9 on average, and
those who reported smoking cigarettes and consuming alcohol during
pregnancy did so at a low frequency. Regarding the mother’s diet, the main
findings were that the consumption of allium vegetables during pregnancy
was inversely associated with AL for medium and high consumption
(OR=0.26, 95% ClI 0.14-0.46; P-trend< 0.001). In contrast, the high
consumption of high-fat dairy products had a positive association with AL
(OR=2.37, 95% ClI 1.30-4.34; P-trend<0.001). No association was found
between consumption of topoisomerase Il inhibitor foods during
pregnancy and AL.

Conclusion: The results suggest that maternal intake during pregnancy of
allium vegetables, specifically garlic, is inversely associated with the
development of AL in children <24 months old. On the other hand,
consumption of high-fat dairy products is positively associated with AL in
children <24 months old.

KEYWORDS

maternal diet, acute leukemia, infant leukemia, case-control, food groups, allium

vegetables, high-fat dairy products, topoisomerase Il

1 Introduction

Leukemia is the most common childhood malignancy
worldwide (1). Acute leukemias (AL) are the most frequent
among all leukemias in children, the most important subgroups
among them being acute lymphoblastic leukemia (ALL) and acute
myeloid leukemia (AML). ALL is the most frequent type of
leukemia constituting 80%, followed by AML with a little more
than 10%, together ALL and AML comprise about 30%-35% of all
cancers diagnosed in children under 15 years of age (1, 2). Leukemia
occurring in the first 12 months of age is rare, nevertheless it is the
second most frequent type of cancer in children under one year of
age, and distinct from leukemia in older children by clinical,
biological and epidemiological characteristics, for example, ALL
in children under 1 year of age are considered to be at high risk for
relapse or death (3, 4). Another important aspect to highlight in
infants with acute leukemia (AL) is the survival compared to older
children once they start the treatment protocol, reporting a very low
5-year survival rate (~50% vs. 67-87%) (5).

To date there is convincing evidence that infant leukemia
originates in utero before birth, demonstrated by analysis of
neonatal blood spots or Guthrie cards, in which the same
sequence of fusion genes has been observed in a neonatal blood
spot as in the patient’s leukemic cells at the time of diagnosis. In
addition, studies performed in twins and analysis of the Guthrie
cards corresponding to those twins provides unequivocal proof that
acute leukemia is of fetal origin in all infants (6).
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Maternal diet plays an integral role in shaping newborn body
composition, genome stability and immune system development.
Thus, maternal diet is crucial for fetal development and
predisposition to disease (7). In addition, the study of AL in
infants and maternal diet during pregnancy is absolutely
necessary because they have a very short latency period, which
represents a unique opportunity in the etiology of the disease.

Epidemiological studies on maternal diet and AL have focused
mainly on school-age children, identifying some foods, beverages
and supplements associated with the development of AL in
children, and there is even consistency in the results with which it
has been possible to recommend a balanced diet during pregnancy.
The results of these studies support that the consumption of
vegetables, fruits, seafood, tea, folate supplementation, vitamins A
and D during pregnancy decrease the risk of AL in their children
(8-10). Conversely, the consumption of smoked meats, red meats,
sugars, sweet syrups, coffee, cola and alcohol during pregnancy
increases the risk of AL in their children (11-15).

The study of maternal diet in infants has been little studied,
epidemiological studies have focused on the diet with foods that
inhibit the function of the enzyme DNA Topoisomerase II, as it has
been reported that infants with AL have a chromosomal aberration
called KMT2A-r (also known as MLL -mixed-lineage or myeloid-
lymphoid leukemia- gene at 11q23), at a frequency of 31% to 79%
(16). This enzyme is responsible for unwinding and rebinding DNA
during cell division (3). KMT2A-r was identified as a secondary
outcome of treatment of AL in adults with drugs such as
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epipodophyllotoxins, which are inhibitors of the enzyme DNA
topoisomerase II (17). However, it was necessary to know
whether maternal diet during pregnancy with inhibitors of the
enzyme DNA Topoisomerase II, contained in some foods naturally,
could be a risk for the development of AL in their children. The list
of foods included legumes, onions, apples, soy products, coffee and
other caffeinated beverages such as black tea, green tea, cocoa and
red wine (18). They found a significant positive association with
increased consumption of foods containing enzyme DNA
Topoisomerase II inhibitors for medium and high consumption
during pregnancy and risk of AML in infants; for ALL, they found
no significant risk or trend. Subsequently, the Children Oncology
Group (COG) continued this study with a greater number of infant
cases and controls, finding an association between consumption of
foods containing enzyme DNA Topoisomerase II inhibitors and
risk of AML with KMT2A-r (+). Also, they observed a trend in risk
with increasing consumption of enzyme DNA Topoisomerase II
inhibitor (19). Afterwards, Petridou et al. conducted a study on
maternal diet during pregnancy and its association with ALL in
young children aged 12 to 59 months. They found a risk of ALL
associated with the consumption by the mother during pregnancy
of sugars and syrups, meat and its derivatives, and a protective effect
of the consumption of fruits and vegetables (20).

Surprisingly, the studies were not replicated in infants to test the
findings that foods that inhibit the function of the enzyme DNA
Topoisomerase II included in the maternal diet during pregnancy
are a risk for AL in infants, nor were the studies replicated in infants
to test the findings that foods that inhibit the function of the enzyme
DNA Topoisomerase II included in the maternal diet during
pregnancy are a risk for AL in infants, neither, have not been
replicated in Hispanic population and have not been studied in the
Mexican population residing in Mexico City. Therefore, a study
focused on maternal diet in our population is needed to determine
its role in the development of AL among in their offspring.

The aim of the present study was to evaluate maternal diet
during pregnancy and its association with AL in their offspring in
Mexico City.

