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Diet has been identified as a risk factor for some cancers, but
its role in adult de novo acute myeloid leukemia (AML) is un-
clear. This study was conducted at the University of Texas MD
Anderson Cancer Center to evaluate associations between con-
sumption of vegetables, fruits, and meats with AML risk among
Texas residents. All participants, 323 adult de novo AML cases
and 380 frequency-matched controls, completed demographic and
food frequency questionnaires. Overall, AML risk was significantly
decreased among those who consumed the most dark green veg-
etables, seafood, and nuts/seeds; and it was significantly increased
among greatest consumers of red meat. Among men, AML risk was
lowest among those whose consumption was in the highest quartile
for fruits [odds ratio (OR) = 0.25, 95% confidence interval (CI) =
0.10–0.69], poultry (OR = 0.28, 95%CI = 0.10–0.78), and seafood
(OR = 0.39, 95%CI = 0.16–0.96) compared to those in the low-
est. Among women, risk was lowest among those whose consump-
tion was in the highest quartile of dark-green vegetables (OR =
0.28, 95%CI = 0.12–.68), orange vegetables (OR = 0.40, 95%CI =
0.17–.96) and nuts/beans (OR = 0.26, 95%CI = 0.11–0.60). Based
on these findings, interventions can be developed to modify intake
of specific dietary components to reduce cancer risk.

INTRODUCTION
Acute myeloid leukemia (AML) is the most common acute

leukemia in the United States and accounts for approximately
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30% of all adult leukemias. The American Cancer Society es-
timates that in 2013, 14,590 new cases of AML (7820 men
and 6770 women) will be diagnosed, and 10,370 deaths due
to AML will occur (1). The overall age-adjusted incidence rate
for 2005–2009 was 3.6/100,000 person-years and was higher
in males than females (4.3 vs. 3.0/100,000) (1). The etiology
of AML is complex and not yet well-understood. Epidemio-
logical studies have identified several environmental exposures
associated with increased risk of de novo AML, including occu-
pational solvents (2, 3), agrichemicals (4, 5), ionizing radiation
(6), and cigarette smoke (7, 8).

Dietary intake has been identified as a risk factor for several
different cancers. High vegetable and fish consumption have
been linked to decreased risk of colorectal (9), lung (10), and
breast (11) cancers. Studies examining dietary risk factors for
adult de novo AML have been few and inconclusive. In an
analysis from the NIH-AARP Diet and Health Cohort Study,
researchers reported that high meat intake was associated with
an increased risk of AML (12). A case-control study conducted
in Canada found no association between AML risk and fruit
and vegetable intake (13). Although differences in AML risk
have been demonstrated by gender, few studies have explored
differences by gender in associations of diet and AML risk. A
small, hospital based case-control study found that among only
women high consumption of milk and tea was associated with
decreased risk, whereas high consumption of processed meats
and wine were associated with increased risk (14). Because
AML is more common among men, it is important to address
the possibility that gender-differences in dietary intake may
partially explain differences in risk. In a case-control study at the
University of Texas MD Anderson Cancer Center (MDACC),
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DIET AND ACUTE MYELOID LEUKEMIA 1133

we examined the association between vegetable, fruit, and meat
intake and the risk of adult de novo AML and whether these
associations differ by gender.

MATERIALS AND METHODS

Study Population and Epidemiologic Data Collection
Details of the overall study population and methods have

