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SUMMARY. Esophageal cancer (EC) is one of the most common cancers in China. The purpose of this study was
to investigate the updated incidence rates and risk factors of EC in Nan’ao Island, where the EC incidence rate
was chronically the highest in southern China. To calculate the annual incidence rate, data on 338 EC cases from
Nan’ao Cancer Registry system diagnosed during 2005–2011 were collected. A case-control study was conducted to
explore the EC risk factors. One hundred twenty-five alive EC patients diagnosed during 2005–2011 and 250 controls
were enrolled into the case-control study. A pre-test questionnaire on demography, dietary factors, drinking water
treatment, and behavioral factors was applied to collect information of all participants. The average EC incidence
rates during 2005–2011 were 66.09/105, 94.62/105, 36.83/105 for both genders, males and females, respectively, in
Nan’ao Island. The EC incidence rate in males was 2.40- to 4.55-fold higher than that in females in the period
from 2006 to 2011 (P< 0.05). Considering the onset age, males tend to be much younger than females and reached
peak incidence rate at a younger age (P< 0.05). Drinking water treatment by filter (odds ratio [OR]= 0.28, 95%
confidence interval [95%CI]= 0.13–0.58) and fruit consumption (OR= 0.55, 95%CI= 0.32–0.94) reduced the risk
for EC. On the contrary, the pickled vegetables consumption (OR= 2.64, 95% CI= 1.46–4.76) and liquor drinking
(OR= 2.32, 95% CI= 1.21–4.44) increased the risk for EC. These results may be of importance for future research
on EC etiology and prevention strategies.
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INTRODUCTION

Esophageal cancer (EC) is one of the most common
cancers, ranking the 10th leading cancer cause world-
wide, its incidence rates are the highest in Southern
Africa and Eastern Asia and the lowest in Western
and Middle Africa.1 In 2012, China had 223 306 new
EC cases, accounting for 69.13% of all EC cases in
the world.1 Chinese National Annual Cancer Regis-
tration Reports in 2010 showed that the incidence rate
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of EC was 21.88/105, ranking the fifth most common
malignant tumor of the country.2 In China, there
are six high-risk EC areas, such as Cixian County
and Shexian County in Hebei Province, Linzhou City
in Henan Province, Yangcheng County in Shanxi
Province, Nan’ao County (Island) in Guangdong
Province and Yanting County in Sichuan Province.
The EC incidence rates in these ‘hot spots’ were obvi-
ously higher than other parts of China, forming a
unique geographic distribution profile of EC.3 Nan’ao
Island located in South China Sea with four towns,
approximately 70 000 inhabitants and an area of
130.90 km2. It is in the southeast of Shantou City
with 11.8 miles apart to the land. It was reported
that EC incidence rate has reached to an average
of 74.47/105, being the most prevalent cancer and
making up 35.45% of the total malignant tumor cases
in Nan’ao Island during 1995–2005.4 EC has become
one of the leading medical burdens for local popula-
tion.
Literature review indicated that the EC incidence

rate has sharply increased in America and Europe
where esophageal adenocarcinoma comprises the
majority of EC cases, whereas decreased or remained
stable in Asia and Africa where esophageal squamous
cell carcinoma is predominant.5–9 In China, a similar
declining trend has been observed.5 However, in some
areas, such as Linzhou City and Nan’ao Island, the
EC incidence rate kept increased in recent years.4,10