2 Materials and methods

A hospital-based case-control study was conducted in Mexico
City during the period 2010 to 2019. The study population
consisted of mother-child pairs identified in nine high-specialty
public hospitals (Centro Médico Nacional La Raza “Dr. Gaudencio
Gonzalez Garza” IMSS, Hospital Infantil de Mexico “Federico
Gomez” Ssa, Hospital Pediatrico de Moctezuma SS CDMX,
Hospital de Pediatria “Dr. Silvestre Frenk Freund” Centro Medico
Nacional Siglo XXI IMSS, Instituto Nacional de Pediatria Ssa,
Hospital Juarez de Meéxico Ssa, Hospital General de Meéxico “Dr.
Eduardo Liceaga” Ssa, Centro Médico Nacional “20 de Noviembre”
ISSSTE, Hospital General Regional No. 1 “Dr. Carlos MacGregor
Sanchez Navarro” IMSS). Patients included in this study were all the
public hospitals (i.e., dependent on the government) that provide
medical care for children with leukemia in Mexico City. It has been
shown that these public hospitals treat 97.5% of all the cases of
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leukemia occurring in Mexico City (21). Controls were collected
from hospitals that treat the four basic specialties: internal
medicine, surgery, pediatrics, and gynecology-obstetrics of the
same health institutions where the cases were diagnosed and
treated. The protocol was approved by the IMSS National
Committee for Scientific Research with number 2010-785-064.

Patients had to be biological children of the person identified as
the mother of the child in order to apply the semi-quantitative food
frequency questionnaire. This would allow us to know what foods
were consumed during pregnancy. The other criterion was their
residence in Mexico City and in the State of Mexico, because
although these hospitals receive some pediatric patients from
other states in the interior of the country, it would not be
possible to obtain information from control children from the
same states as the cases and also the diet varies by state of the
Mexican Republic, so the way to use a standard instrument is that it
could clearly delimit the area where both the case children and the
control children came from. On the other hand, if the parents of the
children refused to participate in the study, these patients were
excluded from the study.

2.1 Cases

Cases were children < 24 months old with a diagnosis of de novo
AL confirmed by bone marrow smear, histochemical tests
(myeloperoxidase, Sudan black B reaction, esterases, periodic Schiff
reaction [PAS], and acid phosphatase), and immunophenotyping. A
total of 250 patients were identified using the following eligibility
criteria: age range between 0 and 24 months, residents of Mexico City
and the State of Mexico, confirmed and recent diagnosis of AL treated
in one of the nine high-specialty public hospitals, and living with their
biological mother who had agreed to participate in the study. Of the
250 eligible pairs, 13 were excluded because the child had Down
syndrome, 127 pairs could not be given the diet questionnaire (11
patients were diagnosed in 2010 when the instrument was not yet
available and could not be recovered, 11 patients whose mothers did
not agree to participate, 10 patients who were treated in an institution
that did not participate in the study, 55 patients who died within 2
months of diagnosis and could not be interviewed, 2 patients who were
lost due to the COVID-19 pandemic, and 38 patients who were lost to
follow-up and were not administered the maternal diet questionnaire),
leaving 110 pairs participating. Thus, the participation rate of the study
was 44.0% (Annex 1).

2.2 Controls

The children who were selected as controls were those younger
than 36 months and who were selected from the same health
institution from which the cases emerged at second-level
hospitals. The Mexican public health system is structured in three
levels of care: first level or primary units that provide medical care
mainly by family physicians; if patients require care from specialist
physicians, they are sent to the second level where four basic
specialties are concentrated (internal medicine, surgery, pediatrics,
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and gynecology-obstetrics). In the third level of public health care in
our country, the most complex diseases are treated, which require
specialized equipment and facilities, such as cancer, cardiac,
orthopedic, metabolic, cardiovascular, renal, ophthalmologic,
neurological, rheumatologic diseases, etc. (22). Controls were
recruited at second-level hospitals from ambulatory surgery
services (e.g., for circumcision, hernioplasty, orchidopexy,
tonsillectomy) in short-stay facilities and in the emergency
department (e.g., for trauma, intoxication, first and second level
burns). The selection criteria were living with their biological
mother who agreed to participate in the study. In total, 277
eligible controls were identified, 24 of whom did not accept to
participate, leaving 253 participating pairs, a participation rate of
91.3% (Annex 1).

2.3 Interviews

Prior to the interview, informed consent to participate was
obtained from the parents. The mothers of both cases and controls
were interviewed directly in the hospitals by trained personnel to
obtain information on sociodemographic variables, child birth,
parental alcohol and tobacco consumption, and maternal diet
during pregnancy.

2.4 Maternal diet

Mothers were interviewed about the consumption of 109 foods and
beverages, as well as 7 dishes during the pregnancy of the recruited
child, using a semi-quantitative food frequency questionnaire (FFQ).
The reproducibility of this instrument was evaluated in Mexican
women, to whom the questionnaire was administered twice in a 1-
year interval, whereas its validity was estimated using 24-hour
reminders at 3-month intervals as a reference (23).

According to the methodology suggested by Willett et al. (24),
the FFQ includes 10 frequency of consumption response options
ranging from “never” to “6 or more times a day”, as well as
predetermined portions for each food as follows: one glass (for
milk and wine), one cup (for yogurt, some fruits and vegetables, tea,
juices, alcoholic beverages and soft drinks), one spoon (for oils, sour
cream, sauces and nuts), one slice (for cheeses, some fruits and
meats), one plate (for legumes and local dishes), and one piece (for
some fruits and breads).

A database was created with the nutritional and energy content
of each food obtained from the nutritional composition tables of the
United States Department of Agriculture (25), which include a wide
variety of foods consumed in Mexico. For local foods not included
in these tables, such as tejocote, reference tables from the Instituto
Nacional de Ciencias Médicas y Nutricion Salvador Zubiran were
used (26). Two foods were not found in any of the tables (soy juice
and soy beer) and, therefore, were not included in the subsequent
calculation of total energy intake.
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The mothers’ total daily kilocalorie intake was calculated by
adding the kilocalories contributed by the respective foods,
beverages, and dishes reported during pregnancy. Because some
fruits and vegetables are only consumed during some seasons of the
year, their energy intake was adjusted according to their availability;
for example, only 50% of the kilocalories of plums were considered
because they are available only during 6 months of the year (27). A
serving, or serving size, is the amount of food listed on a product’s
Nutrition Facts label, or food label. Different products have different
serving sizes. Sizes can be measured in cups, ounces, grams, pieces,
slices, or numbers. Depending on how much you choose to eat, your
serving size may or may not match the serving size. To find out how
many servings a container holds, look at the top of the label.
“Servings per container” appears just above “Serving Size” (28).

In this phase of the study, one case was eliminated because the
total estimated energy was less than 525 kcal, which corresponds to
+ 2 standard deviations of the daily intake observed in a study with
pregnant Mexican women (29). Therefore, the final sample size was
109 cases and 252 controls.

