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Context: Esophageal cancer is a neoplasm with a poor prognosis. Its two histologic subtypes,
esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC), have been
associated with different risk factors. The possibility of an association between the consumption of
hot food and beverages and esophageal cancer, especially ESCC, has long been suspected, presenting
a potentially modifiable risk factor. A meta-analysis of existing observational studies was performed
to provide a quantitative estimate of the risk of esophageal cancer associated with the consumption
of hot food and drink.

Evidence acquisition: A search was conducted through MEDLINE, PubMed, EMBASE, and
Current Contents Connect to November 11, 2014. Pooled ORs and 95% CIs were calculated using a
random effects model for the risk of esophageal cancer associated with the consumption of hot food
and drink. Subgroup analyses were conducted for ESCC and EAC, as well as for studies that adjusted
for tobacco smoking and alcohol consumption, two well-recognized risk factors for ESCC.

Evidence synthesis: Consumption of hot food and drink was associated with an increased risk of
any esophageal cancer (OR¼1.90, 95% CI¼1.46, 2.48). Heterogeneity was observed. There was an
increased risk of ESCC (OR¼2.29, 95% CI¼1.79, 2.93), which remained even after adjusting for
significant confounding variables (OR¼2.39, 95% CI¼1.71, 3.33). The relationship was not
significant for EAC.

Conclusions: The consumption of hot food and beverages was associated with an increased risk of
esophageal cancer, particularly ESCC.
(Am J Prev Med 2015;49(6):952–960) Crown Copyright & 2015 Published by Elsevier Inc. on behalf of
American Journal of Preventive Medicine
Context
Cancer of the esophagus presents as one of two
main histologic types, esophageal squamous cell
carcinoma (ESCC), which occurs in the middle

or upper third of the esophagus, or esophageal adeno-
carcinoma (EAC), which typically occurs in the lower
third of the esophagus or esophagogastric junction. The
occurrence tends to follow a geographic distribution,
with 90% of cases in the highest-risk area—sometimes
referred to as the “esophageal cancer belt” from northern
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Iran to the North-Central province of Linxian in China—
being ESCC.1,2 The risk factors for ESCC also follow a
geographic pattern. In low-incidence Western countries,
smoking and alcohol consumption are the predominant
risk factors, whereas low fruit and vegetable intake, low
SES, opium consumption, and the consumption of high-
temperature beverages3–5 have been implicated in the
development of ESCC in high-incidence areas. Risk
factors for EAC include its precancerous lesion, Barrett’s
esophagus, as well as smoking, obesity, and chronic
gastroesophageal reflux disease, which predisposes one
to Barrett’s esophagus.6,7

The possibility of an association between the con-
sumption of hot food and beverages and esophageal
cancer has long been suspected,8 and has recently been
raised by Islami et al.9 in a population-based case-control
study that found a strong relationship between the two.
This is a clinically significant question because if a
2015 Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine
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relationship is indeed found, it presents a modifiable risk
factor for a neoplasm with a very poor prognosis, and one
which could easily be eliminated with minimal imposi-
tion upon patients and with no adverse side effects.
The authors aimed to perform a meta-analysis com-

bining the results of studies reporting the prevalence of
hot food and beverage consumption in esophageal cancer
patients, and thus provide a quantitative estimate of
esophageal cancer associated with the consumption of
high-temperature food and beverages. As ESCC and EAC
have different risk factors associated with their develop-
ment, the aim was to provide risk estimates for both
histologic types. The authors hypothesized that they
would find an association between the consumption of
high-temperature food and beverages and ESCC, but
not EAC.

Evidence Acquisition
Study Protocol

The Meta-Analysis of Observational Studies in Epidemiology
guidelines10 were followed where possible in performing the
systematic review. The authors performed a systematic search
through MEDLINE (from 1950), PubMed (from 1946), EMBASE
(from 1949), and Current Contents Connect (from 1998) through
November 11, 2014, to identify relevant articles. The search used
the terms beverages or hot temperature or hot beverages or food
habits or hot drinks and esophageal cancer or esophageal neoplasms,
which were searched as text words and as exploded medical subject
headings where possible. The reference lists of relevant articles were
also searched for appropriate studies. No language restrictions were
used in either the search or study selection. A search for
unpublished literature was not performed. The Newcastle-Ottawa
quality assessment scale for assessing non-randomized studies11

was used to assess the quality of studies, with studies assessed on
selection criteria, comparability of cases and controls, and expo-
sure. A maximum of four, two, and four stars could be awarded for
selection criteria, comparability, and exposure, respectively.

