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Introduction

Esophagus squamous cell carcinoma (ESCC) contributes a
significant 90% of the total esophagus cancer (EC) cases
worldwide which is an aggressive condition with poor
prognosis and low survival rates.1 Moreover, within the
high-incidence region of ESCC, like South America, Africa,
Iran, and Asia, the etiologies vary.2 Consumption of alternate
sorts of tobacco, alcohol, hot beverages, low fruit or vegetable
diet, processed food, unpiped water, maintaining poor oral
hygiene, and human papillomavirus (HPV) infection are the
few possible risk factors currently being explored for ESCC
worldwide. ESCC has been amajor health concern in Kashmir
valley and Northeastern states of India where risk factors
presently are understudied. This review corroborates the

necessity for conducting large-scale epidemiological studies
in India to elucidate the risk factors associated with ESCC.
Additionally, this review expresses the necessity of present-
ing the EC burden data on the basis of histological subtypes,
considering the paucity of knowledge in this format, and also
viewing the vast differences in their etiologies.2

Materials and Methods

Advanced search option of the PubMed database was used
with the keywords such as “esophagus cancer,” “esophagus
squamous cell carcinoma,” “epidemiology,” “India,” “inci-
dence,” “mortality,” “risk factors,” “treatment,” “survival,”
“prevention,” and their corresponding Medical Subject
Heading terms were used in combination, like “AND” and
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Abstract Worldwide the incidence of esophagus squamous cell carcinoma (ESCC), remains one
of the most common causes of cancer death. ESCC is one of the leading types of cancer
in the North and Northeast regions of India among both genders. Risk factors of ESCC
include tobacco, alcohol, areca nut, hot beverages, low fruit diet, poor oral hygiene,
unpiped water, and human papillomavirus infection. This review tries to elaborate on
various modifiable risk factors for ESCC, which have been studied worldwide and need
to be studied in India. PubMed was used as a search platform using keywords, such as
“esophagus cancer,” “esophagus squamous cell carcinoma,” “epidemiology,” “India,”
“incidence,” “mortality,” “risk factors,” “treatment,” “survival,” “prevention” and their
corresponding Medical Subject Heading terms, were used in combination with Boolean
operators “OR” and “AND.” Studies from India are mostly hospital-based case-control
studies from the North region. Further research is required in India to understand the
etiology, to design large-scale screening and prevention strategies.
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“OR,” to find published studies on ESCC. This review study
was conducted on studies published in English, from the
year 2008 to 2020 on ESCC. We excluded animal model
studies, studies other than on ESCC, commentaries, clinical
or observational veterinary study, and clinical trial studies.
Relevant data on descriptive epidemiology and risk factors
were explored using databases such as the National Health
Portal of India (NHP), Central Water Commission, India
(CWC), National Family Health Survey India (NHFS), National
Centre for Disease Informatics and Research–Indian Council
of Medical Research (NCDIR-ICMR) India, National Cancer
Registry Program (NCRP) of India, Census India 2011, Na-
tional Health Mission India (NHM), International Agency for
Research on Cancer (IARC) Monographs, World Health Orga-
nization (WHO) guidelines, Global Cancer Observatory 2020,
and Cancer Incidence in five continents XI vol. IARC (CI5 XI).

Descriptive Epidemiology
Worldwide, 604,100 new cases and 544,076 cancer death
were estimated for EC in the year 2020.3 India ranks second
in EC incidence trailing China which has the highest inci-
dence of EC. In India, it is the fifth most common cancer type
in males and the sixth most common cancer type in females.
In India, the number of incident cases of esophageal cancer in
2020was 63,180 out of which 40,183weremales and 22,997
females, and the prevalent cases were 68,607.3 The male-to-
female ratio in India is 2.4:1.4 ESCC is the most common
histological subtype among all cancer registries in India. The
top five cancer registries having the highest incidence rate of
ESCC are Mizoram, Kamrup Urban, Cachar, Sikkim, and
Tripura registries.5 As per the hospital-based cancer registry
report, the esophagus was the leading site in KMIO—Banga-
lore, AMC—Dibrugarh, BBCI—Guwahati, and in PGIMER—
Chandigarh among 35 to 64-year-old males.6 However, the
observed incident cases in the year 2020 have already
exceeded the predicted number of incident cases for the
year 2035, showing a significant rise in the incident rates.7

