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ABSTRACT
Background and aims: Upper gastrointestinal adenocarcinomas show an unexplained male predominance that
is more apparent in oesophagus than stomach and in
intestinal than diffuse histological subtype. We have
conducted a population-based study to determine
whether the gender phenomenon is primarily related to
the anatomical site or the histological subtype.
Method and materials: Of 3270 gastric and oesophageal cancers recorded in the West of Scotland Cancer
Registry, 1998–2002, 812 were randomly selected for
detailed analysis. The Lauren histological subtype of
adenocarcinoma was determined by reviewing 1204
original reports and 3241 biopsies.
Results: Analysis included 405 non-cardia cancers, 173
cardia cancers and 209 oesophageal adenocarcinomas.
Crude incidence rate of intestinal subtype was higher in
males (23.86/100 000 person-years) versus females
(9.00/100 000 person-years), giving a male/female (M/F)
ratio of 2.65 whereas diffuse subtype was similar for both
genders (5.58 vs 5.20/100 000 person-years) yielding M/
F of 1.07. The M/F ratios for oesophageal, cardia and noncardia gastric cancer were 3.5, 2.0 and 1.6, respectively.
Multiple logistic regression indicated that the odds of
male gender was related to the histological subtype rather
than anatomical location (odds ratio 2.6, 95% confidence
interval 1.78 to 3.9). Curve fitting of the age-specific
incidence of intestinal subtype indicated that similar
functions describe the rise in incidence with age in males
and in females. However, the age-specific incidence of
female intestinal subtype was delayed by 17.3 years. The
M/F ratio of intestinal subtype was 3.41 at age
,50 years, peaked at 7.86 at age 50–59 years and then
showed a progressive decrease after 50–60 years of age.
Conclusion: Male predominance of upper gastrointestinal adenocarcinoma is related to the intestinal histological
subtype rather than tumour location and is due to marked
delayed development of this subtype in females prior to
50–60 years of age.

A remarkable and unexplained characteristic of
upper gastrointestinal adenocarcinoma is its male
predominance. This male predominance of gastric
cancer is related to the histological subtype of the
tumour. Gastric adenocarcinoma may be of the
intestinal or diffuse histological subtype as
described by Lauren.1 The intestinal subtype is
strongly linked to chronic Helicobacter pylori superficial gastritis. According to Correa et al,2 the latter
may induce intestinal metaplasia of the gastric
mucosa from which the intestinal subtype cancer
16

is thought to develop. The diffuse histological
subtype of gastric cancer is less strongly associated
with H pylori infection and genetic predisposition is
thought to be more important.3–5 The gender
phenomenon is more marked in gastric cancer of
the intestinal versus diffuse histological subtype
and this has been described well by Sipponen and
colleagues.6 However, few, if any, cancer registries
have reliable records of the histological subtype of
gastric and oesophageal cancer and therefore true
population-based incidence studies of the influence
of gender on intestinal versus diffuse gastric cancer
are lacking.
Interest in the role of gender in upper gastrointestinal cancer has been rekindled by the rapidly
rising incidence of adenocarcinoma of the oesophagus in the Western world.7 These cancers also
demonstrate a marked male predominance and
tend to present at a younger age in males.8
Adenocarcinoma of the oesophagus is considered
to be a consequence of chronic damage to the
squamous mucosa of the distal oesophagus by acid,
pepsin and probably bile refluxing from the
stomach and small intestine.9 10 In response to this
chronic damage, the oesophageal squamous epithelium undergoes metaplasia to become columnar in
type and eventually resembling that of the small or
large intestine.11 12 Oesophageal adenocarcinoma is
thought to arise from this intestinal metaplasia
and histologically resembles the intestinal subtype
of gastric adenocarcinoma.
Global data from cancer registries suggest that
the male predominance of upper gastrointestinal
cancer is related to the anatomical location, being
higher for adenocarcinoma of the oesophagus and
lower for adenocarcinoma of the distal stomach.13
The male-to-female ratio of age-standardised incidence rates for oesophageal adenocarcinoma in
Scotland is of the order of 4.5:1, for adenocarcinoma of the proximal cardia region of the stomach
or gastro-oesophageal junction it is 3.5:1 and for
more distal gastric cancer it is 2.0:1.14 However, the
proportion of the intestinal histological subtype
differs according to anatomical site and it is unclear
whether it is the anatomical site or the histological
subtype which is associated with the gender
phenomenon.
Understanding the point at which the gender
phenomenon is acting will facilitate unravelling its
mechanism. We have therefore conducted a population-based study to determine whether the
gender phenomenon is primarily related to the
Gut 2009;58:16–23. doi:10.1136/gut.2008.161331
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anatomical site or to the histological subtype of adenocarcinoma of the upper gastrointestinal tract. This has been
conducted in the west of Scotland, a region with a moderately
high incidence of gastric cancer and with the highest recorded
incidence of oesophageal adenocarcinoma in the world.14 Our
findings indicate that the intestinal subtype has the greatest
impact on the gender ratio and this is unrelated to whether the
carcinoma has developed in the oesophagus or distal stomach.
Our study also indicates that the gender phenomenon is due to
the development of the intestinal subtype of cancer being
delayed by 17.3 years in females.