In Nan’ao Island, the EC incidence rate increased
from 60.15/105 to 88.15/105 during 1995–2004.4 With
10 years development since 2004, the living standard
has been improved markedly in the island, will the EC
incidence rate in the region be changed accordingly?
But no updated EC incidence in Nan’ao Island was
available thereafter.
In terms of the EC etiology, although they are not

very clear, some lifestyles and dietary factors such as
cigarette smoking, alcohol consumption, low intake
of fresh fruits and vegetables have been found asso-
ciated with EC, especially in Nan’ao Island.11–13 The
fact that EC incidence rate in Nan’ao Island has been
staying at high level for years indicated that local res-
idents exposed to EC related risk factors such as cer-
tain risk factors related to drinking water. For unavail-
ability of tap water in Nan’ao Island, the rain water
gathered in pond or reservoir, or shallow well water is
the only water supply source for local residents. Only
until the end of 2012, less than one-tenth people in
Houzhai Town of the island can use tap water sup-
plied by an undersea water pipeline from Shantou
City. The quality of drinkingwater was identified to be
relevant to EC, and some pre-treatments can improve
the quality of drinking water.14–16 Treating water by
water filter and natural sinking method were popular
way to improve water quality in Nan’ao Island. Little
information was reported in previous studies about

the effects of drinking water treatment on the EC in
this island.
This study aims to identify the EC incidence rate

during 2005–2011 and EC related risk factors in
Nan’ao Island.

MATERIALS ANDMETHODS

Calculation of incidence rate of EC

The Nan’ao Cancer Registry is based at Nan’ao
County People’s Hospital in collaboration with
Shantou University Medical College. The framework
of this registry consists of three parts: village clinics
and town hospitals provided primary impression;
county hospital offered X-ray, pathological diagnosis,
and treating data; Shantou University Medical Col-
lege provided professional guidance.
The EC cases newly diagnosed during Jan 1, 2005–

Dec 31, 2011 in cancer registry were ascertained by
their demographics, cancer site, morphology, X-ray,
pathological diagnosis, and stage of cancer. All EC
cases were identified and classified by using the 10th
version of the International Classification of Diseases
(ICD-10) (ICD code for EC is C15). Totally, 338
EC cases (245 males, 93 females) newly diagnosed
during 2005–2011 were used to compute the incidence
rate. The demographic data of local population in
the period from 2005 to 2011 were collected from the
Nan’ao Statistical Bureau. The incidence rate is the
quotient of annual new EC cases over the total pop-
ulation in a given year, denoting 105 as the cardinal
number.

Case-control study

One hundred twenty-five alive EC cases diagnosed
during 2005–2011 were asked to enroll in the case-
control study conducted from June, 2012 to August,
2013 in Nan’ao Island. Two controls per case were
randomly selected from Household Registry to match
the EC based on age (±5 years), gender, and place
of residence (case and controls live in the same vil-
lage or community). Finally, 250 controls without
cancer and digestive system disease participated in
the study.
A pretested questionnaire was used to collect

individual data on four aspects: demographic charac-
teristics (age, gender, education, occupation, and place
of residence), dietary factors (fruit, vegetables, pickled
vegetables, and salted meat), drinking water treatment
(status, method, and duration), and behavioral factors
(smoking and liquor drinking). All of participants
in case-control study were investigated by trained
students of Shantou University Medical College
with assistance from local students and villagers by
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Table 1 EC incidence rate (per 105) in Nan’ao Island during 2005–2011

Comparison
Total Male Female of M and F

Year Case Crude AIR1 AIR2 Case Crude AIR1 AIR2 Case Crude AIR1 AIR2 χ2 P Ratio (M/F)

2005 46 63.36 39.44 41.92 29 79.02 50.26 54.20 17 47.36 28.98 30.08 2.87 >0.05 1.67
2006 45 61.76 38.07 42.27 32 86.77 55.16 61.64 13 36.13 21.47 23.58 7.56 0.006 2.40
2007 59 81.54 48.67 53.61 44 120.15 75.62 85.55 15 41.97 22.72 24.68 13.57 <0.001 2.86
2008 49 67.44 43.03 46.87 36 95.82 64.61 71.75 13 37.05 22.01 23.75 9.30 0.002 2.59
2009 53 72.56 42.16 47.90 38 103.26 62.66 76.15 15 41.38 23.23 26.19 9.64 0.002 2.50
2010 45 61.06 38.87 41.91 37 99.64 64.90 72.40 8 21.88 13.93 15.21 18.26 <0.001 4.55
2011 41 55.24 35.67 40.48 29 77.93 52.86 62.00 12 32.42 18.74 20.12 6.96 0.008 2.40
Total 338 245 93
Mean 66.09 40.82 44.92 94.62 60.84 69.08 36.83 21.56 23.27 9.56 0.002 2.57
APC (95%CI)* − 1.94 (−8.45, 5.03) 0.11 (−8.32, 9.31) − 6.53 (−14.44, 2.10)