Survival Data
A study from Jammu, India, suggested that the frequency of
survival in ESCCpatients is loweredby intake of red chili, snuff,
and smoking.8 Studies fromChina andBrazil show factors such
as gender, marital status, occupation, family history of any
cancer, tumor topographical site, differentiation status, and
pathological reports, are independent risk factors affecting the
overall survivalofEC.9,10Other factors suchas,weight loss (kg),
and bodymass index (BMI) variation (kg/m2) predict the stage
atdiagnosis in theESCC.10TheSurveillance, Epidemiology, and
End Results (SEER) report of 18 regions from the year 2002 to
2008 for 5-year relative survival in EC continues to be low at
around 16.9%.11 The overall survival of EC is 5 to 30% as stated
by the ICMR report. The disease is mostly detected at a stage
where it is inoperable in most patients (70–80%), andwith an
expected survival of 7 to 12 months.

Risk Factors
Recent developments and finding in epidemiological stud-
ies have led to the identification of many risk factors

associated with ESCC worldwide which need to be studied
in India. ►Fig. 1.

Strongly Associated

Tobacco Use
Exposure to tobacco smoke and chewing tobacco products
has been associated with ESCC. Case-control studies in India
have seen a two- to seven-fold increase in the risk of ESSC for
chewing tobacco, betel quid with tobacco having a dose–
response relationship.12 In India, the risk of developing
tobacco-related cancer was found highest in the Northeast-
ern region with maximum risk found for EC in women.13

Hospital-based studies from India suggest an increase in the
risk of ESCC by smoking tobacco, in the form of cigarettes,
bidi, and hookah.14–16 Habits such as consumption of nass,
snuff, paan chewers, and betel quid chewers also increase the
risk of ESCC.14,15,17 Along with cigarettes, other forms of
tobacco smoking such as hookah pipes, and cigars exhibit
similar risks on ESCC. A study from India on secondhand
smoking and ESCC risk reported odds ratio (OR) of 1.32 in
exclusive secondhand smokers (never tobacco users), and OR
of 3.41 in second-hand smokers who are active chewers,
suggesting additive effects of tobacco-related carcinogens16

(►Table 1). However, there are only a few studies in India
evaluating the risk of tobacco chewing and its association
with ESCC and adjusting for potential confounders.

Alcohol Use
Alcoholic beverages are known to be casually associatedwith
ESCC as reported by IARC monograph.18 A hospital-based
case-control study from India found an increased riskof ESCC
when associated with alcohol consumption, but without
adjusting for all potential confounders, that is, tobacco
chewing and smoking habits.14 Another study from India,
by Singh et al, reported statistically significant multivariate
OR of 2.21, among ever alcohol drinkers for ESCC.17 Although
alcohol intakehas a strong associationwith ESCC, few studies
have observed a J-shaped relationship (rather than a linear
relationship) between alcohol consumption and increased
risk of ESCC.19,20 Hence, designing health care policies is a
challenge21 (►Table 2).

Possibly Associated

Areca Nut
IARC has considered areca nut (AN) as a group-1 human
carcinogen in 2003.22 AN is consumed widely in Asian
countries like India, Pakistan, Bangladesh, and Sri Lanka,
with consumption observed higher in females.23 A Taiwan
study indicated that AN chewing history is significantly
associated with the onset of cancer from a younger age
and with poor response to chemoradiotherapy, in ESCC
patient.24 A meta-analysis study from Asia suggested that
chewing AN was independently and significantly associated
with an increased risk of ESCC.25 Studies from India have
shown a dose–response relationship and combined effect of
tobacco consumption and AN (►Table 3).
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Poor Oral Health
A population-based case-control study from China, indicat-
ing habits of tooth brushing once or less per day, compared
with tooth brushing twice or more per day, among non-
smokers and nondrinkers showed significant association
with a 1.81-fold increased risk of ESCC.24 The Golestan
cohort study from Iran suggested that tooth loss is inde-
pendently and positively associated with ESCC.26 A recent
case-control study from Africa showed increased ESCC risk
when associated with decayed teeth and missing teeth27