been previously published (8). Briefly, cases were adult res-
idents of Texas (aged 18 to 80) who registered at MDACC
between 2003 and 2007 with a confirmed diagnosis of de novo
AML, with no restrictions on gender, or ethnicity. De novo cases
are defined as AML cases with no prior history of exposure to
ionizing radiation and/or cytotoxic chemotherapies. Cases were
identified to be eligible by clinical staff at their first visit and
prospectively enrolled into the study, and controls were recruited
using a previously described random digit dialing method (8)
and frequency-matched to cases on age, gender, place of resi-
dence, and race. The overall participation rate in controls was
77%. Because dietary assessment was added after study com-
mencement and not all subjects were requested to participate,
this study only includes the 483 cases and 487 controls that were
asked to complete the dietary assessment component. Eighteen
percent of the cases and 5% of the controls refused to partic-
ipate in the dietary component. Participants were not included
in the analysis if they had incomplete FFQs (4 cases and 18
controls) or reported daily energy intake of less than 500 kcal or
more than 5000 kcal (21 cases and 8 controls). In addition, 57
controls were excluded after frequency matching to the cases.
After exclusionary criteria were applied, FFQs from 323 (93%)
AML cases and 380 (82%) controls were included in the final
analysis.

Written informed consents were obtained prior to data collec-
tion in accordance with the institutional review board require-
ments. Trained interviewers administered a structured risk factor
questionnaire to assess sociodemographic characteristics, med-
ical history, lifetime smoking history, occupational chemical
exposure/history, family history of cancer, and anthropometric
(height and weight) information (8).

Individuals who never smoked or only smoked fewer than
100 cigarettes in their lifetime were considered as “never smok-
ers”; individuals who had quit more than 1 yr prior to diagnosis/
interview were defined as “former smokers.” A “current smoker”
was defined as an individual who quit less than 1 yr before or
was smoking at the time of diagnosis/interview. Body mass
index (BMI) (kg/m2) was calculated from self-reported height
and usual weight prior to diagnosis/interview. In accordance
with National Heart, Lung, and Blood Institute guidelines, par-
ticipants with a BMI ≥ 30 kg/m2 were considered to be obese.
Using our previously described methodology (8), lifetime oc-
cupational exposure to organic solvents (benzene, gasoline, and
other organic solvents) was estimated using the Job-Exposure
Matrix developed by the National Cancer Institute (15). Par-
ticipants were considered to have a positive family history of

hematopoietic cancer if they reported having a first-degree rela-
tive (i.e., parent, sibling, or child) who had been diagnosed with
hematopoietic cancer (leukemia, lymphoma, multiple myeloma,
or myelodysplastic syndrome).

For this study, in addition to the risk factor questionnaire, a
self-administered modified version of the National Cancer In-
stitute Block Health Habits and History Questionnaire (HHHQ)
(16) with more than 170 items queried was used to assess usual
dietary intake (frequency and portion size) for the year prior
to diagnosis (cases) or interview (controls). The HHHQ was
modified to include commonly consumed ethnic foods that are
major contributors to nutrient intake in Texas (17).

The frequency and portion size reported in the modified
HHHQ were integrated into MyPyramid Equivalents Database,
2.0 for USDA Survey Foods, 2003–2004 (MPED 2.0) which
uses standardized recipe files to determine the number of
MyPyramid serving equivalents of each ingredient and then cal-
culates the cup/ounce equivalent for each food’s individual in-
gredients and assigns components to food groups (18). The food
groups were based on the MyPyramid documented grouping of
individual food items. Overall total and subgroup (dark green
vegetables, orange vegetables, and white potatoes) consumption
of vegetables were included in the initial analyses. The meat and
beans group was divided into 4 subgroups to allow us to compare
our results to previous reports (14, 34): red meat/pork, poultry,
seafood (fish, shellfish), and beans/nuts/seeds. Total fruit and the
MPED 2.0 groupings of citrus/melons/berries and other fruits
were also analyzed as risk factors. The daily MyPyramid equiv-
alents across all relevant food items were summed to obtain total
and subgroup-specific food intakes.

Statistical Analysis
Descriptive analyses of categorical characteristics were con-

ducted using Pearson’s chi-squared (χ2) tests. For continuous
variables that were normally distributed, case-control differ-
ences in means were assessed using Student’s t-tests. Because
the distribution of the dietary intakes was skewed, median di-
etary intakes were compared between cases and controls using
Wilcoxon rank sums tests.

