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Abstract Although the association for esophageal cancer

with tobacco smoking and alcohol drinking has been well

established, the risk appears to be less strong in China. To

provide more evidence on the effect of smoking and

alcohol consumption with esophageal cancer in China,

particularly among Chinese women, a population-based

case–control study has been conducted in Jiangsu, China,

from 2003 to 2007. A total of 1,520 cases and 3,879 con-

trols were recruited. Unconditional multivariate logistic

regression analysis was applied. Results showed that the

odds ratio (OR) and confidence interval (CI) for ever

smoking and alcohol drinking were 1.57 (95% CI:

1.34–1.83) and 1.50 (95% CI: 1.29–1.74). Dose–response

relationships were observed with increased intensity and

longer duration of smoking/drinking. Risk of smoking and

alcohol drinking at the highest joint level was 7.32 (95%

CI: 4.58–11.7), when compared to those never smoked and

never drank alcohol. Stratifying by genders, smoking and

alcohol drinking increased the risk among men with an

OR of 1.74 (95% CI: 1.44–2.09) and 1.76 (95% CI: 1.48–

2.09); however, neither smoking nor alcohol consumption

showed a significant association among women. In con-

clusion, smoking and alcohol drinking were associated

with esophageal cancer risk among Chinese men, but not

among Chinese women.
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Introduction

Esophageal cancer remains one of the most fatal malig-

nancies in the world. In 2005, about 497,700 new cases

occurred worldwide, and the prevalence is expected to

increase by approximately 140% by 2025 [1]. The actual

etiology of esophageal cancer remains unclear, but exten-

sive evidence in the past decades has demonstrated that

tobacco smoking and alcohol drinking are prominent risk

factors of this disease [2–6]. The risk of esophageal cancer

among smokers is 2–5 fold in general when compared to

non-smokers, while for heavy smokers, the risk may

exceed tenfold [3]. The average risk of esophageal cancer

with alcohol drinking is estimated to be 1.04-fold per

drink/week [4], and the risk ratio may also over tenfold

among heavy drinkers [5]. Some previous studies reported

that the associations significantly increased when alcohol

and smoking coexist, their joint effects are approximately

multiplicative and may increase 130-fold in the highest

joint level [6].

Although the association for esophageal cancer with

tobacco smoking and alcohol drinking has been well
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established in many areas of the world, some striking var-

iation between regions does exist [2]. In Western countries,

smoking and alcohol consumption seem to be the primary

risk factors of esophageal squamous cell cancer, the popu-

lation attributable fraction (PAF) of smoking and alcohol

was estimated to be 71 and 41%, respectively [7]. China is

an area with one of the highest incidence of esophageal

cancer worldwide, about half of the cases that occur in the

world each year are estimated to be in this country [8].

Whereas, the strong association of smoking and alcohol as

well as their multiplicative joint effects were observed

considerably weaker or even absent according to some

previous studies [9–12]. The proportion of esophageal

cancer attributed to smoking and alcohol in China was

estimated to be only 23 and 16%, respectively [13]. Previ-

ous studies showed that smoking and alcohol are strong and

important risk factors in both genders in Western popula-

tions [5, 14–16]; however, because of the rather low prev-

alence of smoking and alcohol drinking in Chinese women,

very few studies explored the etiology of these two risk

factors among women in this country.

During 2003–2007, a large population-based case–con-

trol study on esophageal cancer has been carried out in

Jiangsu province, an area with the third highest esophageal

cancer mortality in China [17]. The study design has pre-

viously been described in detail [18, 19]. In brief, this study

was conducted in two counties, Dafeng and Ganyu. Both of

these counties are less-developed rural areas in northern

Jiangsu, and farming remains the main occupation of the

local population. The annual average age-standardized

incidence during 2006–2008 by China standard population

was 36 and 24 per 100,000 in Dafeng and Ganyu, respec-

tively. In this present analysis, we analyzed the overall and

gender-specific effects of smoking and alcohol drinking on

esophageal cancer in this high-risk Chinese population. It

aims to provide further data on the independent and joint

effects of these two well-known risk factors in China,

especially among Chinese women.