METHODS AND MATERIALS
The study was based on patients with a diagnosis of gastric or
oesophageal cancer recorded in the West of Scotland Cancer
Registry between 1998 and 2002. The Cancer Registry covered
more than half the Scottish population at this time. The registry
constantly monitors data quality to evaluate reliability of
recorded diagnosis. According to a recent reliability report in
1997, there was a 97% agreement in coding the major tumour
site category based on ICD-10 and only 2% discrepancy in
microscopic verifications of tumours.15 Registration of cancers
based on ‘‘death certificate only’’ criteria for all malignant
neoplasma, excluding non-melanoma skin cancer was only 0.4%
in 1997.15 For the time period included in our study, the
estimated completeness of cancer registration was .96%.16

Selection process
We collected the tumour identification number of all cases of
gastric and oesophageal adenocarcinoma recorded in the west of
Scotland during the 5 year period 1998–2002. The study was
conducted on histology slides and records of 812 randomly
selected patients from a total of 3270 cases of gastric and
oesophageal cancers recorded in the database. The number of
samples was stratified by tumour site to ensure that the sites are
present in the sample in the same proportion as in the
population. A random sample of pre-defined size was selected
from each group of cancers (approximately 25% for each site).
Randomisation was performed with a computerised random
number generator (SPSS, Chicago, Illinois, USA). To be included
in the study, all cases were required to have histological samples
available for microscopic verification.

Histological study
All pathology records of sampled subjects were reviewed for
microscopic diagnosis and anatomical site of tumour using ICD10 and ICD O-2. The histological subtype of adenocarcinoma
was determined by the Lauren classification.1 When the
information on the pathology reports was inadequate, the
original microscopy slides were re-evaluated by the study
pathologists using the Lauren classification. In order to ensure
compatibility of reported classifications with our study definitions, at least 10% of all specimens with complete histology
records were selected randomly for re-examination using the
same protocol.

Statistical analysis
Binary logistic regression models were used to estimate the
relationship between the odds of male gender (dependent
variable) and histological subtype, tumour location and age
(independent variables). The histological subtype included
intestinal and diffuse subtypes but not mixed subgroup due to
a very small percentage of this type in the population sample.
Gut 2009;58:16–23. doi:10.1136/gut.2008.161331

All gastric and oesophageal tumours of histology other than
adenocarcinoma were excluded from analysis. Tumour location
was defined as oesophageal, gastric cardia and gastric non-cardia
as defined in the cancer registry database. Patients were
categorised into five age groups: ,50, 50–59, 60–69, 70–79 and
>80. The 10 year groupings were arbitrarily chosen on
common-sense grounds; the top and bottom groups extend
beyond a decade to ensure all groups have an adequate number
of patients. Grouping age in this way for the logistic regression
means that no assumptions have to be made about the form of
the relationship (eg, linear) between age and the odds of male
gender. The logistic regression models were used to estimate the
odds of male gender for the categories of the independent
variables, the associated 95% confidence intervals and the
associated p values. Logistic regression models were fitted
initially for each independent variable separately. A multiple
logistic regression model was finally fitted including all the
independent variables. All two-way interactions between the
independent variables were initially considered in this multivariable model, but as none were statistically significant at 10%
they were omitted from the final analysis.

Supplementary studies
As the above analysis indicated that male predominance was
associated with the intestinal histological subtype and not
tumour location, we proceeded to investigate characteristics of
the male predominance affecting the intestinal versus diffuse
subtype of tumours. This included modelling the age specific
incidence in males versus females in the intestinal and diffuse
tumours and also of other tumours in our cancer registry.

Curve fitting age-specific cancer incidence data
A curve fitting approach was taken to quantitatively describe
the age-specific incidence of cancer using non-linear regression
analysis. The equation I(t) = a6(t2d)b was fitted to the agespecific incidence data using the SOLVER function of Excel.17 In
this equation, It is the age-specific incidence of cancer (per
100 000 person-year) at age t (the mean age of the group); and a,
b and d are regression constants, where a is a scaling factor, b is a
power term that reflects the rate of incidence with age and d is a
delay term for the time between birth and age of increased
incidence above zero. A logic IF function was used in Excel such
that when t,d (t2d,0), I(t) = 0. Thus only when d.t was
I(t).0.
The difference between the data and the model (sum of the
square differences (SS)) was computed and the target function
which was minimismed by non-linear regression analysis using
generalised reduced gradient (GRG2) non-linear optimisation
was the root mean square of SS. Curve fits were obtained using
similar starting estimates for all age-specific incidence data.

Comparison of gender related, age-specific incidence with other
cancers
The 1998–2002 average age-group-specific incidence (per
100 000 person-years) were extracted from the ISD Scottish
Cancer Registry for cancer of the oesophagus, adenocarcinoma
(ICD-10: C15, ICD-O-2 various); cancer of the oesophagus,
squamous cell (ICD-10: C15, ICD-O-2 8050-8076); cancer of the
lung, squamous cell carcinoma (ICD-10: C33-34; ICD-O-2:
8050–8076), cancer of the lung, adenocarcinoma (ICD-10: C3334; ICD-O-2: various); cancer of the lung, small cell carcinoma
(ICD-10: C33-34; ICD-O-2: 8040–8045); cancer of the bladder,
squamous cell carcinoma (ICD-10: C67; ICD-O-2: 8051–8076);
17
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Table 1 Crude incidence rates of upper gastrointestinal cancer of the random sample from the West of Scotland by histology and tumour location
Tumour location
Gastric non-cardia
Number

Gastric cardia

Oesophageal adenocarcinoma

Incidence rate*

Number

Incidence rate*

Number

Histology

M

F

M

F

M

F

M

F

M

F

Incidence rate*
M

F

Intestinal
Diffuse
Mixed
Undifferentiated
Other
All types

151
57
9
7
10
234

76
62
6
8
19
171

10.14
3.82
0.60
0.47
0.67
15.73

4.66
3.79
0.37
0.49
1.16
10.48

76
17
4
6
5
108

36
15
3
4
7
65

5.10
1.14
0.27
0.40
0.34
7.26

2.20
0.91
0.18
0.24
0.43
3.98

128
9
6
9
8
160

35
8
2
2
2
49

8.60
0.60
0.40
0.60
0.54
10.75

2.14
0.49
0.12
0.12
0.12
3.00

*Crude annual incidence rate, per 100 000 person-years.
F, female; M, male.

cancer of the bladder, transitional cell carcinoma (ICD-10: C67;
ICD–O-2: 8050, 8120–8122, 8130); cancer of the colon (ICD-10:
C18; ICD-O-2: various); and cancer of the pancreas (ICD-10:
C25; ICD-O-2: various). These cancers were recorded for the
West of Scotland Cancer Registry matching the population for
gastric and oesophageal cancer. The age-specific incidence of
these cancers were also analysed by curve fitting, as described
previously, to examine gender differences in the incidence rate
and the age at which incidence increased above zero.

