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The association between the exposure to oral disease and the outcomes of oesophageal
and gastric cancer was examined in a Swedish nationwide inpatient register-based nested
case-control study in 1964-2008. The study included 6,156 oesophageal squamous-cell car-
cinoma cases that were compared with 29,993 controls, 2684 oesophageal adenocarcinoma
cases that were compared with 15,036 controls and 38,308 gastric cancer cases that were
compared with 99,991 controls. For oesophageal squamous cell carcinoma, the age and
sex adjusted odds ratio (OR) among patients with a history of oral disease was 1.3 (95% con-
fidence interval (95% CI): 0.9,-1.9), and 1.1 (95% CI 0.8,-1.7) after adjustment for diseases
related to alcohol consumption or tobacco smoking. For oesophageal adenocarcinoma,
the age and sex adjusted OR was increased (OR 1.7, 95% CI 1.1-2.6), and remained increased
(OR 1.6, 95% CI 1.0-2.4) after adjustment for diseases related to smoking or alcohol
consumption, gastroesophageal reflux, obesity and ulcer disease. For gastric cancer, no
statistically significantly increased risk was observed (age and sex adjusted OR 0.9, 95%
CI 0.7-1.1, and fully adjusted OR 0.9, 95% CI 0.7-1.1). In conclusion, this study supports
the hypothesis that oral disease increases the risk of oesophageal adenocarcinoma, but
not for oesophageal squamous cell carcinoma or gastric cancer. Further investigations
are warranted.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

main histological type of oesophageal cancer, i.e. adenocarci-
noma. The main risk factor for gastric cancer (the main histo-

In Europe, the incidence of oesophageal and gastric cancer is
within the top twenty and the top five cancers, respectively,
together representing about 200,000 persons diagnosed every
year.! They share a poor prognosis, and they are within the
top 15 and the top five among all types of cancer deaths.
Use of tobacco and alcohol are the main risk factors for squa-
mous cell carcinoma of the oesophagus, while gastroesopha-
geal reflux and obesity are the main risk factors for the other

logical type is adenocarcinoma) is infection with the bacteria
Helicobacter pylori, an infection that seems to be inversely
associated with oesophageal adenocarcinoma. Also diseases
of the oral cavity have been suggested to contribute to the
aetiology of these tumours, particularly of oesophageal squa-
mous cell carcinoma®® and gastric cancer.**** An increased
production of nitrosamines due to an altered oral flora,
mechanical injuries of the mucous membrane by undigested
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food, as well as systemic inflammation are among the
hypothesised mechanisms behind a possible association be-
tween oral disease and cancer.*®'? However, the biological
role of nitrate and nitrite has recently been re-evaluated,
and possible cytoprotective effects have been highlighted.****
The role of oral disease in the aetiology of oesophageal and
gastric tumours is not established. The findings are contradic-
tory and more studies with consistent definition of oral dis-
ease together with rigorous control of confounding factors,
foremost smoking, are warranted.” The aim of this study
was to test the hypothesis that diseases of the oral cavity
can cause oesophageal or gastric cancer in a large study with
long and complete follow-up.

2. Material and methods

2.1.  Study design

This was a case-control study, nested in the nationwide
Swedish Patient Register during the study period from Janu-
ary 1, 1964 through December 31, 2008. All persons registered
in the Patient Register during the study period constituted the
cohort from which cases and controls were identified. The
percentage of the Swedish population covered by this register
was 60% in 1969 and 85% in 1983, and since 1987 it has been
100%. We used the unique personal identity number, assigned
to each Swedish resident (about 9 million in total), to link
information from three population-based registers of almost
complete coverage and high quality. The Patient Register,
the Cancer Register and the Cause of Death Register, all main-
tained by the Swedish National Board of Health and Welfare,
were used to obtain information on exposures, outcomes and

covariates.'®%”