(►Table 4). A research study from India, Kashmir region
showed an inverse association between cleaning teeth and
ESCC risk, especially with toothbrushes compared with
sticks or other tools of brushing, supporting previous
studies from other high-risk countries.28 A cross-sectional
study published in 2019 from rural India to understand the
prevalence of oral disease concluded that the prevalence of
dental caries was 76.4%. The decayed, missing, and filled
teeth (DMFT) score of subjects who did not use tooth-
brushes and toothpaste was significantly higher and the
awareness about oral hygiene was observed to be low in the
general population.29

Social Economic Status
Higher incidence of ESCC is observed in low or middle-
income countries as compared with high-income coun-
tries.30 A population-based case-control study from Gole-
stan, Iran, indicates a strong inverse association between

education, wealth, and being married with the risk of devel-
oping ESCC. A Swedish cohort study showed that divorce,
widowhood, living alone, low educational attainment, and
low income increased the risk for ESCC along with other
subtypes of EC.31 A study from China published in 2018
showed higher education (OR¼0.60), larger house area per
person (OR¼0.71), and higher wealth score (OR¼0.43)were
associated with a low risk of ESCC, and patients possessing
several household appliances (>5 years) also had a lower
ESCC risk.32 Similar findings from a case-control study
published in 2013, from Kashmir, India, observed that low
socioeconomic status is associatedwith a high risk of ESCC.33

Another study fromNorth India suggests poor socio econom-
ic status results in lack of fresh fruit and vegetable intake and
which is suspected to be one of the risk factors in develop-
ment of esophageal cancer34 (►Supplementary Table S1;
available in the online version).

Although socioeconomic status is observed to be associ-
ated with esophageal cancer, it is not the direct cause in the
development of esophageal cancer. The low socioeconomic
status affects esophageal cancer through various causal
pathways which include its association with poor nutrition,
higher rates of tobacco consumption, and higher proportion
of infection with HPV.

Diet
High consumption of fruits andvegetables showed an inverse
association with the development of ESCC as reported in a

Fig. 1 Classification of associated risk factors with ESCC according to strength of evidence. (A) Strong: risk factors having strongest association
as per literature are mentioned in this group followed by (B) Possibly associated risk factors, (C) Probably associated risk factors, and (D)
risk factors having limited evidence. ESCC, esophagus squamous cell carcinoma
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few studies.35 Processed food is a source of N-nitroso amines
compounds which play important role in the high risk of
ESCC. N-Nitroso amines in processed meats are labeled as
carcinogenic (group 1) in 2015 by IARCmonographs and also
red meat is classified as (group 2A) carcinogenic.36,37 A
cohort study from the Netherlands showed that the con-
sumption of vegetables and fruits has an inverse association
with ESCC.38 A population-based case-control study in China
mentioned a strong association between consumption of
salted meat and ESCC.39 A case-control study from the
Golestan region in Iran indicated direct association between
red meat consumption and ESCC.40 Another cohort study
from Golestan showed that a dietary deficiency of zinc and
calcium is associated with ESCC.41 A study from India,
observed that lower intake of fresh vegetables and fruits is
suspected to be a major risk factor for the development of
ESCC34 (►Supplementary Table S2; available in the online
version). In India, the high-risk regions of ESCC consume
majorly processed red meat, fermented vegetables, fer-
mented black mustard seeds, and fermented fish to enhance
the flavors and preserve the food during scarcity.42

Very Hot Beverages/Food
Drinking very hot beverages (�65°C) is one of the probable
risk factors for ESCC as reported by the IARCmonograph and
is classified as group-2A carcinogen.43,44 A recent cohort
study from Iran and a case-control study from Kenya
strengthen the evidence for a strong association between
very hot beverage consumption and risk of ESCC.27,45 A
population-based cohort study from China observed an
increase in EC associated with a combination of hot tea,
excessive alcohol, and tobacco.46 A study from South Amer-
ica showed that hot mate drinking was associated with ESCC
risk.47 In India, a case-control study from Kashmir indicated
that the habit of drinking salt tea was strongly associated
with the risk of developing ESCC and not the consumption of
hot tea. Although, it could be due to variations in reporting
tea-drinking temperature48 (►Supplementary Table S3;
available in the online version).

