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Abstract

Objective Eating behaviors, such as the timing, speed of
eating, and frequently consuming hot drinks, fried, spicy,
or barbecued foods may be associated with increased risks
of esophageal cancer. We analyzed data from a population-
based case—control study to examine whether eating
behaviors are associated with risk of esophageal cancer.
Methods Self-administered questionnaire was used to
collect data on demographic, socioeconomic, and lifestyle
characteristics, and a food frequency questionnaire was used
to collect data on dietary behaviors from 1,472 control sub-
jects, 286 cases with adenocarcinoma of the esophagus, 320
cases with esophagogastric junction adenocarcinoma (EG-
JAC), and 238 cases with esophageal squamous cell carci-
noma (ESCC). We calculated odds ratios (ORs) and 95%
confidence intervals (CIs) using unconditional multivariable
adjusted logistic regression, adjusting for confounders.
Results Frequency of hot drinks, home-fried foods, bar-
becued meats, spicy foods, and the timing of eating an
evening meal were not associated with esophageal cancer
risk. Those who frequently consumed fried ‘take-away’
food had increased risks of EGJAC (OR = 1.44, 95%
CI = 1.01-2.05; p value = 0.04). Eating speed was
inversely associated with ESCC risk (p for trend = 0.001).
Conclusion We found no evidence that consumption of
hot drinks, barbecued meats, spicy foods, or the timing of
the evening meal are associated with increased risk of
esophageal cancer in this Australian population.

T. I Ibiebele (><)) - A. R. Taylor - D. C. Whiteman -

J. C. van der Pols

Cancer and Population Studies Group, Clive Berghofer Cancer
Research Centre, Queensland Institute of Medical Research,
Herston, QLD 4029, Australia

e-mail: Torukiri.Ibiebele @qimr.edu.au

Associations with consumption of fried ‘take-away’ foods
and eating speed await confirmation in future studies.
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Introduction

Esophageal cancer is the eighth most common cancer by
incidence, and the sixth most common cause of cancer-
related deaths worldwide [1, 2]. There are two histological
types: esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma (EAC) [2]. The incidence of
EAC has been increasing in Western countries during the
past three decades and now occurs more frequently than
ESCC [3]. EAC occurs more commonly in men, and the
incidence rises with age. ESCC has been strongly associ-
ated with high-level exposure to alcohol and tobacco
smoking in western populations [4], while EAC has been
associated with obesity, tobacco smoking, gastro-esopha-
geal reflux disease (GERD) and Barrett’s esophagus [5].
The incidence of EAC has been increasing in Australia in
line with trends observed elsewhere [6, 7]. A recent pub-
lication reported that in the two decades prior to 2005, the
annual percentage change in the incidence of EAC in New
South Wales, Australia [8] in men and women was 4.2%
(95% CI = 2.7-5.8%) and 4.3% (95% CI = 1.8-7.0%),
respectively. These rapid changes in incidence prompted
the present study to identify risk factors for adenocarci-
nomas of the esophagus.

Some epidemiological studies have reported associa-
tions between some lifestyle and dietary behaviors and
esophageal cancers [9, 10] albeit with inconsistent results.
For example, a recent study conducted in Iran reported that
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people who drink tea at very high temperatures have
markedly increased risks of ESCC, possibly due to thermal
injury to the esophagus [11]. This finding has not been
universal however [12]. There is also some evidence that
consuming a diet rich in fried foods, particularly potatoes,
[13] is related to moderate increase in esophageal cancer
risk probably due to the formation of acrylamide, a prob-
able human carcinogen in carbohydrate-rich foods [14].
Other studies have failed to confirm this finding [15]. Other
dietary practices that have been associated with esophageal
cancer include barbecuing meat [16-18], eating ‘spicy’
foods [19], eating evening meals late at night [20], and
eating quickly with inadequate chewing of food [21].

We have used data collected in a nation-wide study of
esophageal cancers to determine whether eating behaviors
are associated with esophageal cancer risk in a western
population such as Australia.

Materials and methods

A detailed description of the methods for this population-
based case—control study has been published previously
[22]. In summary, adult participants aged 18-79 with a
histologically confirmed primary invasive EAC or esoph-
agogastric junction adenocarcinoma (EGJAC) or ESCC of
the esophagus diagnosed between 2001 and 2005 were
identified through major treatment centers throughout
Australia; those missed at these centers were identified by
state-based cancer registries (notification of cancer diag-
nosis is mandatory in all states of Australia). Of 1,191
cases invited to participate in the study through the treat-
ment centers, 928 (78%) agreed to take part, while of 386
cases invited to participate from the cancer registries, 253
(66%) agreed to take part. A total of 1,181 (75%) cases
consented to take part in the study. Controls were randomly
selected from the Australian Electoral Roll (enrollment is
compulsory). We prospectively sampled controls from
within strata of age (in 5-year age groups), sex, and state of
residence. Female controls were intentionally over-sam-
pled at all ages to accommodate their simultaneous
enrollment in a parallel case—control study of ovarian
cancer. Of 3,042 controls who were contacted and invited
to take part in the study, 1,680 (55%) agreed to take part. In
total 1,102 cases and 1,580 controls returned the main risk
factor questionnaire. Details of the histological type and
anatomical site of each tumor were abstracted from diag-
nostic pathology reports. Anatomical sites of tumors were
categorized into ‘esophageal’ and ‘esophagogastric junc-
tion’ tumors according to the WHO classification [23]. The
study was approved by the human research ethics com-
mittee of the Queensland Institute of Medical Research and
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all participating institutions. All study participants pro-
vided informed written consent to take part.