Materials and methods

Subject recruitment and data collection

Eligible subjects were restricted to local inhabitants who

have lived in the study area for at least 5 years. Newly

diagnosed primary esophageal cancer patients were

recruited as cases, using the data from local population-

based cancer registries. From 2003 to 2007, 68 and 75% of

all newly registered patients were recruited and interviewed

in Dafeng and Ganyu, respectively. Because of the low

proportion of pathological examination in the less-devel-

oped rural areas (39%), patients who were diagnosed by

other sophisticated methods such as endoscopic examina-

tion (40%) or radiology (11%) were also included.

Controls were derived from the same county as cases,

randomly selected from the county demographic database.

Controls were frequency matched with cases by gender and

age (±5 years). The participation rate of controls was 87%

in Dafeng and 85% in Ganyu, respectively.

With written informed consent, epidemiological data

were obtained by face-to-face interviews using a pre-tested

standardized questionnaire. The questionnaire included

detailed information on factors known or suspected to be

associated with esophageal cancer, including demographic

information, socio-economic status, living conditions,

environmental exposures, and dietary habits. Details on

lifetime smoking and alcohol drinking habits were col-

lected, questions included age at starting smoking/drinking,

years of consumption, the average number of cigarettes

smoked per day, weekly frequency, and the amount of

drinking different types of alcohol beverages (e.g., beer,

wine, and liquor). If the subject had quit smoking/drinking

habit at time of interview, the duration of cessation was

also recorded. This study was approved by the Institu-

tional Review Board of the Jiangsu Provincial Health

Department.

Statistical analysis

In the present analysis, never smokers were defined as

having smoked fewer than 100 cigarettes in their lifetime;

while never drinkers were those who drank less than once

per month. Current smokers and current drinkers were

defined as those who had the habit at the time of interview

or stopped the habit within 1 year before interview. Pack-

years of smoking and weekly consumption of pure ethanol

(grams/week) on average were calculated. Since no marked

difference was observed regarding the effect of smoking

and alcohol drinking between the two counties, data were

pooled to improve statistical power.

Confounders were selected based on the previous

knowledge on esophageal cancer and our preliminary

results [20], including age, gender, education level,

previous income, body mass index (using Chinese recom-

mendation standard) [21], family history of cancer in first-

degree relatives (any malignancy), and study area. After

adjusting for confounders, the overall and gender-specific

effects for smoking and alcohol drinking were evaluated by

unconditional logistic regression. The strength was quan-

tified as odds ratios (OR), and 95% confidence intervals

(CI) around the OR were used to quantify precision. The

trend test of ordered variables was performed by assigning

scores to different exposure levels and treating the cate-

gorical variable as a continuous variable in the logistic

regression model. Effect modifications were evaluated by
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stratification, statistical interaction was assessed by

including main effect variables and their product terms in

the logistic regression model.

Data were entered into the computer by Epidata 3.0,

cleaned and analyzed using SAS v9.1 software (SAS

Institute, Inc., Cary, NC).

Results

In total, 1,520 cases (637 in Dafeng and 883 in Ganyu) and

3,879 controls (1,938 in Dafeng and 1,941 in Ganyu) were

recruited. Table 1 shows the demographical information and

socio-economic characteristics of cases and controls by

gender. Cases were more frequently men and older people

and more frequently occurred in the population with lower

socio-economic status, i.e., lower education level, lower

previous income, lower BMI, and with cancer-affected

relatives.

Table 2 shows the associations for esophageal cancer

with selected smoking-related variables. Ever smoking sig-

nificantly increased the risk of esophageal cancer with an OR

of 1.57 (95% CI: 1.34–1.83) compared to never smokers.