Probably Associated

Indoor Air Pollution
Indoor air pollution or household air pollution occurs from
the combustion of cooking fuel and has been studied as one
of the risk factors for esophageal cancer. In the rural area of
the developing countrieswhere the incidence of ESCC is high,
cooking fuels like coal, charcoal, wood, crop residue, animal
dung, and other smoke-producing fuel are used for daily
cooking. Compared to males, females are at a higher risk of
indoor air pollution since most of the cooking is done by
females in developing countries andwhere most of them are
non-smokers or non-drinkers.49 These fuels generate smoke
containing Polycyclic Aromatic Hydrocarbons (PAH) which
are classified as group 1, that is, carcinogenic to humans as
per IARC.50 A study from Iran, indicated that PAHs played a
causal role in the etiology of esophageal cancer in high-risk
population.26 A study from Northern India suggested thatTa

b
le

1
(C
on

tin
ue

d)

Ex
p
os

ur
e

R
is
k
es
ti
m
at
es

(9
5
%

C
I)

C
as
e/
co

n
tr
o
l

St
ud

y
Ye

ar
PM

ID
Lo

ca
ti
o
n

C
as
e

ty
pe

Sa
m
pl
e
si
ze

(c
as
e/
co

n
tr
o
l)

St
ud

y
de

si
g
n

A
d
ju
st
m
en

t
fa
ct
o
rs

Ev
er

sm
ok

er
H
R
¼
1.
36

Fa
n
et

al
20

08
18

44
41

69
Sh

an
gh

ai
EC

10
1

C
oh

o
rt

Le
ve
lo

f
ed

uc
at
io
n,

bo
dy

m
as
s
in
d
ex
,
nu

m
be

r
of

dr
in
ks

co
ns
um

ed
pe

r
da

y,
nu

m
be

r
of

ye
ar
s
of

dr
in
ki
ng

,
an

d
su

m
m
ed

in
ta
ke

s
of

pr
es
er
ve

d
fo
o
d
it
em

s,
fr
es
h
fr
ui
ts
,

an
d
fr
es
h
ve

ge
ta
b
le
s

Sm
ok

in
g
to
b
ac
co

in
de

x
(d
ai
ly

to
ba

cc
o
in
ta
ke

�
du

ra
ti
on

of
sm

ok
in
g)