Dietary data collection

Dietary data were obtained using a 135-item semi-quanti-
tative food frequency questionnaire (FFQ). Controls were
asked to report how often they consumed a specified
amount of food item on the FFQ in the previous year. Cases
were asked to report their usual frequency of consumption
in the year before their diagnosis or if their diet had
changed in the last 6-12 months, their usual diet. The FFQ
was based on the instrument developed by Willett and
colleagues [24] but was modified for use in Australia. The
FFQ was validated against 12-day weighed food records
and serum biomarkers and was found to provide repro-
ducible intake estimates [25-27]. The FFQ estimates
showed good correlations with weighed food records for
consumption of tea (r = 0.88) and coffee(r = 0.81) [26].
Participants reported on average how many times they
consumed a specified portion size of regular coffee (instant,
filtered, plunger), decaffeinated coffee (instant, filtered,
plunger), tea (not herbal or green teas), and green tea. The
response options ranged from ‘never’ to ‘44 times per
day’. For analysis regarding the number of cups of hot
beverages consumed, all types of coffee and all types of tea
were combined to form the total amount of all hot drinks
(tea and coffee, any type) consumed. Daily total intake of
fruits and vegetables (in grams), total energy intake (in kJ)
and caffeine intake (in milligrams) were calculated using
food composition tables in Australia as contained in the
electronic version of Nutrient Tables for use in Australia
(NUTTAB) 2006 [28]. In addition to the main FFQ items,
all participants completed additional questions about the
usual temperature at which tea or coffee or (other hot
beverages) was consumed (on a 6-point scale ranging from
‘room temperature’, ‘luke-warm’, ‘warm’, ‘warm to hot’,
‘hot’, to ‘very hot’) and the frequency of consumption of
fried food (prepared at home or ‘take-away’), spicy foods,
and barbecued meats. For barbecued meat, participants
were asked how ‘well-done’ was the meat they tended to
eat, with responses as follows: ‘I never eat BBQ meat’,
‘rare (still some blood)’, ‘medium-rare (pink in the mid-
dle)’, ‘medium (lightly cooked all the way through)’ or
‘well done’. We asked participants how often they ate
foods that were ‘hot and spicy’ (e.g., curry, chili, Tabasco)
during the past 10 years; with responses ranging from
‘never’, ‘less than once a month’, ‘about once a month’,
‘between once a month and once a week’, ‘about once a
week’, ‘several times a week’, and ‘everyday’. Finally, we
asked participants questions relating to eating speed and
timing of evening meals.
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Non dietary data collection

We collected data about other factors using a self-adminis-
tered questionnaire. Information was collected on demog-
raphy (age, sex), social background (education, income), as
well as height and weight 1 year ago (1 year before diagnosis
for cases). We calculated body mass index (BMI) by dividing
weight in kilograms by the square of height in meters. BMI
categories used for analysis were <25 kg/m°—‘normal
weight’; 25-29.9 kg/m*—*‘overweight’; and >30—‘obese’.
Participants were asked whether, over their whole life, they
had ever smoked more than 100 cigarettes, cigars, or pipes;
positive responses elicited further questions about ages at
which they started and stopped smoking and typical daily
consumption. We derived the number of pack years of
tobacco exposure by dividing the number of cigarettes
smoked daily by 20 and multiplying by the total number of
years smoked. To assess lifetime alcohol consumption we
asked participants to report the frequency with which they
consumed different classes of alcohol (low alcohol beer,
regular beer, white wine, red wine, port/sherry, and spirits/
liqueurs) between ages 20-29, 3049, and >50, as applica-
ble. Total alcohol consumption was summed across all age
groups for all types of alcohol, from which we calculated a
weighted average number of standard drinks (10 g ethanol)
consumed per week between age 20 years and current age.
We assessed the frequency of symptoms of gastro-esopha-
geal reflux defined as the presence of heartburn (‘a burning
pain behind the breastbone after eating’) or acid reflux (‘a
sour taste from acid or bile rising up into the mouth or throat”)
10 years before diagnosis. We also assessed frequency of use
of non-steroidal anti-inflammatory drugs (NSAIDs) includ-
ing aspirin, and acid suppressants including proton pump
inhibitors (PPIs) during the past 5 years.