The dietary intakes of each food group were categorized into
quartiles based on the distributions of dietary intake in controls
using overall and gender-specific cut-points for the respective
analyses. Odds ratios (OR) and corresponding 95% confidence
intervals (95% CI) for associations between dietary intake and
AML risk were estimated using unconditional logistic regres-
sion. For all analyses, the lowest quartile of intake was used as
the referent category. Intakes of each dietary component were
entered into a multivariable model for the overall population, as
well as models stratified on gender. Models were constructed in
a backward, stepwise manner with terms for all food groups and
adjustment for potential confounders, such as, age, education,
smoking, obesity, alcohol consumption, and solvent exposure
(8) entered into the initial model. Total vegetable intake was not
used in the multivariable models to allow us to assess the effects
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of the component vegetable groups (i.e., dark green, orange,
potatoes). Because the dietary intakes of foods and nutrients are
correlated with total energy intake, total calorie intake was en-
tered as a continuous variable in all multivariable models (19).
All analyses were conducted for the overall sample and also
stratified by gender. All statistical tests were 2-sided and statis-
tical significance was defined as P < 0.05. Statistical analyses
were conducted using SPSS version 21.0 (SPSS, Chicago, IL).

RESULTS
Because of successful matching, there were no significant

differences between cases and controls with respect to age, gen-
der, and ethnicity (Table 1). Compared to controls, AML cases
were more likely to be obese (40.0% vs. 23.7%; P < 0.001) and
were less likely to have completed a Bachelor’s degree (36.5%
vs. 62.1%; P ≤ 0.001). Cases also had a higher mean daily en-
ergy intake than controls (2536 kcal vs. 2293 kcal; P = 0.001).

Table 2 compares median daily servings consumed of veg-
etables, fruit, and meat/beans among all cases and controls and
by gender. Compared to controls, cases consumed significantly
more servings of white potatoes (P < 0.01) and red meat/pork
(P < 0.01). Cases compared to controls also consumed signifi-
cantly fewer servings of total vegetables (P = 0.02), dark-green
vegetables (P < 0.01), orange vegetables (P < 0.01), seafood
(P < 0.01), and nuts/seeds (P = 0.01).

When we investigated differences in consumption by gen-
der among controls, we found that women consumed greater
amounts of dark green (P = 0.05) and orange vegetables (P =
0.03) than men; and men consumed more red meat (P = 0.02)
compared to women. We found that the case-control differences
seen in the overall population for intake of total and orange veg-
etables and nuts/seeds was limited to women (P < 0.01), as we
found no significant case-control differences among men. Both
female and male cases consumed significantly more servings of
red meat compared to controls (P = 0.02 and <0.01); however,
males consumed more servings of red meat than females among
both cases and controls. Conversely, controls consumed signifi-
cantly more servings of seafood compared to cases among both
males and females (P = 0.01 and <0.01).

Table 3 presents the multivariable ORs associated with di-
etary intake by quartile for the population overall and by gender
adjusted only for non-dietary confounding factors (i.e., age, gen-
der, race, education, smoking, obesity, and solvent exposure).
In the overall population, AML risk was decreased among those
who consumed the greatest amounts (highest quartile) of total
vegetables (OR = 0.23, 95% CI: 0.12–0.44), dark green veg-
etables (OR = 0.32, 95% CI: 0.18–0.57), orange vegetables
(OR = 0.44, 95% CI: 0.25–0.76), poultry (OR = 0.56, 95%
CI: 0.30–1.06), seafood (OR = 0.33, 95% CI: 0.19–0.58), and
nuts/seeds (OR = 0.30, 95% CI: 0.17–0.53). Risk was increased
among those who consumed the greatest amounts of white pota-
toes (OR = 2.51, 95% CI: 1.33–4.72) and red meats (OR =
2.11, 95% CI: 1.11–4.04). The results from stratified analyses

