
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(8):4852-4862 | https://dx.doi.org/10.21037/jtd-24-361

Original Article

The causal effect of hot beverage temperature preference on 
esophageal cancer risk: a Mendelian randomization study

Mengyuan Zhu#, Min Wei#, Shan Huang, Xiaofen Pan

Department of Oncology, The Seventh Affiliated Hospital, Sun Yat-sen University, Shenzhen, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: S Huang, X Pan; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.
#These authors contributed equally to the work.

Correspondence to: Xiaofen Pan, MD; Shan Huang, Master. Department of Oncology, The Seventh Affiliated Hospital, Sun Yat-sen University. No. 

628, Zhenyuan Road, Guangming District, Shenzhen 518100, China. Email: panxf8@mail.sysu.edu.cn; hs841215@163.com.

Background: Previous research has found a link between the temperature of food and beverages and the 
risk of esophageal cancer (EC). A causal relationship between the two has not been well established. Herein, 
we used Mendelian randomization (MR) analysis to assess the causal effect of temperature preference for hot 
beverages on EC risk.
Methods: Genome-wide association studies (GWAS) data for hot beverage temperature preference were 
obtained from the UK biobank. There were 457,873 European and 2,617 East Asian participants included. 
GWAS data for EC were obtained from the Integrative Epidemiology Unit (IEU) project database. Two 
datasets from the European population and two datasets from the East Asian population were included. 
Totally, 4,426 EC cases and 1,202,270 control subjects were included. The “TwoSampleMR” R package 
was used to conduct a two-sample MR analysis. A random-effect inverse variance weighted (IVW) was used 
as the main analytical method to estimate the causal effect, and various sensitivity analyses, including MR 
Egger, weighted median, simple mode, and weighted mode, were used to examine the potential violation of 
the second and third MR assumptions. Meta-analyses were performed to further confirm the results. 
Results: Sixty-eight single nucleotide polymorphisms (SNPs) from the European population and  
11 SNPs from the East Asian population were used for MR analysis. No significant causal effect was found 
between hot beverage temperature preference and EC risk in the European population {for the ieu-b-4960 
dataset, inverse variance weighted odds ratio (ORIVW) =1.00 [95% confidence interval (CI): 0.99–1.00], 
P=0.54; for the ebi-a-GCST90018841 dataset, ORIVW =0.35 (95% CI: 0.10–1.29), P=0.12} or in the East 
Asian population [for the bbj-a-117 dataset, ORIVW =1.09 (95% CI: 0.80–1.48), P=0.59; for the ebi-a-
GCST90018621 dataset, ORIVW =0.11 (95% CI: 0.82–1.50), P=0.49]. Meta-analyses of the European 
population datasets and the Asian population datasets showed consistent results. 
Conclusions: The current MR analysis provides new genetic evidence for a null causal relationship 
between hot beverage temperature preference and EC, both in the European population and the East Asian 
population. Evidence to prevent EC by reducing the intake of hot beverages is insufficient.
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Introduction

Esophageal cancer (EC) is one of the most common 
digestive tract tumors, and it is the seventh leading cause 
of cancer-related death (1). Some studies have shown that 
the development of EC may be related to dietary habits (2). 
Intaking beverage/food at high temperature is one of the 
dietary behaviors that raise the risk of EC (3,4). A meta-
analysis indicated that consumption of hot beverages and 
food was associated with increased EC risk (5). The thermal 
injuries to the esophageal mucosa caused by hot food and 
beverages may contribute to the development of EC (4). 
Heat stress has the potential to harm the structure and 
function of the esophageal epithelium (6).

However, all of the aforementioned findings are from 
observational research and simply show a correlation 
between food and beverage temperature and EC. A clear 
causal relationship between the two has not been well 
established. Although randomized controlled trials (RCTs) 
are the gold standard for examining the causal relationship, 
conducting an RCT to evaluate the correlation between 
food and beverage temperature and EC is extremely 
challenging. This is due in part to the difficulties in 
managing other risk variables as well as the relatively 
extended follow-up period.