ORs for former smoking and current smoking were 1.74

(95% CI: 1.38–2.21) and 1.54 (95% CI: 1.31–1.80),

respectively. Positive dose–response relationships were

observed with increased daily amount, duration, and pack-

years of smoking (for trend, p \ 0.001 each), except for age

at starting the habit. Quitting smoking was found associated

with a decreased cancer risk, OR for those who had quit for

more than 10 years was similar to never smokers

(OR = 0.90, 95% CI: 0.62–1.30); however, quitting less

than 5 years still increased risk 1.64-fold when compared to

never smokers. Stratifying for gender, OR for ever smoking

Table 1 The demographic information and socio-economic status of cases and controls

Men Women

Case (%) (n = 1,191) Control (%) (n = 2,916) Case (%) (n = 329) Control (%) (n = 963)

Study area

Dafeng 426 (35.8) 1,368 (46.9) 211 (64.1) 570 (59.2)

Ganyu 765 (64.2) 1,548 (53.1) 118 (58.1) 393 (40.8)

Age (years)

Mean (SD) 65.3 (9.6) 64.2 (11.0) 67.4 (9.1) 64.9 (11.7)

\60 344 (28.9) 945 (32.4) 56 (17.0) 274 (28.5)

60- 405 (34.0) 933 (32.0) 142 (43.2) 311 (32.3)

70- 366 (30.7) 857 (29.4) 99 (30.1) 300 (31.2)

C80 76 (6.4) 181 (6.2) 32 (9.7) 78 (8.1)

Education levela

Illiteracy 608 (51.1) 1,302 (44.7) 288 (87.5) 755 (78.4)

Primary school 409 (34.4) 1,028 (35.3) 35 (10.6) 142 (14.8)

Middle school and above 173 (14.5) 584 (20.0) 6 (1.8) 66 (6.8)

Previous income (RMB)a

\1,000 364 (31.0) 691 (24.0) 97 (29.7) 207 (22.0)

1,000* 250 (21.3) 541 (18.8) 63 (19.3) 206 (21.9)

1,500* 305 (26.0) 764 (26.6) 92 (28.1) 269 (28.6)

C2,500 254 (21.7) 882 (30.6) 75 (22.9) 260 (27.6)

Body mass index (BMI)a,b

Mean (SD) 21.7 (3.7) 22.8 (5.4) 21.3 (4.7) 22.7 (3.5)

18.5 * 23.9 843 (71.4) 1,954 (67.2) 174 (53.0) 539 (56.3)

\18.5 153 (13.0) 186 (6.4) 87 (26.5) 92 (9.6)

24 * 27.9 149 (12.6) 638 (21.9) 49 (14.9) 264 (27.6)

C28 36 (3.0) 132 (4.5) 18 (5.5) 63 (6.6)

Family history of cancer

No 865 (72.6) 2,243 (76.9) 212 (64.4) 689 (71.6)

Yes 326 (27.4) 673 (23.1) 117 (35.6) 274 (28.4)

a Sum does not add up because of missing values
b Chinese recommendation standard was used for the cutoff points of overweight and obesity [21]
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men and women was 1.74 (95% CI: 1.44–2.09) and 1.13

(95% CI: 0.83–1.54), respectively. Results showed that the

magnitude of the effects among women was much smaller

than the corresponding ones among men, and all associations

were observed not statistically significant.

Table 3 presents the overall and gender-specific OR and

95% CI for esophageal cancer with selected alcohol-related

variables. Ever drinking alcohol significantly increased

cancer risk (OR = 1.50, 95% CI: 1.29–1.74), and ORs

were observed positively associated with increased drink-

ing frequency, longer duration, and high weekly con-

sumption of alcohol (for trend, p \ 0.001 each), but not for

age at starting drinking. A substantially elevated OR was

found among former drinkers (OR = 5.16, 95% CI:

4.23–6.29), even those who had quit drinking for more than

10 years still had a 1.80-fold risk (95% CI: 1.14–2.85)

when compared to never drinkers. Similar to smoking, the

associations for alcohol consumption were found generally

lower among women than that of men, OR for ever

drinking was 1.76 (95% CI: 1.48–2.09) for men but was

0.82 (95% CI: 0.59–1.16) for women, and no dose–

response association was observed among women.

The joint effects of ever smoking and ever drinking

alcohol on esophageal cancer are shown in Table 4.

