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Abstract 35 

Background: While the high-temperature tea consumption has been suggested as a risk factor 36 

for esophageal cancer (EC), this has not been consistently observed and whether it is 37 

independent of alcohol and tobacco exposure has not been evaluated. 38 

Objective: To examine the joint association of high-temperature tea consumption and 39 

established risk factors of alcohol consumption and smoking on EC risk. 40 

Design: China Kadoorie Biobank, prospective cohort study established during 2004-08. 41 

Setting: Ten areas across China. 42 

Participants: 456,155 participants aged 30-79 years after excluding participants with cancer 43 

at baseline and those who had cut down consumption of tea, alcohol, or tobacco before 44 

baseline. 45 

Measurements: The usual temperature at which tea was consumed, other tea consumption 46 

metrics, and lifestyle behaviors were self-reported once at baseline. Outcome was EC 47 

incidence until 2015. 48 

Results: During a median of 9.2 years of follow-up, we documented 1,731 incident EC cases. 49 

We found that high-temperature tea consumption in combination with either alcohol 50 

consumption or smoking had a greater risk of developing EC than high-temperature tea 51 

consumption alone. Compared with participants who consumed tea less than weekly and 52 

consumed alcohol <15g per day, those daily consumers who preferred burning hot tea and 53 

consumed alcohol ≥15g had the greatest risk of developing EC (hazard ratio=5.00; 95% CI: 54 

3.64, 6.88). Similarly, the hazard ratio (95% CI) for those who were both current smoker and 55 
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daily tea consumer preferring burning hot tea was 2.03 (1.55, 2.67). 56 

Limitations: Tea consumption was self-reported once at baseline, leading to the possibility of 57 

nondifferential misclassification and attenuation of the association. 58 

Conclusion: Our findings highlight the importance of abstaining from high-temperature tea in 59 

excessive alcohol consumers and smokers on EC prevention. 60 

Primary Funding Source: National Natural Science Foundation of China and National Key 61 

Research and Development Program. 62 



 

5 

Introduction 63 

Esophageal cancer (EC) remains a global concern because of its increasing incidence and 64 

persistently poor survival.(1, 2) It poses a bigger threat to less developed regions and men. 65 

Both alcohol consumption and tobacco smoking are well-established causes of esophageal 66 

squamous cell cancer (ESCC),(3) the most common histological subtype globally.(2) Limited 67 

evidence suggests decreased risk of ESCC with higher consumption of vegetables and fruits 68 

and increased physical activity, and increased risk with higher consumption of processed 69 

meat.(3) 70 

Tea is one of the most common beverages worldwide and usually consumed at elevated 71 

temperature. Existing evidence remains inconclusive as to the association between tea 72 

consumption and EC risk. Numerous experimental studies have demonstrated inhibitory 73 

effects of tea against tumorigenesis in the digestive tract.(4) On the other hand, chronic 74 

thermal injury to the esophageal mucosa may initiate carcinogenesis. Drinking scalding 75 

(>65°C) beverages have recently been classified as probably carcinogenic to humans by the 76 

International Agency for Research on Cancer (IARC).(3, 5) A few epidemiological studies 77 

have addressed the association of EC with tea consumption regarding frequency, amount 78 

consumed, or tea temperature, but the results were substantially conflicting.(6-12) Except for 79 

few prospective studies with limited incident cases,(13-16) the vast majority of studies 80 

followed case-control design, which is particularly vulnerable to several biases, including 81 

recall bias and reverse causality due to change of drinking habits by prediagnostic EC cases 82 

following their symptoms. 83 
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China is among the countries with the highest EC incidence. Tea consumers, especially 84 

in Chinese men, are more likely to smoke and drink alcohol. Tobacco smoking and alcohol 85 

consumption, as well as the chemical compounds and adverse thermal effect of high-86 

temperature tea, considerably complicate the association between tea consumption and EC 87 

risk. In the China Kadoorie Biobank (CKB) study of 0.5 million adults, we prospectively 88 

examined the joint association of tea consumption metrics, especially tea temperature, and 89 

established risk factors of smoking and alcohol consumption on EC risk. 90 

 91 

Methods 92 

Study population 93 

The CKB cohort was established in ten study areas geographically spread across China, 94 

including five urban areas and five rural areas. During 2004-2008, 512,891 adults aged 30-79 95 

years were enrolled with valid baseline data, including completed questionnaire, physical 96 

measurements, and a written informed consent form. Trained staff entered baseline 97 

information directly into a laptop-based data entry system developed with built-in functions to 98 

avoid missing items and minimize logic errors during the interview. Further detailed 99 

description is available elsewhere.(17, 18) The Ethical Review Committee of the Chinese 100 