2.5 Food groups

The foods and beverages contained in the FFQ were categorized
into 28 food groups taking into account the similarity in
macronutrient and micronutrient content (e.g., fat, carbohydrates,
protein, vitamins, sodium), added sugar content (e.g., dairy with
added sugar, cereals with fat and added sugar), and type of fat
(saturated or vegetable). Some of the individual foods were
considered as groups by themselves because their nutritional
content did not meet the criteria for belonging to any particular
group (e.g., egg, chicken, blueberries) or because of their high
consumption among the population (e.g., corn tortilla and corn).
In addition, a group was formed of Mexican dishes and another
group of foods previously identified as inhibitors of the enzyme
DNA topoisomerase II (apples, strawberries, dried blueberries,
onion, beans, soy milk, soy cheese, soy meat, red wine, soda,
energy drinks, coffee, black tea, green tea) (18, 19).

Sociodemographic variables were categorized based on previous
studies (30, 31): sex (male, female), child’s age (<12 months, >12-24
months), mother’s age at pregnancy (< 35 years, 235 years), birth
weight (<3500 grams, >3500 grams) (32), breastfeeding (<6
months, >6 months), and parents’ years of schooling (0-9 years,
9.1-12.9 years, and 213 years). In addition, they were asked about
habits such as parental smoking during pregnancy (yes, no) and
alcohol consumption during pregnancy (yes, no). Socioeconomic
status was analyzed using the mother’s years of education as in
studies such as those of the Childhood Leukemia International
Consortium (CLIC) (33, 34). The number of persons/bedroom in
the dwelling (the overcrowding index was included as an initial
variable for socioeconomic level) was also considered (low
socioeconomic level >1.6 persons, moderate and high <1.6
persons) (35).
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2.6 Statistical analysis

Median consumption of food groups and total energy were
compared between cases and their respective controls using the
Mann-Whitney U test. Non-conditional logistic regression models
were used to assess the association between tertiles of consumption
of each food group, (according to the distribution of consumption,
is per day observed in the control group) and childhood leukemia.
Potential confounders were assessed by constructing directed
acyclic graphs (DAGs) (36) with Dagitty software (version 3.0)
and two adjustment options were identified. The criteria established
in epidemiology that a confounding variable must meet were
considered in the DAG (37). The DAG was included in Annex 2.
The variables required in model A were mother’s age, state of
residence, person/bedroom ratio, breastfeeding, supplement
consumption, tobacco, and alcohol. The adjustment variables in
model B were mother’s years of education, state of residence,
supplement consumption, alcohol, and tobacco. Model B was
selected. Trend was assessed by logistic regression analysis using
food groups as a continuous variable in the models. Results with a
P-value <0.05 were considered significant.

3 Results

A total of 109 cases and 252 controls participated in this study
(Table 1). Among the cases, the female sex predominated (52.3%), the
age at diagnosis of AL was mostly between 12 and 24 months of life
(68.8%), with a lower proportion among those younger than 12
months of life (31.2%). In relation to birth weight and having been
breastfed, no differences were observed between the groups, except
when breastfeeding older than 6 months was evaluated, as the
frequency was higher among the controls. Regarding maternal
characteristics, most of the mothers in both cases and controls were
under 35 years of age at the time of pregnancy. The years of maternal
education among cases was up to 9 years of schooling (51.4%), whereas
mothers of controls had slightly more years of education on average (9
to 12 years of education). We found that the frequency of smoking in
both case and control mothers was higher one year before pregnancy
than the frequency reported during pregnancy; they decreased their
cigarette consumption during pregnancy, however, although they
decrease their cigarette smoking, there are women who continue to
smoke even during pregnancy (3.7% and 2.8%). Notably, the mothers
of the cases reported less alcohol consumption during pregnancy,
whereas the mothers of the controls reported more alcohol
consumption at this stage (3.7% vs. 12.3%; OR = 0.27, 95% CI 0.09-
0.79). A slightly greater percentage was observed among the mothers of
the controls who took iron vitamins and minerals during their
pregnancy compared to the mothers of the cases. Regarding the
characteristics of the parents of cases and controls, on average they
reported an age <35 years at the time of pregnancy, and the level of
education was very similar between the parents of cases and controls,
being 9 years of study on average. Parents of cases reported slightly less
alcohol and tobacco use 1 year before pregnancy compared to parents
of controls (Table 1).
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The dietary characteristics of the women during pregnancy are
shown in Table 2, which reports the consumption of food groups by
percentile, with the average consumption at the 50th percentile and
the minimum and maximum consumption at the 10th and 90th
percentile, respectively. Significant differences were observed
between cases and controls in the consumption of some foods,
such as high-fat dairy products, saturated fats, allium vegetables,
corn, alcohol drinks, avocado, and dishes (P<0.05). The most
striking food group in this study was allium vegetables, which
were consumed at higher levels during pregnancy among mothers
of controls than among mothers of cases (P=0.0001).

Table 3 presents the results of the logistic regression analysis
adjusted for the variables obtained by the DAGs. The two models
were model “A”, adjusted for mother’s age, state of residence,
person/habitation ratio, breastfeeding, consumption of food
supplements, and tobacco and alcohol consumption, and model
“B”, adjusted for mother’s education, state of residence, dietary
supplement consumption, smoking, and alcohol consumption.
Both models had very similar results.

The results revealed that the consumption of allium vegetables
during pregnancy was significantly negatively associated with AL
for both medium and high consumption (OR=0.26, 95% CI 0.14-
0.46), showing a trend in both models. Corn consumption was also
negatively associated with AL (OR=0.32, 95% CI 0.16-0.64), with a
P-trend for medium and high consumption levels. This was not
observed for corn tortilla consumption, which was analyzed as a
separate group. In the consumption of alcoholic beverages and
avocado, something similar was observed for both models in the
highest consumption group. Conversely, the consumption of high-
fat dairy products during pregnancy was positively associated with
AL at the medium and high consumption levels, with significance at
the latter consumption level for both models (OR=2.37, 95% CI
1.30-4.34). In addition, a trend was found for the consumption of
this food group (P<0.001). For other food groups studied, negative
associations were found in model B, although they were not
significant and were not observed to have trends in consumption
during pregnancy, as in the high consumption level for citrus fruits
(OR=0.56, 95% CI 0.32-0.98), foods rich in saturated fats (OR=0.38,
95% CI 0.20-0.69), cereals (OR=0.50, 95% CI 0.28-0.89), and
Mexican dishes (OR=0.53, 95% CI 0.29-0.94). No association was
found between consumption of topoisomerase II inhibitor foods
during pregnancy and AL in this study group (Table 3).