TABLE 1
Characteristics of de novo acute myeloid leukemia cases and

controls

Cases Controls
Characteristic (N = 323) (N = 380) P∗

Age (Mean ± SD) 53.5 ± 16.6 53.3 ± 13.4 NS#

Range 18–87 21–82
Sex (%)

Male 171 (52.9) 186 (48.9) NS
Female 152 (47.1) 194 (51.1)

Ethnicity (%)
White/Non-Hispanic 222 (68.7) 284 (74.7) NS
Hispanic 61 (18.9) 48 (12.6)
African-American 30 (9.3) 33 (8.7)
Other 10 (3.1) 15 (3.9)

BMI, kg/m2 (Mean ± SD) 29.4± 7.2 27.4 ± 6.2 <0.001#

BMI+ (%)
Nonobese 192(60.0) 289(76.3) <0.001
Obese 128(40.0) 90(23.7)

Smoking Status (%)
Never 171 (52.9) 210 (55.3)
Former 84 (26.0) 104 (27.4) NS
Current 68 (21.1) 66 (21.3)

Education (%)
<Bachelors 205 (63.5) 144 (37.9) <0.001
≥Bachelors 118 (36.5) 236 (62.1)

Family history of hematopoietic cancer (%) (n = 621)
Yes 16 (5.0) 5 (1.7)
No 306 (95.0) 294 (98.3) 0.02

Solvent exposure (n = 547) (%)
None 129 (48.5) 203 (72.5) <0.001
Low 40 (15.0) 44 (15.7)
Moderate/high 97 (36.5) 33 (11.8)

Total energy intake
(Mean kcal ± SD) 2536 ± 1032 2293 ± 915 0.001#

+BMI = body mass index.
∗χ 2 test. #Student’s t-test.

showed differences by gender. Highest total vegetable intake
(OR = 0.12, 95% CI: 0.04–0.31), orange vegetable intake (OR
= 0.27, 95% CI: 0.12–0.60), and nuts/seeds (OR = 0.25, 95%
CI: 0.11–0.57) significantly decreased risk only among women.
High red meat (OR = 4.09, 95% CI: 1.39–12.07) was associated
with increased risk only in men. When we evaluated for differ-
ences in the types of specific dark-green vegetables consumed,
we found that controls ate significantly more broccoli and raw
spinach than cases (data not shown). When we examined intakes
of specific orange vegetables, controls consumed more winter,
acorn and butternut squashes than cases (data not shown).

Based on these differences in associations with food groups
by gender, 2 independent multivariable regression models were
constructed with simultaneous adjustment for dietary and other
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TABLE 3
Multivariable analysis food groups and de novo acute myeloid leukemia (AML) risk overall and by gender

All AML Female Male

Variable# Odds ratio∗ (95% CI) P trend Odds ratio+ (95% CI) P trend Odds ratio+ (95% CI) P trend

Total vegetable
1st quartile 1.00 1.00 1.00
2nd quartile 0.48 (0.28–0.82) 0.36 (0.17–0.73) 0.57 (0.25–1.31)
3rd quartile 0.37 (0.21–0.64) 0.21 (0.10–0.47) 0.71 (0.30–1.68)
4th quartile 0.23 (0.12–0.44) <0.001 0.12 (0.04–0.31) <0.001 0.37 (0.14–0.94) 0.07

Dark-green vegetable
1st quartile 1.00 1.00 1.00
2nd quartile 0.91 (0.55–1.50) 0.64 (0.32–1.25) 0.70 (0.32–1.51)
3rd quartile 0.36 (0.21–0.63) 0.34 (0.16–0.72) 0.39 (0.17–0.88)
4th quartile 0.32 (0.18–0.57) <0.001 0.23 (0.10–0.51) <0.001 0.35 (0.15–0.81) 0.005

