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Abstract
The present study aimed to assess the association between the severity of chronic periodontitis and the risk of gastrointestinal (GI)
cancers by investigating whether severe chronic periodontitis (CP), rather than mild CP, correlates with an increased risk of total or
individual GI cancers.
Adults (≥18 years) with mild and severe CPwere identified from a random sample of 2million insured patients in the National Health

Insurance Research Database (2001–2010). After propensity score matching, 25,485 individuals, each with mild or severe CP, were
included for comparison. The primary endpoint was the incidence of total or individual GI cancers, including cancers of the
esophagus, stomach, small intestine, colon/rectum, and pancreas. Cox proportional hazard models with the robust aggregated
sandwich estimator were used to calculate hazard ratios (HRs) and 95% confidence intervals (95% CIs) after adjusting for known risk
factors.
GI cancers occurred in 275 individuals with mild CP and 324 individuals with severe CP. After adjusting for known risk factors,

severe CP was not associated with an increased risk of total GI cancer relative to mild CP (HR: 0.99, 95% CI: 0.84–1.16) or individual
GI cancers, including esophageal (HR: 1.15, 95% CI: 0.62–2.15), gastric (HR: 1.01, 95% CI: 0.68–1.49), small intestinal (HR: 0.70,
95% CI: 0.22–2.22), colorectal (HR: 0.95, 95% CI: 0.78–1.16), and pancreatic cancers (HR: 0.90, 95% CI: 0.47–1.75).
Severe CP was not associated with an increased risk of total or individual GI cancers when compared with mild CP.

Abbreviations: CCI score = Charlson comorbidity index score, CI = confidence interval, CP = chronic periodontitis, GI = cancer,
gastrointestinal cancer, HR = hazard ratio, ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification,
NHIRD = National Health Insurance Research Database, NSAID = non-steroidal anti-inflammatory drug.
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1. Introduction

Chronic periodontitis (CP), a chronic multifactorial inflammato-
ry disease caused by oral microorganisms, is characterized by the
progressive destruction of the tooth-supporting apparatus.[1]

Recently, increasing interest has been directed toward the
possibility of associations between periodontitis and various
systemic diseases,[2,3] including cancer.[4,5] The major role of
inflammation in both periodontitis and cancer has been put forth
as a scientific rationale underlying this proposed linkage.[6] Local
chronic inflammation has been associated with many cancers,[7]

especially those affecting the GI tract, and relationships of gastric
reflux disease with esophageal cancer,[8]Helicobacter pylori-
associated ulcers with gastric cancer,[9] inflammatory bowel
disease with colon cancer,[10] and chronic pancreatitis with
pancreatic cancer[11] have been identified. The bacteria and
associated by-products associated with chronic periodontitis can
lead to chronic systemic inflammation,[12,13] even at non-oral
distant sites.[14] In addition, 2 pivotal periodontal pathogens,
Porphyromonas gingivalis and the Fusobacterium species, have
been detected in esophageal or colorectal carcinomas.[15,16] These
findings suggest that these periodontal organisms may contribute
to the tumorigenesis of the above-mentioned cancers.
Despite the biologically plausible linkage between periodonti-

tis and GI cancers, the few epidemiologic studies of this
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association have reported conflicting results. Therefore, the
current study aimed to assess the impacts of chronic periodontitis
on GI cancers through a large-scale, population-based data
grouping analysis involving an Asian population sourced from
National Health Insurance claims records in Taiwan.

2. Methods

2.1. Data source

Data included in this retrospective cohort study were extracted
from the National Health Insurance Research Database
(NHIRD), a service provided by the Health and Welfare Data
Science Center of the Ministry of Health and Welfare (HWDC,
MOHW) of Taiwan. The National Health Insurance system is a
single-payer health insurance program that covers >99% of the
Taiwanese population.[21] The NHIRD contains comprehensive
medical registration and health claims data, and includes a cancer
registry, death registration, and reimbursement data. The
requirement to obtain informed consent was waived because
the dataset comprised de-identified secondary data. The study
protocol was approved by the Institutional Review Board of
Chang Gung Memorial Hospital, Taiwan (#104-5017B).