2.2. Identification of cases

All new cases of oesophageal squamous cell carcinoma
(ICD7150, WHO/HS/CANC/24.1, histology code 146), oesopha-
geal adenocarcinoma (International Classification of Disease
(ICD) ICD7 150, WHO/HS/CANC/24.1, histology code 096) and
gastric cancer (ICD7 151) diagnosed during the period from
January 1, 1970 to December 31, 2008 with no prior other cancer
(except non-melanoma skin cancer) were identified in the
Cancer Register. To evaluate confounding by tobacco smoking,
we also studied first incident lung cancer (ICD162, 163), a tu-
mour strongly associated with smoking. The Swedish Cancer
Register was started in 1958 and since that time every clinician,
pathologist and cytologist in Sweden must notify each subject
havingbeen diagnosed with a new primary cancer. The Cancer
Register documents all primary malignant tumours.*® A com-
parison with death certificates revealed the non-reporting rate
to the Cancer Registry to be less than 2%.'® The completeness
of the reporting of both oesophageal and gastric cancer to the
Register has been found to be 98%.%%*!

2.3.  Identification of controls
Controls were randomly selected by frequency-based sam-

pling on four variables: (1) calendar year of the incident can-
cer of the corresponding case in 5-year periods, (2) sex, (3)

age in 5-year age groups and (4) year of the first record (deliv-
eries excluded) in the Patient Register in 5-year periods. If for
example the case was a women, aged 60, with a first incident
gastric cancer in 2005 and the first record of an in-patient hos-
pitalisation (excluding deliveries) was in 1990, the controls
were sampled from women alive in 2005, aged 60, and with
their first in-patient hospitalisation in 1990 (excluding deliver-
ies). Such control sampling from the Patient Register would
avoid including controls generally healthier than those not
hospitalised. To optimise the frequency matching, controls
were sampled separately for oesophageal squamous cell car-
cinoma, oesophageal adenocarcinoma and gastric cancer.

2.4.  Definition of exposures

A main or secondary diagnosis of a defined disease of the oral
cavity (ICD-10: K00-K14, ICD-8/9: 520-529) since the start of
the Patient Register in 1964 represented the study exposure,
and was studied with regard to latency time. A case or a con-
trol with an inpatient hospitalisation for any such oral disease
five or more years prior to inclusion was regarded as exposed.
A first record of oral disease less than five years before inclu-
sion was not regarded as exposure.

2.5. Definition of covariates

For evaluation of confounding, we collected information
about co-morbidities and known risk factors for oesophageal
and gastric cancer by inpatient records in the Patient Register
prior to inclusion. These covariates were: (1) Alcohol related dis-
ease: K85.2 or a history of excessive alcohol consumption re-
corded in Patient Register as F10, Y15, Y91 (ICD-10) or 291,
303, 980 (ICD-9) or liver disease due to alcohol K70 (ICD-10)
or 571.0, 571.2 (ICD-9 and earlier), (2) Tobacco use: chronic
obstructive pulmonary disease or bronchitis J40-J44 (ICD-10),
490492 (ICD-9 and earlier), (3) Obesity: E65, E66 (ICD-10)
278A (ICD-9), (4) Gastroesophageal reflux: K21, (ICD-10), 530B,
530C (ICD-9), and (5) Infection with H. pylori assessed through
the occurrence of gastric or duodenal ulcer: K25, K26, K27
(ICD-10) 531, 532 and 533 (ICD-9 and earlier).

2.6.  Statistical analysis

Estimates of risk of oesophagus and gastric cancer were cal-
culated as odds ratios (OR) with 95% confidence intervals
(CI), using unconditional logistic regression analysis. The po-
tential confounders and mediators were defined a priori, and
were included in the multivariable adjusted models. The SAS
statistical software package (SAS Institute, Cary, NC, USA)
was used for the calculations.

3. Results

3.1.  Study participants

The study included 6156 oesophageal squamous-cell carci-
noma cases who were compared with 29,993 controls, 2684
oesophageal adenocarcinoma cases who were compared with
15,036 controls and 38,308 gastric cancer cases who were
compared with 99,991 controls. Some characteristics of the



2130

EUROPEAN JOURNAL OF CANCER 47 (2011) 2128-2132

Table 1 - Characteristics of cases of oesophageal squamous cell carcinoma, oesophageal adenocarcinoma, and gastric cance

and their corresponding age and sex matched controls, Sweden, 1970-2008.