4 Discussion

To the best of our knowledge, this is the first study to evaluate
diet and the association with AL in children <24 months old in
Mexico City. The results show a negative and positive association
with maternal diet during pregnancy and AL in infants, with
significant dose-response trends.

The negative association found between the consumption of allium
vegetables during pregnancy and AL in their offspring is very
interesting. Allium vegetables include garlic and onions, which are
used worldwide in cooking for seasoning. There are numerous
publications on the beneficial properties of these vegetables, but
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TABLE 1 Characteristics of study participants.

10.3389/fonc.2023.1165323

Variable Control 95% CI
252

Child’s sex Female 57 52.3 100 39.7 1.66 1.05-2.62 0.026
Male 52 47.7 152 60.3

Child’s age (months) at diagnosis/recruitment <12 34 31.2 73 29.0 1.11 0.68-1.81 0.671
>12% 75 68.8 179 71.0

Birth weight (grams) <3,500" 92 84.4 217 86.1
>3,500 17 15.6 35 13.9 1.14 0.61-2.14 0.671

Breastfeeding Yes 96 88.1 226 89.7 0.84 0.42-1.72 0.651
No 13 11.9 26 10.3

Breastfeeding duration (months) <6 55 57.3 99 43.8 0.58 0.35-0.94 0.026
>6 41 42.7 127 56.2

Maternal age at pregnancy (years) <35 97 89.0 231 91.7
=35 12 11.0 21 8.3 1.36 0.64-2.87 0.417

Mother’s education (years) 0-9 56 51.4 120 47.6 1.30 0.79-2.16 0.301
9.1-12.9° 34 31.2 95 37.7 Ref.
=13 19 17.4 37 14.7 1.43 0.73-2.83 0.295

Smoking 1 year prior to pregnancy Yes 31 28.4 77 30.6 0.90 0.55-1.48 0.686
No 78 71.6 175 69.4

Smoking during pregnancy Yes 4 37 7 2.8 1.33 0.38-4.65 0.650
No 105 96.3 245 97.2

Alcohol during pregnancy Yes 4 3.7 31 12.3 0.27 0.09-0.79 0.010
No 105 96.3 221 87.7

Iron during pregnancy Yes 76 69.7 216 85.7 0.38 0.22-0.66 0.000
No 33 30.3 36 14.3

Vitamins during pregnancy Yes 98 89.9 238 94.4 0.52 0.23-1.19 0.119
No 11 10.1 14 5.6

Minerals during pregnancy Yes 4 3.7 16 6.3 0.56 0.18-1.72 0.307
No 105 96.3 236 93.7

Drug use for genital infection during pregnancy Yes 15 13.8 34 13.5 1.02 0.53-1.97 0.945
No 94 86.2 218 86.5

Paternal age at pregnancy (years) <35 82 752 198 78.6
=35 27 24.8 54 21.4 1.21 0.71-2.05 0.488

Father s education (years) 0-9 53 48.6 138 54.7 0.82 0.49-1.37 0.454
9.1-12.9* 35 32.1 75 29.8 Ref.
=13 21 19.3 39 15.5 1.15 0.59-2.24 0.673

Smoking 1 year prior to pregnancy Yes 48 47.1 141 58.0 0.64 0.40-1.02 0.061
No 61 52.9 111 42.0

Place of residence Mexico City 42 38.5 132 52.4 0.57 0.36-0.90 0.016
State of Mexico 67 61.5 120 47.6

(Continued)

Frontiers in Oncology

07

frontiersin.org


https://doi.org/10.3389/fonc.2023.1165323
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pérez-Saldivar et al. 10.3389/fonc.2023.1165323

TABLE 1 Continued

Variable Control 95% ClI P-value
252
Health institution Ministry of health* 62 569 164 | 65.1 1.41 0.89-2.24 0.139
IMss* 47 431 88 | 349
Overcrowding index # Low SES (>1.6) 15 13.8 23 9.1 1.59 0.79-3.18 0.188
Moderate-High SES (<1.6)* 94 862 229 | 90.9

2 OR crude.

“Reference level. The selection was based on the CLIC analysis, and schooling <9 years was considered the high-risk or low socioeconomic level category. If a mother had a level of schooling
higher than high school, it was considered that it could potentially have a protective effect, so these strata were left out and the intermediate group was considered as the reference value.
*Includes Secretary of Health, Secretary of Health of Mexico City, State of Mexico Institute of Health (ISEM, by its acronym in Spanish), Institute of Security and Social Services for State Workers
(ISSSTE, by its acronym in Spanish).

¥ Mexican Institute of Social Security.

# It was calculated by number of persons per bedroom as socioeconomic level.

TABLE 2 Dietary characteristics of the study sample (Energy (kcal/day).

Energy (kcal/day)

All

participants

Cases

p50 (p10, p90)

Controls

P-

2191.14 2271.09 2159.71 0.
(1413.11, (1402.20, (1413.105,
3305.08) 3425.84) 3204.94)
Food group Food items
High-fat 0.87
1.g & Milk, Oaxaca cheese, fresh cheese, Manchego 1.00 (0.29, 2.46) 1.23 (0.35, 3.06) 0.0002*
dairy products (0.29, 1.86)
Dairy with 0.29
it N t 0.29 (0.03, 1.07 0.21 (0.02, 1.14 0.7803
added sugar ce cream, yogur ( ) ( ) (0.03, 1.02)
Citrus fruits Oranges,' o'ra.nge juice, tangerines, tangerine juice, grapefruit, 0.64 (0.14, 2.02) 053 (0.14, 1.82) 0.71 0.0917
grapefruit juice (0.14, 2.11)
Other fruits Bananas, Peaches, grapes, melon, wgtermelon, mango, pears, cactus fruit, 131 (049, 3.09) 1.21 (049, 3.14) 1.42 0.0844
papaya, pineapple, plums, blackberries, mamey, zapote (0.49, 3.10)
E; E, 0.86 (0.13, 1.29) 0.86 (0.14, 1.57) 079 0.2326
88 88 60 (0243 4 60 044 (0.13, 1.29) :
Chicken Chicken 0.43 (0.14, 0.43) 0.43 (0.14, 0.79) 043 0.4847
: o ’ o (0.14, 0.43) :
. 0.49
Processed meats Sausage, ham, chorizo, bacon 0.49 (0.13, 1.21) 0.51 (0.13, 1.29) 0.13, 1.21) 0.6059
. . . 0.43
Red meat Beef, pork, cecina, barbecue, carnitas, liver 0.45 (0.12, 0.99) 0.48 (0.14, 1.01) (0.08, 0.92) 0.1278
. . 0.20
Fish and shellfish Tuna, fish, shellfish, sardines 0.20 (0.03, 0.58) 0.16 (0.03, 0.57) (0.03, 0.64) 0.1853
. . 0.70
Saturated fats Pork rinds, cream, butter, mayonnaise, lard 0.64 (0.16, 1.43) 0.45 (0.14, 1.57) (018, 1.43) 0.0042*
if 0.21
Cruciferous Broccoli, cauliflower, cabbage 0.27 (0, 0.92) 0.29 (0.00, 0.92) 0.6769
vegetables (0.00, 0.92)
. . 0.79
Allium vegetables Garlic 0.79 (0.00, 1.00) 0.43 (0.00, 1.00) 0.0001*
(0.07, 1.00)
Green X 0.49
leafy vegetables Verdolagas, spinach, lettuce, parsley 0.46 (0.14, 1.43) 0.45 (0.14, 1.16) (0.13, 1.56) 0.2362
s 2.19
Other vegetables Squash, chayote, stewed tomato, raw tomato, nopal, chili, squash flower 2.19 (1.04, 3.93) 2.15 (1.04, 4.58) (110, 3.67) 0.8159
(Continued)
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TABLE 2 Continued

