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Abstract

Background: Consumption of cured/smoked meat and fish leads to the formation of carcinogenic
N-nitroso compounds in the acidic stomach. This study investigated whether consumed cured/
smoked meat and fish, the major dietary resource for exposure to nitrites and nitrosamines, is
associated with childhood acute leukemia.

Methods: A population-based case-control study of Han Chinese between 2 and 20 years old was
conducted in southern Taiwan. 145 acute leukemia cases and 370 age- and sex-matched controls
were recruited between 1997 and 2005. Dietary data were obtained from a questionnaire. Multiple
logistic regression models were used in data analyses.

Results: Consumption of cured/smoked meat and fish more than once a week was associated with
an increased risk of acute leukemia (OR = 1.74; 95% Cl: 1.15-2.64). Conversely, higher intake of
vegetables (OR = 0.55; 95% Cl: 0.37-0.83) and bean-curd (OR = 0.55; 95% CI: 0.34-0.89) was
associated with a reduced risk. No statistically significant association was observed between
leukemia risk and the consumption of pickled vegetables, fruits, and tea.

Conclusion: Dietary exposure to cured/smoked meat and fish may be associated with leukemia
risk through their contents of nitrites and nitrosamines among children and adolescents, and intake
of vegetables and soy-bean curd may be protective.

Page 1 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19144145
http://www.biomedcentral.com/1471-2407/9/15
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/

BMC Cancer 2009, 9:15

Background

Leukemia is the most frequent type of childhood cancer
[1]. Acute lymphoblastic leukemia (ALL), representing
80% of diagnoses, is the main subtype of childhood
leukemia followed by acute myeloid leukemia (AML) and
the chronic subtypes of leukemia [1]. Lower incidence of
childhood leukemia has been documented among Chi-
nese, Japanese, and Koreans than among Caucasians [2].
Several risk factors are thought to play a role in the hemat-
opoietic carcinogenesis. These factors include environ-
mental factors (e.g., benzene, ionizing radiation,
nonionizing electromagnetic fields, pesticides, occupa-
tions, and parental occupations), medical events (e.g.,
radiation therapy, and chemotherapy agents), and famil-
ial and genetic factors. However, not all leukemia cases are
explainable by these factors [3-5].

Nutrition has been previously implicated in playing a
complex role in cancer etiology. Carcinogen exposure may
occur through preservation methods and high tempera-
ture cooking [6]. Chinese-style salted fish is characterized
as a Group 1 carcinogen by the International Agency for
Research on Cancer [7]. Consumption of cured/smoked
meat and fish, which contains N-nitroso precursors, leads
to the formation of carcinogenic N-nitroso compounds in
the acidic stomach [8]. Antioxidants, such as vitamin C, E,
flavones and flavanones in fresh fruits, vegetables, green
tea, and soybeans were found to block the nitrosation
reaction [9-11]. Epidemiologic studies have suggested
that increased consumption of cured meat is associated
with a higher risk of colorectal cancer and stomach cancer
[12]; while consumption of fresh fruits and vegetables is
associated with a decreased risk of breast, colon, lung,
pancreas, bladder, larynx, stomach, esophageal, and oral
cancers [13-16].

Compared to the solid tumors, few studies have reported
the effects of diet in relation to childhood leukemia and
have inconsistent results. In addition, all of them were
conducted in Western countries [17-19]. To assess chil-
dren's diet and the risk of childhood leukemia, we per-
formed an analysis in a population based case-control
study in a Han Chinese population.

Methods

Study population

This population-based case-control study was conducted
in metropolitan Kaohsiung, southern Taiwan. Details of
the study area as well as the cases and controls recruitment
criterion were described previously [20,21]. Briefly, cases
and controls were selected from the non-agricultural areas
in Kaohsiung to avoid potential confounding effects of
pesticides. Incident leukemia cases were identified on the
basis of International Classification of Disease 9t Revi-
sion (ICD-9) criteria, codes 204-208. Cases were histo-
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logically confirmed to have an incident, primary
diagnosis of leukemia (International Classification of Dis-
ease 9th Revision criteria, codes 204-208), less than 20
years old, diagnosed between November 1997 and
December 2005 and residents of the study area at the time
of enrollment. Patients with secondary or recurrent
tumors were excluded. Cases recruitment was performed
through two systems including the rapid case ascertain-
ment system from the large referral hospitals in the study
area and computer files abstracted from records of the
mandatory national health insurance system operated by
the Department of Health of Kaohsiung, Taiwan. The
former was set up by the Kaohsiung Medical University
Hospital to obtain information regarding newly diag-
nosed cases from the large referral hospitals in the study
area (Kaohsiung Medical University Hospital, Kaohsiung
Chang-Gung Memorial Hospital, and Kaohsiung Veterans
General Hospital). All citizens who have established a reg-
istered domicile for at least 4 months in Taiwan are cov-
ered by a National Medical Insurance System and have
access to these referral hospitals. With these two case
ascertainment combined, all of the cases occurring in met-
ropolitan Kaohsiung have been identified. All case diag-
noses were confirmed by an experienced pathologist in
the Kaohsiung Medical University Hospital.