Oesophageal squamous cell carcinoma

Oesophageal adenocarcinoma

Gastric cancer

Cases Controls Cases Controls Cases Controls

N % N % N % N % N % N %
Total 6156 100 29,993 100 2684 100 15,036 100 38,308 100 99,991 100
Sex
Women 1843 299 8981 29.9 446 16.6 2521 16.8 14,155 37.0 36,944 36.9
Men 4313 701 21,012 70.1 2238 83.4 12,515 83.2 24,153 63.0 63,047 63.1
Age
40-44 38 0.6 189 0.6 31 1.2 177 1.2 638 1.7 1660 1.7
45-49 134 2.2 660 2.2 85 3.2 481 3.2 1012 2.6 2644 2.6
50-54 284 4.6 1384 4.6 171 6.4 960 6.4 1614 4.2 4213 4.2
55-59 631 10.3 3073 10.2 260 9.7 1455 9.7 2600 6.8 6784 6.8
60-64 915 14.9 4457 14.9 382 14.2 2137 14.2 3990 104 10,414 10.4
65-69 1092 17.7 5316 17.7 436 16.2 2443 16.2 5683 14.8 14834 14.8
70-74 1199 19.5 5842 19.5 490 18.3 2738 18.2 7403 19.3 19,326 19.3
75-79 1121 18.2 5457 18.2 457 17.0 2558 17.0 8290 21.6 21,636 21.6
80-84 742 12.1 3615 12.1 372 13.9 2087 13.9 7078 18.5 18,480 18.5
Oral disease
No 5456 99.5 28,882 99.6 2657 99.0 14,945 99.4 37,103 99.7 97,124 99.7
Yes 33 0.5 125 0.4 27 1.0 91 0.6 104 0.3 303 0.3

study participants are presented in Table 1. There was an ex-
pected male predominance for all three cancers. The gastric
cancer patients were slightly older than the oesophageal can-
cer patients. The frequency-based sampling on age and sex
provided similar age and sex distribution among cases and
controls. The occurrence of disease of the oral cavity was
more common among oesophageal adenocarcinoma cancer
cases than that among controls, while this distribution was
similar in cases of oesophageal squamous cell carcinoma
and gastric cancer and their controls. Among covariates, gas-
troesophageal reflux was particularly more frequent among
cases of oesophageal adenocarcinoma compared to the con-
trols, while diseases related to alcohol consumption and
chronic obstructive pulmonary disease were much more com-
mon among cases of oesophageal squamous cell carcinoma
than among their controls (data not shown).

3.2.  Oral disease in relation to risk of oesophageal and
gastric cancer

Table 2 presents the relative risk estimates for the association
between diseases of the oral cavity and the risk of oesopha-

geal and gastric tumours. The first model presents the OR
for diseases of the oral cavity in relation to cancer adjusted
for age and sex only. In the second model we have also ad-
justed for previous in-patient care due to diseases related to
alcohol consumption and to chronic obstructive pulmonary
disease (as a marker for tobacco smoking). For oesophageal
squamous cell carcinoma the OR in the first model showed
a statistically non-significantly increased risk (OR 1.3, 95%
CI: 0.9-1.9), which decreased (1.1, 95% CI: 0.8-1.7) after adjust-
ment for diseases related to alcohol consumption and tobac-
co smoking.

For adenocarcinoma of the oesophagus, the age and sex
adjusted risk estimates indicated an increased risk (OR 1.7,
95% CI: 1.1-2.6), and additional adjustment for alcohol and
smoking related diseases, gastroesophageal reflux, obesity
and ulcer disease did not change the estimate to any great ex-
tent (OR 1.6 95% CI: 1.0-2.4). There was no statistically signif-
icantly increased risk of gastric cancer among patients with
oral disease in any of the adjustment models. The age and
sex adjusted OR for lung cancer was 1.2 (1.0-1.4), and addi-
tional adjustment for alcohol and tobacco smoking related
diseases, decreased the OR to 1.1 (1.0-1.3).

