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Background: Previous studies on the association between green tea drinking and esophageal 

squamous cell carcinoma (ESCC) risk show inconsistent results.

Materials and methods: We conducted a large population-based case–control study from 

2010 to 2013 in a high-risk area of China, in which 1,355 ESCC cases and 1,962 controls were 

recruited. Information on lifelong tea drinking was collected via face-to-face interviews using 

an electronic structured questionnaire. ORs with 95% CIs were estimated using unconditional 

logistic regression models.

Results: Most tea drinkers were males and consumed exclusively green tea. After adjustment 

for potential confounders, among men the OR of ever green tea drinking for ESCC risk was 1.52 

(95% CI: 1.24–1.85), compared with never tea drinking. The excess risk increased monotonically 

with earlier age at starting, longer duration, more intensity, and accumulation of tea drinking. 

The OR of drinking very hot green tea for ESCC risk was 2.15 (95% CI: 1.52–3.05), compared 

with never drinking tea. For accumulation of tea drinking and the risk of ESCC, a non-linear 

relationship was observed. Before the accumulation of tea drinking reached 5 L/day*years, 

drinking tea showed a mild protective effect; then the ORs sharply increased to around 2.0 from 

5 L/day*years to 25 L/day*years, and leveled off thereafter. The non-linear relationship was 

further modified by tea temperature. The joint effect of tea drinking and alcohol consumption 

on ESCC risk was also significant (P=0.019).

Conclusion: Very hot tea drinking significantly increases the risk of ESCC among Chinese 

men, which is particularly evident among alcohol drinkers.

Keywords: green tea, high temperature, esophageal squamous cell carcinoma, risk factor, 

case–control study

Introduction
Generally, tea is classified into three main subtypes: non-fermented tea (eg, green 

tea), semi-fermented tea (eg, oolong tea) and fermented tea (eg, black tea). In 2013, 

approximately 64% of tea production worldwide was black tea and 34% green tea.1 

Both green tea and black tea, containing plenty of health-related chemical compounds, 

are considered as health-promoting beverages and believed to be able to prevent the 

occurrence of cancer, cardiovascular diseases and metabolic abnormalities.2 However, 

Islami et al demonstrated that drinking hot and very hot black tea increased the risk of 

esophageal squamous cell carcinoma (ESCC) more than 2- and 8-fold, respectively, 

compared with drinking warm black tea in Iran.3 However, the interaction of tea 

temperature and alcohol drinking was not explored in their study since their study 
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participants did not drink alcohol.3 A recent report from 

the Kadoorie cohort revealed a significant alcohol–hot tea 

interaction on the risk of esophageal cancer.4

Although some studies have reported potential chemo-

preventive properties of tea beverages for cancer, for which 

black tea is weaker than green tea,5,6 the results between 

green tea and esophageal cancer are controversial in high-

incidence areas, where ESCC is the overwhelming subtype 

of esophageal cancer and its precise carcinogenic factors are 

still unclear.7,8 On the other hand, green tea beverage is usually 

a mixture of tea leaves and boiling water in China, and the 

potential thermal injury should be considered, because very 

hot beverages were identified to be Group 2A carcinogens 

for ESCC by IARC monographs.9 Three meta-analyses have 

been conducted to illustrate the effect of green tea on ESCC 

development, but the results show severe heterogeneity.10–12 

Several case–control studies show drinking green tea could 

marginally decrease the risk of esophageal cancer.13–17 On the 

contrary, the other case–control studies and two cohort stud-

ies indicated consuming green tea had a dangerous tendency 

of increasing esophageal cancer risk.4,18–21 The majority of 

related studies do not take into account the effects of tea 

beverage temperature, except for two case–control studies 

and one cohort study.4,20,21 Further, most case–control stud-

ies recruited esophageal cancer cases weeks or months after 

diagnosis, thus case subjects might meditate the causes of 

the disease and exaggerate reporting exposure to some 

potential risk factors. Further the interaction effects of hot 

tea drinking and alcohol drinking on ESCC incidence has 

rarely been reported.4

ESCC is the overwhelming subtype of esophageal cancer 

with more than 95% proportion in China.22 In current analy-

sis, we assessed the association between green tea drinking, 

tea temperature, and ESCC development, using data collected 

in a population-based case–control study with a rigorous 

design to explore the etiology of upper gastrointestinal cancer 

in Taixing, a high-risk area in China (54.4/100 000).23

Materials and methods
study design and participants
The study was approved by the ethics review boards of 

School of Life Sciences of Fudan University (date: February 

19, 2009), and Qilu Hospital of Shandong University (date: 

March 8, 2010). All study participants provided written 

informed consent.

The details of the study design and participant enroll-

ment flow chart have been described previously.24 Briefly, 

we aimed to gather all newly diagnosed esophageal cancer 

cases in Taixing, China, from October 2010 to September 

2013. We limited participants to those aged 40–85 years, 

who had lived in Taixing for at least 5 years. When a patient 

was suspected to have esophageal cancer during endoscopic 

examination in one of four major local hospitals, we imme-

diately interviewed the patient using an electronic question-

naire (Figure S1). Patients who were not confirmed after 

histopathological assessment were removed from the study. 