Although no significantly increased OR was observed for

ever exposed to either smoking (OR = 1.20, 95% CI:

0.96–1.51) or alcohol (OR = 1.03, 95% CI: 0.80–1.32)

alone, being exposed to both factors increased risk 2.10-

fold (95% CI: 1.72–2.56) when compared to never

smoking and drinking group, with a more than multipli-

cative interaction (p \ 0.001). Gender-specific results

showed that either smoking or drinking alcohol alone

significantly increased the risk among men, but not

among women. OR for ever smoking and drinking was

2.75 (95% CI: 2.07–3.65) for men but was 1.03 (95% CI:

0.68–1.56) for women. No significant interaction term

was observed for either men or women on a multiplica-

tive scale.

Table 2 The OR and 95% CI for smoking-related variables with esophageal cancer among men and women

ALL Men Women

Case/
Control OR (95% CI )a Case/

Control OR (95% CI )b Case/
Control OR (95% CI )b

Smoking  status
Never smoking
Ever smoking

Former
Current   

415/1,549
1,105/2,330
162/337
943/1,993

1.00 (referent)
1.57 (1.34-1.83)
1.74 (1.38-2.21)
1.54 (1.31-1.80)

187/824
1,004/2,092

142/287
862/1,805

1.00 (referent)
1.74 (1.44-2.09)
2.01 (1.53-2.63)
1.69 (1.40-2.05)

228/725
101/238
20/50
81/188

1.00 (referent)
1.13 (0.83-1.54)
1.15 (0.65-2.02)
1.13 (0.81-1.57)

Daily amount of smoking (Cig/day)
Never smoking
<10

10-
20-
30-

415/1,549
373/803
231/543
370/807
131/177

1.00 (referent)
1.35 (1.12-1.63)
1.52 (1.24-1.88)
1.63 (1.35-1.97)
2.84 (2.16-3.74)

187/824
338/718
187/472
351/736
128/166

1.00 (referent)
1.42 (1.14-1.77)
1.58 (1.24-2.01)
1.87 (1.50-2.32)
3.25 (2.41-4.37)

228/725
35/85
44/71
19/71
3/11

1.00 (referent)

1.37 (0.97-1.94)

0.70 (0.42-1.18)

P for trend <0.001 <0.001 0.693
Duration of Smoking (years)
Never smoking
<20
20-
35-
50-

415/1,549
151/361
282/594
419/855
253/520

1.00 (referent)
1.50 (1.18-1.90)
1.70 (1.39-2.08)
1.61 (1.34-1.93)
1.40 (1.13-1.75)

187/824
132/323
256/528
386/776
230/465

1.00 (referent)
1.60 (1.22-2.09)
1.87 (1.48-1.79)
1.80 (1.45-2.22)
1.59 (1.24-2.05)

228/725
19/38
26/66
33/79
23/55

1.00 (referent)

1.23 (0.81-1.84)

1.05 (0.71-1.54)

P for trend <0.001 <0.001 0.782
Pack-years of smoking
Never smoking
<15
15-
30-
45-

415/1,549
406/904
208/502
241/463
250/461

1.00 (referent)
1.38 (1.15-1.66)
1.45 (1.17-1.80)
1.85 (1.49-2.29)
1.91 (1.54-2.37)

187/824
362/805
178/437
223/422
241/428

1.00 (referent)
1.45 (1.17-1.80)
1.56 (1.22-2.00)
2.05 (1.62-2.61)
2.21 (1.74-2.80)

228/725
44/99
30/65
18/41
9/33

1.00 (referent)

1.20 (0.84-1.72)

0.95 (0.58-1.56)

P for trend <0.001 <0.001 0.765
Age at starting smoking (years)
30-
25-
20-
<20

211/447
184/381
373/780
244/547

1.00 (referent)
1.24 (1.00-1.53)
1.26 (1.07-1.49)
1.23 (1.02-1.49)

164/353
174/357
358/727
219/490

1.00 (referent)
1.23 (0.99-1.54)
1.30 (1.09-1.55)
1.28 (1.04-1.58)

47/94
10/24
15/53
25/57

1.00 (referent)

0.71 (0.43-1.18)

P for trend 0.752 0.998 0.189
Time since stopping smoking (years)
Never smoker
10-
5-
<5