RESULTS
In total 812 incident cancers with histological diagnosis of
oesophageal adenocarcinoma (C15), gastric cardia cancer
(C16.0) and gastric non-cardia cancer (C16.1–16.9) were
reviewed. Of these, 25 records (3.1%) were excluded because
both original reports and materials were missing (n = 9) or they
were recorded in duplicate (n = 16). After the first round of
document review, 3241 slides from 463 cancer cases were
reviewed because their original records had inadequate information regarding the Lauren histological subtypes. Among 349
reports with adequate information, 42 reports were selected
randomly and related slides were re-evaluated. Classification of
only two cases (,5%) required to be changed (from diffuse
subtype to mixed subtype). The distribution of cancers by sex
and anatomical site in the sample studied showed no statistical
difference from the correspondent entire cancer registry data.
Regardless of anatomical subsite, the upper gastrointestinal
(GI) cancers were more common in males (502, 63.8%) than
females (285, 36.2%). Four hundred and five (51.5%) of the
cancers originated from the non-cardia region of the stomach,
173 (22.0%) from the gastric cardia and 209 (26.6%) from the
oesophagus.
Histologically, 63.8% of all tumours were of intestinal and
21.3% of diffuse subtype (table 1). Of the remaining 117, 25.6%
were mixed type of Lauren classification, 30.8% undifferentiated
carcinoma, and 43.6% of other histological diagnosis. The last
group included adenosquamous carcinoma (n = 1), large cell
carcinoma (n = 1), leiomyosarcoma (n = 1), lymphoma (n = 1),
carcinoid tumour (n = 7), carcinoma in situ (n = 7), squamous
cell carcinoma (n = 10) and metastatic tumours of unknown
origin (n = 23). For the purpose of this study, we only analysed
the data of patients with either intestinal or diffuse type
carcinoma which included more than 85% of incident cancers.
The proportion of histological subtypes varied with tumour
location. Intestinal/diffuse subtype ratio was 163/17 (9.6: 1) for
oesophageal adenocarcinomas, 102/32 (3.2: 1) for cardia and
227/119 (1.9: 1) for non-cardia adenocarcinomas.
18

Association of male predominance with tumour location vs
histological subtype
Gender and histological subtypes
Regardless of anatomical site, the crude incidence rate of
intestinal subtype upper GI adenocarcinoma was higher in
males, at 23.86 per 100 000 person-years, versus females, at 9.00
per 100 000 person-years, resulting in an M/F ratio of 2.65. In
contrast, the crude incidence rate of diffuse subtype adenocarcinoma was similar in males and females (5.58 vs 5.20 per
100 000 person-years) yielding an M/F ratio of 1.07 (table 2 and
fig 1). The gender effect expressed as M/F incidence ratio varied
with age and histological subtype. As shown in fig 2, the M/F
ratio of intestinal subtype cancer was 3.41 at age less than 50,
reached a peak of 7.86 at age 50–59 years, and then showed a
progressive decrease with a minimum of 2.29 at age group
80 years and over. In contrast, M/F ratio of diffuse subtype
cancer was 0.89 at age less than 50 and did not show any
significant changes with increasing age.

Gender and tumour location
Regardless of histological subtype, the male predominance of
adenocarcinoma incidence varied with anatomical location
(table 3). Male predominance was greatest in the oesophagus
with crude incidence rates of 9.21 and 2.63 in males versus
females, respectively (M/F = 3.50). For cardia cancer the crude
incidence rates were 6.25 and 3.12 for males and females,
respectively (M/F = 2.00), and for non-cardia cancer 13.98 and
8.46 (M/F = 1.65).

Multivariable analysis of male predominance risk factors
Multivariable logistic regression including histological subtype,
tumour location and age indicated that the odds of male
gender was mainly related to the histological subtype and age
rather than anatomical location. Although the odds of male
gender was higher for oesophageal versus non-cardia adenocarcinoma when anatomical location was considered alone in
a logistic regression model (odds ratio (OR) 2.11, 95%
confidence interval (CI) 1.41 to 3.17), this relationship with
anatomical location lost statistical significance in the multivariable analysis when histological subtype and age were
added (OR = 1.37, 95% CI 0.88 to 2.12). In addition, the
overall significance level in the logistic regression model for
anatomical location diminished from p,0.001 when it was
considered alone to p = 0.333 when considered together with
age and histological subtype. This suggests that male
predominance in upper GI adenocarcinomas was not primarily
a function of tumour location but rather related to
histological subtype and age (table 4). Intestinal subtype
Gut 2009;58:16–23. doi:10.1136/gut.2008.161331
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Characteristics of male predominance of upper gastrointestinal
adenocarcinoma
The rise in incidence with increasing age was much more
marked in the intestinal versus diffuse subtype (fig 3A,B). For
the diffuse histological subtype the crude and age-specific
incidence rates were similar for males and females. Curve
fitting of the age-specific incidence data for diffuse subtypes
resulted in similar equations: y = 0.016 6 mean age2.007,
R2 = 0.999 and y = 0.016 6 mean age1.954, R2 = 0.989, for male
and females, respectively. The age at which the age-specific
incidence curve rose above zero was similar in males (33.0 years)
and females (35.8 years). For the intestinal histological subtype,
the age-specific incidence data were different for males and
females. Curve fitting indicated a similar incidence rate in males
(y = 0.016 6mean age2.315, R2 = 0.990) and in females (y = 0.016
6mean age2.316, R2 = 0.998). However, the age-specific incidence
curve for females did not appear to deviate from zero until an
older age compared with male intestinal subtype. The age at
which the age-specific incidence curve rose above zero was
28.8 years in males versus 46.1 years in females indicates a delay
of 17.3 years in the appearance of intestinal subtype cancer in
females.