Center for Disease Control and Prevention (Beijing, China) and the Oxford Tropical Research 101 

Ethics Committee, University of Oxford (UK) approved the study. 102 

For the present analysis, we excluded participants with previously diagnosed cancer 103 

(n=2,577), and those who had missing data for body mass index (n=2) or were lost to follow-104 
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up shortly after baseline (n=1). To avoid potential reverse causality, we further excluded 105 

participants whose consumption frequency of tea (n=11,578) or alcohol (n=20,952) had 106 

reduced from at least weekly to less than weekly, and former smokers (n=30,563) who had 107 

stopped smoking for ≥6 months. The final analysis included 456,155 participants. 108 

 109 

Assessment of tea consumption 110 

In the baseline questionnaire, we asked participants to report their usual frequency of tea 111 

consumption (never, only occasionally, only at certain seasons, monthly but less than weekly, 112 

or at least once a week) during the past 12 months. Participants who consumed tea less than 113 

weekly were asked whether they ever had consumed tea weekly for at least one year. 114 

Participants who consumed tea weekly were asked about their days consumed in a typical 115 

week (1-2, 3-5, or 6-7 days), cups of tea (in 300 ml-sized cup) in one drinking day, tea leaves 116 

(in gram) added each time, times of changing tea leaves in one drinking day, type of tea 117 

consumed most commonly (green tea, oolong tea, black tea, or others), usual temperature at 118 

which tea was consumed (room temperature/warm, hot, or burning hot), and age since they 119 

started drinking tea weekly. We provided a pictorial guide for participants that explained what 120 

a standard-sized cup and different grams of tea leaves look. The tea leaves added in one 121 

drinking day was calculated by multiplying tea leaves (in gram) added each time by times of 122 

changing tea leaves. Among 4,405 weekly tea consumers who completed the same 123 

questionnaire twice at an average interval of 2.6 years between baseline survey and a 124 

subsequent re-survey,(17) spearman’s correlation coefficient was 0.35 for tea temperature 125 
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preference, 0.53 for cups of tea consumed, and 0.63 for tea leaves added. 126 

 127 

Assessment of tobacco smoking, alcohol consumption, and other covariates 128 

We asked ever smokers to report their frequency, type, and the amount of tobacco (in 129 

cigarette or equivalent amount of tobacco; 1 cigarette = 1 gram of tobacco = 0.5 cigars (19)) 130 

smoked per day, and time since quitting for former smokers. Participants who reported having 131 

stopped smoking for less than six months were still regarded as current smokers and included 132 

in the present analysis. We asked participants who drank alcohol at least once a week in the 133 

past 12 months about their typical consumption frequency, type of alcoholic beverage 134 

consumed habitually, and the amount of alcohol consumed on a typical drinking day. Based 135 

on this information, we calculated pure alcohol intake in grams on a typical drinking day.(20) 136 

We also asked less-than-weekly consumers whether they ever had an experience of 137 

consuming alcohol weekly for at least one year. 138 

Other covariates inquired in the baseline questionnaire included socio-demographic 139 

characteristics (age, sex, education, marital status, and household income), lifestyle behaviors 140 

(physical activity, and intakes of red meat, fresh fruits and vegetables, and preserved 141 

vegetables), women’s menopausal status, and family history of cancer. Trained staff measured 142 

weight and height using calibrated instruments. 143 

 144 

Ascertainment of EC cases 145 

We ascertained incident EC cases since the participants’ enrollment into the study at baseline 146 
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by linking to local disease and death registries, to the national health insurance system, and by 147 

active follow-up.(17) Trained staff, blinded to the baseline information, coded all cases using 148 

the 10th revision of the International Classification of Diseases. For the present analysis, EC 149 

cases were defined by code C15. In the CKB study, ongoing retrieve of medical records of 150 

incident cases is in process. Trained staff review medical records for diagnosis validation and 151 

further collection of detailed clinical information such as pathology subtype. Up to now, we 152 

have retrieved medical records for 870 newly reported EC cases during follow-up, among 153 

which 843 (96.9%) were confirmed as EC cases, and 65.4% (569/843 cases) had pathology 154 

reports. After excluding 37 cases with subtype reported as “unknown”, 91.9% (489/532 cases) 155 

were esophageal squamous cell cancer. 156 

 157 

Statistical analysis 158 

We calculated person-years at risk from the baseline date to the diagnosis of EC, death, loss to 159 

follow-up, or December 31, 2015, whichever came first. The loss to follow-up in the CKB 160 

study refers to a participant whose permanent registered residence has moved out of the 161 

jurisdiction of the Regional Coordinating Center. By December 31, 2015, of all 512,891 162 

participants, 37,289 (7.3%) died and 4,875 (<1%) were lost to follow-up. We used Cox 163 

proportional hazards model to estimate the hazard ratio (HR) and 95% confidence interval 164 