After each incident case was identified, matched controls
were randomly selected using a personal identification
number assigned by the Household Registration Office
from the population registry data of the chosen study area.
This number assignment is independent of current resi-
dence and would not bias the control selection by resi-
dence. Individuals with any known malignancy were
excluded from the controls of the study. Cases and con-
trols were matched on age (+ 1 year) and gender using a
1:3 matching ratio.

Totally 190 eligible cases and 842 eligible controls were
identified. Among them, 179 cases (94%) and 475 con-
trols (56%) agreed to participants. The reasons for non-
participation for the eligible cases included refusal (2
percent); could not be contacted (1 percent); missing
address information (2 percent); and parents were
divorced or widowed (1 percent). Reasons for nonpartici-
pation for the eligible controls included refusal (22 per-
cent); could not be contacted (14 percent); missing
address information (6 percent); and parents were
divorced or widowed (2 percent). Therefore, not all of the
cases had 3 matched controls. The differences between
participants and non-participants by residence are not sta-
tistically significant [21].

The study protocol was approved by the Institutional
Review Boards of the Harvard School of Public Health and
Kaohsiung Medical University. All study subjects > 18
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years of age consented; or their parents (if < 18 years of
age) assented to participate in the study.

Questionnaires

A trained interviewer conducted an in-person interview
immediately after participants were recruited. Follow-up
phone interviews were administered occasionally if
required. Either the subject's biologic mother or the sub-
ject himself/herself completed the questionnaire. A mod-
ified questionnaire originally developed by Children's
Cancer Group and the Pediatric Oncology Group Study
[22] was used to obtain information on the subjects'
socio-demographic characteristics, medical history, resi-
dential history up to 2 years prior to birth, occupational
history (if the subject was > 16 years of age), cigarette
smoking, alcohol consumption, diet, and exposure to var-
ious hazardous agents. The questionnaire was translated
from English into traditional Chinese, and back-trans-
lated independently to assure accuracy. Some modifica-
tions were done for better cultural adaptation. For
example, Chinese style sausage, salted fish, and dried
salted duck were added in the food group of cured/
smoked meat or fish. A portion of the habitual diet ques-
tionnaire concentrated on consumption of the following
foods/food groups: fruits, vegetables, bean-curd foods
(to-fu, dried to-fu, to-fu pudding, etc), tea (black tea,
green tea, and oolong tea), alcohol-containing beverages
(beer, spirits, and wine), cured/smoked meat or fish (Chi-
nese style sausage, salted fish, preserved meat, bacon,
ham, hot dog, dried salted duck), and pickled vegetables
(pickled Chinese cabbage, pickled potherb mustard,
salted cabbage, etc). Interviewers asked the cases to esti-
mate their usual intake of these food groups prior to diag-
nosis. Controls were asked to estimate their usual intake
before the recruitment. For each food/food group, partic-
ipants reported their frequency of intake. The usual die-
tary intakes listed in the questionnaire were in frequency
categories (as the original food groups in Table 1). The fre-
quency categories for the responses were never, > = 1/
week for more than 6 months (ever) for tea and alcohol-
containing beverages; < 1/week, 1/week, 2-3/week, 4-6/
week, few times/day for fruits and vegetables; never, few
times/year, < 4/month, 1-2/week, 3-4/week, > = 5/week
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for bean-curd foods, cured/smoked meat and fish, and
pickled vegetables. Portion size was not measured.

A similar questionnaire for the mother was used with
additional questions added to obtain information on
maternal reproductive history, alcohol-containing bever-
ages and supplement use (vitamins and iron supple-
ments) and/or medication usage 21 months before
delivery to the study subject's date of birth or the date
breast-feeding stopped.