Characteristics of male predominance in other cancers
Analysis of all recorded cases of oesophageal adenocarcinoma in
the Scottish Cancer Registry between 1998 and 2002 produced
similar age-specific incidence curves to that observed in our
random sample of oesophageal adenorcarcinoma with an age
delay in the appearance of intestinal subtype cancer in females
of 15.6 years (table 5). Analysis of age-specific incidence curves
of squamous cell carcinoma of oesophagus, lung cancer (three
common histological types), bladder cancer (two common
histological types), colon cancer (all histologies) and pancreatic
cancer (all histologies) showed no evidence of a gender-related
delay in the incidence of these cancers. This analysis included
squamous cell carcinoma of lung and transitional cell carcinoma
of bladder, which have an M/F ratio of 2.1 and 2.6, respectively.
In the latter cancers, the higher male incidence was due to a
higher rate of increase rate rather than any gender specific delay
in the rise of incidence (table 5).

DISCUSSION

Figure 1 Age specific incidence rates of upper gastrointestinal
adenocarcinoma by gender. (A) combined intestinal and diffuse
subtypes; (B) intestinal subtype; and (C) diffuse subtype.

adenocarcinoma was associated with increased odds of male
gender irrespective of anatomical location or age (OR 2.6, 95%
CI 1.78 to 3.90). Increasing age showed an overall inverse
relationship with the odds of male gender excluding those
aged ,50 years; again this relationship persisted when
anatomical location and histological subtype were considered
in the same logistic regression model.
Gut 2009;58:16–23. doi:10.1136/gut.2008.161331

This study confirms the long-recognised male predominance of
adenocarcinoma of the upper gastrointestinal tract, the crude
incidence rates being 29.44 in males and 14.21 in females. It also
confirms that the degree of male predominance varies by
anatomical site of the adenocarcinoma, being greatest in the
oesophagus (M/F ratio = 3.50), less at the cardia (M/F
ratio = 2.00), and least in the more distal non-cardia region of
the stomach (M/F ratio = 1.65). This relationship between
anatomical site and male predominance has been observed in
several previous studies from different regions of the world.8 18
The proportion of the intestinal to diffuse histological
subtypes varied with anatomical locations, being 9.6:1 in the
oesophagus, 3.2:1 at the cardia and 1.9:1 in the distal stomach
(table 1). A high ratio of the intestinal/diffuse histological
subtypes has been reported in the cardia and non-cardia region
of the stomach in previous studies.4 19–22
A strong association was observed between male predominance and histological subtype. Regardless of anatomical
subtype, the crude incidence rate of intestinal type upper
gastrointestinal tract adenocarcinoma was higher in males, with
an M/F ratio of 2.65:1. In contrast, the crude incidence rates of
19
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Table 2 Distribution of upper gastrointestinal adenocarcinoma in different age groups by sex and histological subtypes
Age group
50–59

,50
Histology
Intestinal subtype

Diffuse subtype

Both subtypes

Male
Female
Total
M/F
Male
Female
Total
M/F
Male
Female
Total
M/F

60–69

70–79

All ages

>80

n

Rate*

n

Rate*

n

Rate*

n

Rate*

n

Rate*

n

Rate{

20
6
26

2.51
0.57

60
8
68

32.56
4.14

94
21
115

65.38
12.50

124
52
176

134.74
38.94

57
60
117

177.11
77.44

355
147
502

23.86
9.00

7
8
15
27
14
41

3.41
0.68
0.75
0.89
2.60
1.32
1.97

14
11
25
74
19
93

7.86
7.56
5.69
1.33
40.16
9.83
4.09

25
17
42
119
38
157

5.23
17.38
10.11
1.72
82.77
22.62
3.66

27
24
51
151
76
227

3.46
29.34
17.98
1.63
164.07
56.93
2.90

10
25
35
67
85
152

2.29
31.07
32.26
0.96
208.18
109.71
1.90

83
85
168
438
232
670

2.65
5.58
5.20
1.07
29.44
14.21
2.07

*Age-specific incidence rate per 100 000 person-years.
{Crude incidence rate per 100 000 person-years.

the diffuse subtype were similar in male and female, with an M/
F ratio of 1.07:1.
Applying multivariable analysis to our population-based data
allowed us to investigate for the first time whether the gender
phenomenon was related to the anatomical site of upper
gastrointestinal cancer or to the histological subtype. This
indicated that it was the intestinal subtype that was associated
with male predominance rather than anatomical location. The
higher male predominance in oesophageal versus gastric
adenocarcinoma is explained by the higher incidence of
intestinal subtype in the former.
The Lauren histological classification was originally devised
to classify gastric adenocarcinoma and has proved to be of
aetiopathogenic value.1 The intestinal histological subtype of
gastric cancer develops against a background of chronic H pyloriinduced gastritis.2 23 The chronic inflammation causes atrophy
of specialised gastric glands that are replaced by intestinal
metaplasia from which the intestinal type of gastric adenocarcinoma is believed to originate. Oesophageal adenocarcinoma is
nearly always intestinal in subtype and histologically indistinguishable from the intestinal subtype of adenocarcinoma of