*APC was estimated for EC crude incidence rate. AIR1, the age-standardized incidence rate adjusted for the Chinese population in 2000;
AIR2, the age-standardized incidence rate adjusted for the world population in 2000; APC, annual percentage change; EC, esophageal
cancer; Crude, the crude incidence rate; F, female; M, male.

face-to-face interviews. Informed consent was
obtained from all individual participants included in
the study.
This study was approved by the Ethics Committee

of Shantou University Medical College.

Statistical analysis

To estimate EC incidence rate, crude incidence rate,
age-standardized incidence rate adjusted for the
China population in the year 2000 (AIR1) and world
population in the year 2000 (AIR2) based on 5-year
age groups were calculated, respectively. Also, age
distribution of EC incidence rate was analyzed. The
chi-square test was used to determine whether the
differences between the incidence rates were statisti-
cally significant. The annual percentage change (APC)
of incidence rate was computed to assess the annual
changes of the EC incidence by Joinpoint software
(version 4.0.1, the Surveillance Research Program of
the US National Cancer Institute).
In case-control study, chi-square test and t-test were

used to compare the distributions of demographic
data between control and case groups. The associ-
ation between dietary factors, drinking water treat-
ment, behavioral factors, and EC were explored by
non-conditional logistic regression. All of the anal-
yses were adjusted for age (as a continuous vari-
able), gender, education, occupation, and place of res-
idence. Since only 6 of 245 (2.45%) smokers were
tobacco smokers, they were combined with cigarette
smokers in the analysis (1 g of tobacco was con-
sidered equivalent to one cigarette). The odds ratio
(OR) and 95% confidence interval (95% CI) were
calculated to estimate the risks for EC. All anal-
yses were performed with SPSS software, version
16.0 (SPSS Inc., Chicago, IL). All presented P
values were 2-sided, with less than 0.05 as statistical
significance.

RESULTS

Updated EC incidence rates and its changes during
2005–2011 in Nan’ao Island

Table 1 presents the EC incidence rates during
2005–2011 in Nan’ao Island. The average crude EC
incidence rate for both genders, males and females
were 66.09/105, 94.62/105, and 36.83/105, respectively.
The EC incidence rate in males was 2.40- to 4.55-fold
higher than that in females in the period from 2006 to
2011 (P< 0.05). The crude incidence rates increased
slightly in males (APC= 0.11, 95% CI= −8.32–
9.31) while declined in females (APC=−6.53, 95%
CI= −14.44–2.10) and in total (APC= −1.94,
95% CI= −8.45–5.03), but all of these changes
were not statistically significant (P> 0.05) implying
no change in EC incidence rate by year during
2005–2011.

Age distribution of EC incidence rates in Nan’ao
Island

Figure 1 shows age distribution of crude incidence
rates of EC according to gender. It can be seen that
there were substantial differences in age distribution
of EC incidences according to gender. Males tend
to have EC at younger age than females. Female
did not have EC until reached at 45–49 age group,
while male started to have EC at 35–39 age group,
which was 10 years younger than females. Moreover,
when computing by 5-year age groups, the incidence
rate in males exceeded that in females in most of
age group. Although incidence rate for both sexes
were gathered at age of 75–84 approximately, gender
disparity existed at peak of incidence rate. EC inci-
dence rate in males reached a maximum of 490.04/105