Orange vegetable
1st quartile 1.00 1.00 1.00
2nd quartile 0.75 (0.46–1.23) 0.66 (0.34–1.29) 0.68 (0.32–1.46)
3rd quartile 0.37 (0.21–0.65) 0.43 (0.21–0.89) 0.73 (0.31–1.70)
4th quartile 0.44 (0.25–0.76) <0.001 0.27 (0.12–0.60) 0.001 0.41 (0.17–0.96) 0.06

White potatoes
1st quartile 1.00 1.00 1.00
2nd quartile 1.77 (0.97–3.22) 1.79 (0.82–3.91) 1.73 (0.67–4.48)
3rd quartile 1.70 (0.92–3.14) 1.57 (0.70–3.53) 1.95 (0.77–4.95)
4th quartile 2.51 (1.33–4.72) 0.01 2.18 (0.93–5.11) 0.13 3.01 (1.15–7.90) 0.03

Total fruits
1st quartile 1.00 1.00 1.00
2nd quartile 0.98 (0.59–1.63) 0.70 (0.34–1.45) 1.31 (0.58–2.94)
3rd quartile 0.65 (0.38–1.11) 0.80 (0.39–1.64) 0.60 (0.27–1.32)
4th quartile 0.64 (0.36–1.16) 0.07 1.15 (0.51–2.55) 0.81 0.24 (0.09–0.65) 0.002

Citrus/melon/berries
1st quartile 1.00 1.00 1.00
2nd quartile 0.86 (0.52–1.44) 0.73 (0.36–1.46) 1.63 (0.74–3.60)
3rd quartile 0.71 (0.42–1.20) 0.68 (0.33–1.37) 0.93 (0.40–2.17)
4th quartile 0.64 (0.36–1.13) 0.09 0.67 (0.29–1.53) 0.28 0.78 (0.33–1.87) 0.36

Total meat/beans
1st quartile 1.00 1.00 1.00
2nd quartile 0.54 (0.30–0.96) 0.39 (0.18–0.86) 0.60 (0.22–1.59)
3rd quartile 0.70 (0.38–1.27) 0.51 (0.23–1.12) 1.35 (0.52–3.49)
4th quartile 0.63 (0.31–1.28) 0.31 0.56 (0.22–1.42) 0.26 0.68 (0.23–2.04) 0.86

Red meat/pork
1st quartile 1.00 1.00 1.00
2nd quartile 1.01 (0.56–1.82) 1.06 (0.50–2.27) 1.56 (0.59–4.15)
3rd quartile 1.07 (0.58–1.96) 0.65 (0.28–1.52) 2.55 (0.90–7.21)
4th quartile 2.11 (1.11–4.04) 0.02 1.44 (0.61–3.37) 0.51 4.09 (1.39–12.07) 0.005

Poultry
1st quartile 1.00 1.00 1.00
2nd quartile 1.34 (0.79–2.27) 1.35 (0.66–2.73) 0.76 (0.33–1.74)
3rd quartile 0.82 (0.47–1.45) 0.82 (0.38–1.81) 0.68 (0.29–1.57)
4th quartile 0.56 (0.30–1.06) 0.02 0.68 (0.29–1.58) 0.21 0.22 (0.08–0.60) 0.005

(Continued on next page)
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TABLE 3
Multivariable analysis food groups and de novo acute myeloid leukemia (AML) risk overall and by gender (Continued)

All AML Female Male

Variable# Odds ratio∗ (95% CI) P trend Odds ratio+ (95% CI) P trend Odds ratio+ (95% CI) P trend

Seafood
1st quartile 1.00 1.00 1.00
2nd quartile 0.46 (0.27–0.78) 0.41 (0.19–0.85) 0.61 (0.27–1.37)
3rd quartile 0.46 (0.27–0.78) 0.39 (0.19–0.80) 0.36 (0.15–0.84)
4th quartile 0.33 (0.19–0.58) <0.001 0.36 (0.16–0.77) 0.005 0.34 (0.15–0.79) 0.006