Figure 2 Male-to-female ratios of age-specific incidence rate of upper
gastrointestinal adenocarcinoma by histological subtype. Note that the
ratio of the intestinal subtype increases to a maximum at age group
50–59 years followed by a progressive decrease. F, female; M, male.
20

the stomach. Oesophageal adenocarcinoma also resembles
intestinal subtype gastric cancer in its pathogenesis in that it
develops against a background of chronic mucosal damage.
Exposure of the squamous epithelium of the distal oesophagus
to refluxing gastric juice causes it to undergo metaplasia to
columnar type epithelium resembling the stomach and then to
the intestinal type of epithelium,24 25 from which the oesophageal adenocarcinoma of intestinal phenotype develops. The
finding in our current study, that the intestinal type of
adenocarcinoma of the oesophagus and stomach show the
same male predominance, provides further evidence of similarity of pathogenesis and supports applying the Lauren classification to oesophageal cancers.
We further investigated the male predominance of intestinal
type upper gastrointestinal adenocarcinoma by comparing the
age-specific incidence rates of the two sexes. Curve fitting
indicated that the male and female were described by similar
power terms in the functions describing the curves. The only
difference between the curves was that the rise in the incidence
of female cancer lagged behind that of the male by 17.3 years.
The male predominance of this cancer is due to the rise of cancer
incidence with age in males commencing at 28.8 years of age
compared to 46.1 years of age for females. Sipponen and Correa
have previously reported a delay in the development of the
intestinal subtype of gastric cancer in females in the Finnish
population.26 A delay in development of oesophageal carcinoma
in females has not been reported previously but there are reports
of a delay in development of Barrett’s oesophagus in females
versus males.27 28
The fact that the rise in age-specific incidence is occurring
17.3 years later in females than males, but has the same slope,
indicates that there is temporary delay in development of the
cancer in females which then disappears around age 46. If the
protection against the development of cancer persisted
throughout life the power term in the function describing
the incidence rate would be expected to be different in females
compared with males. The maximum difference in the gender
incidence ratio will occur at whatever age the process
differentially influencing the carcinogenic process in males
versus females disappears. The difference in M/F ratio
increased to a maximum at 50–59 years of age (7.9:1) and
then showed a marked progressive decrease (fig 2). This
indicates the difference in the age-specific incidence of cancer
between males and females is limited to ,55 years of age.
Gut 2009;58:16–23. doi:10.1136/gut.2008.161331
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Table 3 Distribution of upper gastrointestinal adenocarcinoma in different age groups by gender and tumour location
Age group
50–59

,50
Tumour location
Gastric non-cardia

Gastric cardia

Distal oesophagus

All sites

Male
Female
Total
M/F
Male
Female
Total
M/F
Male
Female
Total
M/F
Male
Female
Total
M/F

60–69

n

Rate*

n

Rate*

9
11
20

0.86
1.04

28
10
38

15.20
5.17

9
2
11
9
1
10
27
14
41

0.83
0.86
0.18
4.78
0.86
0.09
9.56
2.60
1.32

15
5
20
31
4
35
74
19
93

1.97

n
54
25
79

2.94
8.14
2.59

n

37.56
14.88

69
41
110

5.69
28.52
4.76

41
8
49

8.13
40.16
9.83

Rate*

2.52
16.69
2.98

24
5
29

3.14
16.82
2.07

70–79

5.99
82.77
22.62

119
38
157

4.09

Rate*
74.97
30.71
2.44
39.12
13.48

36
18
54

2.90
49.98
12.73

46
17
63

3.93
164.07
56.93

151
76
227

All ages

>80

3.66

n
48
51
99

Rate*

n

Rate{

149.15
65.73

208
138
346

13.98
8.46

2.27
27.97
27.11

9
21
30

1.03
31.07
16.78

10
13
23

1.85
208.18
109.71

67
85
152

2.90

1.65
6.25
3.12

93
51
144

2.00
9.21
2.63

137
43
180
438
232
670

3.50
29.44
14.21

1.90

2.07

*Age-specific incidence rate per 100 000 person-years.
{Crude incidence rate per 100 000 person-years.
F, female; M, male.

In contrast to intestinal type adenocarcinoma, the diffuse
subtype showed no difference in age-specific incidence between
males and females. In addition, the power term in the function
describing the incidence rate for diffuse subtype was lower than
that for the intestinal subtype. This is consistent with a
stronger genetic predisposition being involved in the development of the diffuse subtype of cancer and thus fewer mutations
are required to complete the carcinogenic process.29
Applying similar curve-fitting analysis to a range of other
types of cancers in the same population over the same time
period revealed no evidence of a gender-based delay phenomenon. In particular, cancers such as squamous carcinoma of lung
and transitional cell carcinoma of bladder which have a strong
male predominance related to smoking30 31 showed differences in
power term in the function describing the incidence rate
between the genders but no evidence of a delay in onset.