To identify and interview missed esophageal cancer cases in 

the four endoscopy units, we double-checked with the local 

Cancer Registry at the end of each year.

During the 3-year period, we enrolled 1,401 suspected 

cases from the hospitals’ endoscopy units and 280 reported 

cases via the local Cancer Registry. For each case, we 

aimed to collect sections from formalin-fixed and paraffin-

embedded tissue blocks and original pathological reports 

after surgical resection. After assessing the pathological 

sections and surgical/pathological reports, 1,499 esophageal 

cases were confirmed by reviewing pathological sections or 

surgical/pathological reports. According to the histopatho-

logical classification, 1,418 cases of ESCC and 81 cases of 

non-ESCC were confirmed and enrolled in the study. We 

estimate that 78.3% of all incident esophageal cases in the 

study base were included according to the estimated number 

from the local Cancer Registry.

During the same period, control participants were ran-

domly selected from Taixing Population Registry, by 5-year 

age group and sex, for frequency matching to the distribution 

of the cases. Overall 2,011 control subjects participated (par-

ticipation rate: 70.4%), of whom 19 were out of the eligible 

age range, so in total 1,992 were included in the current study.

The analysis was based on the 1,418 ESCC cases, which 

were independently reviewed and confirmed, and 1,992 con-

trol subjects. After further excluding 93 subjects with incom-

plete questionnaire information on tea drinking history, 1,355 

cases and 1,962 controls were included in the final analysis.

Exposure assessment
All participants were interviewed face to face by trained inter-

viewers using an electronic questionnaire, which included 

demographics, family wealth, family history of cancer, oral 

hygiene, personal medical history, cigarette smoking his-

tory, alcohol and tea drinking history, and dietary history 

10 years ago.

Tea drinking history
This section covers each participant’s lifelong history of tea 

drinking until interview date. Participants were asked about 
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the starting age of tea drinking, the age of permanently stop-

ping drinking tea (among ex-drinkers), amount of consumed 

tea in a typical day (volume), the average number of days per 

week or per month they drank tea, the usual temperature and 

concentration of the tea (Supplementary material).

Definition of tea drinking
In the local area, located in East China Plain, the process 

of tea brewing is usually to take a certain amount of dry 

tea leaves into a tea cup/pot, then pour boiling water into it. 

After cooling tea beverage in room temperature for various 

minutes, people usually drink it directly. Ever tea drinkers 

were defined as those who had used the respective tea product 

for at least 6 months and drank tea at least once per day. Tea 

ex-drinkers referred to those who had quitted drinking tea 

at least 2 years before interview date because early uncom-

fortable symptoms of esophageal cancer might lead patients 

to stop tea drinking. Duration of tea drinking was defined 

as the sum of years of drinking tea. Drinking intensity was 

defined as the average amount (volume) of tea intake per 

day. We estimated each participant’s lifetime cumulative 

quantity of tea drinking by multiplying the cumulative years 

with amount of tea drinking per day (L/day), expressed as L/

day*years. According to the time between placing tea leaves 

mixed with boiling water and tea drinking, the temperature 

of tea drinking was classified as very hot (less than 1 min-

ute), hot (1–5 minutes) and warm (more than 5 minutes). 

High concentration was defined as the volume of expanded 

tea leaves in boiling water more than half of the volume of 

tea beverage, otherwise it was defined as low concentration 

(Supplementary material). For data analysis, we categorized 

the derived continuous variables about tea drinking using 

approximate quartile cut points, based on the distribution 

among controls.

statistical analyses
Since the prevalence and pattern of tea drinking habits are 

different between men and women in China,25 we analyzed 

the data for men and women separately. We used uncondi-

tional logistic regression models to estimate ORs with 95% 

CIs for ESCC in association with tea drinking. Two main 

models were fitted: the age-adjusted model only adjusted 

for age (continuous variable), and the fully adjusted model 

which additionally adjusted for other potential confounders, 

including marital status, education level, occupation, family 

wealth score, body mass index 10 years ago, sum of missing 

and filled teeth, times of tooth brushing per day, smoking 

pack-years, alcohol consumption intensity, and family history 

of esophageal cancer among first-degree relatives. We applied 

multiple correspondence analysis to calculate family wealth 

score based on ownership of some valuable home appliances, 

and classified family wealth score into five groups according 

to quintiles among controls.26 Except for tea temperature and 

concentration, we performed trend tests by using median 

within each category among all participants and tea drink-

ers alone, respectively. The non-linear relationship between 

lifelong accumulation of tea drinking and the risk of ESCC 

was assessed using a restricted cubic spline regression with 

five knots. To test the modification effect of the tea-ESCC 

association by alcohol drinking, we used likelihood ratio 

test, ie, by comparing nested models and main models. All 

analyses were carried out using Stata 13.1 (StataCorp LP, 

College Station, TX, USA). Two-sided P-values less than 

0.05 were considered statistically significant.