Nuts/seeds
1st quartile 1.00 1.00 1.00
2nd quartile 0.57 (0.34–0.96) 0.34 (0.17–0.68) 1.14 (0.48–2.69)
3rd quartile 0.46 (0.27–0.78) 0.16 (0.07–0.36) 1.32 (0.57–3.06)
4th quartile 0.30 (0.17–0.53) <0.001 0.25 (0.11–0.57) <0.001 0.49 (0.20–1.20) 0.15

#Cut-off values for the quartiles-total vegetables: 4.12, 6.04, 8.59; dark-green vegetables: 0.14, 0.37, 0.71; orange vegetables: 0.12, 0.25, 0.51;
total fruits: 1.76, 3.29, 5.23; total meats/beans: 4.24, 6.32, 8.93; red meat/pork: 1.44, 2.72, 4.44; poultry: 0.51, 1.10, 1.93; seafood: 0.50, 0.93,
1.69; nuts/seeds: 0.10, 0.27, 0.54.

∗Adjusted for total energy intake, age, gender, race, education, smoking, obesity, and solvent exposure.
+Adjusted for total energy intake, age, race, education, smoking, obesity, and solvent exposure.

confounding factors (Tables 4A and 4B) to allow us to assess
confounding between food groups. We found that associations
between AML risk and intake of some vegetables differed by
gender even after adjustment. Among women, AML risk de-
creased among those who had high intakes of dark green veg-
etables (OR = 0.28, 95% CI: 0.12–0.68), orange vegetables (OR
= 0.40, 95% CI: 0.17–0.96), and nuts/seeds (OR = 0.26, 95%
CI: 0.11–0.60). Among men, greater consumption of total fruits
(OR = 0.26, 95% CI: 0.10–0.69), poultry (OR = 0.28, 95% CI:
0.10–0.78), and seafood (OR = 0.39, 95% CI: 0.16–0.96) were
associated with decreased AML risk. In summary, we found no
commonalities in the food groups associated with risk in men
and women.

DISCUSSION
To the best of our knowledge, our study is the first large case-

control study to evaluate the overall and gender-specific roles of
dietary intake by food groups with risk of adult de novo AML.
We found that higher consumption of dark green vegetables,
seafood, and nuts/seeds decreased adult de novo AML risk and
greater intake of red meat was associated with increased risk
in the overall study population. Notably, the factors associated
with gender-specific AML risk differed from those identified
in the overall analysis. Among women, greater intake of dark
green vegetables, orange vegetables, and nuts/seeds were asso-
ciated with decreased risk; and among men, greater intake of
fruits, poultry, and seafood were associated with decreased risk.
These differences in risk by gender may in part be attributable to
differences in dietary consumption as noted in our study. Based
on the Third NHANES data, Berrigan et al. reported that women
were more likely than men to consume greater amounts of fruits

and vegetables (34). In addition, Berrigan et al. noted that higher
education, age, and income were associated with higher adher-
ence to dietary recommendations (i.e., consume at least 5 fruits
and vegetables per day) (34). Given the case-control differences
observed in education in our data, it is possible that some of

TABLE 4A
Final multivariable model of dietary factors and de novo acute

myeloid leukemia (AML) risk among women

Odds ratio∗

Food group (95% confidence
(servings/day) interval) P trend

Dark-green vegetable
1st quartile (<0.17) 1.00
2nd quartile (0.17–0.42) 0.72 (0.35–1.46)
3rd quartile (0.42–0.79) 0.40 (0.18–0.88)
4th quartile (>0.79) 0.28 (0.12–0.68) 0.001

Orange vegetable
1st quartile (<0.12) 1.00
2nd quartile (0.12–0.33) 0.76 (0.37–1.55)
3rd quartile (0.33–0.63) 0.59 (0.27–1.28)
4th quartile (>0.63) 0.40 (0.17–0.96) 0.04