Study Selection

Studies were included if they met the following inclusion criteria:
1.
De
Studies used a case-control, nested case-control, cross-sectional,
or cohort study design.
2.
 Studies examined the consumption of hot food and drinks
among esophageal cancer cases and controls.
3.
 Studies reported consumption of varying temperatures of the
same food or beverage among esophageal cancer cases and
controls, for example, tea drunk at very hot, hot, and warm or
cool temperature.
4.
 The risk point estimate was reported as an OR, or the data were
presented such that an OR could be calculated.
5.
 The 95% CI was reported, or the data were presented such that
the CI could be calculated.
6.
 An internal comparison was used when calculating the risk
estimate.
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Studies that did not meet the inclusion criteria were excluded.
Specifically, studies were excluded for the following reasons:
1.
 Studies did not compare drinkers of hot drinks with drinkers of
warm or cold drinks.12–16
2.
 Data on temperature of food and drinks were not reported.17–23
3.
 Studies did not separate out esophageal cancer data from
grouped data on aerodigestive tract cancers.24,25
4.
 Studies reported risk estimates for mortality, not esophageal
cancer incidence.26,27
5.
 The study was conducted in a patient population with primary
head and neck cancers.28
6.
 The study contained duplicate and pooled data from previously
published studies.29

Studies were included or excluded following consensus between
two authors (JA and GE).

Data Extraction

Data extraction was performed via a standardized data extraction
form. Information was collected on the publication year, study
design, number of cases, number of controls, total sample size,
mean age, temporal direction, country, continent, economic
development, case-control matching, number of adjusted varia-
bles, the risk estimates or data used to calculate the risk estimates,
CIs or data used to calculate CIs, and the histologic type of
investigated esophageal cancer (ESCC or EAC). Adjusted ratios
were extracted in preference to non-adjusted ratios; however,
where ratios were not provided, unadjusted ORs and CIs were
calculated. Where more than one adjusted ratio was reported, the
ratio with the highest number of adjusted variables was selected.
Where multiple risk estimates were available in the same study, for
example, studies providing risk estimates for both ESCC and EAC,
they were included as separate risk estimates. Where different
temperatures were reported, for example, “warm,” “hot,” or
“scalding,” the highest qualitatively described temperature was
chosen.

Statistical Analysis

Pooled ORs and 95% CIs for the effect of hot food and drink
consumption on the risk of developing esophageal cancer were
calculated using a random effects model.30 The consumption of
cold, warm, or room temperature food or drink was used as the
comparator. Heterogeneity was tested with Cochran’s Q sta-
tistic, with po0.10 indicating heterogeneity, and quantified the
degree of heterogeneity using the I2 statistic,31 which represents
the percentage of the total variability across studies which is due
to heterogeneity. I2 values of 25%, 50%, and 75% corresponded
to low, moderate, and high degrees of heterogeneity, respec-
tively.32 Where heterogeneity was present, a sensitivity analysis
was performed to determine the contribution of each study to
the heterogeneity by excluding individual studies one at a time.
Publication bias was quantified using the Egger’s regression
model,33 with the effect of bias assessed using the fail-safe
number and trim-and-fill method. The fail-safe number was the
number of studies that would need to be missed for the observed
result to be nullified to statistical non-significance at the po0.05
level. Publication bias is generally regarded as a concern if the
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fail-safe number iso5nþ10, with n being the number of studies
included in the meta-analysis.34 The trim-and-fill method
adjusts for potential unpublished studies in the meta-analysis
by calculating new pooled ORs based on a more symmetric
funnel plot, which are then compared to the original
pooled OR. Similarity between the two risk estimates decreases
the likelihood that publication bias significantly affected the
meta-analysis results. Results were regarded as statistically
significant if the two-tailed p-value was o0.05. All analyses
were performed with Comprehensive Meta-analysis, version
2.0.
Evidence Synthesis
Study Characteristics
From 1,971 initially identified studies, 23 met the
inclusion criteria (Figure 1).5,9,35–55 Selected character-
istics of the included studies are presented in Appendix
Table 1 (available online). Sixteen studies reported risk
estimates for ESCC and four reported risk estimates for
EAC. Sixteen studies were conducted in developing
Figure 1. Study selection flowchart.
countries, with only seven from developed countries.
Thirteen of the studies were conducted in Asia, five
examined South American populations, four were from
Europe, and one was from Australia. All studies
followed the case-control study design. Sample sizes
ranged from 148 to 5,399, and esophageal cases
ranged from 43 to 1,520. Overall, there were 7,081
esophageal cancer cases, 15,822 controls, and 25,156
participants.
In terms of quality, studies were assessed based