(CI), with age as the underlying time scale and stratified jointly by ten study areas and age at 165 

baseline in 5-year interval. Test and graph based on Schoenfeld residuals showed that the 166 

proportional hazards assumption was satisfied. 167 
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Multivariable models were adjusted for age, sex, education, marital status, household 168 

income, tobacco smoking, alcohol consumption, physical activity, intakes of red meat, fresh 169 

fruits and vegetables, and preserved vegetables, body mass index, family history of cancer, 170 

and menopausal status (for women only). Forty women had missing data for menopausal 171 

status. We included an indicator for the missing data category. There are no missing data for 172 

other variables. We tested linear trend of EC risk across different metrics of tea consumption 173 

by modeling the levels of ordered categorical variable as a continuous variable in a separate 174 

model. 175 

We examined whether the association between tea temperature preference and EC risk 176 

differed by tobacco smoking or alcohol consumption. We tested multiplicative interaction by 177 

using likelihood ratio test comparing models with and without cross-product term. We also 178 

plotted the covariate-adjusted cumulative incidences of EC based on Cox for participants with 179 

different consumption combinations of tea temperature, tobacco, and alcohol separately, 180 

accounting for death as a competing risk. Specifically, after fitting the competing-risks 181 

regression model (stcrreg procedure), we used stcurve procedure to plot.(21) 182 

We performed all statistical analyses using Stata (version 14.2, StataCorp). 183 

 184 

Role of the Funding Source 185 

The funders had no role in the study design, data collection, data analysis and interpretation, 186 

writing of the report, or the decision to submit the article for publication. 187 

 188 
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Results 189 

Participants in the present analysis had a mean age of 50.9±10.5 years. Of 456,155 190 

participants, 42.1% of men and 16.1% of women consumed tea daily. Both male and female 191 

participants who reported preferring burning hot tea were more likely to be current smokers, 192 

drank alcohol daily, drank more cups of tea and added more tea leaves per day (Appendix 193 

Table 1). 194 

Tea temperature preference, other metrics of tea consumption, and EC 195 

During a median of 9.2 years (4.1 million person-years) of follow-up, we documented 1,106 196 

incident EC cases in men and 625 in women. In the multivariable-adjusted model of the male 197 

participants, daily tea consumption was associated with increased EC risk, with higher risk 198 

seen in participants who reported preferring hotter tea (Table 1). The association exhibited a 199 

clear attenuation after further adjustment for tobacco smoking and alcohol consumption. 200 

Compared with men consuming tea less than weekly, the HRs (95% CIs) for EC were 1.17 201 

(0.91, 1.50), 1.30 (1.05, 1.59), and 1.55 (1.19, 2.02) for those daily consumers whose 202 

preferred tea temperature was warm, hot, and burning hot, respectively. There was no 203 

statistically significant association between tea temperature and EC in women (P<0.001 for 204 

interaction with sex). 205 

We also observed statistically significant increased risk of EC with more cups of tea 206 

consumed, more tea leaves added, longer duration of tea consumption, and green tea in men 207 

(Appendix Tables 2, 3, 4, and 5; all P for interaction with sex <0.001). The information on 208 

various metrics of tea consumption was only available among regular tea consumers, we, 209 
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therefore, further adjusted for tea temperature preference and other metrics of tea 210 

consumption mutually among male daily tea consumers. Men preferring burning hot tea 211 

showed a higher risk of EC than those preferring hot and warm tea, but the association did not 212 

reach statistical significance (Appendix Table 6). No association was observed for other 213 

consumption metrics. 214 

Tea temperature preference with alcohol consumption or smoking on EC 215 

We observed important differences in the association between tea temperature preference and 216 

EC risk across stratum for alcohol consumption (Table 2, P<0.001 for interaction) or tobacco 217 

smoking (Table 3, P=0.001 for interaction), with a stronger association in participants who 218 

consumed alcohol ≥15g per day or in current smokers. Compared with participants who 219 

consumed tea less than weekly and consumed alcohol <15g per day, those daily consumers 220 

who preferred burning hot tea and consumed alcohol ≥15g had the greatest risk of developing 221 

EC (HR=5.00; 95% CI: 3.64, 6.88). Similarly, the HR (95% CI) for those who were both 222 

current smoker and daily tea consumer preferring burning hot tea was 2.03 (1.55, 2.67). 223 