Data availability
The datasets generated and analyzed during the current study 

are available from the corresponding authors on reasonable 

request.

Results
More than 95% (923/968) of the tea drinkers of our recruited 

participants were men, and about 99% (959/968) of the tea 

drinkers consumed green tea (Table 1). Thus, the analysis 

was focused on the effect of green tea beverage on ESCC 

risk, and the results are presented by sex. To avoid misclas-

sification, nine tea drinkers consuming other tea beverages 

were excluded in the main analysis.

Table 2 summarizes the characteristics of ESCC cases 

and controls stratified by sex. Among men, ESCC cases had a 

lower education level, lower family wealth score, lower body 

mass index 10 years ago, fewer times of daily tooth brushing, 

more smoking pack-years, more alcohol consumption, and 

more frequently reporting a positive family history of esopha-

geal cancer among first-degree relatives, compared to controls. 

Such differences were similar among women, except for 

cigarette smoking and alcohol consumption, as most women 

did not have such habits. In addition, female ESCC cases were 

a bit older than controls, more likely to be farmers, and had a 

higher sum of missing and filled teeth. The prevalence of tea 

drinking habit (with different tea temperature at consumption) 

by selected risk factors for ESCC in male controls was further 

analyzed (Table S1). The result showed that except family 

history of esophageal cancer among first-degree relatives, 

distribution of tea drinking habit (and tea temperature) was 

significantly different by other considered factors.
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Table 1 Tea drinking type distribution of the study participants enrolled in a population-based case–control study on esophageal 
squamous cell carcinoma in Taixing, China (n=3,317)

Variables Men (n=2,274) Women (n=1,043)

Controls  
(n=1,353)
N (%)

Cases
(n=921)
N (%)

P-valuea Controls  
(n=609)
N (%)

Cases
(n=434)
N (%)

P-valuea

Tea drinking type
never 858 (63.41) 493 (53.53) <0.001 578 (94.91) 420 (96.77) 0.144
green tea 490 (36.22) 425 (46.15) 30 (4.93) 14 (3.23)
Oolong tea 3 (0.22) 1 (0.11) 0 (0.00) 0 (0.00)
Black tea 2 (0.14) 2 (0.22) 0 (0.00) 0 (0.00)
Flower tea 0 (0.00) 0 (0.00) 1 (0.16) 0 (0.00)

Notes: aP-values were derived using Fisher’s exact test for each categorical variable, after excluding the corresponding missing value.

Table 2 Demographic and lifestyle information of the study participants enrolled in a population-based case–control study on 
esophageal squamous cell carcinoma in Taixing, China (n=3,308)

Variables Men (n=2,266) Women (n=1,042)

Controls  
(n=1,348)
N (%)

Cases
(n=918)
N (%)

P-valuea Controls  
(n=608)
N (%)

Cases
(n=434)
N (%)

P-valuea

Age at interview (mean ± SD, years) 65.5±8.4 65.2±8.4 0.229 67.5±9.4 69.3±7.6 0.026
Age group
40–49 52 (3.86) 30 (3.26) 0.238 29 (4.77) 5 (1.15) <0.001
50–59 275 (20.40) 202 (22.00) 90 (14.80) 35 (8.06)
60–69 578 (42.88) 406 (44.23) 206 (33.88) 177 (40.78)
70–79 395 (29.30) 237 (25.82) 230 (37.83) 179 (41.24)
80–85 48 (3.56) 43 (4.68) 53(8.72) 38(8.76)
Marital status
Unmarried 63 (4.67) 55 (5.99) 0.250 5 (0.82) 2 (0.46) 0.516
Married 1,141 (84.64) 755 (82.24) 422 (69.41) 291 (67.05)
Divorced/widowed 144 (10.68) 108 (11.76) 181 (29.77) 141 (32.49)
Education level
illiteracy 166 (12.31) 162 (17.65) <0.001 361 (59.38) 314 (72.35) <0.001
Primary school 574 (42.58) 401 (43.68) 168 (27.63) 103 (23.73)
Junior high school 458 (33.98) 273 (29.74) 67 (11.02) 15 (3.46)
high school and above 150 (11.13) 82 (8.93) 12 (1.97) 2 (0.46)
Occupation
Farmer 695 (51.56) 485 (52.83) 0.790 536 (88.16) 410 (94.47) 0.002
Worker 352 (26.11) 238 (25.93) 45 (7.40) 16 (3.69)
service/clerk/professional/administrator 301 (22.33) 195 (21.24) 27 (4.44) 8 (1.84)
Family wealth score
Q1 282 (20.92) 276 (30.07) <0.001 117 (19.24) 119 (27.42) 0.001
Q2 233 (17.28) 162 (17.65) 118 (19.41) 88 (20.28)
Q3 284 (21.07) 209 (22.77) 144 (23.68) 106 (24.42)
Q4 296 (21.96) 176 (19.17) 132 (21.71) 83 (19.12)
Q5 253 (18.77) 95 (10.35) 97 (15.95) 38 (8.76)
Body mass index 10 years ago (kg/m2)
<18.5 (lean) 57 (4.23) 68 (7.41) <0.001 52 (8.55) 57 (13.13) 0.002
[18.5, 24) (normal) 848 (62.91) 622 (67.76) 333 (54.77) 242 (55.76)
[24, 28) (Overweight) 360 (26.71) 189 (20.59) 177 (29.11) 122 (28.11)
≥28 (Obesity) 82 (6.08) 39(4.25) 46 (7.57) 13 (3.00)
Missing 1 (0.07) 0 (0.00)