2.2. Study design

The International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) was used to diagnose diseases.
Between January 1, 2001 and December 31, 2010, 1,172,234
individuals who received a diagnostic code of periodontitis (ICD-9
Figure 1. Flow chart of study cohort enrollment and identification of gastrointestinal ca
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5234 and 5235) were identified from a random sample of 2 million
insured patients in the NHIRD (Fig. 1). To ensure the accuracy of
periodontitis diagnosis in our study cohort,we selected subjectswho
had received additional procedure codes corresponding to peri-
odontitis (91006C, 91007C, 91008C, 91009B, 91010B, 92013C,
and 92014C). The procedure codes were further classified into
Group I (91006C, 91007C, and 91008C, or subgingival root
planning and curettage of the full mouth, half arch, and <3 teeth,
respectively), Group II (91009B and 91010B, or periodontal flap
operation of <3 teeth and 4–6 teeth, respectively), and Group III
(92013C and 92014C, or simple and complicated extraction,
respectively). Individualswhose data lacked procedural information
thatwouldallowaconfirmationofperiodontitis (N=897,377)were
excluded. Individuals with a procedure code assignment of III alone
(N=205,119), which might suggest dental extraction because of
etiologies other than periodontitis, were also excluded. Other
exclusion criteria included a younger age (�18 years, N=1160), a
history of any cancer before the diagnosis of periodontitis (N=197)
or an inability to confirm the priority of periodontitis and cancer
(N=1), and incompletemedical claims data during the study period
(mainly regarding the education level or estimatedmonthly income,
N=708).The remaining individualswith chronicperiodontitis (N=
67,672) were further classified as having mild chronic periodontitis
(mild CP, N=36,443) or severe chronic periodontitis (severe CP,
N=31,229) for purposes of comparison. Accordingly, mild CPwas
definedusing the diagnostic code andprocedure code corresponding
group I, whereas severe CP was defined using a diagnostic code and
any combination of procedure codes, except those solely corre-
sponding to group I or group III.
ncers in patients diagnosedwith chronic periodontitis in Taiwan from 2001 to 2010.
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2.3. Study outcomes

The primary outcome of this study was a newly diagnosed
gastrointestinal (GI) cancer during the study period. GI cancers
were diagnosed using the International Classification of Disease for
Oncology, thirdedition (ICD-O-3)codes: esophagus (C15), stomach
(C16), small intestine (C17), colon and rectum (C18-C21), pancreas
(C25), and total GI cancer (defined as any of the prior cancers).

2.4. Statistical analysis

A propensity score analysis[22] of the 2 study groups (mild and
severe CP groups) was performed to avoid selection bias resulting
from the non-random assignment protocol. The propensity score
was assigned based on the probability that an individual would
develop CP and estimated using a logistic regression adjusted for
baseline covariates. The adjusted variables included sex, age,
diabetes mellitus (ICD-9-CM code 250, 3572, 36201, 36202,
36641), cholecystectomy (procedure code 5122, 5123), the
Charlson comorbidity index score (CCI score), medication use
(aspirin and non-steroidal anti-inflammatory drugs [NSAIDs]),
estimated monthly income, and education level. Most of these
factors have been linked to periodontal disease and cancer and
therefore might have acted as confounders in this analysis.
Descriptive statistics were used to describe the baseline

characteristics of the study cohort. Data are presented as mean
values± standard deviations (sd) for continuous variables and as
proportions for categorical variables. The baseline characteristics
of the 2 study groups were compared using the two-tailed Student
t test for continuous variables and the chi-squared test for
categorical variables before propensity score matching, and the
Table 1

Demographic and clinical characteristics of the study cohort before
Before propensity score matching

Mild CP (n=36,443) Severe CP (n=31,229)