Joint association of tea temperature preference, alcohol consumption, and smoking on 224 

EC 225 

We further examined the joint association of the three factors on EC risk. Figure 1 shows the 226 

adjusted cumulative incidences of EC by combined categories of tea temperature, tobacco and 227 

alcohol consumption. In the absence of smoking and excessive alcohol consumption, daily tea 228 

consumption was not associated with increased EC risk, at whatever tea temperature (Table 4) 229 

or in whatever other consumption metrics (Appendix Table 7). The EC risk increased for daily 230 
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tea consumers who preferred hot or burning hot tea in the presence of either smoking 231 

(HR=1.56; 95% CI: 1.21, 2.02) or excessive alcohol consumption (HR=2.27; 95% CI: 1.16, 232 

4.45). The strongest association was seen in the combination of daily high-temperature tea 233 

consumption with both smoking and excessive alcohol consumption (HR=5.01; 95% CI: 4.00, 234 

6.28). Other metrics of tea consumption showed less clear patterns of joint association with 235 

smoking and excessive alcohol consumption. 236 

Sensitivity analysis (data not shown) 237 

The association of tea temperature preference with EC risk persisted after excluding cases 238 

who were diagnosed during the first two (n=339) or four (n=706) years of follow-up. The 239 

results also did not change appreciably when we tried more comprehensive adjustments for 240 

tobacco smoking by using pack-years, and for alcohol consumption by additionally including 241 

years of alcohol consumption. When we used competing-risks regression to take into account 242 

the competing risk of death, the subhazard ratios obtained in the competing-risks regression 243 

were not altered much compared with HRs obtained in the Cox regression. 244 

 245 

Discussion 246 

In this large prospective Chinese cohort, we found that the association between high-247 

temperature tea consumption and EC risk was dependent on alcohol and tobacco 248 

consumption. There was synergistic associations of high-temperature tea consumption with 249 

excessive alcohol consumption or smoking on EC risk. Those who had clustering habits of 250 

consuming high-temperature tea, excessive alcohol, and tobacco had a risk of developing EC 251 
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over five times as high as those who consumed none. However, in the absence of both 252 

excessive alcohol consumption and smoking, daily tea consumption was not associated with 253 

EC risk, at whatever tea temperature or in whatever other consumption metrics. 254 

Comparison with other studies and potential mechanism 255 

Only a few prospective studies have examined the association of EC risk with tea temperature 256 

(13) or amount of tea consumed (14-16) and shown inconsistent findings. Several systematic 257 

reviews and meta-analyses of principally case-control studies suggested no clear pattern of 258 

association between the amount of tea consumed and EC risk, but increased EC risk 259 

associated with higher-temperature tea consumption.(6-12) Previous studies also indicated 260 

that hot food and beverage consumption was associated with the risk of ESCC but not 261 

esophageal adenocarcinoma.(12, 22) In the present Chinese population, in which ESCC is the 262 

predominant histological subtype, we observed that high-temperature tea consumption, was 263 

prospectively associated with EC risk in the presence of excessive alcohol consumption or 264 

smoking; but there was no such association in the absence of both habits. 265 

The synergistic associations of high-temperature tea, excessive alcohol, and tobacco on 266 

EC risk are biologically plausible. It is suggested that thermal injury may result in epithelial 267 

damage and impaired barrier function, subsequently augment the risk of damage from other 268 

risk factors, such as excessive alcohol consumption and smoking.(22) The release of N-269 

nitroso compounds (NOCs), which are formed as a result of inflammatory processes 270 

associated with chronic thermal irritation of the esophageal mucosa, may also contribute to 271 

the development of EC.(22, 23) The mechanism for their joint associations on EC still 272 
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warrants further elucidation. 273 

Different metrics of tea consumption were interrelated in the present population. It 274 

increased the difficulty in identifying what was the most relevant metric in relation to EC risk. 275 

In the present study, there was evidence of increased EC risk with preferred tea temperature. 276 

For other metrics of tea consumption, increased EC risk was also observed such as among 277 

those who consumed more cups of tea or added more tea leaves. However, we considered the 278 

hypothesis that higher tea temperature was associated with increased EC risk to be more 279 

biologically plausible. Additional studies are needed to confirm our findings. 280 