Mendelian randomization (MR) research is a widely used 
analytic tool for studying causal relationships (7). In the 

absence of RCTs or when conducting RCTs is difficult, MR 
research can be used to provide credible information on the 
causal relationship between exposure factors and disease 
risks (8). MR uses genetic variants to determine whether an 
observed correlation between a risk factor and an outcome 
aligns with a causal relationship. This approach relies on 
the natural, random allocation of genetic variants during 
meiosis, resulting in a random distribution of these variants 
within a population. Individuals are naturally predisposed 
to inherit or not inherit a genetic variant at birth that 
impacts a risk factor. Individuals carrying this variant and 
those without it are followed up for the development of a 
specific outcome. Since these genetic variants are generally 
unrelated to confounders, any variations in the outcome 
among carriers and non-carriers can be attributed to the 
differences in the risk factor (7,9). These genetic variants 
are called as instrumental variables (IVs). The genetic 
variants are randomly allocated during fertilization, which 
mimics the RCT process. Therefore, the causal relationship 
is less likely to be biased by confounding factors such as 
sex and age (10). Furthermore, reverse causality is also less 
likely because genotypes are formed before disease onset 
and are normally unaffected by disease development (11).  
During the process of human gamete formation, the 
alleles of specific single nucleotide polymorphisms (SNPs) 
undergo a random distribution among sperm cells. This 
ensures that the inherited variants are not influenced by 
potentially confounding environmental exposures. Thus, 
SNPs are frequently utilized as IVs to proxy the traits of 
interest in MR research (12).

Because RCTs to evaluate the long-term effect of hot 
beverage temperature preference on EC are not practicable, 
MR research offers an alternative strategy. Given the 
uncertainty about the causality between hot beverage 
temperature preference and EC risk, we conducted 
the current MR research to assess the causal effect of 
hot beverage temperature preference on EC risk using 
large-scale genome-wide association studies (GWAS) 
data. Because the frequency of genetic variants and the 
distribution of EC are different in European and Asian 
populations, we used GWAS data from the European 
population and the East Asian population to estimate 
the causal relationship, respectively. We present this 
article in accordance with the STROBE-MR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-361/rc).

Highlight box

Key findings 
• The current Mendelian randomization (MR) analysis provides 

new genetic evidence for a null causal relationship between hot 
beverage temperature preference and esophageal cancer (EC), both 
in the European population and the East Asian population.   

What is known and what is new? 
• Previous research has found a link between the temperature of 

food and beverages and the risk of EC. But a causal relationship 
between the two has not been well established.

• In the current study, we used a two-sample MR analysis to estimate 
the causal effect of hot beverage temperature preference on the 
risk of EC. No causal effect was detected between hot beverage 
temperature preference and EC risk, both in the European and 
East Asian populations.

What is the implication, and what should change now?
• Evidence to prevent EC by reducing the intake of hot beverages is 

insufficient.

https://jtd.amegroups.com/article/view/10.21037/jtd-24-361/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-361/rc
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Methods

Study design

We performed a two-sample MR analysis to assess the 
causal effect of temperature preference for hot beverages on 
EC using GWAS summary data. The MR research fulfills 
the following three assumptions: (I) the genetic instruments 
are strongly associated with the exposure; (II) the genetic 
instruments are not associated with the outcome via a 
confounding pathway; and (III) the genetic instruments 
affect the outcome only via the exposure (13). Genetic 
information for hot beverage temperature preference was 
obtained from the GWAS datasets. A basic overview of the 
MR research design is shown in Figure 1. This study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

GWAS data for hot beverages temperature

GWAS data for hot beverage temperature preference 
(ukb-b-14203 for the European population and ukb-e-1518_
EAS for the East Asian population) were obtained from 
the UK biobank (14). There were 457,873 European 
participants and 2,617 East Asian participants included in 
the analysis. The participants answered 29 questions about 
their diet on a touchscreen questionnaire. Regarding the 
beverage temperature, the participants were questioned 
about their preferred hot beverage temperature. The 