Male sex (%) 16,901 (46.4) 17,494 (56)
Age, y

∗
42.7±12.8 47.1±11.8

<35 10,041 (27.6) 4029 (12.9)
35–50 16,134 (44.3) 15,331 (49.1)
50–65 8089 (22.2) 9123 (29.2)
65–80 2055 (5.6) 2613 (8.4)
≥80 124 (0.3) 133 (0.4)

Comorbidity (%)
Diabetes mellitus 1628 (4.5) 2140 (6.9)
Cholecystectomy 39 (0.1) 37 (0.1)

CCI score (%)
0 28,567 (78.4) 23,745 (76)
1 5094 (14) 4711 (15.1)
2 1982 (5.4) 1947 (6.2)
≥3 800 (2.2) 826 (2.6)

Medication
Aspirin history 898 (2.5) 1063 (3.4)
NSAID history 531 (1.5) 392 (1.3)

Estimated monthly income (%)
NT$0 5692 (15.6) 5181 (16.6)
NT$1–19,100 7599 (20.9) 6407 (20.5)
NT$19,100–42,000 13,433 (36.9) 11,055 (35.4)
NT$ >42,000 9719 (26.7) 8586 (27.5)

Education level (%)
�9 y 13,734 (37.7) 13,326 (42.7)
>9 y 22,709 (62.3) 17,903 (57.3)

Total person-years 327,077 304,256
Mean follow-up, y

∗
9.0±2.7 9.7±2.3

Procedural codes in severe CP group (%)
II 382 (1.2)
I+ II 1988 (6.4)
I+ III 24,688 (79.1)
II + III 323 (1.0)
I+ II + III 3848 (12.3)

CP= chronic periodontitis, CCI=Charlson comorbidity index, NSAID=non-steroidal anti-inflammatory dr
∗
Mean± standard deviation for all values.
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paired t test for continuous variables and the McNemar test for
categorical variables after matching.
The indexdatewasdefinedas thefirstdateof confirmedCPduring

the study period of January 1, 2001 to December 31, 2010. We
reserved the period of January 1, 2011 to December 31, 2013 for
follow-up to ensure that each subject had a minimal follow-up
duration of 3 years. For each subject, person-time was calculated
from the index date to whichever of the following occurred first: the
first occurrence of the studied cancer, end of the study period
(December 31, 2013), or the time of withdrawal from the National
Health Insurancesystem(mainlyduetodeath).The incidenceratesof
totalor individualGIcancers in the2studygroupswerecalculatedby
dividing thenumberof incident cases by thenumberof person-years.
Unadjusted and multivariable adjusted Cox proportional

hazards models with the robust aggregated sandwich estimator
were used to calculate the hazard ratios (HRs) and corresponding
95%confidence intervals (CIs) for the risksof total or individualGI
cancers in each group. The event-free survival rates corresponding
to total or individual GI cancers were estimated using the Kaplan–
Meier method. Statistical significance was defined as a P value of
<.05, and statistical analyses were performed using SAS software
(version 9.2; SAS institute Inc., Cary, NC).
3. Results

In this study, 36,443 individuals with mild CP and 31,229
individualswith severeCPwere identifiedbetween January1,2001
and December 31, 2010. After 1:1 propensity score matching, the
final enrolled cohort comprised 25,485 individuals with mild CP
and 25,485 individuals with severe CP for comparison (Table 1).
and after propensity score matching.
After propensity score matching

P Mild CP (n=25,485) Severe CP (n=25,485) P

<.001 13,060 (51.2) 13,060 (51.2) 1.000
<.001 46.3±11.5 46.3±11.5 .042
<.001 3603 (14.1) 3619 (14.2) .529

12,872 (50.5) 12,771 (50.1)
7160 (28.1) 7201 (28.3)
1773 (7) 1802 (7.1)
77 (0.3) 92 (0.4)

<.001 1223 (4.8) 1219 (4.8) .891
.657 16 (0.1) 26 (0.1) .123

<.001 20,119 (78.9) 20,121 (79) .909
3489 (13.7) 3469 (13.6)
1341 (5.3) 1360 (5.3)
536 (2.1) 535 (2.1)