Exclusion and final sample size

Of the 1,102 cases and 1,580 controls who returned the main
risk factor questionnaire, 155 (141 cases and 14 controls)
participants had no opportunity to complete a FFQ because
the nutrition component of the study commenced 6 months
after the main study, giving a total of 961 cases and 1,566
eligible controls. After further exclusion of participants who
omitted responses to 10% or more of FFQ items, and those
with implausible energy intake according to Willett’s cri-
teria [24], we had 844 cases (286 EAC, 320 EGJAC, 238
ESCC) (88% of those who completed a FFQ),and 1,472
(94%) controls left for these dietary analyses.

Statistical analysis

The distributions of demographic characteristics and
potential risk factors were compared among cases and

controls using chi-square test for proportions. We esti-
mated the risk of EAC, EGJAC and ESCC associated with
categories of exposure variables by calculating the odds
ratios (ORs) and 95% confidence intervals (CIs) for each of
the case groups using unconditional multivariable logistic
regression. The multivariable logistic regression model
adjusted for the confounding effects of age, sex, educa-
tional status, cumulative history of smoking in pack years,
heartburn and acid reflux symptoms in previous 10 years,
body mass index in previous year, aspirin use in previous
5 years, vegetable, fruit, and total energy intake. Tests for
linear trend were performed by treating the categorical
variables as continuous predictors in the multivariable
regression model. Category values were assigned as the
midpoint of the range for each category. For beverage
drinking temperature variables, we combined the lowest
two categories and assigned the following values for trend
analysis only: ‘room temperature/luke-warm’ 35°C (refer-
ence), ‘warm’ 50°C, ‘warm to hot’ 60°C, hot 65°C, and
very hot 70°C. To assess the association between temper-
ature of tea and coffee and esophageal cancer, we adjusted
further for caffeine intake. All analyses were performed
using SAS version 9.1 (SAS Institute, Inc., Cary, NC).
p-values were two sided, and p < 0.05 was considered
statistically significant.

Results

Characteristics of cases and controls are presented in
Table 1. Esophageal cancer cases were more likely to be
older (60+ years) and to be heavy smokers (30+ pack
years) than controls. Cases with EAC and EGJAC were
more likely to be men, obese, and to experience symptoms
of reflux (monthly or more often) than ESCC cases and
controls. ESCC cases were more likely to be heavy alcohol
consumers (>21 standard drinks/week) than EAC and
EGJAC cases and controls. On average, controls were less
likely (14.5%) to use PPIs than EAC (39.2%), EGJAC
(37.2%), or ESCC (31.9%) cases.

Table 2 details the risk estimates for the associations
between eating habits and risk of esophageal cancer. We
found no evidence that those who ever drank hot tea or
coffee had higher or lower risks of EGJAC or ESCC than
those who did not after adjusting for confounders. Inclu-
sion of income and PPI to the final model did not materially
change the risk estimates. There was a suggestion of an
elevated EAC risk among those who ever consumed hot tea
or coffee but this is probably attributable to the very small
number of EAC cases that never consumed hot tea or
coffee. While the relative risks of esophageal cancer were
not significantly different from the null with increasing
temperature of consumption, the point estimates of risk for
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Table 1 Distribution of selected characteristics among participants of the Australian Cancer Study

Total number* Controls (n = 1,472) EAC (n = 286)" p Value EGJAC (n = 320)° p Value ESCC (n = 238)" p Value*
n (%) n (%) n (%) n (%)

Age in previous year (years)

<30-49 260 (18) 22 (8) 25 (8) 15 (7)

50-59 382 (26) 73 (26) 90 (28) 54 (23)

60+ 830 (56) 191 (67) <0.01 205 (64) <0.01 161 (70) <0.01
Gender

Female 498 (34) 28 (10) 47 (15) 90 (39)

Male 974 (66) 258 (90) <0.01 273 (85) <0.01 140 (61) <0.12
Educational status

High school only 602 (41) 130 (45) 118 (37) 131 (57)

Trade certificate 332 (23) 80 (28) 90 (28) 43 (19)

or apprenticeship

Technical college or diploma 311 21) 57 (20) 78 (24) 37 (16)

University degree 227 (15) 19 (7) <0.01 34 (11) <0.012 19 (8) <0.01
Body mass index in previous year

<25.0 kg/m2 (Normal weight) 527 (36) 56 (20) 84 (27) 121 (55)

25-29.9 kg/m* (Overweight) 629 (43) 117 (42) 124 (40) 69 (31)

>30.0 kg/m? (Obese) 300 (21) 107 (38) <0.01 105 (36) <0.01 30 (14) <0.01
Cumulative history of smoking (in pack years)

Never smoker 655 (45) 70 (24) 76 (24) 55 (24)
0-14.9 376 (26) 59 (21) 64 (20) 45 (20)

15-29.9 191 (13) 54 (19) 71 (22) 47 (20)

30+ 250 (17) 103 (36) <0.01 109 (34) <0.01 83 (36) <0.01
Life mean alcohol consumption (standard drinks/week)®

None 184 (13) 21 (7) 31 (10) 31 (13)
<1-6 Drinks/week 522 (35) 75 (26) 91 (28) 59 (26)