on selection criteria, comparability of cases and controls,
and exposure, in accordance with the Newcastle-Ottawa
scale.11 The studies generally did not suffer from
selection bias. Most studies also adjusted for important
confounding factors and thus scored well on the
comparability category; however, five studies5,36,37,42,48

did not provide adjusted risk estimates and therefore did
not receive a score in this category. The weakest aspect of
the studies as a group was the exposure category. All
studies ascertained exposure through an interview,
not blinded to case or con-
trol status or participant
self-report, so none of the
studies were able to achieve
the maximum score in this
category.

Any Esophageal Cancer
Twenty-three studies5,9,35–55

comprising 7,081 esopha-
geal cancer cases, reported
an association between the
consumption of hot food or
drinks and any esophageal
cancer and were included
in the analysis. There
was an increased risk of
any esophageal cancer in
patients who consumed
hot food or beverages, with
a pooled OR of 1.90 (95%
CI¼1.46, 2.48) (Figure 2).
Heterogeneity was present
(I2¼83.29%, po0.001), and
a sensitivity analysis did
not reveal any single study
that contributed to the het-
erogeneity. Publication bias
was observed (p¼0.004),
which is depicted visually
on a funnel plot in
Appendix Figure 1 (available
online). The fail-safe number
www.ajpmonline.org



Table 1. Meta-Analysis for Risk of ESCC by Different Study Characteristics

Study characteristic Studies, n OR (95% CI) Pdifference I2, % Pheterogeneity

Food or beverage consumed

Maté 5 2.18 (1.66, 2.86) o0.001 0 0.437

Not maté 11 2.28 (1.62, 3.22) o0.001 72 o0.001

Adjustment for confounders

Adjustment for smoking and alcohol consumption 11 2.39 (1.71, 3.33) o0.001 69 0.002

Unadjusted 5 1.05 (0.29, 3.73) 0.945 93 o0.001

Economic status (IMF definition)

Developed 6 1.65 (1.17, 2.33) 0.004 49 0.079

Developing 10 2.88 (2.05, 4.02) o0.001 65 0.002

IMF, International Monetary Fund; ESCC, esophageal squamous cell carcinoma.
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was 1,084 studies, and the trim-and-fill method showed an
imputed risk estimate that was identical to the observed risk
estimate.

Esophageal Squamous Cell Carcinoma
Sixteen studies9,34,36,38–43,45,47–49,51,53,54 comprising 3,566
ESCC cases and a total of 15,806 individuals reported an
association between consuming hot food and drinks and
ESCC and were included in the ESCC meta-analysis.
There was an increased risk of ESCC associated with the
consumption of hot food and drinks, with a pooled OR of
2.29 (95% CI¼1.79, 2.93) (Figure 3). There was moderate
heterogeneity (I2¼62.07%, p¼0.001) and no publication
bias (p¼0.385).
Subgroup analyses were performed to assess whether

adjustment for confounding variables changed the over-
all risk estimate (Table 1). After excluding the five studies
in which the consumed beverage was maté35,38,47,48,51 the
risk of ESCC was 2.28 (95% CI¼1.62, 3.22). Hetero-
geneity was observed (I2¼72.04%, po0.001). The risk
estimate was similar in the analysis of the five
maté studies35,38,47,48,51 (OR¼2.18, 95% CI¼1.66, 2.86);
no heterogeneity was present (I2¼0%, p¼0.437).
The 11 studies9,35,36,40–42,45,47,48,51,53 that adjusted for
alcohol consumption and tobacco smoking showed an
increased risk of ESCC associated with the consumption
of hot food and drinks (OR¼2.39, 95% CI¼1.71, 3.33),
with moderate heterogeneity (I2¼69.42%, p¼0.002).
When looking at the ten studies9,35,38,39,43,45,47,48,51,54

from developing countries, the OR was 2.88 (95%
CI¼2.05, 4.02), with moderate heterogeneity
(I2¼65.08%, p¼0.002). The six studies36,40–42,49,53 from
developed countries also showed an increased risk
(OR¼1.65, 95% CI¼1.17, 2.33), though it was less than
that observed in studies from developing countries.
December 2015
There was statistically non-significant heterogeneity
(I2¼49.30%, p¼0.079).