<.001 678 (2.7) 627 (2.5) .084
.024 216 (0.8) 227 (0.9) .559

<.001 4471 (17.5) 4411 (17.3) .026
5034 (19.8) 5128 (20.1)
9128 (35.8) 9039 (35.5)
6852 (26.9) 6907 (27.1)

<.001 10,412 (40.9) 10,499 (41.2) .077
15,073 (59.1) 14,986 (58.8)
225,884 248,343

<.001 8.9±2.8 9.7±2.3 <.001

322 (1.3)
1710 (6.7)

20,012 (78.5)
265 (1.0)
3176 (12.5)

ug.
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Table 2

The event numbers, incidence rates, crude hazard ratios (HRs) and adjusted hazard ratios (adjusted HRs) of total and individual
gastrointestinal (GI) cancers in individuals with mild chronic periodontitis (CP) and severe CP.

Mild CP (n=25,485) Severe CP (n=25,485) Hazard ratio†

No. of event Incidence rate
∗

No. of Event Incidence rate
∗

Crude HR (95% CI) Adjusted HR‡ (95% CI)

Total GI cancer 275 121.7 324 130.5 0.99 (0.84–1.16) 0.99 (0.84–1.16)
Esophageal cancer 18 7.9 23 9.2 1.16 (0.62–2.17) 1.15 (0.62–2.15)
Gastric cancer 47 20.7 54 21.7 1.02 (0.69–1.50) 1.01 (0.68–1.49)
Small intestinal cancer 6 2.6 5 2.0 0.74 (0.23–2.34) 0.70 (0.22–2.22)
Colorectal cancer 191 84.5 224 90.1 0.97 (0.80–1.18) 0.95 (0.78–1.16)
Pancreatic cancer 17 7.5 19 7.6 0.91 (0.47–1.77) 0.90 (0.47–1.75)

CI= confidence interval.
∗
Incidence rate per 100,000 person-years.

† Hazard ratio (reference: mild CP).
‡ Adjusted HR, adjusted for age, sex, comorbidities (diabetes mellitus and cholecystectomy), Charlson comorbidity index score, medication (aspirin and non-steroidal anti-inflammatory drugs), and socioeconomic
status (estimated monthly income and education level).
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The baseline characteristics of the study cohort are illustrated in
Table 1.Beforepropensity scorematching, individuals in the severe
CP group tended to be older, man, and to be more likely to have
diabetes, a higher CCI score (2 or ≥3), history of aspirin
prescription, and lower education level (�9 years). Aftermatching,
the 2 groups were well balanced in most characteristics. The age
and monthly income between 2 groups remained statistically
significant but numerically approximate, which can be caused by
larger sample size, and remain clinically insignificant. The mean
age was 46.3±11.5 years in both groups, and 51.2% were men.
The mean follow-up period was slightly longer in the severe CP
group (mild CP: 8.9±2.8 years; severe CP: 9.7±2.3 years).
During the follow-up period (January 1, 2001 to December 31,

2013), we confirmed 275 incident total GI cancers in the mild CP
group, including 18 esophageal cancers, 47 gastric cancers, 6
small intestinal cancers, 191 colorectal cancers, and 17
pancreatic cancers. We identified 324 incident total GI cancers
in the severe CP group, including 23 esophageal cancers, 54
gastric cancers, 5 small intestinal cancers, 224 colorectal cancers,
and 19 pancreatic cancers (Table 2). Severe CP was not
associated with an increased risk of total or individual GI
cancers in comparison to mild CP, with HR of 0.99 (95% CI:
0.84–1.16) for total GI cancer, 1.16 (95% CI: 0.62–2.17) for
esophageal cancer, 1.02 (95% CI: 0.69–1.50) for gastric cancer,
0.74 (95% CI: 0.23–2.34) for small intestinal cancer, 0.97 (95%
CI: 0.80–1.18) for colorectal cancer, and 0.91 (95% CI: 0.47–
1.77) for pancreatic cancer. The adjusted hazard ratios were
further analyzed using adjustment for potential confounders. The
adjusted HRs were similar to those before adjustment for total
and individual GI cancers, which may indicate that these
variables were well matched between the mild CP and severe
CP groups.
The event-free survival rate estimated by Kaplan–Meier