415/1,549
41/130
41/81

80/126

1.00 (referent)
0.90 (0.62-1.30)
1.33 (0.90-1.97)
1.64 (1.21-2.20)

187/824
33/107
35/70
74/110

1.00 (referent)
0.92 (0.61-1.39)
1.34 (0.87-2.05)
1.70 (1.24-2.33)

228/725
8/23
6/11
6/16

1.00 (referent)

1.20 (0.68-2.14)

P for trend <0.001 <0.001 0.524

Missing data were excluded from the analysis
a Adjusted for age (continuous), gender, study area, previous income (continuous), BMI (continuous), pure ethanol intake (continuous), and
family history of cancer
b Adjusted for above-mentioned variables except gender
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Table 5 summarized the joint effects for different levels

of daily smoking and average weekly ethanol intake, while

gender-specific results were not estimated, given the few

numbers in some categories. Among never smokers, light

or moderate ethanol intake (\500 ml/week) was not found

to increase the risk of esophageal cancer, an elevated OR

was observed for heavy drinkers (C500 ml/week) but did

not reach statistical significance (OR = 1.38, 95% CI:

0.97–1.98). On the other hand, among those who described

themselves as never drinkers, even a low daily smoking

amount (\10 cig/day) increased risk 1.40-fold (95% CI:

1.07–1.83). Those who smoked more than 40 cig/day have

a 2.45-fold risk (95% CI: 1.20–4.96) even without drinking

alcohol (for trend p \ 0.001). Apparent positive dose–

response relationships were observed for most levels of

smoking intensity and amount of alcohol intake. A sig-

nificant interaction was observed on multiplicative scale

(p = 0.016), OR for exposed to the highest level of

smoking and alcohol consumption was 7.32 (95% CI:

4.58–11.7), when compared to those who never smoked

and never drank alcohol.

Discussion

In this large population-based case–control study, we

confirmed that tobacco smoking and alcohol drinking were

associated with esophageal cancer development in a high-

risk Chinese population and found the positive dose–

response trends with both intensity and duration of con-

sumption during lifetime. In agreement with some previous

studies in China, their independent and joint effects seem

to be less strong when compared to that of Western

countries [9–13]. Whereas, neither smoking nor alcohol

drinking was found to be associated with esophageal can-

cer among Chinese women in the present analysis.

Tobacco smoking and alcohol have been claimed as

strong risk factors of esophageal cancer for a long time,

Table 3 The OR and 95% CI for alcohol-related variables with esophageal cancer among men and women

ALL Men Women
Case/

Control OR (95% CI )a Case/
Control OR (95% CI )b Case/

Control OR (95% CI )b

Alcohol drinking
Never drinking
Ever drinking

Former
Current

490/1,631
1,030/2,248

454/293
576/1,955

1.00 (referent)
1.50 (1.29-1.74)
5.16 (4.23-6.29)
0.94 (0.80-1.10)

221/864
970/2,052
424/256
546/1,796

1.00 (referent)
1.76 (1.48-2.09)
6.43 (5.14-8.04)
1.10 (0.92-1.33)

269/767
60/196
30/37

30/159

1.00 (referent)
0.82 (0.59-1.16)
2.19 (1.30-3.71)
0.52 (0.34-1.02)

Frequency of drinking
Never drinking
Occasionally
Often
Every day
P for trend

490/1,631
281/727
278/574
471/974

1.00 (referent)
1.32 (1.09-1.59)
1.70 (1.40-2.06)
1.54 (1.29-1.84)

<0.001

221/864
259/631
259/501
452/920

1.00 (referent)
1.60 (1.29-1.99)
1.94 (1.56-2.42)
1.77 (1.45-2.15)

<0.001

269/767
22/96
19/46
19/54

1.00 (referent)
0.62 (0.38-1.02)
1.14 (0.64-2.03)
0.94 (0.54-1.65)

0.674
Duration of drinking (years)
Never drinking
<20
20-
30-
40-

490/1,631
102/314
181/476
271/565
414/812

1.00 (referent)
1.04 (0.81-1.34)
1.16 (0.94-1.44)
1.36 (1.12-1.63)
1.30 (1.10-1.54)