In summary, our study indicates (1) that the male predominance of gastrointestinal adenocarcinoma is related to the
intestinal subtype and is independent of whether the cancer
arises in the oesophagus or proximal or distal stomach; (2) that
the male predominance of the intestinal subtype is due to a
delay of 17.3 years in its rise in incidence in females; and (3) that
this delay is due to differences between males and females of
less than 55 years of age.
The reason for the difference in the development of the
intestinal subtype of upper gastrointestinal cancer in females
versus males is unclear and deserves further consideration and
investigation. The fact that the delay is occurring at age less
than 55 years makes it likely to be related to an endogenous
protective effect associated with the reproductive years in the
female. Fox et al reported gender specific H pylori-related
carcinogenesis in insulin gastrin transgenic (INS-GAS) mice

Table 4 Logistic regression analysis of association between gender (in favour of male) and histological subtype, tumour location and age

Histological subtype
Diffuse (referent)
Intestinal
Tumour site
Gastric non-cardia (referent)
Gastric cardia
Distal oesophagus
p Value for overall effect
Age band (years)
,50 (referent)
50–59
60–69
70–79
>80
p Value for overall effect

Independent variable considered individually

Multivariable model

p Value

OR (95% CI for OR)

p Value

OR (95% CI for OR)

0.00

1.000
2.473 (1.728 to 3.539)

0.00

1.000
2.637 (1.784 to 3.896)

0.36
0.00
0.00

0.09
0.20
0.93
0.02

1.000
1.210 (0.808 to 1.811)
2.114 (1.410 to 3.168)

1.000
2.019
1.624
1.030
0.409
0.000

(0.890
(0.773
(0.511
(0.199

to
to
to
to

4.581)
3.409)
2.079)
0.840)

0.98
0.16
0.33

0.17
0.33
0.72
0.01

1.000
0.995 (0.648 to 1.529)
1.368 (0.883 to 2.121)

1.000
1.821
1.466
0.876
0.347
0.000

(0.782
(0.681
(0.423
(0.164

to
to
to
to

4.240)
3.155)
1.813)
0.736)

CI, confidence interval; OR, odds ratio.
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Figure 3 (A) Modelling of age-specific incidence rate curve of intestinal
subtype upper gastrointestinal (GI) adenocarcinoma by gender. This shows
similar slope of curves but delayed rise in curve in female. (B) Modelling of
age-specific incidence rate curve of diffuse subtype upper GI
adenocarcinoma by gender. This shows similar slope of curves and also
similar age of rise in age-specific incidence rate in males and females.

which was explained by a protective effect of 17b-oestradiol.32–34
In humans, delayed menopause and hormone replacement
therapy may protect against gastric cancer.35–37 The intestinal

subtype of cancer arises against a background of chronic
inflammation and tissue damage. The female sex hormone,
oestrogen, is known to suppress the inflammatory response and
cytokine production in certain tissues and might be exerting
similar effects in the upper GI tract.38 39 In addition, females
have lower body iron stores during their reproductive years and
this might modify the degree of DNA damage arising from
chronic inflammation.40–43
Several observations indicate that the delayed development in
females is unlikely to be explained by different lifestyle factors,
such as smoking. First, in cancers with male predominance due
to exogenous lifestyle factors (ie, lung, bladder), the age specific
incidence data demonstrate differences in the power terms for
the function describing the data rather than a delay in
appearance of the cancer. Second, recent studies have reported
male predominance of gastric cancer in never-smokers.44 45
Third, male predominance is observed in animal models of
gastric cancer raised in an identical environment.46 Fourth,
smoking rates in the United Kingdom available from 1978 to
1998 are similar for males and females under 50 years of age.47
The intestinal subtype of gastric adenocarcinoma arises due
to progression of chronic superficial gastritis to atrophic gastritis
to intestinal metaplasia to dysplasia and finally cancer.2 The
incidence of atrophic gastritis is the same in males and females
and some studies have suggested a higher incidence of intestinal
metaplasia and dysplasia in males.48–50 This suggests that the
gender phenomenon is acting at or after the metaplastic stage.
With respect to the oesophagus, columnar epithelial metaplasia
is more common in males than females (M/F 1.7:1) and
specialised intestinal epithelial more markedly so (M/
F = 2.1:1). This again indicates the gender phenomenon is
evident at and after the metaplastic stage.51
In conclusion, this study indicates that the marked male
predominance of upper gastrointestinal adenocarcinoma is due
to a more than 17 years delay in the development of the
intestinal subtype of the cancer. The basis of this phenomenon
requires investigation as it accounts for a substantial proportion
of upper GI cancers and of such cancers occurring at a younger
age when the personal, social and economical implications are
greatest. It is likely also to give valuable new insights into the
control of the carcinogenic process.

Table 5 Parameters from the fit of the equation I(t) = a6(t2d)b to age-specific incidence rates of upper gastrointestinal adenocarcinomas compared
with other cancers from the West of Scotland 1998–2002
M/F ratio
(of crude
incidence)
Upper GI adenocarcinoma, intestinal
subtype
Upper GI adenocarcinoma, diffuse
subtype
Oesophageal adenocarcinoma
Oesophageal squamous cell
carcinoma
Squamous cell carcinoma of lung
Adenocarcinoma of lung
Small cell carcinoma of lung
Squamous cell carcinoma of bladder
Transitional cell carcinoma of bladder
Cancer of the colon
Cancer of the pancreas

Male

Female

Gender bias

a

b

d

a

b

d

2.65

0.02

2.32

28.8

0.02

2.32

46.1

0.0

0.0

17.3

1.07

0.02

2.01

33.0

0.01

1.95

35.8

0.0

20.1

2.8

2.96
1.07

0.02
0.02

2.21
2.16

33.1
34.7

0.01
0.01

2.09
2.15

48.7
37.0

0.0
20.1

20.1
20.1

15.6
2.3

2.10
1.32
1.14
0.88
2.57
1.06
1.07

0.02
0.03
0.02
0.001
0.01
0.02
0.09

2.64
2.24
2.38
2.22
2.63
2.49
1.84

38.2
34.5
34.4
38.2
40.0
34.8
39.4

0.02
0.02
0.04
0.001
0.01
0.06
0.04

2.47
2.18
2.16
2.31
2.20
2.21
1.90

38.7
32.5
37.3
38.8
36.0
36.7
36.2

0.0
0.0
0.0
0.0
0.0
0.0
20.1

20.2
20.1
20.2
0.1
20.4
20.1
0.1

0.5
22.0
2.9
0.6
24.0
1.9
23.2

Da

Db

Dd

In the equation, I is the incidence rate of cancer at age t, which is the mean age of the age group; a is a scaling factor, b is a power term that reflect the rate of increasing incidence
with age, and d is a delay term for the time between birth and age of rise of age-specific incidence curve above zero.
F, female; GI, gastrointestinal; M, male.