at the 70–74 age group, whereas that in females
reached a maximum of 215.55/105 at the 80–84 age
group.
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Fig. 1 Average incidence rates of esophageal cancer (/105) for males and females during 2005–2011, Nan’ao Island, China. The white bar
shows incidence rates of each 5-year age group for females, while the black bar is shown for males. The crude incidence rates of esophageal
cancer (/105) by age groups of 35–39 years, 40–44years, 45–49 years, 50–54 years, 55–59 years, 60–64 years, 65–69 years, 70–74 years, 75–
79 years, 80–84 years, and 85–89 years were 0.00, 0.00, 26.39, 52.62, 82.36, 105.78, 148.10, 88.27, 162.73, 215.55, and 88.32 for females,
respectively; 15.01, 84.04, 71.89, 195.14, 205.06, 234.72, 258.46, 490.04, 352.62, 489.43, and 238.20 for males, respectively.

Table 2 Characteristics of EC cases and control participants in
case-control study conducted in Nan’ao Island.

Cases Controls

(n= 125) (n= 250)

Characteristics No. % No. % P*

Age (Mean [SD]) 59.04 59.77 >0.05
(11.06) (10.81)

Gender
Male 96 77.00 192 77.00 >0.05
Female 29 23.00 58 23.00

Education level
Under primary school 33 26.00 76 30.00 <0.001
Primary school graduate 74 59.00 87 35.00
Junior high school graduate 15 12.00 55 22.00
High school graduate or above 3 2.00 32 13.00

Occupation
Farmer 41 33.00 78 31.00 0.002
Fishman 56 45.00 75 30.00
Other 28 22.00 97 39.00

Place of residence
Houzhai town 72 58.00 144 58.00 >0.05
Yun’ao town 27 22.00 54 22.00
Shen’ao town 19 15.00 38 15.00
Qing’ao town 7 6.00 14 6.00

*Calculated with the chi-square test for categorical variables and t-
tests for continuous variables. EC, esophageal cancer; SD, standard
deviation.

Potential risk factors for EC in Nan’ao Island

The characteristics of 125 cases and 250 controls par-
ticipated in the study were given in Table 2. We found
no significant differences between the two groups in
terms of gender, age, and place of residence (P> 0.05).
However, differences presented between groups in
education level and occupation (P< 0.05).

Table 3 presents associations between dietary fac-
tors, drinking water treatment, behavior factors,
and EC. The OR for treating drinking water with
filter 0.28 (95% CI= 0.13–0.58). Moreover, a pro-
tective effects was found between the longer dura-
tion of water treatment and EC (OR= 0.52, 95%
CI= 0.27–1.00 for >6 years treatment compared
with non-treatment), although the result were bor-
derline significant. Consumption of pickled vegeta-
bles was positively related to the genesis of EC in
a dose-response manner (Ptrend = 0.006), indicating
a risk factor for EC. Higher consumption of fruit
was a protective factor for EC (OR= 0.55, 95%
CI= 0.32–0.94). Liquor drinking was another signifi-
cant EC risk factor (OR= 2.32, 95% CI= 1.21–4.44).
No significant associations between consumption of
salted meat (OR= 1.31, 95% CI= 0.58–2.95), veg-
etables (OR= 0.71, 95% CI= 0.34–1.48), cigarette
smoking (OR= 1.84, 95% CI= 0.81–4.18), and EC
were detected.

DISCUSSION

This study provides the updated incidence rates and
risk factors for EC in Nan’ao Island. The results indi-
cate a relatively higher risk of EC (69.08/105) in the
period of 2005–2011 inNan’ao Island comparing with
the averaged EC incidence rate of 21.88/105 in China.
Pickled vegetables and liquor drinking were found
to increase the risk for EC. We also identified that
treating drinking water by water filter and consump-
tion of fruit reduce the risk for EC.
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Table 3 Associations between drinking water treatment, dietary factors, behavioral factors, and risk of EC in Nan’ao Island.