Statistical analyses

In the analyses, the frequency categories of food con-
sumption on the questionnaire were collapsed into sim-
pler categories for sufficient numbers of cases and controls
for each category in each food/food group. The cut-points
for the regrouped categories were based on the median
consumption frequencies in the controls. New categories
were used to test if the childhood leukemia risk is associ-
ated with frequent cured/smoked meat or fish and pickled
vegetables consumption (above median) and the rare and
occasional fruits, vegetables, and bean-curd foods con-
sumption (below median). The regrouped food frequency
categories are summarized in table 1.

The data was analyzed using the SAS® software version 9.1
(SAS Institute, Cary, North Carolina). Among the identi-
fied 179 acute leukemia cases (136 ALL and 43 AML) and
475 controls, we restricted our analysis to Han Chinese
participants to reduce confounding by ethnicity (158
cases and 404 controls). In addition, since it is less likely
for infants to have habitual cured or pickled foods intake
and the potential different risk factors for infants who
develop leukemia [23], cases and their respective controls
under 2 years of age were excluded. 145 acute leukemia
cases (112 ALL and 33 AML) and 370 matched controls
are in the analyses. Selected principal characteristics were
evaluated by y2, Fisher exact, and ¢ tests, as appropriate.

Analyses of the frequency of consumption of each food/
food group and risk of leukemia were performed using
logistic regression models with adjustments made for age,
sex, maternal age, birth weight, breastfeeding, parental

Table I: Definition of the regrouped food frequency categories for data analysis based on original categories obtained from the child's

diet questionnaire

Food group

New categries for data analysis

Rare or occasional consumption

Frequent consumption

Cured meat/fish
Pickled vegetables
Bean-curd foods
Vegetables

Fruits

Never; few times/year;< 4/month
Never; few times/year

Never; few times/year

< l/week; |/week; 2-3/week; 5-6/week
< l/week; |/week; 2-3/week; 5-6/week

1-2/week; 3—4/week; > = 5/week

< 4/month; |-2/week; 3—4/week; > = 5/week
< 4/month; |1-2/week; 3—4/week; > = 5/week
few times/day

few times/day
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education levels, parental and subjects' smoking history,
maternal vitamins and iron supplements intake status,
and all the other food items. As no confounding was seen
by these variables alone or together on the associations of
interest, the results presented are only adjusted for the
matching factors including age and sex. A Wald's test
based on the original ordinal dietary variables obtained
from the child's diet questionnaire was used to test for
trend. Stratified analyses were performed to estimate the
combined dietary effects.

All reported p values are from two-sided tests. An adjusted
p-value less than 0.05 was considered to be statistically
significant.

Results

Demographics

The distributions of selected characteristics among study
subjects are shown in table 2. There were no significant
differences between the acute leukemia cases and controls
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with respect to maternal age, birth weight, breastfeeding,
maternal, paternal, and subjects' smoking history, and
parental education levels. None of the study subjects
reported alcohol consumption. Neither the offspring's
nor the mothers' employment was in petrochemical-
related occupations.

Dietary effects

Compared to the consumption frequency from the
nationwide survey using 24-hour recalls, the frequency of
each food consumption among the controls in our study
was similarly distributed to the nationwide survey of the
same age groups [24] (data not shown). Therefore, our
control selection is comparable to the general population
in Southern Taiwan, from which all cases were selected.
To increase statistical power, we combined ALL and AML
together. As shown in table 3, twenty-four percent of the
controls consumed cured/smoked meat/fish frequently.
Frequent consumption of cured/smoked meat and fish,
consumption more than a few times a week, was associ-

Table 2: Principal characteristics of childhood acute leukemia cases and controls age between 2 and 20 years

ALL AML

Variable2 Case (n=112) Control (n = 279) Case (n =33) Control (n =91)
Age (years) (median (SD)) 6.9 (5.6) 7.8 (5.5) 14.6 (4.9) 14.8 (4.9)
Sex

Male (%) 76 (67.9) 185 (66.3) 18 (54.5) 53 (58.2)

Female (%) 36 (32.1) 94 (33.7) 15 (45.5) 38 (41.8)
Maternal age (years)

<25 (%) 27 (24.5) 73 (26.3) 6 (18.2) 21 (23.1)

25-34 (%) 74 (67.3) 185 (66.5) 27 (81.8) 68 (74.7)

~ 35 (%) 9(82) 20 (7.2) 0 (0.0 2(22)
Birth weight (g)

<3000 (%) 27 (24.1) 72 (25.8) 11 (33.3) 25 (27.5)

3000-3499 (%) 48 (42.9) 134 (48.0) 10 (30.3) 42 (46.2)