22

Gut 2009;58:16–23. doi:10.1136/gut.2008.161331

Downloaded from gut.bmj.com on 15 June 2009

Upper gastrointestinal cancer
Acknowledgements: We are grateful to the invaluable contribution made by Dr D
Brewster, Scottish Cancer Registry; Dr ER Nairn, Dept of Pathology, Crosshouse
Hospital; Dr D Murray, Pathology Dept, Law Hospital; Dr B Michie, Stirling Royal
Infirmary; Dr B Mann, Wishaw General Hospital; Dr F Forbes, Royal Alexandra Hospital;
Dr J Coldeway, Monklands Hospital; and Dr M Burgoyne, Southern General Hospital.

23.
24.

Funding: North Glasgow Hospitals Endowment Fund.

26.

Competing interests: None.
Ethics approval: The study protocol was reviewed and approved first by the Multi
Centre Research Ethics Committee (MREC) which acts nationally; and, subsequently,
by the local NHS Ethics Committees, on 1 August 2006.

25.

27.

28.

29.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Lauren P. The two histological main types of gastric carcinoma: diffuse and so-called
intestinal-type carcinoma. An attempt at a histo-clinical classification. Acta Pathol
Microbiol Scand 1965;64:31–49.
Correa P, Haenszel W, Cuello C, et al. A model for gastric cancer epidemiology.
Lancet 1975;2:58–60.
Endo S, Ohkusa T, Saito Y, et al. Detection of Helicobacter pylori infection in early
stage gastric cancer. A comparison between intestinal- and diffuse-type gastric
adenocarcinomas. Cancer 1995;75:2203–8.
Wu MS, Yang KC, Shun CT, et al. Distinct clinicopathologic characteristics of diffuseand intestinal-type gastric cancer in Taiwan. J Clin Gastroenterol 1997;25:646–9.
Lynch HT, Grady W, Suriano G, et al. Gastric cancer: new genetic developments.
J Surg Oncol 2005;90:114–33; discussion 133.
Sipponen P, Kekki M, Siurala M. Increased risk of gastric cancer in males affects the
intestinal type of cancer and is independent of age, location of the tumour and
atrophic gastritis. Br J Cancer 1988;57:332–6.
Sharma P, Sampliner RE. The rising incidence of esophageal adenocarcinoma. Adv
Intern Med 2001;46:137–53.
Wu X, Chen VW, Ruiz B, et al. Incidence of esophageal and gastric carcinomas
among American Asians/Pacific Islanders, whites, and blacks: subsite and histology
differences. Cancer 2006;106:683–92.
Lagergren J, Bergström R, Lindgren A, et al. Symptomatic gastroesophageal reflux
as a risk factor for esophageal adenocarcinoma. N Engl J Med 1999;340:825–31.
Dvorak K, Payne CM, Chavarria M, et al. Bile acids in combination with low pH
induce oxidative stress and oxidative DNA damage: relevance to the pathogenesis of
Barrett’s oesophagus. Gut 2007;56:763–71.
Radigan LR, Glover JL, Shipley FE, et al. Barrett esophagus. Arch Surg
1977;112:486–91.
Hamilton SR, Smith RR, Cameron JL. Prevalence and characteristics of Barrett
esophagus in patients with adenocarcinoma of the esophagus or esophagogastric
junction. Hum Pathol 1988;19:942–8.
Parkin DM, Whelan SL, Ferlay J, et al. Cancer incidence in five continents, Vol VIII.
IARC Scientific Publications No. 15. Lyon: International Association for Research on
Cancer, 2002.
Scottish Cancer Registry, ISD. Cancer stats. http://www.isdscotland.org
(accessed 5 April 2006).
Brewster DH, Stockton D, Harvey J, et al. Reliability of cancer registration data in
Scotland, 1997. Eur J Cancer 2002;38:414–7.
Scottish Cancer Registry, ISD. Cancer Stats. http://www.isdscotland.org/isd/
5671 (accessed 15 August 2008).
Walsh S, Diamond D. Non-linear curve fitting using Microsoft Excel solver. Talanta
1995;42:561–72.
Kocher HM, Linklater K, Patel S, et al. Epidemiological study of oesophageal and
gastric cancer in south-east England. Br J Surg 2001;88:1249–57.
Byrne JP, Mathers JM, Parry JM, et al. Site distribution of oesophagogastric cancer.
J Clin Pathol 2002;55:191–4.
Ekström AM, Hansson LE, Signorello LB, et al. Decreasing incidence of both major
histologic subtypes of gastric adenocarcinoma – a population-based study in
Sweden. Br J Cancer 2000;83:391–6.
Hansen S, Vollset SE, Derakhshan MH, et al. Two distinct aetiologies of cardia
cancer; evidence from premorbid serological markers of gastric atrophy and
Helicobacter pylori status. Gut 2007;56:918–25.
Derakhshan MH, Malekzadeh R, Watabe H, et al. Combination of gastric atrophy,
reflux symptoms and histological subtype indicates two distinct aetiologies of gastric
cardia cancer. Gut 2008;57:298–305.

Gut 2009;58:16–23. doi:10.1136/gut.2008.161331

30.
31.