Table 2 - Disease of the oral cavity and the odds ratio (OR) with 95% confidence intervals (CI) of oesophageal squamous cell

carcinoma, oesophageal adenocarcinoma, and gastric cancer, Sweden, 1970-2008.

Oesophageal squamous

cell carcinoma

Adjusted for: OR (95% CI)

Age and sex 1.3 (0.9-1.9)
Age, sex, alcohol and COPD’ 1.1 (0.8-1.7)
Age, sex, alcohol, COPD, reflux, 1.1 (0.8-1.7)

ulcer and obesity

Oesophageal Gastric cancer
adenocarcinoma
OR (95% CI) OR (95% CI)
1.7 (1.1-2.6) 0.9 (0.7-1.1)
1.6 (1.0-2.5) 0.9 (0.7-1.1)
1.6 (1.0-2.4) 0.9 (0.7-1.1)

* COPD = chronic obstructive pulmonary disease.
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4, Discussion

This study found no evidence of any association between dis-
eases of the oral cavity and the risk of developing oesopha-
geal squamous cell carcinoma, or gastric cancer. However,
an increased risk for oesophageal adenocarcinoma remained
after adjustment for relevant confounding factors.

The main strengths of the present study include the large
sample size, the complete nationwide coverage of all hospi-
talisations for oral cavity disease and of all cancers of the
oesophagus and of the stomach, and the possibility to adjust
for confounding by relevant variables. The nationwide regis-
ter-based design counteracts recall or selection bias. More-
over, by only evaluating oral disease that occurred at least
five years before inclusion we reduced the problem with pos-
sible reverse causation. However, there are weaknesses that
need a discussion. Since the design is based on in-hospital
care we only capture the most severe forms of oral cavity dis-
ease, resulting in underestimation of the exposure and the
covariates. Also, our definition of oral disease includes a
broad range of diseases of the oral cavity resulting in a less
specific exposure classification. However, all of the included
diseases or consequences thereof could result in an altered
oral flora, mechanical injury of the mucous membrane, as
well as systemic inflammation - all among the hypothesised
mechanisms behind a possible association between oral dis-
ease and cancer.*®'? Another limitation is that we lack direct
information on tobacco smoking, a risk factor for all studied
cancers and the main risk factor for periodontal disease.?? In-
stead we used hospitalisation for diseases related to smok-
ing,>>?* as has been done in a previous study of upper
gastrointestinal cancer and comorbidity.”® Although this
might be a rather blunt measure of smoking status, the OR
for hospitalisation for chronic obstructive pulmonary disor-
der and the risk of lung cancer was 3.0 (2.9-3.1) indicating that
it does reflect smoking status. Similarly, gastroesophageal re-
flux and obesity showed strong effects for the association be-
tween oral disease and oesophageal adenocarcinoma (data
not shown).

Several studies have indicated an association between oral
disease and oesophageal squamous cell carcinoma,*®
whereas a few have found no clear association®?® Similarly,
the findings regarding gastric cancer are contradictory.*®°-
112627 A recent review exploring the evidence of an associa-
tion between oral disease and, among others, oesophageal
and gastric cancer found inconclusive results. A concern
was that smoking appeared to be a confounder in several of
the evaluated studies.’ Our study is by far the largest so far
evaluating the association between oral disease and oesoph-
ageal and gastric cancer. No previous large study has ana-
lysed the association between oral disease and oesophageal
adenocarcinoma, and our findings of an increased risk de-
serves further attention. However, despite that we have a
large study we only had 27 exposed cases of oesophageal
adenocarcinoma.

In conclusion, this large and complete nationwide, nested,
case—-control study indicates that oral cavity disease does not
cause oesophageal squamous cell carcinoma or gastric cancer
after adjustment for confounding factors. The novel finding of

an association between diseases of the oral cavity and
oesophageal adenocarcinoma, mainly unaffected by adjust-
ment for relevant confounders, deserves further attention.
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