analysis showed no separation of the event-free survival curves
for total or individual GI cancers (Fig. 2). The log-rank test
indicated no significant difference in the cumulative probability
of survival (P> .05 for total GI cancer and each individual
cancer) between the mild CP and severe CP groups.
As sex- or age-based groups (e.g., <65 or ≥65 years) may

exhibit marked heterogeneity regarding the risk of GI cancers or
CP, we performed stratified analyses to assess the potential
interaction of sex or age with the severity of CP. In a sex-stratified
analysis, severe CP was not found to associate with an increased
risk of total or individual GI cancer in either the male or female
subgroup (Table 3). Similarly, in an age-stratified analysis, severe
4

CP was not found to associate with an increased risk of total or
individual GI cancer in either the older or younger subgroup
(Table 4). The interaction effects were examined using the
likelihood ratio test, and showed that sex and age was not
significantly interacted with CP severity. The results of the
stratified analyses indicate that the null association of CP severity
and the risks of total or individual GI cancers were not modified
by sex or age.
4. Discussion

In this retrospective cohort study, we examined the association of
the severity of chronic periodontitis with the risk of total or
individual GI cancers in 25,485 individuals with mild CP and
25,485 well-matched individuals with severe CP during respec-
tive mean follow-up periods of 8.9±2.8 and 9.7±2.3 years. We
did not observe a significant association between the severity of
chronic periodontitis and the risk of total or individual GI
cancers, including esophageal, gastric, small intestinal, colorec-
tal, and pancreatic cancers. This null association was not
modified after stratification by sex or age.
The null results for esophageal and gastric cancers in our study

were generally in line with those of earlier studies.[6,19,20] In a
large cohort study of 48,375male health professionals conducted
by Michaud et al,[6] a history of periodontal disease was not
associated with an increased risk of esophageal cancer (adjusted
HR: 1.44, 95% CI: 0.98–2.11) or gastric cancer (adjusted HR:
1.13, 95% CI: 0.72–1.79). Studies by Hujoel et al[19] and Ahn
et al[20] also failed to identify an association between periodonti-
tis and the risk of gastric cancer or gastric cancer mortality.
Previous research regarding the association between periodon-

tal disease and colorectal cancer yielded inconsistent results. In
the study by Ahn et al,[20] individuals with periodontal disease
were found to have an elevated risk of colorectal cancer mortality
(adjusted relative risk [RR]: 3.58, 95% CI: 1.15–11.16).
However, as both mortality and periodontal disease tend to be
influenced by socioeconomic status, the potential for residual
confounding between cancer mortality and periodontal disease in
this study should be considered. Kostic et al[15] also observed an
enrichment of periodontal pathogens, namely Fusobacterium
species, in colorectal carcinomas. Nevertheless, these pathogens
might simply have accumulated in the tumor microenvironment
and did not necessarily contribute to tumor development. Three
other prospective cohort studies found no association between
periodontal disease and colorectal cancer.[6,18,19] The study by



[6]

Figure 2. Kaplan–Meier event-free survival rates associated with total gastrointestinal cancers, esophageal cancer, gastric cancer, small intestinal cancer,
colorectal cancer, and pancreatic cancer in individuals with mild chronic periodontitis (CP) and severe CP.
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Michaud et al included large numbers of colorectal cancer cases
among patients with and without periodontal disease (215 and
828 cases, respectively), and reported an adjusted HR of 1.05
(95% CI: 0.90–1.23). However, we stress that the study by
Michaud et al enrolled male health professionals, and the results
are therefore not representative of the general population
(especially women). In our study, we also included large numbers
5

of colorectal cancer cases in both the mild CP and severe CP
groups, and the results of null association were consistent in both
male and female groups in the stratified analysis.
Although recent studies have reported controversial results

regarding the association between periodontal disease and
pancreatic cancer, emerging evidence suggests a possible link
between these diseases.[6,17,18] In a prospective study of US male

http://www.md-journal.com


Table 3

Hazard ratios (HR) of total and individual gastrointestinal (GI) cancers in individuals with mild chronic periodontitis (CP) and severe CP
when stratified by sex.