Cases (n= 125) Controls (n= 250) 95% CI

Factor No. (%) No. (%) OR* Lower Upper

Status of drinking water treatment
No 28 22.00 34 14.00 1.00 Reference
Yes 97 78.00 216 86.00 0.55 0.30 1.04

Method of drinking water
No treatment 28 22.00 34 14.00 1.00 Reference
Water filter method 29 23.00 122 49.00 0.28 0.13 0.58
Natural sinking method 68 54.00 94 38.00 1.08 0.54 2.17

Duration of water treatment (years)
No treatment 28 22.00 34 14.00 1.00 Reference
≤6 41 33.00 84 34.00 0.62 0.31 1.28
>6 56 45.00 132 53.00 0.52 0.27 1.00

Salted meat (times/week)
<1 81 65.00 170 68.00 1.00 Reference
1–2 29 23.00 60 24.00 1.17 0.67 2.04
≥3 15 12.00 20 8.00 1.31 0.58 2.95
P trend >0.05

Pickled vegetables (times/week)
<1 44 35.00 122 49.00 1.00 Reference
1–2 35 28.00 69 28.00 1.43 0.78 2.60
≥3 46 37.00 59 24.00 2.64 1.46 4.76
P trend 0.006

Fruit (times/week)
<3 97 78.00 153 61.00 1.00 Reference
≥3 28 22.00 97 39.00 0.55 0.32 0.94

Vegetables (times/week)
<5 16 13.00 26 10.00 1.00 Reference
≥5 109 87.00 224 90.00 0.71 0.34 1.48

Smoking status†
No 38 30.00 92 37.00 1.00 Reference
Yes 87 70.00 158 63.00 1.84 0.81 4.18

Liquor drinking status†
No 53 42.00 136 54.00 1.00 Reference
Yes 72 58.00 114 46.00 2.32 1.21 4.44

*Adjusted for age (as a continuous variable), occupation, and education. †Cigarette smoking was defined as having smoked at least one
cigarette per day for more than 1 year. Liquor consumption was defined as drinking liquor at least 12 times per year for more than 1 year.
CI, confidence interval; EC, esophageal cancer; OR, odds ratio.

It is well established that EC incidence rate
decreased over years in sub-Saharan Africa, Iran,
and China.5–7 EC incidence rates in Nan’ao Island
also decreased from 74.47/105 in period 1995–2004 to
66.09/105 in period 2005–2011, although the decline
was not statistically significant (Supporting Informa-
tion Table S1).4 Nationwide nutritional surveys con-
ducted in China reported quality of diet had been
improved and consumptions of animal products, fruit,
and oil had been increased.17 It is believed that
improvement of dietary habits may play an important
role in the decreasing EC incidence rate in Nan’ao
Island.
Our study indicates that EC incidence rate in

Nan’ao Island is still higher than that in other areas in
south of China such as Guangzhou (7.61/105),Wuhan
(9.00/105), and Xiamen (27.76/105).18 Also, the AIR2
for EC in Nan’ao Island (44.92/105) is much higher
than that in China (14.81/105).18 According to pre-
vious epidemiological studies, family cancer history,
fermented fish sauce, pickled products, alcohol con-
sumption, and tobacco smoking increased the risk of
EC in Nan’ao Island.11,12 Besides, history, chorog-
raphy, and genealogy records indicated that ancestors

of Nan’ao residents migrated from central plains of
China hundreds even thousand years ago, where the
high-risk regions for EC locate. The population in
Nan’ao Island may carry some genetic risk factors for
EC. Recently, inherited susceptibility to EC has been
found in some large families in China.19 Certainly, fur-
ther research is needed to figure out the cause of high
incidence of EC in Nan’ao Island.
Nan’ao males had on average 2.57-fold higher EC