7-20 Drinks/week 477 (32) 107 (37) 108 (34) 47 (20)

>21/Week 289 (20) 83 (29) <0.01 90 (28) 0.003 93 (40) <0.01
Heartburn and acid reflux symptoms in previous 10 years

Never 639 (43) 63 (22) 93 (29) 108 (47)

<Monthly 450 (31) 39 (14) 49 (15) 28 (12)

>Monthly but <weekly 211 (14) 65 (23) 72 (23) 32 (14)

>Weekly but <daily 117 (8) 69 (24) 72 (23) 33 (14)

Daily 55 4) 50 (18) <0.01 34 (11) <0.01 29 (13) <0.01
Aspirin use in previous 5 years

Never 643 (44) 136 (48) 140 (44) 109 (47)

Occasionally 570 (39) 94 (33) 118 (37) 85 (37)

<Weekly to at least weekly 259 (18) 56 (20) 0.17 62 (20) 0.71 36 (16) 0.55
Proton pump inhibitors use in previous 5 years

No 1,258 (85.5) 174 (60.8) <0.01 210 (62.8) <0.01 156 (68.1) <0.01

Yes 214 (14.5) 112 (39.2) 119 (37.2) 73 (31.9)

* p value estimated using chi-square statistics

# Observations with missing data are not included; column percentages may not sum to 100% due to rounding

b EAC—esophageal adenocarcinoma

¢ EGJAC—esophagogastric junction adenocarcinoma

4 ESCC—esophageal squamous cell carcinoma

e

One standard drink contains 10 g of ethanol
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Table 2 Adjusted odds ratios (ORs), 95% confidence intervals (Cls) for risk of esophageal cancer in relation to eating behaviors among

Australian Cancer Study participants

Eating behaviors Control EAC? EGJAC® ESCC*
subjects
(n %)* Cases OR Cases OR Cases OR
(n %) (95% CI) (n %) (95% CI) (n %) (95% CI)
Consumption of hot tea/coffee®"
Never consume 28 (1.9) 1(0.4) 1.00 (reference) 5 (1.6) 1.00 (reference) 2 (0.9) 1.00 (reference)
Ever consume 1,444 (98.1) 285 (99.6) 17.76 (0.91-66.0) 315 (98.4) 1.19 (0.41-3.48) 228 (99.1) 1.42 (0.30-6.73)
p Value =0.06 =0.75 =0.66
Temperature of tea/coffee™"
Room temperature to Luke-warm 46 (3.1) 15(5.2) 1.00 (referent) 17 (5.3) 1.00 (referent) 8 (3.9) 1.00 (referent)
Warm 84 (5.7) 28 (9.8) 1.56 (0.67-3.61) 26 (8.1) 0.92 (0.42-2.03) 20 (8.7) 1.72 (0.64-4.60)
Warm to hot 538 (36.5) 111 (38.8) 0.91 (0.44-1.86) 126 (39.4) 0.70 (0.36-1.37) 92 (40) 0.99 (0.42-2.32)
Hot 626 (42.5) 113 (39.5) 0.75 (0.37-1.54) 116 (36.3) 0.53 (0.27-1.03) 73 (31.7)  0.70 (0.30-1.65)
Very hot 150 (10.2) 18 (6.3)  0.51 (0.21-1.22) 30 (94)  0.61 (0.29-1.31) 35 (15.2) 1.28 (0.51-3.19)
p for trend =0.02 =0.02 =0.32
Amount of hot drinks (tea/coffee) consumed per day®"
>0 to <2 Cups 305 (20.7) 54 (19) 1.00 (referent) 77 (24.1)  1.00 (referent) 49 (21.3) 1.00 (referent)
>2 to <4 Cups 675 (45.9) 137 (48.2) 1.10 (0.75-1.61) 141 (44.1) 0.84 (0.60-1.17) 113 (49.1) 1.03 (0.69-1.54)
>4 Cups 464 (31.5) 93 (32.6) 1.17 (0.78-1.76) 97 (30.3) 0.85 (0.59-1.22) 66 (28.7)  0.89 (0.57-1.39)
p for trend =0.46 =0.40 =0.56
Amount of hot drinks (tea/coffee, any type) consumed and temperature of tea/coffee®t
<2 Cups per day at room 177 (12.0) 32 (11.2) 1.00 (referent) 40 (12.5) 1.00 (referent) 30 (13.0) 1.00 (referent)
temperature to hot
>2 to <4 Cups per day at room 304 (20.7) 72 (25.2) 1.15(0.69-1.93) 82 (25.6) 1.19(0.75-1.89) 54 (23.5) 1.02 (0.60-1.75)
temperature to hot
>4 Cups per day at room 187 (12.7) 50 (17.5) 1.57 (0.90-2.73) 47 (14.7) 1.17 (0.70-1.95) 36 (15.7) 1.31 (0.73-2.36)
temperature to hot
<2 Cups per day at hot to very 128 (8.7) 23 (8.0) 0.88 (0.46-1.68) 37 (11.6) 1.14 (0.66-1.97) 19 (8.3) 0.84 (0.42-1.66)
hot temperature
>2-4 Cups per day at hot to very 370 (25.1) 65 (22.7) 0.90 (0.54-1.51) 59 (18.4) 0.70 (0.43-1.13) 59 (25.7)  0.98 (0.58-1.67)
hot temperature
>4 Cups per day at hot to very 277 (18.8) 43 (15.0) 0.78 (0.45-1.36) 50 (15.6) 0.77 (0.47-1.26) 30 (13.0)  0.60 (0.33-1.10)
hot temperature
p for trend =0.06 =0.02 =0.08
Frequency of consumption of home-fried food®
<Once per week 465 (32) 85 (30) 1.00 (referent) 93 (29) 1.00 (referent) 73 (32) 1.00 (referent)
1-3 Times per week 726 (49) 140 (50) 0.85 (0.61-1.20) 157 (49) 0.87 (0.64-1.18) 110 (48) 0.87 (0.61-1.25)
4-6 Times per week 211 (14) 44 (15) 0.77 (0.49-1.22) 47 (15) 0.80 (0.52-1.22) 35 (15) 1.05 (0.65-1.71)
Daily or more than daily 70 (4.8) 17 (6) 0.55 (0.28-1.07) 23 (7) 0.81 (0.45-1.46) 12 (5) 0.52 (0.25-1.11)
p for trend =0.07 =0.28 =0.29
Frequency of consumption of ‘take-away’ fried foods®
<1 Per week 1,240 (84) 231 (81) 1.00 (referent) 250 (78) 1.00 (referent) 196 (85) 1.00 (referent)
>1 Per week 232 (16) 55 (19) 1.33 (0.90-1.95) 70 (22) 1.44 (1.01-2.05) 34 (15) 1.31 (0.83-2.07)
p Value =0.15 =0.04 =0.25
Consumption of barbecued meat®
Never consume 76 (5.2) 12 (4.2) 1.00 (referent) 21 (6.6) 1.00 (referent) 25 (10.9) 1.00 (referent)
Ever consume 1,396 (94.8) 274 (95.8) 1.37 (0.68-2.77) 299 (93.4) 0.69 (0.39-1.20) 205 (89.1)  0.58 (0.34-1.01)
p Value =0.38 =0.19 =0.06
Frequency of consumption of barbecued meat®
<Weekly 1,170 (79.4) 234 (81.8) 1.00 (reference) 243 (75.9) 1.00 (reference) 176 (76.5) 1.00 (reference)
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Table 2 continued