~ 3500 (%) 37 (33.0) 73 (26.2) 12 (36.4) 24 (26.4)
Breastfeeding

Never (%) 70 (62.5) 157 (56.3) 25 (75.8) 59 (64.8)

Ever (%) 41 (36.6) 121 (43.3) 8 (24.2) 32 (35.2)

Unknown (%) 1 (0.9) 1 (0.4) 0 (0.00) 0 (0.0)
Maternal smoking during pregnancy

Yes (%) 1 (0.9) 4(1.4) I (3.0 0 (0.0

No (%) 111 (99.1) 275 (98.6) 32 (97.0) 91 (100.0)
Paternal smoking during pregnancy

Yes (%) 59 (53.6) 152 (54.5) 20 (60.6) 55 (50.4)

No (%) 51 (46.4) 127 (45.5) 13 (39.4) 36 (39.6)
Subjects smoking before diagnosis

Yes (%) 1 (0.9) 6(22) 0(0) I (L.1)

No (%) 111(99.1) 273 (97.8) 33 (100) 90 (98.9)
Parental education levels®

Not junior high school graduated (%) 5 (4.5) 15(5.4) 0 (0.00) 10 (11.0)

Junior high school graduated (%) 9 (8.0) 35 (12.5) 7(21.2) 13 (14.3)

High school graduated (%) 55 (49.1) 114 (40.9) 13 (39.4) 41 (45.1)

Four-year college/university and above (%) 43 (38.4) 115 (41.2) 13 (39.4) 27 (29.7)
aNumber and percent of group (%) or (median(SD)). Percents are rounded
bHighest education level of either parent
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Table 3: Frequencies and adjusted odds ratios of diet effects on acute leukemia risk
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2-5 years old 2-20 years old
Cases Controls Cases Controls

Consumption of food (n =50) (n=118) OR (95% Cl)2 (n = 145) (n =370) OR (95% Cl)2
Cured meat/fish

Rare or occasional 34 90 1.00 94 282 1.00

Frequent 16 28 1.52 (0.75-3.09) 51 88 1.74 (1.15-2.64)¢
Pickled vegetables

Rare or occasional 44 103 1.00 124 322 1.00

Frequent 6 15 1.07 (0.41-2.79) 20 48 1.10 (0.62-1.93)
Bean-curd food

Rare or occasional 17 21 1.00 34 53 1.00

Frequent 33 97 0.47 (0.22-0.99)b I 317 0.55 (0.34-0.89)
Vegetables

Rare or occasional 27 39 1.00 57 97 1.00

Frequent 23 79 0.44 (0.22-0.85) 88 273 0.55 (0.37-0.83)¢
Fruits

Rare or occasional 29 46 1.00 75 178 1.00

Frequent 21 72 0.53 (0.28-1.01) 70 192 0.86 (0.58—1.26)
Tea

No 34 80 1.00 100 237 1.00

Yes 16 38 0.98 (0.49—1.95) 45 133 0.80 (0.53-1.22)

a0dds ratios and 95% confidence intervals derived from logistic regression adjusted for age and sex

bp < 0.05; <p < 0.0

ated with an increased risk of acute leukemia, with an
odds ratio of 1.74 (95% CI: 1.15-2.64; pyeng = 0.03). Con-
sumption of bean-curd foods was significantly associated
with a reduced risk of the childhood acute leukemia.
Eighty-five percent of the controls consumed bean-curd
foods frequently. Compared to the rare or occasional con-
sumption category, the odds ratio was 0.55 (95% CI,
0.34-0.89; pyreng > 0.05) for frequent consumption in rela-
tion to childhood acute leukemia risk. Seventy-four per-
cent of the controls reported frequently consumed
vegetables. Frequent consumption of vegetables was asso-
ciated with a reduced risk of childhood acute leukemia
(OR = 0.55; 95% CI: 0.37-0.83; pyyenq = 0.001). Tea, fruits,
and pickled vegetables consumption did not show signif-
icant associations on childhood acute leukemia.

Analyses stratified by ALL and AML cases and their
matched controls yielded similar results. Frequent con-
sumption of cured/smoked meat and fish was associated
with an increase risk of ALL (OR = 1.49; 95% CI: 0.92-
2.42) and AML (OR = 2.76; 95% CI: 1.19-6.41). Con-
versely, higher intake of bean-curd (OR = 0.54; 95% CI:
0.31-0.95) and vegetables (OR = 0.49; 95% CI: 0.31-
0.78) was associated with a reduced ALL risk. The associa-
tions between AML and the consumptions of bean-curd
and vegetables are not statistically significant.