ov
er
al
ls
ur
vi
va
l

H
R
¼
1.
21

Li
u
et

al
20

20
32

07
15

96
C
h
in
a

ES
C
C

94
4

C
oh

o
rt

M
ul
ti
va

ri
at
e

Sm
ok

el
es
s
to
ba

cc
o
us
er
s

O
R
¼
2.
06

–1
2.
8

G
up

ta
et

al
20

18
30

26
47

55
Ea

st
er
n

M
ed

it
er
ra
ne

an
EC

80
st
ud

ie
s

M
et
a-
an

al
ys
is

Ex
-s
m
ok

er
s

H
R
¼
1.
29

C
h
o
et

al
20

17
28

97
30

12
Ko

re
an

EC
9,
17

1
C
oh

o
rt

A
g
e,

ge
nd

er
,
ex
er
ci
se
,i
n
co

m
e,

BM
I,
di
ab

et
es

m
el
lit
us
,

an
d
al
co

ho
l

C
u
rr
en

t
sm

ok
er
s

H
R
¼
1.
87

C
h
o
et

al
20

17
28

97
30

12
Ko

re
an

EC
9,
17

1
C
oh

o
rt

A
g
e,

ge
nd

er
,
ex
er
ci
se
,i
n
co

m
e,

BM
I,
di
ab

et
es

m
el
lit
us
,

an
d
al
co

ho
l

A
b
br
ev

ia
ti
on

s:
BM

I,
bo

d
y
m
as
s
in
de

x;
C
I,
co

nfi
de

nc
e
in
te
rv
al
;
EC

,
es
o
ph

ag
us

ca
nc

er
;
ES

C
C
,
es
o
ph

ag
us

sq
ua

m
ou

s
ce
ll
ca
rc
in
om

a;
H
R,

ha
za
rd

ra
ti
o
;
O
R
,
od

ds
ra
ti
o
;
R
R
,
re
la
ti
ve

ri
sk
.

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

An Epidemiological Review on ESCC in India Rajput et al. 397



Ta
b
le

2
C
ha

ra
ct
er
is
ti
cs

of
al
co

ho
ls
tu
di
es

fo
r
ES

C
C
in

th
e
po

p
ul
at
io
n
of

In
di
a
an

d
w
or
ld
w
id
e

Ex
p
o
su

re
R
is
k
es
ti
m
at
es

(9
5
%

C
I)

C
as
e/
co

nt
ro
l

St
u
d
y

Ye
ar

PM
ID

Lo
ca

ti
o
n

C
as
e

ty
pe

Sa
m
p
le

si
ze

(c
as
e/
co

nt
ro
l)

St
u
d
y
d
es
ig
n

A
d
ju
st
m
en

t
fa
ct
o
rs

In
d
ia
n
st
ud

ie
s–

al
co

ho
l

A
lc
oh

ol
O
R
¼
1.
8

66
/1
31

G
an

es
h
et

al
14

20
09

19
84

63
60

M
um

ba
i

ES
C
C

44
2/
1,
62

8
C
as
e
co

nt
ro
l

A
g
e,

ge
nd

er
,r
es
id
en

ce
an

d
oc

cu
p
at
io
n

A
lc
oh

ol
O
R
¼
2.
21

41
/2
2

Si
ng

h
et

al
17

20
15

26
04

59
81

A
ss
am

EC
11

0/
75

C
as
e
co

nt
ro
l

N
ot

m
en

ti
on

ed

Zu
(l
oc

al
liq

uo
r)

O
R
¼
1.
34

32
/2
8

La
lp
aw

im
aw

ha
20

16
N
ot

fo
un

d
M
iz
or
am

EC
13

8/
27

6
C
as
e
co

nt
ro
l

Be
te
lq

ui
d
co

ns
um

pt
io
n,

to
ba

cc
o

co
ns

um
pt
io
n,

sm
ok

in
g,

BM
Ia

t
20

ye
ar
s
of

ag
e
an

d
fa
m
ily

hi
st
or
y

of
ca

nc
er
;e

du
ca
ti
on

le
ve
la

nd
in
co

m
e
le
ve
l,

di
et
ar
y
ha

bi
ts

an
d
ph

ys
ic
al

ac
ti
vi
ty

ex
ce

pt
fo
r
ea

ch
in
d
ep

en
de

nt
va

ri
ab

le

Zu
(l
oc

al
liq

uo
r)