Eating behaviors Control EAC? EGJAC® ESCC*
subjects
(n %) Cases OR Cases OR Cases OR
(n %)° (95% CI) (n %)° (95% CI) (n %)° (95% CI)

>Weekly 226 (15.4) 40 (14.0)  0.74(0.48-1.12) 56 (17.5) 1.22 (0.85-1.77) 29 (12.6)  0.99 (0.62-1.59)
p Value =0.16 =0.28 =0.96

Preferred level of doneness of barbecued meat®
Rare to medium-rare 389 (26.4) 78 (27.3) 1.00 (reference) 100 (31.3) 1.00 (reference) 58 (25.2) 1.00 (reference)
Medium to well done 1,007 (68.4) 196 (68.5) 1.06 (0.76-1.48) 199 (62.1) 0.86 (0.64-1.16) 147 (63.9)  0.91 (0.62-1.32)
p Value =0.75 =0.31 =0.61

Frequency of consumption and cooking preference of barbecued meat®
<Weekly, rare to medium-rare 300 (20.4) 63 (22.0) 1.00 (reference) 75 (23.4)  1.00 (reference) 52 (22.6) 1.00 (reference)
<Weekly, medium to well done 870 (59.1) 171 (59.3) 1.00 (0.70-1.45) 168 (52.5) 0.85(0.61-1.19) 124 (53.9)  0.75 (0.50-1.13)
>Weekly, rare to medium-rare 93 (6.3) 15(5.2) 0.67 (0.34-1.33) 25 (7.8) 1.12 (0.64-1.97) 7 (3.0) 0.45 (0.18-1.10)
>Weekly, medium to well done 133 (9.0) 25(8.9) 0.81 (0.45-1.46) 31 (9.7) 1.06 (0.63-1.77) 22 (9.6) 1.07 (0.58-1.96)
p for trend =0.31 =0.72 =0.73