possible answers included “Prefer not to answer”, “Do not 
drink hot beverages”, “Very hot”, “Hot”, and “Warm” (14). 
Summary statistics of hot beverage temperature preference 
by GWAS were used to find out the SNPs associated with 
hot beverage temperature preference. The GWAS data 
were adjusted for age and sex. To control the quality of the 
SNPs, we employed the following filtering processes before 
MR analysis. First, we selected SNPs with P<5×10−8 and 
SNPs in linkage disequilibrium (with R2≥0.001 and within 
10 Mb) were discarded. Considering the limited number of 
SNPs screened, we relaxed the threshold to P<1×10−5 and 
linkage disequilibrium with R2<0.01 in the ukb-e-1518_
EAS dataset, according to a previous study (15). Second, we 
used F-statistics to estimate the weak IV bias. An IV with 
an F value <10 was judged weak. Weak IVs were excluded. 
Finally, we employed a harmonization procedure to remove 
ambiguous and indromic SNPs.

GWAS data for EC

GWAS data for EC in the European population (ieu-b-4960 
and ebi-a-GCST90018841) and East Asian population 
(bbj-a-117 and ebi-a-GCST90018621) were obtained from 
the Integrative Epidemiology Unit (IEU) project database 
(https://gwas.mrcieu.ac.uk/). For the European population, 
1,738 EC cases and 847,324 control subjects were included. 
For the East Asian population, 2,688 EC cases and 1,202,270 
control subjects were included.

SNPs associated with hot drink 
temperature

SNPs associated with other risk 
factors were excluded Assumption 1:

the genetic instruments are 
associated with the exposure

Assumption 2:
the genetic instruments are not associated 
with the outcome via a confounding pathway

Assumption 3:
the genetic instruments affect the outcome only 
via the exposure

The assumptions of MR and the overview of 
study design

SNPs in LD were excluded

Confounder

Exposures
hot beverage 

temperature preference

Exposures
Esophageal cancer

Instrumental variables
SNPs

Weak IVs were excluded

Figure 1 A brief introduction to the MR research design. MR, Mendelian randomization; SNPs, single nucleotide polymorphisms; LD, 
linkage disequilibrium; IV, instrumental variable.
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MR and statistical analysis

We performed a two-sample MR analysis using the 
“TwoSampleMR” R package (v 0.5.6). Firstly, we used the 
“harmonise” function to harmonize the alleles and effects 
between the exposure and outcome. Then, we applied a 
random-effect inverse variance weighted (IVW) as the main 
analytical method to estimate the causal effect and used 
various sensitivity analyses, including MR Egger, weighted 
median, simple mode, and weighted mode, to examine the 
potential violation of the second and third assumptions of 
MR (16). No pleiotropy of the IVs existed if the Egger-
intercept was close to 0 (17). The heterogeneity of the 
estimates was evaluated using a scatter plot and Cochran’s 
Q test (18). We also used a leave-one-out sensitivity 
analysis to further validate the estimates by removing a 
single variant from the analysis in turn. The result of the 
leave-one-out analysis reflects the possibility of an outlier 
variant. To verify whether the independence assumption 
was satisfied, we searched the PhenoScanner database 
(http://www.phenoscanner.medschl.cam.ac.uk/). If a SNP 
was related to an EC risk factor (19) (such as alcohol 
consumption, tobacco consumption, high body mass index 
(BMI) (obesity) and gastroesophageal reflux disease) other 
than hot beverage temperature preference (P<5×10−8), it 
was removed from the analysis. All analyses were performed 
using the R software (v4.2.2). The analytic code used for the 
analysis was included in Appendix 1. P values <0.05 were 
considered significant. 

Meta analysis 

To validate the results, we conducted a meta-analysis using 
the two datasets from the European population and the two 
datasets from the East Asian population, respectively. If 
I2>50%, which means high heterogeneity exists, a random 
effects model was used. Otherwise, a fixed effects model  
was used.

Results

Selection of IVs

There were 71 and 16 SNPs identified to be related to hot 
beverage temperature preference for the European and East 
Asian populations, respectively (Table S1). No SNP was 
related to other confounding risk factors. For the European 
population, rs3132487 was removed for incompatibility, 
and rs12038134 and rs58726064 were removed because 

they were palindromic with intermediate allele frequencies. 
For the East Asian population, 4 of the 16 SNPs for hot 
beverage temperature preference were missed in the EC 
datasets, and rs6066750 was removed for being palindromic 
with intermediate allele frequencies. The F values of the 
SNPs were all larger than 10, indicating that no weak IV 
was included. Finally, 68 SNPs for the European population 
and 11 SNPs for the East Asian population were included 
for MR analysis.