Energy (kcal/day)

10.3389/fonc.2023.1165323

All Cases
participants

Controls

p50 (p10, p90)

2191.14 2271.09 2159.71
(1413.11, (1402.20, (1413.105,
3305.08) 3425.84) 3204.94)
Food group Food items
Corn Corn 0.14 (0.00, 0.43) 0.07 (0.00, 0.43) 0.14 0.0154
: e ’ e (0.00, 0.43) :
. 0.21
Legumes Lentils, broad beans, peas 0.21 (0.02, 0.86) 0.15 (0.02, 0.71) 0.1176
(0.02, 0.86)
4.00 4.00
Corn tortilla Corn tortilla 4.71 (1.00, 12.50) 0.3818
(1.29, 10.00) (1.57, 10.00)
Cereals high in fat 0.51
ereals high in fat - 1ies, cake, sweet bread 051 (0.13,1.13) | 0.51 (0.08, 1.29) 0.7229
and sugar (0.13, 1.08)
. . . . L. 0.00
Alcoholic drinks ‘White wine, beer, spirits 0.00 (0.00, 0.08) 0.00 (0.00, 0.03) 0,00, 0.13) 0.0159
0.00
Tea Herbal tea 0.00 (0.00, 0.43)  0.02 (0.00, 0.43) 0.3579
(0.00, 0.43)
0.14
Atole Atole 0.07 (0.00, 0.43)  0.07 (0.00, 0.43) 0.5533
(0.00, 0.43)
0.14
Avocado Avocado 0.14 (0.00, 0.43) 0.14 (0.00, 0.43) 0.0121
(0.00, 0.79)
. . . . 0.46
Mexican dishes Pastor, quesadilla, pozole, gordita, pambazo, tamal, sope 0.46 (0.11, 1.12) 0.40 (0.03, 1.13) (016, 1.10) 0.0139
DNA Apples, strawberries, dried cranberries, onion, beans, soy milk, soy 260
topoisomerase II cheese, soy meat, soy sauce, red wine, soft drinks, energy drinks, coffee, 2.57 (1.31, 4.41) 2.49 (1.01, 4.61) a 45' 421) 0.1555
enzyme inhibitors green tea, black tea U

P50 (p10, p90) = Values are given as 50th percentile outside the parentheses and inside the parentheses 10th percentile and 90th percentile.

research in recent years has focused on the anti-cancer potential of
these vegetables and their components. Allium vegetables contain
water, carbohydrates, proteins, fiber, and fat, as well as essential
amino acids, vitamins, and minerals (38). When garlic is minced or
crushed, its membrane is ruptured and the S-allylcysteine sulfoxide
(alliin) is enzymatically transformed into allicin by alliinase (39). Allicin
is converted to mono-, di-, and tri-sulfide and other compounds, such
as ajoene. Onions also contain mainly S-propenylcysteine sulfoxide and
other sulfoxides, such as S-propylcysteine sulfoxide and S-
methylcysteine sulfoxide (40). These organosulfur compounds are
attributed with anticarcinogenic effects. The possible mechanisms of
cancer prevention are suppression of mutagenesis, free radical
scavenging, regulation of enzymatic activities, inhibition of protein
folding in the endoplasmic reticulum, and inhibition of carcinogenic
activity, such as proliferation, resistance to apoptosis, and evasion of
immunosurveillance (41). Epidemiological studies provide various
results on the cancer-preventive properties of allium vegetables; the
strongest results are for the prevention of cancers of the gastrointestinal
tract, including to some extent gastric, colorectal, and esophageal
cancers (42). However, research studies are still underway to
improve the method of assessing allium vegetable consumption and
the amount needed to reduce the risk of cancer (43).

Frontiers in Oncology

Similarly, the positive association observed between consumption
of high-fat dairy foods during pregnancy and AL in infants is
controversial. In general, consumption of milk and dairy products is
recommended, especially during pregnancy, because they are an
important source of protein, calcium, and B vitamins (thiamine,
riboflavin, niacin, vitamin B6, and folate), also providing vitamin A,
vitamin C, magnesium, and zinc (44). They also contain carbohydrates
(lactose) and monounsaturated fats, both at low levels, and are one of
the main sources of conjugated linoleic acid in the diet (45). The study
of milk consumption worldwide and its relationship with cancer has
yielded various results; some studies have shown that milk
consumption has a protective effect for some types of cancer, such as
colorectal cancer, breast cancer, ovarian cancer, bladder cancer, and
prostate cancer (42). However, some studies have associated the
consumption of milk and its derivatives as a risk factor for some
types of cancer, such as prostate cancer, ovarian cancer, breast cancer,
and bladder cancer (42-45). Milk has also been reported to contain
estrogens, such as testosterone (46), which leads to increased cell
division, activation of proto-oncogenes, and inactivation of tumor
suppressor genes (47). Cow’s milk has also been reported to contain
insulin-like growth factor I (IGF-I), which at high levels influences the
regulation of proliferation, differentiation, apoptosis, and the

frontiersin.org
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TABLE 3 Association between food groups and acute leukemia.