Frequency of consumption of ‘spicy’ food®
Never 201 (14) 50 (17) 1.00 (referent) 57 (18) 1.00 (referent) 43 (19) 1.00 (referent)
<1 Per month 492 (33) 89 (31) 0.81 (0.52-1.25) 102 (32) 0.73 (0.49-1.09) 78 (34) 0.87 (0.55-1.37)
About 1 per month 256 (17) 57 (20) 1.18 (0.72-1.91) 58 (18) 0.93 (0.59-1.47) 47 (20) 1.02 (0.61-1.71)
Between 1 per month and 1 per 186 (13) 35 (12) 1.00 (0.58-1.73) 35 (11) 0.74 (0.44-1.25) 23 (10) 0.76 (0.41-1.41)
week
About once a week 222 (15) 36 (13) 0.78 (0.45-1.35) 51 (16) 0.82 (0.51-1.33) 25 (11) 0.69 (0.38-1.26)
More than 1 per week 115 (8) 19 (7) 1.00 (0.51-1.97) 17 (5) 0.75 (0.39-1.45) 14 (6) 0.86 (0.41-1.78)
p for trend =0.96 =0.63 =0.32

Speed of eating when eating with a group of people®
Slow eater (last to finish eating) 318 (22) 70 (25) 1.00 (referent) 86 (27) 1.00 (referent) 85 (37) 1.00 (referent)
Neither first nor last to finish 741 (51) 151 (53) 0.94 (0.66-1.34) 145 (45) 0.77 (0.55-1.07) 111 (48) 0.73 (0.52-1.04)
Quick eater (first to finish eating) 393 (27) 64 (22) 0.73 (0.48-1.12) 89 (28) 0.90 (0.62, 1.30) 33 (14) 0.45 (0.28-0.72)
p for trend =0.15 =0.59 =0.001

Time of eating evening meal in previous year®
Early (<7.30 pm most days) 1,197 (82) 236 (83) 1.00 (referent) 262 (82) 1.00 (referent) 178 (78) 1.00 (referent)
Late to very late (>7.30 pm and 240 (17) 47 (16) 1.21 (0.81-1.79) 52 (16) 1.08 (0.75-1.56) 47 (21) 1.34 (0.89-2.03)
just before bed most days)
Never or hardly eat in the 15 (1) 2(0.7)  0.65(0.13, 3.42) 6 (2) 1.54 (0.52-4.56) 4(2) 1.29 (0.36-4.56)

evening

p for trend

=0.55

0.46

0.17

* EAC—Esophageal adenocarcinoma

® EGJAC—Esophagogastric junction adenocarcinoma

¢ SCC—Esophageal squamous cell carcinoma

4 Observations with missing data on any covariate included in the models were excluded from the analyses; column percentages may not sum to

100% due to rounding

¢ Adjusted for age continuous); gender; cumulative history of smoking in pack years (0, >0-14.9 pack years, 15-29 pack years, 30+ pack years);
lifetime mean alcohol intake; heartburn and acid reflux symptoms (never, <l/month, >1/month, >1/week, >1/day); body mass index in previous
year (<25.0 kg/m?, 25-29.9 kg/m?, >30.0 kg/m?); educational status (no further education after high school, Trade/Certificate/Apprenticeship,
Technical/College/Diploma, University degree); aspirin use in previous 5 years (never, <l/month, 1/month to 2-3/month, 1/week to >2/day); total
fruit and vegetable intake (continuous) and total energy intake in kilojoules (continuous)

1 cup = 250 ml; additional adjustment for caffeine intake in milligrams (continuous)
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EAC and EGJAC were consistently less than one, and the
linear trend analyses suggested a significant reduction in
risk with increasing temperatures of beverage consumption
for both of the adenocarcinoma subtypes. No such inverse
trend was seen for ESCC. The number of cups of tea or
coffee consumed per day was not associated with risk of
esophageal cancers. When temperature at which tea or
coffee was consumed was combined with the quantity
consumed, there was no association between temperature
and quantity of tea or coffee consumed and risks of
esophageal cancers.

There was no association between the frequency of
consumption of home-fried foods and risk of esophageal
cancer. However, consuming ‘take-away’ fried foods once
a week or more was associated with an increased risk of
EGJAC (OR =144, 95% CI. 1.01-2.05; p for
trend = 0.04) compared to less than once a week. We
reanalyzed the data stratifying by median age of the study
population and found a positive association between fried
‘take-away’ foods and EGJAC in the older study partici-
pants with higher risk estimates (OR = 2.05, 95%
CI = 1.12-3.76, p = 0.02); there was no such association
in the younger age group.

In simple dichotomous analysis, we found no evidence
that barbecued meat eaters had higher risks of EAC or
EGJAC; however, the data suggested a decreased ESCC
risk (OR = 0.58, 95% CI = 0.34-1.01; p value = 0.06)
among those who ever consumed barbecued meat. Among
barbecued meat consumers, neither frequency of con-
sumption, nor preferred level of doneness of meat, nor
frequency of consumption of meat and preferred level of
doneness combined was associated with risk of esophageal
cancers.

Frequency of consumption of ‘spicy’ foods, and the time
at which the evening meal was eaten were not associated
with risk of the esophageal cancers. Eating speed, however,
was associated with ESCC risk: compared to slow eaters
(last to finish eating), quick eaters (first to finish eating) had
a decreased risk of ESCC (OR = 0.44; 95% CI = 0.28-
0.72; p for trend = 0.001). The timing of eating an evening
meal was not associated with esophageal cancer.