The causal effect of hot beverage temperature preference on 
EC in the main analysis

The scatter plot of the SNP effect on EC versus the SNP 
effect on hot beverage temperature preference is shown in 
Figure 2. The estimates of the causal effect of hot beverage 
temperature preference on EC are shown in Figure 3. No 
significant causal effect was found between hot beverage 
temperature preference and EC in the European population 
{for the ieu-b-4960 dataset, inverse variance weighted odd 
ratio (ORIVW) =1.00 [95% confidence interval (CI): 0.99–
1.00], P=0.54; for the ebi-a-GCST90018841 dataset, ORIVW 
=0.35 (95% CI: 0.10–1.29), P=0.12} or in the East Asian 
population [for the bbj-a-117 dataset, ORIVW =1.09 (95% CI: 
0.80–1.48), P=0.59; for the ebi-a-GCST90018621 dataset, 
ORIVW =1.11 (95% CI: 0.82–1.50), P=0.49]. Using the MR-
Egger, weighted median, weighted mode, and simple mode 
methods, we also found no association between hot beverage 
temperature preference and EC both in the European 
and East Asian populations (Figure 3). Heterogeneity was 
detected between hot beverage temperature preference and 
EC by Cochran Q test in the IVW and MR-Egger analysis 
for the European population (P<0.05), but no heterogeneity 
was detected for the East Asian population (P>0.05). Funnel 
plots of the IVW and MR-Egger analyses are shown in 
Figure 4. No horizontal pleiotropy was observed in the 
relationship between hot beverage temperature preference 
and EC in the two populations (P>0.05). 

The causal effect of hot beverage temperature preference on 
EC in the sensitivity analysis

Because heterogeneity was detected for the European 
population, we used MR-Pleiotropy Residual Sum and 
Outlier (MR-PRESSO) to exclude the outlier SNPs. In 
the ieu-b-4960 dataset, rs2472297 was excluded. Estimates 
before and after excluding the outlier differed (P=0.03 for 
the MR-PRESSO distortion test). We repeated the analyses 

http://www.phenoscanner.medschl.cam.ac.uk/
https://cdn.amegroups.cn/static/public/JTD-24-361-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-24-361-Supplementary.pdf
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Figure 2 The scatter plots of the SNP effect on EC against the SNP effect on hot beverages temperature preference. (A) ieu-b-4960 dataset 
for European population; (B) ebi-a-GCST90018841 dataset for European population; (C) bbj-a-117 dataset for East Asian population; 
(D) ebi-a-GCST90018621 dataset for East Asian population. MR, Mendelian randomization; SNP, single nucleotide polymorphism; EC, 
esophageal cancer.

after removing the outlier. The results revealed that hot 
beverage temperature preference remained unrelated to 
EC [ORIVW =1.00 (95% CI: 0.99–1.00), P=0.93]. No causal 
relationship was found using the MR-Egger, weighted 
median, weighted mode, and simple mode methods  
(Figure S1).  In the ebi-a-GCST90018841 dataset, 
rs1260326 and rs210600 were excluded. Estimates before 
and after excluding the outlier did not differ (P=0.19 for 
the MR-PRESSO distortion test). A leave-one-out analysis 
showed that removing any of the SNPs did not change the 
result of the main analysis both in the European and East 
Asian populations (Figure 5).

Meta-analysis confirmed the null causal relationship 
between hot beverage temperature preference and EC

A meta-analysis was conducted to further validate the 

results. In the European population, high heterogeneity 
existed, and thus a random effect model was used. In the 
East Asian population, the heterogeneity was low, and a 
fixed effect model was used. The combined analysis showed 
that there was no causal relationship between hot beverage 
preference and risk of EC in the two populations [for the 
European population, OR =0.73 (95% CI: 0.29–1.87), 
P=0.12; for the East Asian population, OR =1.10 (95% CI: 
0.89–1.36), P=0.93] (Figure 6). The results were consistent 
with the previous results.