221/864
85/252

168/436
260/532
401/765

1.00 (referent)
1.27 (0.94-1.70)
1.31 (1.03-1.67)
1.56 (1.26-1.93)
1.57(1.29-1.91)

269/767
17/62
13/40
11/33
13/47

1.00 (referent)

0.83 (0.53-1.29)

0.75 (0.46-1.23)

P for trend <0.001 <0.001 0.204
Ethanol intake (ml/Week)
0
1-
250-
500-
750-

624/1,929
125/331
198/519
204/478
354/562

1.00 (referent)
1.21 (0.96–1.53)
1.19 (0.97-1.45)
1.30 (1.06-1.59)
1.90 (1.58-2.28)

343/1,121
106/267
182/466
197/456
349/550

1.00 (referent)
1.37 (1.05-1.79)
1.29 (1.04-1.60)
1.37 (1.11-1.69)
1.96 (1.62-2.38)

281/808
19/64
16/53
7/22
5/12

1.00 (referent)

0.79 (0.46-1.36)

0.92 (0.57-1.46)

P for trend <0.001 <0.001 0.898
Age at start drinking (years)
30-
25-
20-
<20

391/895
244/447
280/652
104/231

1.00 (referent)
1.45 (1.20-1.75)
1.25 (1.05-1.49)
1.24 (0.96-1.61)

347/770
239/430
273/621
102/215

1.00 (referent)
1.46 (1.20-1.77)
1.28 (1.07-1.54)
1.33 (1.02-1.74)

44/125
5/17
7/31
2/16

1.00 (referent)

0.54 (0.22-1.35)

P for trend 0.966 0.739 0.190
Time since stopping drinking (years)
Never drinking
10-
5-
<5

490/1,631
32/502
27/35

237/13

1.00 (referent)
1.80 (1.14-2.85)
2.22 (1.32-3.75)
5.28 (4.19-6.65)

221/864
32/43
26/32

223/122

1.00 (referent)
2.26 (1.40-3.63)
2.33 (1.36-4.02)
5.46 (4.29-6.96)

269/767
0/7
1/3

14/10

1.00 (referent)

1.66 (0.79-3.49)

P for trend <0.001 <0.001 0.184
Missing data were excluded from the analysis
a Adjusted for age (continuous), gender, study area, previous income (continuous), BMI (continuous), pack-years of smoking (continuous), and
family history of cancer
b Adjusted for above-mentioned variables except gender
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both of them have been categorized into group I carcino-

gens (carcinogenic to human) by the working group of

International Agency for Research on Cancer (IARC) [22].

Strong associations for smoking and alcohol consumption

with esophageal cancer were observed in Western countries

(including South-American and African populations);

however, the risks appear to be much lower in China,

especially in some high incidence regions [9–11]. In a large

prospective study in Linxian China, one of the highest

esophageal cancer risk areas in the world, Tran et al. [9]

only found modest elevations in the risk of esophageal

cancer among current smokers (OR = 1.3), while alcohol

drinking was not associated with esophageal cancer

(OR = 0.86). In a meta-analysis of seven Chinese studies,

the pooled OR for smoking and alcohol drinking on

esophageal cancer was estimated to be 1.84 and 1.50,

respectively [13]. Similarly, we observed a moderate

increased risk of smoking (OR = 1.57) and alcohol drink-

ing (OR = 1.50) in our study, supporting that the risks of

these two well-known risk factors are less strong in China.

The reasons for the weaker association could be partly

explained by the short exposure history and considerably

low prevalence among Chinese women [7]. Although

China is currently the largest producer and consumer of

tobacco in the world and there is evidence of a striking

increase in alcohol consumption, tobacco, and alcohol use

became more prevalent in China just from 1980s, and

traditionally, it is more acceptable for Chinese men to

smoke and drink than for women. It has been reported that

about 66.9% of men but only 4.2% of women are smokers

in China, whereas the prevalence of smoking among men

and women was estimated to be 35 and 22% in developed

countries, 50 and 9% in developing countries [23, 24]. The

annual ethanol consumption among Chinese adults was

also reported much lower than in industrialized countries,

and men drink 13.4 times more than women [25]. Another

explanation for the weak association is that there might be

some other strong risks factors that account for the majority

of cases in those high-risk areas; thus, the effect of smoking

and alcohol drinking is diluted [26]. For instance, nutrition

deficiency, exposure to N-nitrosamines, and fungi toxins

have been summarized as the major causative factors in

some high-risk areas of China [27].