(Continued)
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Table 3 shows the association of green tea drinking with 

the risk of ESCC among men. The age-adjusted and fully 

adjusted results indicate that ever green tea drinking increased 

1.5-fold risk of ESCC, compared with never tea drinking, 

and the population attributable fraction of tea drinking for 

the risk of ESCC in men was 15.90%. The excess ESCC 

risk in association with green tea drinking was more evident 

among those who started drinking tea at an earlier age, had 

a longer duration of green tea drinking, drank more green 

tea per day, or had a higher cumulative dose (L/day*years) 

of green tea drinking. Similarly, the excess risks increased 

monotonically with increasing tea temperature at consump-

tion (fully-adjusted model, OR=1.29, 1.47 and 2.15 for warm, 

hot and very hot tea temperature, respectively; P-value for 

trend <0.001). However, ORs did not differ substantially for 

different tea concentrations.

The proportion of ever green tea drinking among females 

was 4.22% (44/1042), and the majority of those tea drink-

ers started drinking tea after 50 years of age (27/44), had 

a  duration of tea drinking no more than 12 years (24/44), 

consumed no more than 500 mL per day (25/44), had no 

more than 8 L/day*years (25/44) of cumulative exposure, and 

drank tea with warm temperature (29/44) or low concentra-

tion (35/44). The fully adjusted OR for ESCC in relation to 

tea drinking among females was 0.79 (95% CI: 0.39–1.61).

Figure 1A shows the non-linear relationship between 

accumulation of tea drinking and the risk of ESCC among 

men. Before the accumulation of tea drinking reached 10 

L/day*years, drinking tea showed a U-shape relation with 

ESCC risk, with the nadir at 5 L/day*years; after that the ORs 

sharply rose to around 2.0 at 25 L/day*years, then leveled off. 

Figure 1B further shows the non-linear relationship between 

accumulation of tea drinking and the risk of ESCC, strati-

fied by tea temperature. The previously observed U-shaped 

relation was evident only among those drinking tea at warm 

temperature. However, for both drinking warm and hot tea, 

the relative risk increased to around 2, and leveled off at about 

25 L/day*years. The excess risk was most evident for drinking 

Variables Men (n=2,266) Women (n=1,042)

Controls  
(n=1,348)
N (%)

Cases
(n=918)
N (%)

P-valuea Controls  
(n=608)
N (%)

Cases
(n=434)
N (%)

P-valuea

Sum of missing and filled teeth
none 370 (27.45) 240 (26.14) 0.212 130 (21.38) 57 (13.13) <0.001
<6 509 (37.76) 325 (35.40) 201 (33.06) 131 (30.18)

≥6 463 (34.35) 348 (37.91) 276 (45.39) 237 (54.61)
Missing 6 (0.45) 5 (0.54) 1 (0.16) 9 (2.07)
Number of tooth brushing per day
<2 892 (66.17) 743 (80.94) <0.001 386 (63.49) 348 (80.18) <0.001
≥2 450 (33.38) 172 (18.74) 222 (36.51) 85 (19.59)
Missing 6 (0.45) 3 (0.33) 0 (0.00) 1 (0.23)
Smoking (pack-years)
never 298 (22.11) 153 (16.67) <0.001 585 (96.22) 413 (95.16) 0.846

≤30 521 (38.65) 324 (35.29) 19 (3.13) 15 (3.46)

>30 526 (39.02) 436 (47.49) 4 (0.66) 4 (0.92)
Missing 3 (0.22) 5 (0.54) 0 (0.00) 2 (0.46)
Alcohol drinking intensity (g/day)
never 582 (43.18) 235 (25.60) <0.001 573 (94.24) 400 (92.17) 0.308

≤80 372 (27.60) 288 (31.37) 31 (5.10) 31 (7.14)

>80 393 (29.15) 395 (43.03) 3 (0.49) 1 (0.23)
Missing 1 (0.07) 0 (0.00) 1 (0.16) 2 (0.46)
Family history of esophageal cancer 
among first-degree relatives
no 1,096 (81.31) 621 (67.65) <0.001 495 (81.41) 294 (67.74) <0.001
Yes 249 (18.47) 296 (32.24) 112 (18.42) 139 (32.03)
Missing 3 (0.22) 1 (0.11) 1 (0.16) 1 (0.23)

Notes: aP-values were derived using chi-squared test for each categorical variable and Wilcoxon rank sum test for continuous variable, after excluding the corresponding 
missing value.