Esophageal Adenocarcinoma
Four studies37,40,42,53 comprising 605 EAC cases and
3,876 individuals were included in the meta-analysis for
EAC. There was a statistically non-significant decreased
risk of EAC in patients who consumed hot food and
drinks, with a pooled OR of 0.78 (95% CI¼0.45, 1.35)
(Appendix Figure 2, available online). There was
statistically non-significant heterogeneity (I2¼52.79%,
p¼0.096).

Discussion
The meta-analysis showed a statistically significant
positive relationship between the consumption of hot
food and drinks and all esophageal cancers. The relation-
ship seems to have been dominated by the association
with ESCC, which was significant even after adjusting for
important confounders, whereas an association with
EAC was not found. This is consistent with the majority
of the literature to date, which has not associated thermal
injury with the development of EAC. The overall meta-
analysis for esophageal cancer had significant hetero-
geneity and a sensitivity analysis failed to identify any
single study that was a significant contributor to the
heterogeneity. Publication bias was present; however, the
fail-safe number was 1,084 studies, and considering the
thorough search strategy the authors thought it unlikely
that such a large number of studies would have been
missed. Additionally, the trim-and-fill method showed
an imputed risk estimate that was identical to the
observed risk estimate. The authors therefore concluded
that publication bias existed, but was minimal.



Figure 2. Meta-analysis of hot food and drink consumption and any esophageal cancer.
Note: Test for heterogeneity I2¼83.29%, po0.001. Each study is shown by an OR estimate with the corresponding 95% CI.

Figure 3. Meta-analysis of hot food and drink consumption and esophageal squamous cell carcinoma.
Note: Test for heterogeneity I2¼62.07%, p¼0.001. Each study is shown by an OR estimate with the corresponding 95% CI.
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Heterogeneity was also present in the analysis of ESCC,
and again a sensitivity analysis did not identify any single
study that contributed significantly to the heterogeneity.
There was no publication bias in the ESCC analysis. The
analysis of EAC had no heterogeneity, and publication
bias was not present. In terms of study quality, which was
assessed using the Newcastle-Ottawa scale,11 the main
weakness present in all studies related to exposure
ascertainment. The methodology in all studies relied on
either unblinded interview or self-report from partici-
pants, which is a potential source of bias.
The authors recognized that the results may be

influenced by confounders, so several analyses were
performed to ascertain the nature of the relationship
between the consumption of hot food and beverages and
ESCC after adjusting for the possible effect of confound-
ers (Table 1). Tobacco smoking and the consumption of
alcohol are well-recognized risk factors for ESCC,7 which
could potentially skew the results. Therefore, a subgroup
analysis of studies was conducted that adjusted for
smoking and alcohol consumption. The relationship
remained, and the risk estimate was actually slightly
increased (OR¼2.39 versus 2.29), which would suggest
that tobacco smoking and the consumption of alcohol
did not confound the results. The consumption of maté, a
tea-like infusion that is made from the leaves of the
perennial tree Ilex paraguariensis and is a popular drink
in some parts of South America, has also been associated
with ESCC,29,35,38,56 likely due to the carcinogenic com-
pounds in the I. paraguariensis leaf.57,58 To examine the
effect of maté on the results, the authors conducted two
subgroup analyses, one looking only at the studies that
compared the consumption of maté at different temper-
atures, and another that excluded the maté studies. The
result of the analysis that excluded the maté yielded a
similar result to the overall analysis for ESCC (OR¼2.28),
whereas the analysis of the maté studies also showed an
increased association (OR¼2.18). Therefore, the results
did not appear to have been confounded by the con-
sumption of maté.
If an association between the consumption of hot food

and beverages did exist, one would expect to see an
increase in the risk of esophageal cancer associated with
varied dietary elements consumed at an increased
temperature. Tea and coffee are two beverages that are
almost universally consumed, usually at elevated temper-
atures. However, no association with esophageal cancer
has been found for either coffee or tea consump-
tion.15,16,59–62 A possible explanation for this could be
that in most instances they are not consumed at high
enough temperatures to cause thermal injury and thus
predispose people to ESCC. Three of the aforementioned
studies16,60,61 were conducted in Western countries,
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where it is not customary to rapidly consume these
beverages at scalding-hot temperatures, as was the case in
the study by Islami and colleagues9 from Golestan
province in Iran. Likewise, the meta-analyses by Turati
et al.59 included mostly studies from Western countries
and yielded similar results. The present study also
showed that although most of the studies from develop-
ing and Asian countries show a positive relation between
consumption of hot food and drinks and esophageal
cancer, the studies from developed and Western coun-
tries tend to find either a reduced relationship or no
association at all. A subgroup analysis of studies from
developing countries found an increased risk of ESCC
(OR¼2.88), and the analysis of the studies from devel-
oped countries still showed an increased risk, but it was
reduced, with an OR of 1.65. Five of six studies in the
analysis of developed countries were conducted in West-
ern countries, with Hung and colleagues41 being the only
one from an Asian country (Taiwan). Removal of Hung
et al.41 from the analysis resulted in a statistically non-
significant association (OR¼1.46, 95% CI¼0.98, 2.16).
One possible explanation for this could be the difference
in the temperature and speed of consumption of the
beverages in Western countries compared with Asian
countries, as discussed previously. Additionally, other
carcinogens which are present in the natural environ-
ment in certain geographic locations could be contribu-
ting to the developing of ESCC, as speculated by Islami63