þ
co

m
m
er
ci
al

O
R
¼
9.
82

21
/1
2

La
lp
aw

im
aw

ha
20

16
N
ot

fo
un

d
M
iz
or
am

EC
13

8/
27

6
C
as
e
co

nt
ro
l

In
te
rn
at
io
na

ls
tu
d
ie
s–

al
co

ho
l

M
ild

-t
o-
m
od

er
at
e

dr
in
ke

rs
H
R
¼
1.
52

C
ho

et
al

20
17

28
97

30
12

Ko
re
an

EC
5,
83

9
C
oh

or
t

A
g
e,

ge
nd

er
,e

xe
rc
is
e,

in
co

m
e,

BM
I,

di
ab

et
es

m
el
lit
us

,a
nd

sm
ok

in
g
st
at
us

H
ea

vy
dr
in
ke

rs
H
R
¼
3.
13

C
ho

et
al

20
17

28
97

30
12

Ko
re
an

EC
5,
83

9
C
oh

or
t

A
g
e,

ge
nd

er
,e

xe
rc
is
e,

in
co

m
e,

BM
I,

di
ab

et
es

m
el
lit
us

,a
nd

sm
ok

in
g
st
at
us

Li
gh

t
dr
in
ke

r
RR

¼
1.
25

Is
la
m
ie

t
al
20

20
11

21
19

01
91

Ir
an

,
It
al
y,

Fr
an

ce

ES
SC

16
st
ud

ie
s

Sy
st
em

at
ic

re
vi
ew

an
d

m
et
a-
an

al
ys
is

Sy
st
em

at
ic

re
vi
ew

an
d
m
et
a-
an

al
ys
is

M
od

er
at
e
dr
in
ke

r
RR

¼
2.
32

Is
la
m
ie

t
al
20

20
11

21
19

01
91

Ir
an

,
It
al
y,

Fr
an

ce

ES
SC

27
st
ud

ie
s

Sy
st
em

at
ic

re
vi
ew

an
d

m
et
a-
an

al
ys
is

Sy
st
em

at
ic

re
vi
ew

an
d
m
et
a-
an

al
ys
is

H
ea

vy
dr
in
ke

rs
RR

¼
5.
38

Is
la
m
ie

t
al
20

20
11

21
19

01
91

Ir
an

,
It
al
y,

Fr
an

ce

ES
SC

20
st
ud

ie
s

Sy
st
em

at
ic

re
vi
ew

an
d

m
et
a-
an

al
ys
is

Sy
st
em

at
ic

re
vi
ew

an
d
m
et
a-
an

al
ys
is

A
b
br
ev

ia
ti
on

s:
BM

I,
bo

d
y
m
as
s
in
de

x;
C
I,
co

nfi
de

nc
e
in
te
rv
al
;
EC

,
es
o
ph

ag
us

ca
nc

er
;
ES

C
C
,
es
o
ph

ag
us

sq
ua

m
ou

s
ce
ll
ca
rc
in
om

a;
H
R,

ha
za
rd

ra
ti
o
;
O
R
,
od

ds
ra
ti
o
;
R
R
,
re
la
ti
ve

ri
sk
.

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

An Epidemiological Review on ESCC in India Rajput et al.398



using cooking fuels, like electricity (OR¼0.24), and LPG
(OR¼0.10) were associated with lower ESCC risk in compar-
ison to using less expensive fuels in the region, like animal
dung, firewood, and biomass33 (►Supplementary Table S4;
available in the online version).

Unpiped water/Drinking Water Contamination
Relation between drinking water quality and cancer has
been studied for a long time. Drinking water contaminants
like arsenic (group 1), nitrates (group 2A), and disinfection
by-products (groups 2B and 3), all are classified as carcino-
genic by IARC monograph classification.51 However, a study
from Sri Lanka showed contradicting results where pipe-
borne water was seen to have a six-fold risk for EC com-
pared with the present study with other sources of water,
but it could be due to other factors of water storage, and
sanitization after collection of water.52 Whereas, a study
from Golestan observed a dose–response relationship be-
tween the duration of drinking unpiped water and ESCC26,40

(►Supplementary Table S5; available in the online version).
On the National Health Portal (NHP) of India, it is men-
tioned that the total urban and rural population consumes
only 43.5% of their drinking water from the tap, the
remaining population drinks water from unpiped sources,
that is, well (11%), tube well (8.5%), hand pump (33.5%),
spring (0.5%), river or canals (0.6%), pond or lake (0.8%), and
other source (1.5%),53 making it a necessary exposure to be
studied.