Discussion

In the current study, we used a two-sample MR analysis 
to estimate the causal effect of hot beverage temperature 
preference on the risk of EC. No causal effect was detected 
between hot beverage temperature preference and EC risk, 

https://cdn.amegroups.cn/static/public/JTD-24-361-Supplementary.pdf
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Figure 3 The estimates of the causal effect of hot beverages temperature preference on EC. (A) ieu-b-4960 dataset for European population; 
(B) ebi-a-GCST90018841 dataset for European population; (C) bbj-a-117 dataset for East Asian population; (D) ebi-a-GCST90018621 
dataset for East Asian population. EC, esophageal cancer; MR, Mendelian randomization; OR, odd ratio; CI, confidence interval.
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Figure 4 Heterogeneity analysis between hot beverages 
temperature preference and EC by Cochran Q test in the IVW 
and MR-Egger analysis. (A) ieu-b-4960 dataset for European 
population; (B) ebi-a-GCST90018841 dataset for European 
population; (C) bbj-a-117 dataset for East Asian population; (D) 
ebi-a-GCST90018621 dataset for East Asian population. EC, 
esophageal cancer; MR, Mendelian randomization; SE, standard 
error; IV, instrumental variable.

both in the European and East Asian populations.
Some studies indicate that hot food and beverage 

consumption may increase the risk of EC. A meta-analysis 
including 23 observational studies showed that those who 
drank hot tea more often were more likely to develop 
esophageal squamous cell carcinoma (ESCC) (20). Another 
meta-analysis, including 12 case-control studies, found that 
increased consumption of hot tea beverages was associated 
with an increased risk of EC, with an OR of 2.04 (95% 
CI: 1.78–2.31) (21). A case-control study, which included 
849 cases and 906 controls, also showed that increased 
consumption of very hot beverage /food was associated 
with an increased risk of ESCC (OR =1.92, 95% CI: 1.50– 
2.46) (22) .  However, the above findings are from 
observational or case-control studies, which indicate only a 
correlation between the temperature of food/beverages and 
EC, not a causal relationship. Though RCTs provide the 
highest level of evidence for causal relationships, conducting 
an RCT to explore the correlation between food and 
beverage temperature and EC is extremely difficult. The 
MR study mimics the process of RCTs and is widely used 
to study the causal relationship in cases where prospective 
RCTs are difficult to conduct. Thus, we used the MR 
research in the current study to investigate the causal effect 
between the hot beverage temperature preference and EC. 
Because ESCC is more common in Asia and esophageal 
adenocarcinoma (EAC) is more common in Western 
countries, and because the risk factors for ESCC and EAC 
are different, we analyzed the East Asian population and the 
European population separately. 

Whether the IVs satisfy the three assumptions has a 
significant impact on the reliability of the MR analysis 
results. The three assumptions are: (I) the IVs are strongly 
associated with the exposure; (II) the IVs are not associated 
with the outcome via a confounding pathway; and (III) the 
IVs do not affect the outcome directly, but only possibly 
indirectly via the exposure (13). In the current study, 
we selected the SNPs with P<5×10−8 for the European 
population and P<1×10−5 for the East Asian population, 
which means that the selected SNPs are associated with 
exposure factors at a genome-wide level of significance 
(15,23,24). Furthermore, we performed the F-statistic and 
found that the F values of all the SNPs were larger than 
10. The F-statistic result indicated that there was no weak 
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instrument bias in this study (25). Thus, the IVs in the 
current study fulfill the first assumption. Pleiotropy refers to 
an IV being associated with multiple risk factors on different 
pathways. If an IV has pleiotropy, then the second or third 
assumption is violated (26). In our research, no horizontal 
pleiotropy was observed. Alcohol consumption, tobacco 
consumption, high BMI, and gastroesophageal reflux disease 
are considered to be risk factors associated with EC (3,19). 
We searched the PhenoScanner database to check whether 
the SNPs were associated with alcohol consumption/
tobacco consumption/high BMI/gastroesophageal 
reflux disease one by one and found that no SNP in this 
analysis was related to the above confounding risk factors. 
Therefore, we can assume that the IVs satisfy the second 
and third assumptions. The population effect can also lead 
to violations of the IV assumptions. Considering the risk 

factors for the European population and Asian population 
are different, and to decrease the population effect, we 
conducted the MR analysis using GWAS data from the 
European population and East Asian population for hot 
beverage preference separately.