regarding the ionic content of water in Golestan province
as a contributing factor to the high rate of ESCC found in
that region.
Although the causal relationship has not been estab-

lished mechanistically, it is plausible that thermal injury
predisposes one to esophageal cancer. Investigators have
suggested that the release of N-nitroso compounds, which
are formed from nitric oxide as a result of inflammation
following thermal injury,61 may contribute to the develop-
ment of several digestive tract cancers, including esoph-
ageal cancer. It has also been shown that in rabbits,
esophageal exposure to heat resulted in epithelial damage
and impaired barrier function,64 and similar results have
been reported in other animal models.65–67 If similar
damage occurs in humans, the impaired barrier function
of esophageal epithelium could contribute to the risk of
esophageal carcinoma by facilitating exposure to and
further damage from luminal carcinogens.
This study has a number of strengths. TheMeta-Analysis

of Observational Studies in Epidemiology guidelines were
followed where possible. A thorough search was performed
through four databases with no language restrictions.
Studies using external comparators were excluded. The
use of an internal control group is recognized as superior in
terms of study design,68–70 and by excluding studies that
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used external comparators, statistical rigor was added to the
analysis. Although publication bias was present in the
analysis of all esophageal cancer, it disappeared in the
analyses of ESCC and EAC.
Limitations
This study also has a number of weaknesses. The most
obvious problem with the interpretation of the results is
the variability in temperature of the consumed food and
drink. The questionnaires used in the various studies
were qualitative in nature regarding the temperature of
consumed food and drink, and relied on self-reporting by
the study participants. With the exception of Islami
et al.,9 none of the studies attempted to validate the
temperatures of consumed food and drink. In addition,
all but two studies in the analysis were retrospective in
nature and therefore subject to the selection and recall
bias inherent in such studies. The ideal study would be
one that recorded participants’ eating and drinking
habits at baseline and validated the temperatures of
consumed food and beverages, following them up for
the development of esophageal neoplasms. Practical
considerations may make such a study unfeasible,
though. Esophageal cancer remains relatively uncommon
even in the high-incidence areas, and the large number of
participants needed to obtain sufficient esophageal can-
cer cases to power the study sufficiently may not be
practical. Additionally, the temperature of consumed
food and beverages cannot always be monitored, and
all such studies necessarily rely on self-reporting by
participants. Heterogeneity was also present in the
current analyses, both in the overall analysis and in
many of the subgroup analyses. There was high hetero-
geneity in the meta-analysis of hot food and drink
consumption and any esophageal cancer (I2¼83.29%,
po0.001), and sensitivity analysis did not identify any
single study that by itself contributed to the heteroge-
neity. A moderate level of heterogeneity was also present
in the meta-analyses of hot food and drink consumption
and ESCC (I2¼62.07%, p¼0.001) and EAC (I2¼52.79%,
p¼0.096), although in the latter it was statistically non-
significant. This is likely due to the variety of study
participants. The included studies were from various
countries and included a wide mix of patients; mean age
ranged from 54.5 to 69 years, and male participants as a
percentage of the study size ranged from 0% in some
studies that were conducted in women, to 100% in others.
Interestingly, the only analysis in which heterogeneity
was not present was the meta-analysis of maté drinking
and esophageal cancer (I2¼0%, p¼0.437), which con-
sisted of studies from South American countries, with
similar gender composition across studies.
Conclusions
Results suggest that the consumption of food and
beverages of a high enough temperature is associated
with an increased risk of esophageal cancer, particularly
ESCC. The association persisted even after adjusting for
important confounders. At present, the authors advocate
precautionary advice to patients against the rapid con-
sumption of scalding hot food and beverages, given the
lack of any adverse side effects of doing so.
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