incidence rates compared with that of females, which
was coincided with previous studies.1,2,4–9 When con-
sidering the age of onset, males tend to be much
younger than females and reached a peak of incidence
rate at a younger age. This can be partly attributed
to two aspects: internal factors and external factors.
Internally, females secrete estrogen while males merely
do. Research suggests estrogen inhibits the growth of
EC cells and protects against EC, although no firm
conclusions can yet be drawn of the role of estrogen
in human EC etiology.20 Externally, according to pre-
vious studies, both smoking and alcohol drinking have
been recognized to increase the risk for EC.21–23 Epi-
demiologic Surveys reported that men have had an
earlier, longer, andmore intense exposure to cigarettes
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than women.24,25 Compared with males, females are
more motivated to pursue healthy behavior, being less
likely to be smokers or drinkers. Thus, males, as the
absolute dominate group of smokers and drinkers, are
more likely to contract EC at a young age. According
to our result, for gender disparity at EC onset age, the
targeted screening age should be 50 years and above
and 55 years and above for males and females, respec-
tively, in this area.
We found that treating drinkingwater bywater filter

or natural sinking method did reduce the risk for
EC, especially the former method. Furthermore, the
longer period the water filter used the higher reduc-
tion in risk for EC. The only source of drinking water
is shallow well water and rain water on this isolate
island. In some high EC areas of China, well water
has been reported to be polluted often by nitroge-
nous compounds.14,15,26 Nitrogenous compounds are
strong animal carcinogens and related to many kinds
of cancers in the nasal cavity, esophageal, and stomach
in several animal models.27,28 Moreover, population-
based studies also show well water polluted with
nitrogenous compounds is significantly related to the
high incidence of EC.14,26 Previous study indicated
that the use of water filter has been identified to reduce
the contaminants in drinking water.16 These may sug-
gested that there are some unknowing contaminants
in the local drinking water and increase the risk for EC
in Nan’ao Island. And this may be one of important
risk factors for the high incidence of EC in Nan’ao
Island. Certainly, further research is needed to figure
out what the exact risk factors is in drinking water.
Additionally, we found consumption of pickled

vegetables and liquor elevated the risk for EC in
Nan’ao Island, which was consistent with previous
studies.21–23,29 Our study confirmed that consump-
tion of fruit was well-established protective factor for
EC in Nan’ao Island. However, the protective effects
between vegetables consumption andECdid not show
a statistical significance in our study. Considering
cigarette smoking, two studies indicated that com-
pared with non-smokers, the pooled OR for current
smokers ranged from 2.32 to 3.73.30,31 However, in
our study, the positive association between cigarette
smoking and EC was not statistically significant. This
may be attributed to the small sample size, and a pos-
sible confounding factor, the environmental polycyclic
aromatic hydrocarbons (PAH). As we know, cigarette
smoke contains a large number of carcinogens, such
as PAH which is risk factor for EC.13 However, PAH
exposure is not considered in this study. We are inter-
esting to explore the association between PAH expo-
sure and EC incidence in Nan’ao Island in further
study.
Three main limitations present in our study. First,

the sample size of case-control study is relatively small,
although all the EC patients alive to date have been
enrolled. Second, we did not quantitatively measure

the diet intake for each participant. However, it is
reasonable to estimate the potential dietary risk fac-
tors for EC by using food frequency items in pre-
test questionnaire. Third, the effects of drinking water
treatment on EC could not illustrate the relationship
between water quality and EC directly, because the
measurements of water quality indices were not tested
at this stage. This may need further studies to confirm
the causality between water quality and EC.
In summary, our study provides the updated data

on the epidemic of EC in Nan’ao Island; shows for
the first time an association between drinking water
treatment and EC onset in Nan’ao, narrowing further
research to the quality of drinking water and EC onset
on this high-risk island; provides reference for future
cancer control strategies of EC in this high-risk area
of China.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in
the online version of this article at the publisher’s web-
site:
Table S1 Comparison of the EC incidence rate (per

105) between the period.
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