Table 2 (Continued)
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very hot tea, with the peak (OR >3) reached quickly at 20 L/

day*years. Although the relative risks decreased somewhat 

later, they increased steadily after 50 L/day*years.

Table 4 presents joint effects of tea drinking and alcohol 

drinking on ESCC occurrence among men. Subjects who 

had both tea and alcohol drinking habits had a more than 

3-fold relative risk compared with those who abstained from 

tea and alcohol drinking (OR=3.15, 95% CI: 2.43–4.09, 

P-value of interaction=0.019). Further we analyzed the 

interaction between tea drinking temperature and alcohol 

drinking intensity. Although the interaction test was not sta-

tistically significant due to limited sample size (P-value of 

Table 3 Ors and 95% Cis for esophageal squamous cell carcinoma in association with green tea drinking among men by unconditional 
logistic regression (n=2,266)a

Variables Controls
N (%)

Cases
N (%)

Age-adjusted  
OR (95% CIs)

Fully adjusted  
OR (95% CIs)b

Green tea drinking
never 858 (63.65) 493 (53.70) 1.00 (reference) 1.00 (reference)
Ever 490 (36.35) 425 (46.30) 1.51 (1.27–1.79) 1.52 (1.24–1.85)
Age at starting drinking tea (years)
≥50 136 (10.09) 99 (10.78) 1.26 (0.95–1.68) 1.19 (0.87–1.62)
(36, 50) 116 (8.61) 94 (10.24) 1.42 (1.05–1.91) 1.35 (0.98–1.87)
(27, 36) 117 (8.68) 110 (11.98) 1.64 (1.24–2.19) 1.93 (1.39–2.67)
<27 121 (8.98) 122 (13.29) 1.77 (1.34–2.33) 1.85 (1.35–2.53)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.063 0.037
Duration of drinking tea (years)
≤12 122 (9.05) 76 (8.28) 1.08 (0.80–1.47) 0.98 (0.70–1.37)
(12, 25) 128 (9.50) 122 (13.29) 1.66 (1.26–2.18) 1.68 (1.25–2.28)
(25, 35) 124 (9.20) 118 (12.85) 1.65 (1.25–2.18) 1.76 (1.29–2.41)
≥35 116 (8.61) 109 (11.87) 1.64 (1.23–2.18) 1.79 (1.29–2.48)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.040 0.013
Intensity of drinking tea (mL/day)
≤500 138 (10.24) 80 (8.71) 1.01 (0.75–1.36) 0.98 (0.71–1.36)
(500, 800) 111 (8.23) 107 (11.66) 1.68 (1.26–2.24) 1.78 (1.29–2.44)
(800, 1,400) 97 (7.20) 102 (11.11) 1.83 (1.36–2.48) 1.72 (1.23–2.40)
>1,400 144 (10.68) 136 (14.81) 1.65 (1.27–2.14) 1.75 (1.31–2.35)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.026 0.024
Accumulation of tea drinking (L/day*year)
≤8 121 (8.98) 80 (8.71) 1.15 (0.85–1.56) 1.08 (0.78–1.51)
(8, 18) 122 (9.05) 89 (9.69) 1.27 (0.94–1.71) 1.25 (0.90–1.73)
(18, 36) 124 (9.20) 131 (14.27) 1.84 (1.40–2.41) 1.94 (1.43–2.62)
>36 123 (9.12) 125 (13.62) 1.77 (1.35–2.32) 1.93 (1.41–2.64)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.014 0.006
Tea temperature
Warm 205 (15.21) 148 (16.12) 1.25 (0.99–1.59) 1.29 (0.99–1.69)
hot 210 (15.58) 175 (19.06) 1.45 (1.15–1.82) 1.47 (1.14–1.91)
Very hot 75 (5.56) 102 (11.11) 2.36 (1.72–3.25) 2.15 (1.52–3.05)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.001 0.007
Tea concentration
low 263 (19.52) 216 (23.53) 1.43 (1.16–1.77) 1.54 (1.22–1.96)
high 226 (16.78) 209 (22.77) 1.61 (1.29–2.00) 1.49 (1.16–1.91)
Missing 1 (0.07)
P for trend among all subjects <0.001 <0.001
P for trend among tea drinkers 0.381 0.708

Notes: aThe reference group for all comparisons is never tea drinking. badjusted for age (continuous), marital status, education, occupation, family wealth score, body mass 
index 10 years ago, sum of missing and filled teeth, number of tooth brushing per day, smoking pack-years, alcohol consumption intensity and family history of esophageal 
cancer among first-degree relatives (except age, other variables are categorized as shown in Table 2).
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Figure 1 (A) The association between accumulation of tea drinking and the risk of EsCC among men by restricted cubic spline regression. (B) The association between 
accumulation of tea drinking and the risk of EsCC among men by tea temperature by restricted cubic spline regression.
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interaction=0.183), there was a tendency of increasing excess 

risks with higher temperature of tea drinking and intensity 

of alcohol drinking jointly (OR=6.09, 95% CI: 3.55–10.43, 

for those drinking very hot tea and consuming alcohol more 

than 80 g/day, compared with abstainers from both tea and 

alcohol, Table 5). We also examined the interaction between 

green tea drinking and some other selected risk factors on 

the risk of ESCC (Figure S2). Except a borderline significant 

interaction between tooth brushing times per day, there was 

no significant interactions between green tea drinking and 

sum of missing and filled teeth, smoking, and family history 

of esophageal cancer among first-degree relatives.