Food group (servings/day) (Ca/Co) OR (95% CI)*> P-trend OR (95% CI)® P-trend OR (95% CI)° P-trend

High-fat dairy products

<0.5716 (23/83) 1.00 1.00 1.00
<0.5716-<1.2143 (30/81) 1.34 (0.72, 2.49) 1.34 (0.69, 2.60) 1.35 (0.70, 2.60)

<0.001 <0.001 <0.001
>1.2143 (56/87) 2.32 (1.31, 4.11) 2.29 (1.25, 4.21) 2.37 (1.30, 4.34)

Dairy with added sugar

<0.1593 (47/88) 1.00 1.00 1.00
20.1593 - <0.4944 (23/76) 0.57 (0.32, 1.02) 0.49 (0.26, 0.91) 0.50 (0.27, 0.94)

0.786 0417 0.441
>0.4944 (39/87) 0.84 (0.50, 1.41) 0.76 (0.43, 1.34) 0.77 (0.4, 1.33)

Citrus fruits

<0.533 (39/84) 1.00 1.00 1.00
>0.533, < 1.0546 (46/83) 0.40 (0.22, 0.73) 0.44 (0.24, 0.82) 0.43 (0.23, 0.81)
0.366 0237 0217
>1.0546 (24/85) 0.61 (0.36, 1.04) 0.58 (0.32, 1.01) 0.56 (0.32, 0.98)
Other fruits
< 1.000625 (46/85) 1.00 1.00 1.00
> 1.000625- <1.980433 (39/82) 1.07 (0.59, 1.94) 1.21 (0.50, 2.10) 1.17 (0.67, 2.03)
0.262 0139 R — 0.14
>1.980433 (24/85) 0.62 (0.34, 1.13) 0.57 (0.31, 1.06) 0.57 (0.31, 1.06)
Egg
<0.2858 (18/48) 1.00 1.00 1.00
>0.2858-<0.8572 (27/76) 0.95 (0.47, 1.90) 1.01 (0.48, 2.13) 1.00 (0.48, 2.09)
0.956 0.932 0.958
>0.8572 (62/123) 1.34 (0.72, 2.50) 1.48 (0.76, 2.87) 1.46 (0.76, 2.81)
Poultry
<0.4286 (30/76) 1.00 1.00 1.00
<0.4286-<0.7857 (66/154) 1.09 (0.65, 1.81) 1.08 (0.62, 1.87) 1.10 (0.64, 1.89)
0.327 0.728 0.684
>0.7857 (13/22) 1.50 (0.67, 3.35) 1.37 (0.58, 3.25) 1.40 (0.60, 3.27)

Processed meats

<0.3516 (31/83) 1.00 1.00 1.00
>0.3516 -<0.8515 (44/84) 1.40 (0.81, 2.43) 1.33 (0.74, 2.38) 1.37 (0.77, 2.44)
0.826 0.715 0.719
>0.8515 (34/85) 1.07 (0.60, 1.90) 1.06 (0.58, 1.94) 1.05 (0.58, 1.92)
Red meat
<0.296 (31/83) 1.00 1.00 1.00
>0.296 -<0.5715 (31/80) 1.04 (0.58, 1.86) 1.27 (0.68, 2.37) 1.20 (0.65, 2.24)
0.336 0225 0205
>0.5715 (47/88) 1.43 (0.83, 2.46) 1.51 (0.84, 2.70) 1.48 (0.83, 2.64)

Fish and shellfish

<0.1429 (41/79) 1.00 1.00 1.00
>0.1429 -<0.2909 (39/88) 0.85 (0.50, 1.46) 0.91 (0.52, 1.60) 0.91 (0.52, 1.59)

0.069 0.059 0.073
>0.2909 (29/85) 0.66 (0.37, 1.16) 0.58 (0.31, 1.07) 0.62 (0.34, 1.14)

Rich in saturated fats

<0.4945 (62/79) 1.00 1.00 1.00

(Continued)
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TABLE 3 Continued

Food group (servings/day) (Ca/Co) OR (95% CI)*> P-trend OR (95% CI)®* P-trend OR (95% CI)° P-trend

>0.4945-<0.9394 (23/88) 0.33 (0.19, 0.59) 0.36 (0.20, 0.65) 0.35 (0.19, 0.63)
0.062 — 0.151 I — 0.123
>0.9394 (23/84) 0.35 (0.20, 0.62) 0.39 (0.21, 0.72) 0.38 (0.20, 0.69)

Cruciferous vegetables

<0.1316 (31/74) 1.00 1.00 1.00
>0.1316 - 0.4286 (33/84) 0.94 (0.52, 1.68) 1.02 (0.54, 1.93) 1.07 (0.58, 1.97)

0.828 0.850 0.820
>0.4286 (45/94) 1.14 (0.66, 1.98) 1.10 (0.61, 1.99) 1.11 (0.62, 1.98)

Allium vegetables

<0.7857 (57/53) 1.00 1.00 1.00
>0.7857 <1 (17/102) 0.54 (0.25, 1.20) 0.15 (0.08, 0.30) 0.15 (0.08, 0.30)

0.004 <0.001 <0.001
>1 (34/97) 0.26 (0.15, 0.46) 0.27 (0.15, 0.49) 0.26 (0.14, 0.46)

Green leafy vegetables

<0.3403 (37/82) 1.00 1.00 1.00
>0.3403 -<0.7144001 (49/86) 1.27 (0.75, 2.13) 1.38 (0.78, 2.44) 1.30 (0.74, 2.28)
0.047 0.042 0.037
>0.7144001 (23/84) 0.61 (0.33, 1.11) 0.58 (0.30, 1.10) 0.57 (0.30, 1.08)
Other vegetables
< 1.84478 (47/84) 1.00 1.00 1.00
> 1.84478-<2.679343 (19/83) 0.41 (0.22, 0.76) 0.47 (0.35, 0.90) 0.46 (0.24, 0.86)
0.357 0415 0523
>2.679343 (42/84) 0.89 (0.53, 1.49) 0.89 (0.51, 1.54) 0.85 (0.50,1.47)
Corn
<0.1429 (66/112) 1.00 1.00 1.00
>0.1429-<0.4286 (30/74) 0.69 (0.41, 1.16) 0.75 (0.43, 1.30) 0.73 (0.42, 1.27)
0.01 0.012 0.014
>0.4286 (13/66) 0.33 (0.17, 0.65) 0.31 (0.15, 0.62) 0.32 (0.16, 0.64)