To estimate the dietary effect in early childhood, the mod-
els were restricted to acute leukemia cases diagnosed
between the ages of 2 and 5 years and their matched con-
trols. Significant protective associations were observed
among children with higher intake of bean-curd foods
and vegetables. Frequent consumption of cured/smoked
meat and fish, though the odds ratio was no longer signif-
icant, was associated with an increased risk of acute leuke-
mia (Table 3).

Other dietary effects

We assessed carefully the socioeconomic status and other
principal characteristics that may influence participants'
diet and showed no significant differences between cases
and controls (Table 2). Adjustment for all these character-
istics in models did not affect the observed associations.
We did not find significant associations of childhood
acute leukemia risk with maternal vitamin, iron supple-
ments, and alcohol-containing beverage intake during
pregnancy (data not shown)

Combined dietary effects

Participants consume vegetables frequently may consume
less cured meat/fish, but more bean-cured food. To esti-
mate the independent effects of these three food con-
sumption on the risk of childhood acute leukemia, we
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Table 4: Relationships between combined dietary factors and acute leukemia risk

Cases Controls
Consumption of food (n = 145) (n =370) OR (95% Cl)2

Cured meat/fish Vegetables

Rare or occasional Rare or occasional 38 82 1.00

Frequent Rare or occasional 19 15 2.73 (1.26-5.96)¢

Rare or occasional Frequent 56 200 0.61 (0.37-0.99)>

Frequent Frequent 32 73 0.95 (0.54-1.67)
Cured meat/fish Bean-curd food

Rare or occasional Rare or occasional 24 48 1.00

Frequent Rare or occasional 10 5 4.01 (1.23-13.05)>

Rare or occasional Frequent 70 234 0.60 (0.34-1.05)

Frequent Frequent 41 83 0.99 (0.53-1.83)
Vegetables Bean-curd food

Rare or occasional Rare or occasional 19 25 1.00

Frequent Rare or occasional 15 28 0.70 (0.30-1.68)

Rare or occasional Frequent 38 72 0.69 (0.34-1.42)

Frequent Frequent 73 245 0.39 (0.20-0.75)¢

20dds ratios and 95% confidence intervals derived from logistic regression adjusted for age and sex

bp < 0.05; p < 0.0

performed additional analyses to estimate the combined
dietary effects (Table 4). Compared to participants with
both rare cured meat/fish and vegetables, subjects with
frequent consumption of cured meat/fish have a 2.7-time
higher risk of having leukemia. This effect is independent
from vegetable consumption. Compared to participants
with both rare cured meat/fish and vegetables, subjects
with frequent consumption of vegetable have a 40%
reduced risk of having leukemia. This effect is independ-
ent from cured meat/fish consumption. However, since
vegetables and bean-curd food usually mixed together in
Chinese food, it's difficult to distinguish the effects con-
tributed to the risk of childhood leukemia. We also per-
formed analyses with adjustment for all the other food
items and found no confounding effects for the observed
associations (the ORs changed < 10%).

Discussion

In this study, we found that the consumption of cured/
smoked meat and fish is associated with an increased risk
of acute leukemia; while bean-curd foods and vegetables
is associated with a reduced risk of childhood acute leuke-
mia. We found no apparent associations for consumption
of pickled vegetables, tea, fruits and risk of acute leuke-
mia. To our knowledge, this is the first study that
addressed the association of child's diet and the leukemia
risk in a Chinese population.

Our study confirmed previous findings conducted in Cal-
ifornia, USA by Peters et al [18]. In their study, cured/
smoked meat consumption was associated with a higher
risk of developing childhood leukemia (OR = 9.5; 95%
CI: 1.6-57.6) for child's consumption of 12 or more hot
dogs a month versus none during the reference period.

Consumption of cured/smoked meat and fish, which con-
tain N-nitroso precursors, could lead to the formation of
carcinogenic N-nitroso compound in the acidic stomach
[8]. However, no significant association between cured/
smoked meat consumption and leukemia risk was
reported in two other studies [17,19]. In these two studies,
a smaller proportion of children reported frequent cured/
smoked meat consumption [17,19]. In our study, 24% of
the controls and 35% of the acute leukemia cases con-
sumed cured/smoked meat and fish more than once a
week. In addition, differences in the food preparation
methods among studies and over time may result in var-
ied amounts of contaminants.