A sensitivity analysis was performed by excluding 124 

male cases and 33 female cases, enrolled from the local 

Cancer Registry. The results did not change significantly. For 

example, compared with never tea drinking, the fully adjusted 

OR for ESCC in relation to tea drinking was 1.59 (95% CI: 

1.29–1.96) among men. In addition, since there were eight 

men and one woman who consumed other tea beverages, we 

did another sensitivity analysis by analyzing all tea drinkers. 

The results did not change substantially, however.

Table 4 The joint effects of tea drinking and alcohol drinking on esophageal squamous cell carcinoma risk among men by likelihood 
ratio test (n=2,266)

Tea drinking Alcohol  
drinking

Controls
N (%)

Cases
N (%)

Age-adjusted OR 
(95% CIs)

Fully adjusted OR 
(95% CIs)a

Missing 1 (0.07) 0 (0.00)
never never 423 (31.38) 178 (19.39) 1.00 (reference) 1.00 (reference)
Ever never 159 (11.80) 57 (6.21) 0.86 (0.60–1.22) 1.06 (0.73–1.54)
never Ever 434 (32.20) 315 (34.31) 1.73 (1.38–2.17) 1.80 (1.41–2.30)
Ever Ever 331 (24.55) 368 (40.09) 2.66 (2.11–3.36) 3.15 (2.43–4.09)
P of interaction 0.004 0.019

Notes: aAdjusted for age (continuous), marital status, education, occupation, family wealth score, body mass index 10 years ago, sum of missing and filled teeth, number of 
tooth brushing per day, smoking pack-years, and family history of esophageal cancer among first-degree relatives (except age, other variables are categorized as shown in 
Table 2).

Table 5 The joint effects of tea drinking temperature and alcohol drinking intensity on esophageal squamous cell carcinoma risk among 
men by likelihood ratio test (n=2,266)a

Tea  
temperature

Alcohol drinking intensity (g/day) P of trend

Never £80 >80

Control  
s/cases

OR (95% CIs) Control  
s/cases

OR (95% CIs) Control  
s/cases

OR (95% CIs)

never 423/178 1.00 (reference) 232/159 1.74 (1.31–2.31) 202/156 1.86 (1.39–2.50) <0.001
Warm 59/17 0.90 (0.49–1.63) 69/43 2.08 (1.32–3.28) 77/88 3.11 (2.12–4.58) <0.001
hot 69/26 1.08 (0.65–1.81) 51/60 3.09 (1.98–4.81) 90/89 3.02 (2.08–4.40) 0.002
Very hot 31/14 1.26 (0.63–2.52) 20/26 3.43 (1.80–6.55) 24/62 6.09 (3.55–10.43) <0.001
P of trend 0.410 0.014 <0.001
P of interaction 0.183

Notes: aAdjusted for age (continuous), marital status, education, occupation, family wealth score, body mass index 10 years ago, sum of missing and filled teeth, number of 
tooth brushing per day, smoking pack-years, and family history of esophageal cancer among first-degree relatives (except age, other variables are categorized as shown in 
Table 2).

Discussion
In this large population-based case–control study conducted 

in a high-incidence area of China, we observed adverse 

effects of green tea consumption on the risk of ESCC among 

men, which is mainly due to very hot temperature of green tea 

beverage. In general, a monotonic increasing risk of ESCC 

was observed with earlier age at start, longer duration, larger 

volume, and higher temperature of green tea drinking, except 

that consuming warm tea with limited volume marginally 

prevented ESCC development. In addition, alcohol drinking 

further increased the harmful effect of very hot green tea 

drinking on ESCC occurrence.

Only two previous studies about green tea drinking 

and the risk of esophageal cancer have considered tea 

temperature, and both of them reported that drinking tea at 

high temperatures significantly increases esophageal cancer 

incidence.20,21 This is consistent with our main results. Further 

we found that the tea temperature might play a relatively 

important role in the relationship between tea drinking and 

the risk of ESCC, especially when the lifelong accumulation 

of tea drinking was less than 10 L/day*years: drinking hot 
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or very hot tea beverage showed a harmful effect on ESCC 

development; however, consuming warm tea marginally 

prevented ESCC development.

Previous studies did not observe a significant interaction 

between tea drinking and alcohol consumption on the risk 

of ESCC, but they all pointed out a potential joint effect: 

co-exposure usually has the highest excess risk.19–21 In 

our study, we found a significant interaction between ever 

tea drinking and ever alcohol consumption on ESCC risk. 