Root vegetables

<0.3516 (33/84) 1.00 1.00 1.00
>0.3516 -<0.8572 (27/53) 1.30 (0.70, 2.40) 1.10 (0.56, 2.14) 1.12 (0.58, 2.17)
0.603 0.500 0.592
>0.8572 (48/115) 1.06 (0.63, 1. 80) 1.07 (0.62, 1. 86) 1.10 (0.63, 1.90)
Legumes
<0.1429 (38/74) 1.00 1.00 1.00
>0.1429 -<0.3516 (40/91) 1.57 (0.55, 4.50) 0.94 (0.53, 1.68) 0.97 (0.55, 1.72)
0.102 0373 0323
>0.3516 (31/87) 1.16 (0.44, 3.06) 0.79 (0.43, 1.43) 0.76 (0.42, 1.37)

Canned chili peppers

<0.0164 (29/68) 1.00 1.00 1.00
>0.0164-<0.1429 (34/50) 1.59 (0.86, 2.95) 1.77 (0.91, 3.44) 1.60 (0.83, 3.08)

0.303 0300 0261
>0.1429 (46/134) 0.81 (0.46, 1.39) 0.78 (0.44, 1.41) 0.74 (0.41, 1.33)

Corn tortilla

<3 (22/57) 1.00 1.00 1.00
>3-<5 (33/91) 0.94 (0.50, 1. 77) 0.96 (0.49, 1.89) 0.90 (0.46, 1.76)

0.391 0.925 0.894
>5 (54/99) 1.41 (0.78, 2.56) 1.32 (0.70, 2.51) 1.24 (0.65, 2.37)

(Continued)
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TABLE 3 Continued

Food group (servings/day) (Ca/Co) OR (95% CI)*> P-trend OR (95% CI)®* P-trend OR (95% CI)° P-trend

Cereals
<1.7144 (54/81) 1.00 1.00 1.00
>1.7144-<2.5 (22/78) 0.42 (0.24, 0.76) 0.52 (0.28, 0.96) 0.48 (0.25, 0.86)
0.431 0.348 0.253
>2.5 (31/84) 0.55 (0.32, 0.95) 0.53 (0.30, 0.94) 0.50 (0.28, 0.89)
Cereals high in fat and sugar
<0.4286 (34/78) 1.00 1.00 1.00
>0.4286-<0.6373 (36/82) 1.01 (0.57, 1.77) 0.81 (0.44, 1.48) 0.86 (0.45, 1.48)
0.330 0958 0889
>0.6373 (39/91) 0.78 (0.57, 1.70) 0.75 (0.42, 1.35) 0.78 (0.44, 1.41)
Alcoholic drinks
0 (79/158) 1.00 1.00 1.00
>0-<0.0658 (24/42) 1.16 (0.65, 2.05) 1.09 (0.59, 2.00) 1.03 (0.56, 1.89)
0.003 0.002 0.001
>0.0658 (5/52) 0.18 (0.07, 0.47) 0.17 (0.06, 0.47) 0.17 (0.06, 0.46)
Tea
0 (50/140) 1.00 1.00 1.00
>0-<0.4286 (38/59) 0.93 (0.37, 2.35) 1.82 (1.04, 3.17) 1.89 (1.09, 3.26)
0.503 0.575 0.645
>0.4286 (21/53) 0.49 (0.22, 1.12) 1.09 (0.58, 2.07) 1.13 (0.60, 2.12)
Corn-based drinks
<0.0658 (34/65) 1.00 1.00 1.00
>0.0658-<0.1429 (26/60) 0.83 (0.45, 1.54) 0.98 (0.51, 1. 89) 0.95 (0.49, 1.81)
0.992 0.922
>0.1429 (49/127) 0.74 (0.43, 1.25) 0.81 (0.46, 1.43) 0.76 (0.44, 1.34) 0.826
Avocado
<0.1429 (45/76) 1.00 1.00 1.00
>0.1429-<0.4286 (38/80) 0.80 (047, 1. 37) 0.79 (045, 1. 40) 0.83 (0.47, 1.45)
0.015 ———— 0.53 1 0.040
>0.4286 (26/96) 0.46 (0.26, 0.81) 0.55 (0.30, 1.00) 0.52 (0.29, 0.95)
Vegetable fats
<0.9286 (24/82) 1.00 1.00 1.00
20.9286 -<1.1429 (45/85) 1.81 (1.01, 3.23) 1.73 (0.93, 3.21) 1.79 (0.97, 3.31)
0.208 0310 0354
>1.1429 (38/81) 1.60 (0.88, 2.91) 1.60 (0.85, 3.03) 1.56 (0.83, 2.94)
Mexican dishes
<0.368 (51/83) 1.00 1.00 1.00
>0.368-<0.6538 (28/84) 0.54 (0.31, 0.94) 0.53 (0.30, 0.96) 0.50 (0.28, 0.89)
0.114 0.132 0.115
20.6538 (29/85) 0.56 (0.32, 0.96) 0.55 (0.31, 0.98) 0.53 (0.29, 0.94)
DNA topoisomerase Il enzyme inhibitors
< 2.28585 (45/84) 1.00 1.00 1.00
>2.28585-< 3.0987 (33/83) 0.74 (0.43, 1.28) 0.63 (035, 1.11) 0.66 (0.37, 1.16)
0.212 0.135 0.127
>3,0987 (31/85) 0.68 (0.39, 1.18) 0.62 (0.34, 1.11) 0.62 (0.35, 1.11)

“crude model,
badjus'red by mothers age, state of residence, person/room ratio (overcrowding level), breastfeeding, supplements, tobacco and alcohol consumption,
“adjusted by mother s education, state of residence, supplements, tobacco and alcohol consumption.

Frontiers in Oncology 12 frontiersin.org


https://doi.org/10.3389/fonc.2023.1165323
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pérez-Saldivar et al.

development of neoplasms (48). Obesity leads to enhanced circulating
levels of insulin, IGF-I, IGF-II and IGF-binding proteins (IGFBP-3),
while reducing levels of the low molecular weight IGF-binding proteins
(IGFBP-1, IGFBP-2). The effect of these changes is increased signaling
through the insulin and IGF-I receptors, with resultant increased
mitogenesis and decreased apoptosis, increasing the risk of
carcinogenesis (49). In addition, other contaminants are likely to be
present in milk, such as pesticides and veterinary drugs, and the process
of homogenization or pasteurization by means of high temperatures
potentiates the oxidation of fats, which can lead to the formation of free
radicals and polymerized compounds that are carcinogenic (44). These
mechanisms have not yet been studied in childhood AL, which would
be a window of opportunity in this field.