Several studies have indicated that smoking and alcohol

consumption are strong risk factors for both men and

women in Western populations [5, 14–16], but very few

studies explored their effects among Chinese women

because of the considerably low prevalence. Gao et al. [28]

reported that the risk of smoking among women was 1.6

(95% CI: 1.0–2.4) in a case–control study (902 cases and

1,552 controls), but no elevated risk was observed among

female alcohol drinkers. Another case–control study (355

Table 4 The joint effects of smoking and alcohol drinking on esophageal cancer among men and women

Smoking Alcohol All Men Women

Case/control OR (95% CI)a Case/control OR (95% CI)b Case/control OR (95% CI)b

Never Never 276/984 1.00 (referent) 69/358 1.00 (referent) 207/626 1.00 (referent)

Never Ever 139/565 1.03 (0.80–1.32) 118/466 1.41 (1.00–1.98) 21/99 0.63 (0.38–1.05)

Ever Never 214/647 1.20 (0.96–1.51) 152/506 1.48 (1.06–2.05) 62/141 1.04 (0.73–1.49)

Ever Ever 891/1,683 2.10 (1.72–2.56) 852/1,586 2.75 (2.07–3.65) 39/97 1.03 (0.68–1.56)

P for interaction \0.001 0.170 0.212

a Adjusted for age (continuous), gender, study area, previous income (continuous), BMI (continuous), and family history of cancer
b Adjusted for above-mentioned variables except gender

Table 5 The overall OR and 95% CI for independent and joint effects of smoking and alcohol drinking on esophageal cancer risk

Smoking (cig/day) Ethanol intake (ml/week) P for trend

Never 1–249 250–499 C500

Never 1.00 1.04 (0.68–1.59) 0.98 (0.64–1.51) 1.38 (0.97–1.98) 0.043

1–9 1.40 (1.07–1.83) 1.41 (0.94–2.12) 1.52 (1.07–2.17) 1.89 (1.45–2.46) 0.100

10–19 1.50 (1.10–2.04) 2.51 (1.53–4.10) 1.89 (1.27–2.82) 1.85 (1.35–2.55) 0.238

20–39 1.39 (1.06–1.83) 1.70 (0.99–2.90) 1.89 (1.34–2.66) 2.74 (2.15–3.48) 0.003

C40 2.45 (1.20–4.96) 2.28 (0.36–14.2) 2.04 (0.53–7.89) 7.32 (4.58–11.7) 0.021

P for trend 0.001 0.024 0.021 \0.001 \0.001

P for interaction 0.016

Adjusted for age (continuous), gender, study area, previous income (continuous), BMI (continuous), and family history of cancer
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cases and 408 controls) found no association between

alcohol drinking and esophageal cancer among women

(OR = 0.83, 95% CI: 0.22–3.09); given the limited num-

ber of female smokers, the author did not estimate the

effect of smoking among women [29]. In this present

analysis, we found that neither smoking nor alcohol

drinking was associated with the risk of esophageal cancer

among women in a Chinese population.

Some quantitative aspects of tobacco and alcohol use

were demonstrated to be dose-dependently related to the

risk of esophageal cancer, such as the intensity and years of

consumption [2–6]. It has been suggested that the risk of

smoking depends mainly on the duration of tobacco con-

sumption rather than smoking intensity; on the contrary,

the duration of alcohol drinking is less important than the

weekly or daily dose of ethanol intake [30]. In our analysis,

the risk of esophageal cancer was observed not only pos-

itively related to smoking duration and weekly amount of

ethanol intake but also associated with smoking intensity

and drinking years. Results are similar to the findings of

Castellsague et al. and Fan et al. [5, 31]. The association

between esophageal cancer and age at starting smoking or

drinking alcohol remains inconsistent [5, 6, 31, 32], and we

observed that an earlier age at starting smoking or drinking

elevated the risk when compared to those who began to

smoke or drink later than 30-year old, but no trend was

apparent for age and cancer risk among early smokers.