Although further exploring the interaction between tea tem-

perature and alcohol drinking intensity resulted in statistical 

non-significance due to a limited sample size, the trend was 

evident especially among heavy alcohol consumers. To cor-

roborate this, recently a cohort study conducted in China 

reported a significant interaction between hot tea consump-

tion and alcohol use on the risk of esophageal  cancer.4 When 

most Chinese men drink strong Chinese spirits, they usually 

consume relatively hot tea beverage to relieve the stimulation 

of ethanol. The thermal injury may damage the esophageal 

mucosa and its barrier function, which subsequently intensi-

fies the harmful effects from other risk factors.27 Thus, the 

co-exposure of alcohol and hot tea beverage at the same time 

could lead to an evident harmful effect on the esophageal 

mucosa.

Experimental and epidemiological studies have reported 

that green tea with its antimicrobial, anti-oxidative and anti-

inflammatory activities may be considered as a potential 

cancer preventive agent.28,29 The mild anticancer effect of 

green tea for the esophagus could be observed only among 

participants consuming tea beverage with warm tempera-

ture in our study. More and more studies demonstrate that 

consuming hot beverages and food is associated with an 

increased risk of esophageal cancer, particularly ESCC.27,30,31 

The N-nitroso compounds released during inflammatory 

processes as a result of thermal injury may contribute to the 

carcinogenesis of the esophagus.32 In Chinese tea drinking 

culture, most tea drinkers usually consume tea beverage with 

a relative high temperature,20,21 and even warm tea may have a 

temperature higher than the tolerance of esophageal epithelial 

cells. In such situations, the hot green tea may be a proxy 

for drinking hot water, and the potential anticancer effect of 

green tea may be masked by the damage of hot beverage on 

esophageal epithelium. Therefore, the observed association 

between green tea drinking and the risk of ESCC may result 

from the high temperature rather than the green tea. The 

appropriate tea temperature for healthy lifestyle needs be 

elucidated in future.

In our study, the proportion of female tea drinker was too 

low, and the estimated OR for women might not be reliable. 

The possible reason of female participants rarely drinking tea 

is that the study area does not produce tea. Thus, tea drinking 

behavior, like smoking and alcohol drinking, usually stands 

for a special social currency there. For the birth cohorts the 

study subjects belong, men usually played a leading role 

in social interactions due to Chinese traditional culture. 

Therefore, few women would develop a tea drinking habit 

spontaneously in the local area.33

Our study has several advantages. To decrease recall bias, 

most cases were interviewed before having been diagnosed 

with the disease. Other advantages include the relatively large 

sample size, the independent diagnosis confirmation for all 

cases, the relatively high response rates for both cases and 

controls, and the systematic collection of lifelong and detailed 

tea consumption data. In addition, we randomly selected 

control participants from the total registry of residents of 

the study area.

Despite these advantages, several disadvantages should 

be considered. First, despite our best efforts to contact all 

eligible study participants, around 30% of eligible participants 

were not engaged in our research. Most missing cases were 

diagnosed in some large-scale hospitals in other big cities, 

thus the missing cases might have a better family wealth. The 

missing controls were due to death prior to contact, outmigra-

tion, inability to be reached or unwillingness to participate. 

Therefore, the potential selection bias might be an issue. 

However, respondents and non-respondents did not show 

significant differences in regard to age and sex distribution. 

Second, the temperature of tea beverage was not measured 

by instruments, and the possible misclassification of tea 

temperature is an important issue. In general, the tea brewing 

methods and tea drinking culture in the local area, a small city, 

were relatively unified and stable, so the cooling time was an 

indicator of tea temperature. Previous studies have reported 

that the temperature of tea beverage by the questionnaire 

using cooling time has a good consistence with the measured 

centigrade in local areas,3,21 which partially eases our concerns 

of the misclassification of temperature grade. Third, other 

related information, such as the temperature of daily food 

and other beverages, like rice porridge, sour porridge, flour 

soup, noodles and wonton soup, etc., which might modify tea 

drinking’s effect on ESCC risk, was not collected. Moreover, 

although we interviewed most cases as early as possible to 

decrease the influence of recall bias, recall bias cannot be com-

pletely eliminated in all case–control studies. Therefore, we 
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conducted a sensitivity analysis by excluding cases enrolled 

via the local Cancer Registry, who were interviewed after 

diagnosis or even treatment. The sensitivity analysis showed 

similar results as the main analysis including all case subjects, 

which allayed our concerns of recall bias to a certain extent. 

However, individuals who underwent endoscopy generally 

had an indication warranting ESCC, thus recall bias is likely 

to remain an issue. Finally, this study was conducted in an 

ESCC high-incidence area in China, and the generalizability 

of the study results might be limited. But our results indicated 

that exposure to the high temperature of beverage might be a 

risk factor, especially in high-incidence areas.