The traditional Chinese diet is characterized by a high
intake of bean curd foods and vegetables, but a low intake
of fried or grilled foods. Our study found that, compared
to subjects with rare consumption of bean-curd foods and
vegetables, individuals with frequent consumption have a
lower risk of acute leukemia. Vegetables provide nitrosa-
tion-inhibiting antioxidants such as contain vitamin C
and E, carotenoids, tocopherols, and selenium [25]. The
findings of the consumption of vegetables associated with
a reduced risk of childhood leukemia are consistent with
previous studies [19,26,27]. Epidemiological studies have
demonstrated an association between the consumption of
soybean and a reduced risk for breast cancer [28,29], pros-
tate cancer [30,31], stomach cancer [32], nasopharyngeal
carcinoma [33], cardiovascular disease [34], and athero-
sclerosis [35]. Soy isoflavones and soy protein are mainly
found in soybeans and soy foods. Many studies have
focused on their antiestrogenic properties in possibly pre-
venting hormonally mediated cancers. Consumption of
soy foods may be associated with a reduced risk of non-
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hormonally dependent cancers as well as hormonally
dependent cancers. In addition to the antiestrogenic prop-
erties, studies have reported that soy isoflavones are asso-
ciated with inhibition of cancer initiation by inducing
detoxifying enzymes [36,37] and its antioxidant [38] and
antitumor activities, including inhibition of angiogenesis
[39], topoisomerase [40], and tyrosine kinase [41]. Exper-
imental studies have suggested that consumption of die-
tary antioxidants can block endogenous nitrosation
[9,10]. Our study found that, among the frequent cured/
smoked meat and fish consumers, the risk of the partici-
pants rarely consumed vegetables or bean-curd foods is
about 3 times or higher in comparison to the participants
frequently consumed vegetables or bean-curd foods
(Table 4).

There are several strengths of this present study including:
a) the selection of controls from a general population reg-
istry; b) an adequate sample size, considering that leuke-
mia is a relatively rare disease and we studied a relatively
small geographic area of a single ethnic group; ¢) compre-
hensive information was collected to adjust for several
potential confounders/effect modifiers reported by previ-
ous studies, including maternal age, birth weight, breast-
feeding, parental and subjects' smoking history, and
parental education levels.

Several potential limitations should be considered when
interpreting our study results. Molecular studies indicate
that early childhood leukemia can originate prenatally
[42-44]. Studies have shown that maternal consumption
of vegetables, fruits and vitamin supplement during preg-
nancy may reduce the risk [23,45,46]. Maternal consump-
tion of vegetables and fruits during pregnancy were not
measured in our study. Moreover, lacking portion size
and information on food preparation method could
result in different levels of contaminants.

In addition, since the primary focus of the hypothesis is
the effect of N-nitrosamines dietary exposure in relation
to acute leukemia, only these specific food groups were
collected in the questionnaire. Several other uncollected
dietary factors may confound or modify the association of
leukemia risk. For example, the cured/smoked meat and
fish are often cooked or consumed with garlic (Allium
sativum), which contains several anti-cancer compounds
[47]. Although misclassification by dietary exposure to
garlic is likely to be non-differential and may attenuate the
odds ratio of cured/smoked meat and fish, we cannot rule
out that our finding may be due to other unknown dietary
or lifestyle factors.

Another potential problem is recall bias, where differen-
tial misclassification of dietary intake between cases and
controls may overestimate the association between diet
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and cancer [48]. Our cases and controls were identified
between 1997 and 2005. The food supply and dietary pat-
terns may have changed during the 8-year period (1997~
2005). However, the controls were matched at age and
time of diagnosis with incident cases. Furthermore, the
cases and controls were interviewed in the similar time
points and conducted immediately after the subjects
recruited to reduce potential measurement errors from
recent dietary changes after diagnosis of cancer as well as
misclassification from recall bias. In addition, there was
no public perception at the time of data collection that
child's diet is associated with leukemia risk. The effects of
changes in the food supply and the transitions in dietary
pattern by time should be similar among cases and con-
trols. It is thus unlikely that the association observed was
biased by time. Therefore, it is unlikely that the observed
association was a result of exposure misclassification. We
believe our findings justify further testing of this hypoth-
esis with other studies.

Conclusion

Our findings suggest that consumption of common daily
Chinese diet, such as vegetables and soy-foods may be
associated with a reduced risk of childhood acute leuke-
mia; while consumption of cured/smoked meat/fish may
increase the risk of childhood acute leukemia. Further
studies with more detailed diet and biomarker assess-
ments are necessary to confirm our findings and to eluci-
date potential mechanisms.
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