In our analysis, an increased risk was observed in men

both for smoking among non-drinkers and for drinking

alcohol among non-smokers, confirmed that smoking and

alcohol alone may play independent role in the etiology of

esophageal cancer. We also found that light alcohol drink-

ing without smoking has relatively low effect on esophageal

cancer risk, whereas smoking among never drinkers

increased the occurrence of esophageal cancer significantly,

suggesting smoking is more strongly related to esophageal

cancer than alcohol in China. The synergistic interaction

when alcohol and smoking coexist has been reported pre-

viously, their joint effects are approximately multiplicative

and risk in the highest consumption level may increase

130-fold [2, 5, 6]. Although a statistical interaction between

smoking and alcohol drinking was observed in the present

analysis, exposure to the highest joint level caused a 7.32-

fold risk compared to those who neither smoke nor drink

alcohol, indicating less strong effects of these two well-

known factors in the high-risk Chinese population.

A beneficial reduction in the risk of esophageal cancer

after cessation of smoking and alcohol consumption was

observed by some previous studies, but it may take decades

to decrease the risk to the level as never exposed individuals

[33–37]. Several case–control studies reported that those

who had stopped smoking for less than 10 years had an OR

similar to that of current smokers, while quitting for 10 years

or more dropped risk to that of never smokers [33–35].

Similarly, we observed that quitting smoking for less than

5 years has a similar OR (OR = 1.64) compared to current

smokers (OR = 1.54), while quitting more than 10 years

decreased the OR to the level of never smokers (OR = 0.90).

Different from smoking, significantly elevated ORs were

observed among former alcohol drinkers, even for quitting

drinking for more than 10 years (OR = 1.80). The conse-

quences of drinking cessation has been studied less

frequently than smoking cessation, results are more contro-

versial, and beneficial effect has been found in some studies

particularly 10 years after giving up drinking [36, 37],

whereas other studies have shown either a non-beneficial

effect or a higher risk among former drinkers [6, 32, 33, 38,

39]. It is possible that cases were more prone to quit drinking

because of digestive tract symptoms long before cancer

occurrence; thus, the higher proportion of former drinkers

among cases may cause an inflated OR in this group. Another

reason is that some heavy drinker cases may underreport

their habit, declaring no consumption when in fact they were

still drinking and consequently exhibited a higher risk than

never drinkers [32]. These two reasons could also explain the

increased OR among former smokers.

There are several limitations to this present analysis.

Firstly, although the questionnaire had been pre-tested in

some previous studies and all interviewers had been trained

to explain questions to participants more clearly, the

exposure level of smoking and alcohol drinking was

reported by study participants without accurate measure-

ments, and thus, subjective judgement and recall bias may

exist and cause non-differential misclassification of expo-

sures. However, the strength of the associations for

esophageal cancer with smoking and alcohol consumption,

particularly the dose–response trends, indicate good

validity and sensitivity of our study. Secondly, when

evaluating the risk of intensity and duration of smoking/

drinking, the same cutoff point was used for both men and

women. Given the relatively smaller number in some cat-

egories among women, it may cause an unstable OR.

However, similar results were observed when gender-spe-

cific cutoff points were used separately (data not shown).

Thirdly, we were not able to determine the pathological

type for all cases in this population-based study because of

the low proportion of histological confirmed cases in

less-developed rural areas; however, more than 95% of

esophageal cancer in China are esophageal squamous cell

carcinoma (ESCC) according to previous reports [40, 41].

In conclusion, our study indicates that smoking and

alcohol drinking are associated with the risk of esophageal

cancer among Chinese men but not among Chinese women

in a high-risk population, with less strong independent and

joint effects when compared with that in Western countries.

Nevertheless, the elimination of these modifiable lifestyle
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risk factors should be part of the primary prevention strat-

egy and control activities on esophageal cancer in China.
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