Conclusion
In summary, very hot green tea drinking significantly 

increases the risk of ESCC among Chinese men, which is 

strengthened by consuming alcohol. Our results emphasize 

that removing or minimizing exposures to these easily 

modifiable lifestyle risk factors should be added into primary 

prevention strategies for reducing the ESCC incidence, espe-

cially in high-risk areas.
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Supplementary material
Questionnaire of tea drinking and the related sample images
All participants were interviewed face to face by trained interviewers using an electronic questionnaire. The translated 

questionnaire of tea drinking and the corresponding sample images are listed in Figure S1 below.

A

Part VI History of tea drinking 

History of drinking tea 

6.2 Do you have a habit of drinking tea? (At least one cup per day for 6 months) (1) Yes, (2) No |__|

size of tea cup 
(1) small cup (50 ml) 
(2) medium cup (100 ml) 
(3) large cup (250 ml)

age at 
start

age at 
quitting

Cups/ 
day

Temperature  
of the tea*

Do you drink  
strong tea?
1. Yes 2. no

6.2.1 green tea |__| |__|__| |__|__| |__|__| |__| |__|
|__| |__|__| |__|__| |__|__| |__| |__|

6.2.2 Oolong tea |__| |__|__| |__|__| |__|__| |__| |__|
|__| |__|__| |__|__| |__|__| |__| |__|

6.2.3 Flower tea |__| |__|__| |__|__| |__|__| |__| |__|
|__| |__|__| |__|__| |__|__| |__| |__|

6.2.4 Black tea |__| |__|__| |__|__| |__|__| |__| |__|
|__| |__|__| |__|__| |__|__| |__| |__|

6.2.5 Pu’er Tea |__| |__|__| |__|__| |__|__| |__| |__|
|__| |__|__| |__|__| |__|__| |__| |__|

Figure S1 (Continued)

B

Paper cup (200 mL)

Wine glass (200 mL)

Cup for milk, soy milk,
beer, etc. (200 mL)

(200 mL)

100 mL)

(200 mL)

Tea cup (50 mL)
Tea cup (100 mL) Tea cup (250 mL)

250 mL)

(200 mL)
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Table S1 Prevalence of tea drinking habit (with different tea temperature at consumption) by selected risk factors for EsCC in male 
controls in Taixing, China, 2010–2013

Variables Never
N (%)

Warm
N (%)

Hot
N (%)

Very hot
N (%)

P-valuea

Education level
illiteracy/primary school 536 (72.43) 82 (11.08) 86 (11.62) 36 (4.86) <0.001
Junior school and above 322 (52.96) 123 (20.23) 124 (20.39) 39 (6.41)
Family wealth score
≤Median 428 (70.39) 68 (11.18) 78 (12.83) 34 (5.59) <0.001
>Median 430 (58.11) 137 (18.51) 132 (17.84) 41 (5.54)
Body mass index 10 years ago
lean/normal (<24) 595 (65.67) 132 (14.57) 134 (14.79) 45 (4.97) 0.023

Overweight/obesity (≥24) 263 (59.50) 73 (16.52) 76 (17.19) 30 (6.79)
Sum of missing and filled teeth
none 207 (55.95) 60 (16.22) 76 (20.54) 27 (7.30) <0.001
<6 324 (63.65) 89 (17.49) 68 (13.36) 28 (5.50)

≥6 322 (69.55) 55 (11.88) 66 (14.25) 20 (4.32)
Times of tooth brushing per day
<2 598 (67.04) 116 (13.00) 130 (14.57) 48 (5.38) 0.002

≥2 257 (57.11) 88 (19.56) 79 (17.56) 26 (5.78)
Smoking (pack-years)
never 239 (80.20) 20 (6.71) 33 (11.07) 6 (2.01) <0.001
≤30 334 (64.11) 83 (15.93) 75 (14.40) 29 (5.57)

>30 283 (53.80) 101 (19.20) 102 (19.39) 40 (7.60)
Alcohol drinking intensity (g/day)
never 423 (72.68) 59 (10.14) 69 (11.86) 31 (5.33) <0.001
≤80 232 (62.37) 69 (18.55) 51 (13.71) 20 (5.38)

>80 202 (51.40) 77 (19.59) 90 (22.90) 24 (6.11)
Family history of esophageal cancer  
among first-degree relatives
no 707 (64.51) 168 (15.33) 164 (14.96) 57 (5.20) 0.078
Yes 148 (59.44) 37 (14.86) 46 (18.47) 18 (7.23)

Notes: aP-values were derived using Kruskal–Wallis test, after excluding the corresponding missing value.

Figure S1 Questionnaire of tea drinking and the related sample images.
Notes: (A) The translated questionnaire of tea drinking. *Temperature of the tea: 1) very hot – drink immediately (less than 1 minute); 2) hot – wait for a few minutes 
before drinking (1–5 minutes); and 3) warm – wait for more than 5 minutes before drinking (more than 5 minutes). (B) The related sample images – the display of tea cup 
size, and (C) the instruction for defining tea concentration (original text with translations included).

C Tea concentration instructions

Low concentration High concentration

For example: green tea
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Figure S2 The interaction between green tea drinking and other selected risk factors on the risk of esophageal squamous cell carcinoma by likelihood ratio test.
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