Discussion

In this large population-based case—control study, we found
no evidence that drinking tea or coffee at very hot tem-
perature was associated with increased risk of esophageal
cancers. Results of studies from several populations
including Iran [11], Taiwan [29], Turkey [30], China [31],
India [19], England and Scotland [32], South America [9],
Japan [33], and Greece [34] overwhelmingly show positive
associations between drinking tea or coffee at very hot

temperatures and ESCC, whereas studies from Sweden
[12] did not find a positive association between drinking
hot beverages and EAC, EGJAC, or ESCC risk. In popu-
lations where positive associations have been reported
between temperature of tea or coffee and risk of esophageal
cancer, the beverages are often consumed at ‘scalding’
temperatures, where the beverage is kept boiling. In con-
trast, in those populations where tea and coffee is allowed
to cool before being consumed, or where cold milk is
commonly added, null or inverse associations have been
reported. Our results and those from other western popu-
lations suggest that the temperatures at which ‘hot’ bev-
erages are generally consumed in these settings are not
associated with an increase in esophageal cancer risk. In
our study, the assessment of temperature at which hot
beverages were normally consumed were based on self-
reports only and are therefore subject to misclassification.
However, we have no reason to believe that misclassifi-
cation would be differential with regard to case—control
status. We cannot exclude the possibility of reverse cau-
sality, however, whereby cases with esophageal cancer
modified their dietary habits in the period before diagnosis
(such as avoiding the use of very hot beverages, spicy
foods, or other types of food that could cause irritation or
pain at meal times).

In epidemiologic studies, high-temperature cooking
methods including barbecuing have been associated with
carcinogenic substances such as heterocyclic amines
(HCA) and polycyclic aromatic hydrocarbons (PCAH)
[35]. There is a paucity of data on barbecued meat intake,
and very limited availability of HCA and PCAH databases
that include a large number of different foods analyzed for
their HCA and PCAH concentrations. As a result, reported
frequencies of consumption of barbecued meats and ‘levels
of doneness’ have often been the main methodology used
to estimate the consumption of these carcinogens. Thus,
comparing the range of consumption of barbecued meat as
well as their HCA and PCAH content across populations is
difficult. Our data suggested a lower risk of ESCC for those
who ever (OR = 0.58, 95% CI = 0.34-1.01) compared to
never consumed barbecued meat; however, we found no
evidence that the frequency of consumption of barbecued
meat or preferred level of ‘doneness’ was associated with
esophageal cancer risk. We found no significant association
between intake of BBQ meat and risk of EAC (OR = 0.74
(0.48-1.12), EGJAC (OR = 1.22 (0.85-1.77) or ESCC
(OR = 0.99 (0.62-1.59). Earlier hospital-based case—
control studies from Uruguay [17] and Argentina [16]
found a twofold increased ESCC risk. Also, a pooled
analysis of data from 5 hospital-based case—control
studies from Argentina, Brazil, Paraguay, and Uruguay [9]
found a slightly elevated but non-significant ESCC risk
(OR = 1.22 (0.85-1.76) with daily intake of BBQ meat.
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Similarly, a population-based case—control study from the
United States [18] found a non-significant elevated EAC
risk (OR = 1.5 (0.5-4.8) with barbecuing as a cooking
method. In that same US study there was no significant
association for any combination of ‘doneness’ preference
and beef intake, but high intake of gravy made with meat
juices was associated with elevated EAC risk. Thus, from
these studies, there is no strong overall evidence that
consumption of barbecued meat is associated with
increased risk of esophageal cancer risk. In our study, none
of the respondents reported barbecued meat consumption
on a daily basis. Almost 80% of our study population
consumed barbecued meat less than weekly, and of these,
more than half (46%) consumed barbecue meat less than
once per month. Consumption of barbecued meat in Aus-
tralia is commonly associated with social gatherings and
group meals due to the seasonal nature of this activity. It is
thus plausible that a reduced frequency of barbecued meat
consumption and some unmeasured confounding by social
factors may be associated with this null finding.

More frequent consumption of ‘take-away’ fried foods
(but not foods fried at home) was associated with increased
risk of EGJAC in our study population. This is consistent
with the findings from several studies showing similar
associations with fried foods [13, 36, 37] although previous
studies did not indicate whether foods were fried within or
outside of the home. However, another study failed to find
an association between intake of fried potatoes and
esophageal cancer risk [15]. Because our study population
included participants as young as 18 years, we reanalyzed
our data stratified by median age of the study population
(<62 years, and >62 years). We found no evidence of an
association between the dietary characteristics studied and
the two histological types of esophageal cancer in the
younger age group, while in the older participants, we
found higher risk estimates for the association between
fried ‘take-away’ foods and EGJAC in the older partici-
pants (OR = 2.05, 95% CI = 1.12-3.75; p value = 0.02).
Interaction between frequency of consumption of fried
‘take-away’ foods and age in relation to EGJAC was sig-
nificant (p for interaction = 0.01). Acrylamide, a toxic
substance, produced during processing (baking, broiling,
frying roasting) of foods as a result of heat induced reac-
tions between amino group of free amino acids and the
carbonyl group of reducing sugars has been implicated as a
causative agent [38]. Foods rich in both of these precursors
are largely derived from plant sources such as potatoes and
cereals (barley, rice, and wheat) but not animal foods such
as poultry beef and fish [38]. A recent study that investi-
gated the association between ‘take-away’ food consump-
tion and diet quality in Australia found that consumption of
‘take-away’ foods was associated with poorer diet quality
and higher prevalence of obesity in men than women [39].