Nuts/seeds
1st quartile (<0.10) 1.00
2nd quartile (0.10–0.29) 0.38 (0.19–0.78)
3rd quartile (0.29–0.51) 0.17 (0.08–0.39)
4th quartile (>0.51) 0.26 (0.11–0.60) <0.001

∗Adjusted for age, education, obesity, solvent exposure, alcohol
consumption, dark-green vegetable intake, orange vegetable intake,
and nuts/seeds intake.
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TABLE 4B
Final multivariable model of dietary factors and de novo acute

myeloid leukemia (AML) risk among men

Odds ratio+
Food group (95% confidence
(servings/day) interval) P trend

Total fruits
1st quartile (<1.77) 1.00
2nd quartile (1.77–3.50) 1.51 (0.66–3.47)
3rd quartile (3.50–5.57) 0.49 (0.22–1.11)
4th quartile (>5.57) 0.25 (0.10–0.69) 0.002

Poultry
1st quartile (<0.60) 1.00
2nd quartile (0.60–1.12) 0.91 (0.38–2.17)
3rd quartile (1.12–2.12) 0.69 (0.28–1.69)
4th quartile (>2.12) 0.28 (0.10–0.78) 0.03

Seafood
1st quartile (<0.51) 1.00
2nd quartile (0.51–1.08) 0.61 (0.26–1.42)
3rd quartile (1.08–1.75) 0.33 (0.14–0.79)
4th quartile (>1.75) 0.39 (0.16–0.96) 0.02

+Adjusted for age, education, obesity, solvent exposure, alcohol
consumption, fruit intake, poultry intake, and seafood intake.

the differences in consumption may be attributable to residual
effects despite adjustment for education in the multivariable
models. In addition, the association with red meat intake found
in the overall population was not seen in the final gender-specific
models; and the decreases in AML risk with high fruit intake
and poultry noted in men were only discernible in the stratified
analysis. The lack of association with red meat in the multi-
variable models may be due to the protective effects associated
with greater vegetable and alternative protein source intake (e.g.,
greater poultry, seafood, and/or nuts and seeds). However, our
findings highlight the need for gender specific analyses in future
research.

Our review of the literature revealed only 4 previous studies
that have evaluated the relationship between dietary intake by
food group and AML risk (12–14, 35). Although the previous
studies all reported no significant associations with vegetable
intake, we found that greater vegetable consumption was associ-
ated with decreased risk of AML in the overall study population.
Our finding that red meat consumption was associated with in-
creased overall risk is consistent with previous reports (12,14).
In contrast to the findings reported by Li et al. that AML risk
was increased only among women who consumed the most red
meat (14), we found that risk was significantly increased only
in the overall population who consumed the greatest amounts
of red meat/pork. Our findings are similar to those of Ma et al.
which used the NIH-AARP cohort to demonstrate greater to-
tal and red meat consumption increased overall risk; however,
they did not explore gender-specific differences (12). Analyses

restricted to the 48 female AML cases included in the Iowa
Women’s Health Study (IWHS) cohort found no significant as-
sociation with all, red, or processed meat intake and AML risk
(35). The study by Kasim et al. did not include meat intake in the
results (13).

Differences in findings across studies could possibly be due to
differences in methodology and study populations. Differences
in the instruments as well as the groupings used for analysis
may account for some of the differences. The current study
used a comprehensive validated FFQ with more than 170 items
that was modified from the HHHQ to include foods commonly
consumed in the Southwestern diet whereas other studies used
FFQs querying for fewer food items (12–14, 35).