In contrast to the strong and relatively consistent evidence for the potential 281 

anticarcinogenic properties of tea bioactive compounds from experimental studies,(4) results 282 

from epidemiological studies have not convincingly shown the EC preventive effect of tea 283 

consumption in humans.(6-12) The majority of the inverse association between tea 284 

consumption and EC risk was found in case-control studies of East-Asian countries, 285 

especially China. It was supposed that the protective effects of tea consumption, if any, on EC 286 

development could be overshadowed by alcohol consumption and smoking, as well as the 287 

thermal effect of high-temperature tea.(24) However, in the present population, when we 288 

restricted analyses to the subgroup of participants who were both non-heavy alcohol 289 

consumers and non-smokers, daily tea consumption in whatever consumption metrics or type 290 

of tea was not associated decreased EC risk. In an early randomized controlled trial of 200 291 

participants from Henan of China, decaffeinated green tea did not show beneficial effects in 292 

alleviating precancerous lesions and abnormal cell proliferation patterns after 11 years of 293 
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follow-up.(25) A nested case-control study from Shanghai men cohort also did not find 294 

association between urinary tea polyphenol biomarkers and EC risk.(26) The difference 295 

between the results from animal studies and human studies with high level of evidence quality 296 

is likely to be due to the relatively low human exposure to tea polyphenols, in the range of 1 297 

to 2 orders lower than those used in animal studies.(4) 298 

Strengths and limitations of this study 299 

To the best of our knowledge, the present study, for the first time, provides compelling 300 

evidence of joint associations of high-temperature tea with established risk factors of 301 

excessive alcohol and tobacco on EC risk. Strengths of the study include prospective design, 302 

the inclusion of a geographically spread Chinese population living in urban and rural areas, 303 

and careful adjustment for potential confounders. To avoid potential reverse causality bias, we 304 

particularly excluded participants who had cut down on tea, alcohol, or tobacco, and further 305 

excluded EC cases who were diagnosed during the first several years of follow-up. The CKB 306 

study collected detailed information on several metrics of tea consumption, including 307 

frequency, amount, duration, type of tea, and qualitative gradation of tea temperature, so that 308 

we could analyze comprehensively and mutually adjust for each other. 309 

Some limitations also warrant mention. Tea consumption patterns were self-reported and 310 

collected once at baseline. The consumption habits may change over time. Nevertheless, 311 

exposure misclassification might be nondifferential on subsequent disease status and have 312 

attenuated our findings. The tea temperature relied on qualitative self-report data and was not 313 

validated with actual temperature measurement. We did not ask sip size, which, together with 314 
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the initial tea temperature, determine the intraesophageal temperature (27) and lead to 315 

differences in subjective perception of temperature. To obtain a valid and reliable estimate of 316 

the temperature at which participants typically drink tea is a challenge for most of the 317 

epidemiological studies. The present study lacked information on histological subtype of each 318 

EC cases. However, ESCC accounts for >90% of EC cases in a subset of cases of the present 319 

population and also in China.(28) The preference of hot tea may be correlated with other 320 

consumption habits of hot beverages and foods, which we did not collect and adjust for in our 321 

analyses. Thus the thermal injury from other hot beverages and foods may also contribute to 322 

the observed associations. Despite the overall large sample size, few women consumed 323 

tobacco and alcohol in the present population, leading to wide CIs for the effect estimates and 324 

inconclusive results in women, and precluding the further sex-specific joint analysis of 325 

relevant factors. Also, when we further examined three-way association, such as among tea 326 

temperature, alcohol consumption, and tobacco smoking, or among tea temperature, 327 

frequency of tea consumption per day, and alcohol consumption (or tobacco smoking), cases 328 

were too small to get reliable effect estimates for three categories of tea temperature. 329 

Conclusion 330 

Our findings showed a noticeable increase in EC risk associated with a combination of 331 

consuming high-temperature tea, excessive alcohol, and tobacco. It highlights the importance 332 

of abstaining from high-temperature tea in excessive alcohol consumers and smokers on EC 333 

prevention. More prospective studies are warranted to confirm the interactions observed in 334 

this study. Studies in which the actual tea temperature is measured are particularly 335 
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encouraged. 336 

 337 
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Figure legends 444 

Figure 1. Adjusted cumulative incidences of EC for participants with different 445 

consumption combinations of tea, alcohol, and tobacco 446 

(A) Nonsmoking, and less than daily or <15 g/day alcohol consumption; (B) Current 447 

smoking, and less than daily or <15 g/day alcohol consumption; (C) Nonsmoking, and 448 

≥15 g/day alcohol consumption; (C) Current smoking, and ≥15 g/day alcohol 449 

consumption. The reference group was participants who consumed tea less than daily 450 

and alcohol less than daily or <15g per day, and were nonsmoker. The multivariable 451 

model was adjusted for age, sex, study areas, education, marital status, household 452 

income, physical activity, intakes of red meat, fresh fruits and vegetables, and 453 

preserved vegetables, body mass index, and family history of cancer. 454 