@ Springer

Thus, our findings may reflect residual confounding by
other risk factors for esophageal adenocarcinoma including
obesity and esophageal reflux symptoms, despite our
attempts to control for such effects in the analysis. In our
study we found a strong association between BMI and
intake of fried ‘take-away’ foods among cases (p value =
0.007), and a weak association between esophageal reflux
and intake of fried ‘take-away’ food (p value = 0.08).
Among cases with reflux, those who were obese (42%)
were more likely to eat fried ‘take-away’ food once a week
or more than those with normal BMI (21%) (p value =
0.04). Among cases without reflux, no significant associa-
tions were found between intake of fried ‘take-away’ food
and BMI (p value = 0.29).

We found no association between consumption of spicy
foods and esophageal cancer risk. Reports from previous
studies have been mixed. Similar to our finding, a case—
control study from Taiwan found no significant association
between spicy condiments and esophageal cancer risk [29],
while a hospital-based case—control study from India [19],
and a population-based case—control study from China
limited only to men [40] reported positive associations.
Excessive use of chilies and other hot spices is not common
in Australia, and level of use of spicy foods may not be as
high as would be found in China or India where positive
associations have been reported. Ethnically, our study
population was very homogeneous (96% of participants
identified themselves as ‘White’) and thus the distribution
of exposures such as consumption of spicy foods or tem-
perature at which hot beverages are consumed would be
expected to be narrower than regions with greater ethnic
diversity. This may have limited our ability to identify true
associations.

Our data suggested that ‘fast eaters’ have a 55%
decreased risk of ESCC compared to ‘slow eaters’. This is
in contrast to significant positive findings of a population-
based case—control study of the association between fast
eating and esophageal cancer risk in low (OR = 3.1) and
high (OR = 4.0) esophageal cancer risk areas in China
[21]. However, since neither study objectively measured
the actual time taken to consume the meals, there is a
possibility that the meaning of the term ‘fast’ eating within
the context of each population can be interpreted differ-
ently. Also, we cannot verify whether possible early
symptoms of esophageal cancer may have altered eating
speed before cancer diagnosis, causing an apparent pro-
tective association of fast eating.

While we found no association between time of eating
evening meal and risk of esophageal cancer, a prospective,
randomized unblinded crossover trial of patients with
symptomatic GERD and esophageal cancer from the Uni-
ted States reported a significant association between stan-
dardized late evening meal and increased supine reflux
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compared to when the same meal was consumed earlier in
the day [20]. It is difficult to compare our result to this
finding because the ‘standardized’ evening meal in that
study comprised a ‘fast food’ or ‘take-away’ hamburger,
French fries and soft drink, while for our study, the com-
position of an evening meal, which was not specified,
would more likely be interpreted in the Australian context
as a home cooked meal.

Our study has strengths and limitations. Strengths of the
study include the population-based design, the large sample
size, and the rapid recruitment of cases soon after diagnosis
from across the country. Weaknesses include the retro-
spective and self-report nature of dietary data collection.
Of particular concern is that early symptoms of esophageal
cancer may have caused changes in eating behavior before
diagnosis among the cases. However, we repeated our
analyses in the subgroup that did not report a change in
their diet and observed no material differences in results.
Assessment of temperature at which tea or coffee are
normally consumed was based on self-report only and
could not be independently verified. We were unable to
quantify the amounts of heterocyclic amines or other pos-
sible causal factors in the barbecued meats to enable a
more accurate determination of the association between
barbecued meats and esophageal cancers.

In conclusion, we examined several behavioral factors
in relation to the two histological types of esophageal
cancer in our population and found null results even
after stratification by age. The only significant finding
was a modest increase (OR = 1.44) in EGJAC risk in
relation to the consumption of fried ‘take-away’ foods in
analysis involving all participants and a larger increase
(OR = 2.05) in analysis involving older participants.
Owing to the fact that this is the only significant finding out
of several null results, we contend that type 1 error is the
most likely explanation for this finding. Thus, our results
suggest that eating habits per se are unlikely to explain the
recent changes in incidence of esophageal cancer in the
Australian population. We found no evidence that con-
sumption of hot drinks, barbecued meats, spicy foods or the
timing of the evening meal are associated with increased
risk of esophageal cancer in this Australian population.
Associations with consumption of fried ‘take-away’ foods
and eating speed await confirmation in future studies.
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