32.
33.

34.

35.
36.

37.
38.
39.
40.
41.
42.
43.
44.

45.

46.
47.

48.
49.
50.

51.

Correa P, Chen VW. Gastric cancer. Cancer Surv 1994;19–20:55–76.
Sharma P, Sampliner RE. Barrett esophagus. Curr Opin Gastroenterol 2002l;18:471–
8.
Campos GM, DeMeester SR, Peters JH, et al. Predictive factors of Barrett
esophagus: multivariate analysis of 502 patients with gastroesophageal reflux
disease. Arch Surg 2001;136:1267–73.
Sipponen P, Correa P. Delayed rise in incidence of gastric cancer in females results
in unique sex ratio (M/F) pattern: etiologic hypothesis. Gastric Cancer 2002;5:213–9.
van Blankenstein M, Looman CW, Johnston BJ, et al. Age and sex distribution of
the prevalence of Barrett’s esophagus found in a primary referral endoscopy center.
Am J Gastroenterol 2005;100:568–76.
van Soest EM, Siersema PD, Dieleman JP, et al. Age and sex distribution of the
incidence of Barrett’s esophagus found in a Dutch primary care population.
Am J Gastroenterol 2005;100:2599–600.
Hamilton JP, Meltzer SJ. A review of the genomics of gastric cancer. Clin
Gastroenterol Hepatol 2006;4:416–25.
Alberg AJ, Ford JG, Samet JM, et al. Epidemiology of lung cancer: ACCP evidencebased clinical practice guidelines. Chest 2007;132(3 Suppl):29S–55S.
Alberg AJ, Kouzis A, Genkinger JM, et al. A prospective cohort study of bladder
cancer risk in relation to active cigarette smoking and household exposure to
secondhand cigarette smoke. Am J Epidemiol 2007;165:660–6.
Fox JG, Rogers AB, Ihrig M, et al. Helicobacter pylori-associated gastric cancer in
INS-GAS mice is gender specific. Cancer Res 2003;63:942–50.
Ohtani M, Ge Z, Garcia A, et al. Female hormones provide a protective effect in
helicobacter pylori induced gastric disease in INS-GAS mice. Gastroenterology
2006;130(Suppl 2):A9–10.
Ohtani M, Garcı́a A, Rogers AB, et al. Protective role of 17 beta-estradiol against the
development of Helicobacter pylori-induced gastric cancer in INS-GAS mice.
Carcinogenesis 2007; 28:2597–604.
Palli D, Cipriani F, Decarli A, et al. Reproductive history and gastric cancer among
post-menopausal women. Int J Cancer 1994;56:812–5.
Frise S, Kreiger N, Gallinger S, et al. Menstrual and reproductive risk factors and risk
for gastric adenocarcinoma in women: findings from the Canadian national enhanced
cancer surveillance system. Ann Epidemiol 2006;16:908–16.
Lindblad M, Garcı́a Rodrı́guez LA, Chandanos E, et al. Hormone replacement therapy
and risks of oesophageal and gastric adenocarcinomas. Br J Cancer 2006;94:136–41.
Naugler WE, Sakurai T, Kim S, et al. Gender disparity in liver cancer due to sex
differences in MyD88-dependent IL-6 production. Science 2007;317:121–4.
Harnish DC. Estrogen receptor ligands in the control of pathogenic inflammation.
Curr Opin Investig Drugs 2006;7:997–1001.
Huang X. Iron overload and its association with cancer risk in humans: evidence for
iron as a carcinogenic metal. Mutat Res 2003;533:153–71.
Mainous AG 3rd, Wells BJ, Koopman RJ, et al. Iron, lipids, and risk of cancer in the
Framingham Offspring cohort. Am J Epidemiol 2005;161:1115–22.
Lee DH, Anderson KE, Folsom AR, et al. Heme iron, zinc and upper digestive tract
cancer: the Iowa Women’s Health Study. Int J Cancer 2005;117:643–7.
Mainous AG 3rd, Gill JM, Everett CJ. Transferrin saturation, dietary iron intake, and
risk of cancer. Ann Fam Med 2005;3:131–7.
Chao A, Thun MJ, Henley SJ, et al. Cigarette smoking, use of other tobacco
products and stomach cancer mortality in US adults: The Cancer Prevention Study II.
Int J Cancer 2002;101:380–9.
Ladeiras-Lopes R, Pereira AK, Nogueira A, et al. Smoking and gastric cancer:
systematic review and meta-analysis of cohort studies. Cancer Causes Control
2008;19:689–701.
Furukawa H, Iwanaga T, Koyama H, et al. Effect of sex hormones on carcinogenesis
in the stomachs of rats. Cancer Res 1982;42:5181–2.
Office of National Statistics. Smoking. In: Living in Britain 1998, results from the
General Household Survey. Office of National Statistics; 1998 General Household
Survey. Distributed by the Economic and Social Data Service. Edinburgh: HMSO.
You WC, Blot WJ, Li JY, et al. Precancerous gastric lesions in a population at high
risk of stomach cancer. Cancer Res 1993;53:1317–21.
Watabe H, Yamaji Y, Okamoto M, et al. Gender difference in gastric cancer is
unrelated to gastric atrophy. Gut 2007;56(Suppl 2):A30.
Derakhshan MH, Malekzadeh R, Fyfe V, et al. Influence of gender on precancerous
changes leading to intestinal type upper gastrointestinal cancer. Gastroenterology
2006;130(4, Suppl 2):A420.
Cook MB, Wild CP, Forman D. A systematic review and meta-analysis of the sex
ratio for Barrett’s esophagus, erosive reflux disease, and non erosive reflux disease.
Am J Epidemiol 2005;162:1050–61.

23