Because heterogeneity was detected for the European 
population, we used a random-effects model to address 
heterogeneity by decreasing the precision of estimates. To 
further explore the effect of heterogeneity on the estimates, 
we conducted the MR-PRESSO analysis. Although a 
difference was observed, no causal relationship was detected 
before or after excluding the outlier.

In cases where analyses of exposures, like proteins, 
using variants in a coding gene region for the protein, 
the variants are referred as “cis-variants”. However, in 
many cases, it is not possible to find a cis-variant, like the 

rs518607

rs78859724

rs200353196

rs369274

rs929125

rs12892278

rs9645829

rs4416292

rs10746803

rs11083721

rs485671

rs518607

rs78859724

rs12892278

rs369274

rs929125

rs9645829

rs10746803

rs4416292

rs78179605

rs11083721

rs485671

All

Leave-one-out analysis of temperature preference of hot beverages on EC

Leave-one-out analysis of temperature preference of hot beverages on EC

Leave-one-out analysis of temperature preference of hot beverages on EC

Leave-one-out analysis of temperature preference of hot beverages on EC

All

−0.2 0.0

−0.006 −0.004 −0.002

−2 −1 0

0.000 0.002 0.004

−0.2 0.0

0.2 0.4

0.2 0.4

A

B

C

D

Figure 5 Result of leave-one-out analysis. (A) ieu-b-4960 dataset for European population; (B) ebi-a-GCST90018841 dataset for European 
population; (C) bbj-a-117 dataset for East Asian population; (D) ebi-a-GCST90018621 dataset for East Asian population. EC, esophageal 
cancer. 



Zhu et al. Hot beverage and EC4860

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(8):4852-4862 | https://dx.doi.org/10.21037/jtd-24-361

case in our study, and a more agnostic polygenic analysis 
is necessary. In a polygenic analysis where more genetic 
variants are included, a null finding is more convincing 
evidence of a true null relationship (27). In this study, we 
used a polygenic analysis including more than 60 SNPs 
for the European population and more than 10 SNPs 
for the East Asian population, and we found no causal 
relationship between hot beverage temperature preference 
and EC in both populations. This is new evidence on the 
causal relationship between the temperature preference of 
hot beverages and EC risk, especially for the East Asian 
population, because hot beverage/food preference has 
been for a long time considered a risk factor for EC in this 
population. 

However, some limitations of our research should be 
noticed. Firstly, although the exposure data and outcome 
data were from the European and East Asian populations, 
the populations include people from different countries, 
and there may be some differences in genetic background 
between the exposure and outcome data. Secondly, the 
study did not specify the temperature of “hot beverages”, 
but simply classified them as “very hot”, “hot” or “warm”. 
The definition of “very hot”, “hot” and “warm” may vary 
from person to person. Thirdly, the study only took into 
account the temperature of hot beverages, not the frequency 
of drinking them. Although temperature preference 
does not indicate exposure level, preference is positively 
correlated with drinking amount in general, with higher 
preference leading to greater consumption.  However, 

the impact of the hot beverages drinking frequency on 
EC risk needs further verification. Fourth, all cases of EC 
from the UK Biobank were diagnosed as EC, using the 
International Classification of Diseases code (ICD) of C15, 
without further differentiation of pathological type. So as 
the cases from other datasets. Finally, the MR results only 
reflect the long-term effect of the hot beverage temperature 
preference on EC risk. The short-term effect of hot beverage 
temperature preference needs to be further studied. 

Conclusions

In conclusion, the current MR analysis provides new 
genetic evidence for a null causal relationship between 
the hot beverage temperature preference and EC in the 
European and East Asian populations. Evidence to prevent 
EC by reducing the intake of hot beverages is insufficient. 
However, more experimental studies are required to further 
confirm our results.
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