In addition, differences in the study populations with respect
to inclusion criteria (de novo vs. all AML), gender and age, as
well as sample size may all play a role in explaining different
results. For example, compared to the current study, the AARP
cohort is significantly older (mean age = 62 vs. 53 in this
study) and largely male (72% vs. 53%) (12). The IWHS includes
only 48 female AML cases. The study by Kasim et al. was
most similar to ours (13); however, it was not restricted to de
novo cases. Li et al. demonstrated some gender-specific risk
associations, and the population was similar in age and gender
composition to the current study; however, it was not limited to
de novo cases (14).

The specific mechanisms by which food intake may affect
AML risk has not been investigated for specific food groups.
However, extensive evidence in the literature from in vivo, in
vitro, and population studies suggest that dietary intake may
play a significant role in cancer risk. Fruits and vegetables have
been shown to contain a number of compounds with potentially
anti-carcinogenic properties, including lycopene, carotenoids,
dietary fiber, lutein, isothiocyanates, flavonoids, folic acid, and
vitamins C and E (24, 29–31, 36). Human and animal models
suggest that the anticarcinogenic effects of these compounds
are likely the result of several complementary and overlapping
mechanisms (24). The inverse association we demonstrated with
greater consumption of dark green vegetables, notably spinach
and broccoli, and decreased AML risk, suggest that higher fo-
late consumption may be protective. Folate has been shown to
be an important co-factor in DNA methylation and maintenance
(37–40), as well as plays a protective role in several cancers
(40, 41). Polymorphisms in folate metabolism genes, such as
methylenetetrahydrofolate reductase have been associated with
risk of cancers including leukemias (42, 43). Several mech-
anisms by which meat may induce carcinogenesis have been
suggested. The metabolism of red meat can produce phenols and
hydroquinones which have been shown to have hematotoxic ef-
fects similar to benzene, one of the few well-established causes
of leukemia (44). Consumption of red and processed meats has
also been shown to stimulate the production of N-nitroso com-
pounds and nitrosamines, which have been hypothesized to be
carcinogenic (14, 45). This same mechanism may explain why
greater consumption of poultry and seafood were not associated
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with increased risk, because both poultry and seafood contain
lower concentrations of nitrosamines and are less likely than red
meat to form N-nitroso compounds when cooked (29).

As a case-control study, there were limitations inherent in our
study. In all retrospective studies, recall bias may have a con-
founding effect; however, to minimize this possibility, the same
trained interviewers were used to administer personal interviews
to both cases and controls using the same data collection instru-
ments. Although our analyses controlled for smoking, obesity,
education, age, gender, race, family history of hematopoietic
cancers, total energy intake, and organic solvent exposure in
multivariable models, there may also be residual confounding
from imperfect assessment (e.g., education, occupation) or other
unknown factors. The gender differences observed for different
food groups may also be attributable to residual confounding.
The use of vitamin and other dietary supplements may also play
a role in AML risk; however, these data were not available for
this population.

This study has several major strengths. To our knowledge,
it is the first large case-control study in the United States that
examines risk for AML according to the food groups defined
by the dietary guidelines of the USDA. This is a relatively large
case-control study from Texas, and the cases are restricted to de
novo AML cases. In addition, we used a comprehensive FFQ to
capture food intake for the year prior to diagnosis/interview for
cases and controls, respectively. As well as the food groups, we
were able to identify some of the specific foods that underlie the
differences between cases and controls. These findings could
assist in the development of intervention programs to target
increasing (e.g., broccoli, raw spinach) or decreasing (e.g., red
meat) consumption of specific foods especially in high risk
groups, such as myelodysplastic syndrome patients.

CONCLUSION
In conclusion, we identified multiple dietary risk factors for

AML, several of which differed between genders. This study
adds to the sparse literature examining the dietary risk fac-
tors for adult de novo AML and may have important potential
implications in the prevention of AML. Future studies should
investigate the mechanisms by which some foods affect cancer
risk, evaluate specific nutrients and other compounds that may
underlie the effects seen here. As diet is a modifiable risk factor,
community interventions can be developed to encourage healthy
dietary changes.
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