Limited Data or No Data Associated

Obesity
Waist-to-hip ratio (WHR) and body mass index (BMI) are
strong factors representing obesity in a population. Obesity
is strongly associatedwith esophagus adenocarcinoma (EAC)
as per many published studies worldwide. There are limited
studies studying obesity as a risk factor in association with
ESCC.30 A recent study published from the United Kingdom,
Biobank cohort, suggested that no significant associations
were observed with anthropometric measurements or body
fat composition in men,54 and inwomenmeasurements, like
weight, BMI, hip circumference, waist circumference, waist-
to-height ratio, body fat, and trunk fat percentage were all
inversely associatedwith ESCC55 (►Supplementary Table S6;
available in the online version ). In India, this exposure in
association with ESCC is still quite unexplored.

Dental Fluorosis
Natural fluoride belts are found in regions from Jordan,
Egypt, Libya, Algeria, Sudan, Kenya, Turkey, Iran, Afghanistan,
India, Northern Thailand, and China, and similar fluoride
belts are observed in the United States and Japan.56 Fluoride
carcinogenicity in humans is understudied and is being
classified in group 3 as per IARC monograph.36 ESCC is
plausibly associated with dental fluorosis as per recent
findings from a case-control study in Kenya27

(►Supplementary Table S7; available in the online version).
Dental fluorosis is endemic as per the data published in the
National Health Profile report 2019 from India and, presents
a total number of 10,379 rural habitations from 16 states,
showing exceeding levels of fluoride in their source of
drinking water and highlights the need for safe drinking
water in these habitations.53 Studies in India show a high
groundwater fluoride level correlation with a high preva-
lence of dental fluorosis in regions like the Northwest, South,
and East, including the Gangetic Plains which warrants the
needs to study it as a risk factor in the development of
ESCC.57–59

Heavy Metals Consumption
Heavy metals, like cadmium, lead, chromium (IV), and
arsenic, have been found in drinking water and farm soil,
all of which have been, classified as carcinogenic(group-1)
by IARC monograph.51 A study from Taiwan suggested an
increased level of nickel in farm soil is associated with the
prevalence of EC.60 A study from Iran observed high-lead
intake from vegetables could be prevented in high-risk
regions of ESCC which is beyond suggested levels by
WHO61 (►Supplementary Table S8; available in the online
version). In developing countries, like India, most of the
population is dependent on surface water and groundwater
as a source of drinking water, hence most of the habitats are
exposed to the presence of excess arsenic in the drinking
water source.62

Human papillomavirus (HPV) Infection
A meta-analysis study conducted in the Chinese population
reported pooled OR of 6.36 for HPV 16 infection and EC.63

Another meta-analysis study on HPV types in ESCC observed
OR of 3.55 for HPV 16 infection and OR of 1.25 for HPV 18
infection.64 HPV 16 was found to be the most frequently
observed genotype in ESCC (►Supplementary Table S9;
online only).

Table 3 Characteristics of areca nut studies for ESCC in population worldwide

Exposure Risk
estimates
(95% CI)

Study Year PMID Location Case
type

Sample size Study design

International study–areca nut

Areca nut OR¼3.05 Akhtar et al25 2013 23224324 Kuwait ESCC 12 case-control
study

Meta-analysis

Areca nut and
tobacco smoking

OR¼6.79 Akhtar et al25 2013 23224324 Kuwait ESCC 6 case-control
study

Meta-analysis

Abbreviations: CI, confidence interval; ESCC, esophagus squamous cell carcinoma; OR, odds ratio.
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Occupation
Occupational hazard as a risk factor in association with ESCC
has received less attention. A population-based case-control
study conducted in China showed OR of 1.69 injobs involving
high physical labor.32 In India, a few studies conducted
in Kashmir published that the risk of workers who are
highly physically active or who are engaged in physically
strenuous work are at higher risk of developing ESCC33,65

(►Supplementary Table S10; available in the onlineversion).

Ruminants
Contact with the animal has been a risk factor which has not
studied extensively, butwehave a fewcase-control studies that
mention the risk of ESCC from the contact with ruminants. A
case-control study from India observed the association be-
tween daily close contact with animals and increased risk of
ESCC as compared with no animal contact group. Animal
contact for more than 50 years was associated with an in-
creased risk, showing adose–responseassociationwithESCC.66

Another case-control study from Iran showed an increased risk
ofESCCwhen in contactwith caninesand ruminants in theever
contact group as comparedwith the groupwhich was never in
contact. Also, therewas a dose–response relationship observed
with the level of contact with the animals67 (►Supplementary

Table S11; available in the online version).