The results in the present study cannot be compared to what has
been published to date on maternal diet and AL development in
children <24 months of age. Most epidemiological studies that have
evaluated maternal diet and its association with AL in offspring
have been in school-aged children and adolescents (8-15), because
gathering an appropriate sample size in infants is difficult, options
such as those proposed by CLIC of forming international groups to
gather large sample sizes and look for associations (50).

Some of the findings in this study, such as the negative
association with the consumption of fruits and vegetables,
coincides with the findings reported by Jensen et al., who found
that high consumption of fruits and vegetables by the mother
during pregnancy decreases the risk of ALL (10), similar to what
was also reported in the recent meta-analysis by Blanco-Lopez et al.
(51). In contrast to the findings of Ross et al. (18), when we analyzed
foods containing topoisomerase II inhibitors as a food group,
among them coffee, we did not find an association with AL,
similar to that reported by Milne et al. (52).

When interpreting the results of this study, the low response rate
among cases and the random measurement error in the FFQ must be
considered. Another limitation of this study are the collection on
maternal feeding during pregnancy data after the diagnosis of AL in the
cases and the interview in the controls, so there may be recall bias
typical of case-control studies. However, the mothers who were
interviewed did not know the main hypothesis of the study, and the
methods used for data collection were the same between cases and
controls; thus, any bias would be the same between cases and controls.
Not knowing the study hypothesis prevented the mothers of the cases
or controls from making a special effort to recall the consumption of a
specific type of food that they believed was associated with AL.
Similarly, not knowing the hypothesis prevented them from denying
the consumption of any food that they believed could have caused
leukemia. This reduced the risk of a differential error in the study. The
questionnaire with sociodemographic variables included an open-
ended question asking the mother why she believed her child had
developed leukemia. This question helped us to identify how many
mothers attributed their child’s disease to diet, and we identified 9
mothers who gave this answer and were therefore excluded from the
analysis; this did not change the results (data not shown).The controls
who participated in the study tended to have a higher socioeconomic
status and education level than the cases, which could suggest selection
bias. Importantly, participation of controls with better socioeconomic
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and education status has also been reported in population-based case-
control studies, which have a higher willingness to participate (53).

Having controls with high socioeconomic status could produce an
inverse association between, for example, the consumption of alcohol,
foods rich in saturated fats, and Mexican dishes, which were foods that
were identified as having negative associations for AL but without a
significant trend. Thus, it would seem that the higher socioeconomic
status in the control group favors the purchase and consumption of
these foods. Nevertheless, in model B, we adjusted for maternal
education and other variables, with no effect on the result.

Furthermore, we did not consider other variables as possible
confounders, such as weight and height before pregnancy and
weight gained during the trimesters of pregnancy in the mothers
who participated in the study, or if it would have been possible to
obtain data on body mass index (BMI) or fat mass index. This
information would allow us to determine whether the mothers who
participated were obese as, according to the literature, maternal
obesity introduces genetic, hormonal, and biochemical changes in
the intrauterine environment (54). Excess body weight is associated
with increased levels of IGF-1 and IGF-2 and decreased levels of
IGFBP-1 and IGFBP-2, which may result in increased mitogenesis
and decreased apoptosis, increasing the risk of carcinogenesis
(54, 55).

We also did not ask the mothers as to whether she had
gestational diabetes during her pregnancy, which has been
associated with the development of ALL in offspring (55). Insulin
resistance may also play a role in the relationship between maternal
obesity and the risk of ALL in offspring through inflammation (56).
Inflammation, in turn, can promote leukemogenesis via several
mechanisms, including through cytokines and chemokines, nuclear
factor kappa B transcription factors, and signal transducer and
activator of transcription 3 (STAT3) (57).

Epidemiological studies on diet or other environmental factors
in infants are absolutely necessary for the study of leukemogenesis
because they have a short period of exposure (before and during
pregnancy) for the manifestation of the disease (58). The usefulness
of identifying food groups or specific foods associated with AL in
children allows the planning of prevention strategies to promote an
increase or decrease in their consumption in pregnant women or
women planning to become pregnant with the purpose of adding to
the health recommendations in this reproductive stage with
implications not only for AL in infants, but also for the
development of AL in children and adolescents in the future.

4.1 Conclusion

In conclusion, the results of this study suggest that maternal
intake of allium vegetables, specifically garlic, during pregnancy is
inversely associated with the development of AL in children <24
months of age. On the other hand, consumption of high-fat dairy
products, particularly milk, Oaxaca cheese, Manchego cheese, and
fresh cheese, is positively associated with AL in children <24
months of age. Further research with some methodological
considerations is required to corroborate the findings of this study.
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CONTROLS
Infant with suspected Dx Acute Leukemia at Hospitals Patients who met the criteria to be a control group
of Mexico City 2010-2019.
343
‘)‘ Foreign infants with AL (excluded)
93
Infants Metropolitan Area with AL
250
M litan infants with AL and
Down's syndrome (excluded) They did not agree to
13
‘ Infants Metropolitan Area with AL and without Sx Down
Did not complete maternal diet
questionnaire 127*
Infants with maternal diet questionnaire
Excluded due to extreme calorie consumption data
Cases Controls
109 252
FIGURE 1
Diagram of the search and selection of the case and controls infant's < 24 months of age attended in public hospitals in Mexico City and State of
Mexico 2010-2019. *11 patients were diagnosed in 2010 when the instrument was not yet available and could not be recovered, 11 patients whose
mothers did not agree to participate, 10 patients who were treated in a institution that did not participate in the study, 55 patients who died within 2
months of diagnosis and could not be interviewed, 2 patients who were lost due to the COVID-19 pandemic, and 38 patients who were lost to
follow-up and were not administered the material diet questionnaire.

Annex 2
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Directed acyclic graph of maternal diet intake and acute leukemia. White circles= adjusting variables; red circles= ancestor of exposure and
outcome that does not need to be adjusted for; blue circle other than acute leukemia circle= ancestor of outcome. Green lines correspond to direct

and indirect causal paths between maternal diet and Acute Leukemia, the latter are mediated by child’s age at diagnosis and weight of the child
at birth.
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