Prevention

Lifestyle modifiable changes could be adapted to prevent the
risk of developing ESCC. Strong evidence suggests cessation of
smoking tobacco, chewing tobacco, and drinking alcohol
should be followed in high-risk populations. Improving socio-
economic status reduces the risk of EC.32,33,68 Studies recom-
mend a healthy diet with fresh vegetables and fruits that
will help reduce the risk of developing ESCC. Pickled and
salted food intake needs to be avoided, along with processed
meat.35,37–39,69 Behavioral changes are needed in a high-risk
region where the intake of hot beverages is a common tradi-
tion.43 Endoscopic screening and surveillance for conditions,
such as dysplasia in the esophagus can lead to a reduction in
the incidence of ESCC and reduce in the mortality rate.70

Management of symptoms that can lead to conditions, like
dysplasia, can be decreased with the help of pharmaceutical
drugs, lifestyle changes, diet modifications, and diagnostic
testing. Early detection and classification of high-risk popula-
tions can be done with help of a risk prediction model.
Vaccination programs for a defined high-risk population can
prevent cancer incidences. Maintaining regular oral hygiene
prevents tooth loss and helps in preventing injury in the inner
lining of the esophagus. Early age lifestyle modifications can
help maintain health in the context of ESCC prevention.71

Discussion on Gaps in the Literature, Indian
Perspective

In India, tobacco smoking inmales is 19% and in females is 2%.
On the another hand, smokeless tobacco prevalence inmales is
29.6% and in females is 12.8%.72 Association of different types

of chewing tobacco and betel nut needs to be identified.
Similarly, association with different types of tobacco smoke
products, including bidi, needs to be studied in the Indian
population adjusting for potential confounders. The duration
of consumption and content of the local liquor consumed in
high-risk regions of India in association with ESCC have not
been studied yet. Traditional alcoholic beverages carrying
cultural significance are commonly consumed during various
special occasions in the high ESCC incidence region of India.42

Similarly, rawANsor fermentedonesare commonlyconsumed
alone or with betel leaf in high ESCC incidence region of India,
thus they need to be studied in association with ESCC. Fer-
mented, spicy, and processed food are consumed extensively
in the high ESCC incidence region of India to meet their needs
in extreme environmental conditions. Therefore, research on
understanding the carcinogenic factors developed during food
processing can help to design preventive policies for food
preservations and cooking in high ESCC incidence regions.

In India, according to NHFS4 data, 55.7% of the rural
population uses wood as their source of cooking fuel, and
only 44% of the total urban and rural households had clean
cooking fuel.73 Indoor air pollution and socioeconomic status
could be related since the population which has high social
economic status (SES) can afford clean fuel for cooking and
has low exposure to indoor air pollution. To understand the
relation between indoor air pollution and the risk of ESCC
development, we need further investigation. As per the
NHFS4 survey data of India, rural households rely most on
tube wells or boreholes (51%), followed by water piped into
their dwelling, yard, or plot (18%).73 In India, sincemore than
half of the population lives in rural areas where tap water is
unavailable most of the time, unpiped water consumption
could be a potential risk for ESCC.

Conclusion

ESCC carcinoma affects millions of people worldwide every
year having a poor prognosis and poor survival rate, especially
in developing countries. A rapid increase in the incidence rate
of ESCC needs the implementation of new strategies for
diagnosis, treatment, and containment of the disease. The
review studies modifiable risk factors, like obesity, unpiped
water, dental fluorosis, heavy metals, diet, SES, and HPV,
showing very few or no studies from India. The review
indicates that there is a need to conduct descriptive, as well
as large-scale analytical studies in India for generating evi-
dence for risk factors associated with ESCC. Strict actions
against the usage of modifiable risk factors leading to ESCC
can be opted by the government policymakers to prevent such
health conditions and improve overall public health.
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