Total person-year Number of event Incidence rate
∗

HR† (95% CI)

Mild CP Severe CP Mild CP Severe CP Mild CP Severe CP Severe CP

Total GI cancer
Male 115,340.1 127,140.8 178 201 154.3 158.1 0.94 (0.77–1.16)
Female 110,544.3 121,202.2 97 123 87.7 101.5 1.07 (0.82–1.39)

Esophageal cancer
Male 115,818.9 127,662.0 16 20 13.8 15.7 1.14 (0.58–2.23)
Female 110,798.2 121,514.2 2 3 1.8 2.5 1.25 (0.19–8.03)

Gastric cancer
Male 115,743.6 127,614.5 30 24 25.9 18.8 0.71 (0.42–1.22)
Female 110,774.6 121,452.2 17 30 15.3 24.7 1.44 (0.80–2.60)

Small intestinal cancer
Male 115,817.8 127,685.4 4 2 3.5 1.6 0.46 (0.09–2.40)
Female 110,792.4 121,520.6 2 3 1.8 2.5 1.28 (0.22–7.37)

Colorectal cancer
Male 115,496.9 127,284.5 119 143 103.0 112.3 0.98 (0.77–1.26)
Female 110,595.5 121,312.7 72 81 65.1 66.8 0.95 (0.69–1.30)

Pancreatic cancer
Male 115,816.7 127,658.5 11 13 9.5 10.2 0.95 (0.42–2.15)
Female 110,781.4 121,508.8 6 6 5.4 4.9 0.85 (0.28–2.61)

CI= confidence interval.
∗
Incidence rate, per 100,000 person-years.

† Hazard ratio (reference: mild CP).
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health professionals, which included a large number of pancreatic
cancer cases (149 and 67 cases among subjects with or without
periodontal disease, respectively), a history of periodontal
disease was associated with a 64% increase in the risk of
pancreatic cancer in the whole cohort and a 109% increase
among never smokers.[17] In a large European prospective
cohort study, individuals with high levels of antibodies (>200
ng/mL) for Porphyromonas gingivalis, which is one of the major
periodontal pathogens, had a 2-fold higher risk of developing
Table 4

Hazard ratios (HR) of total and individual gastrointestinal (GI) cancer
when stratified by age.

Total person-year Number of eve

Mild CP Severe CP Mild CP S

Total GI cancer
<65 209,866.1 230,166.7 207
≥65 16,018.4 18,176.3 68

Esophageal cancer
<65 210,415.9 230,776.5 17
≥65 16,201.2 18,399.6 1

Gastric cancer
<65 210,359.8 230,714.1 30
≥65 16,158.4 18,352.6 17

Small intestinal cancer
<65 210,404.0 230,811.5 6
≥65 16,206.2 18,394.6 0

Colorectal cancer
<65 210,017.5 230,349.2 144
≥65 16,075.0 18247.9 47

Pancreatic cancer
<65 210,402.2 230,788.5 13
≥65 16,196.0 18,378.8 4

CI= confidence interval.
∗
Incidence rate, per 100,000 person-years.

† Hazard ratio (reference: mild CP).

6

pancreatic cancer, compared with those with lower levels of
antibodies.[23] Inconsistent with these previous studies, howev-
er, Hujoel et al[19] and Ahn et al[20] found no association
between periodontal disease and pancreatic cancer or cancer
mortality; however, these latter studies included relatively small
numbers of pancreatic cancer cases. Our analysis of pancreatic
cancer also yielded null association, but our result was based on
only a few cases of pancreatic cancer and should be cautiously
interpreted.
s in individuals with mild chronic periodontitis (CP) and severe CP

nt Incidence rate
∗

HR† (95% CI)

evere CP Mild CP Severe CP Severe CP

250 98.6 108.6 1.01 (0.84–1.21)
74 424.5 407.1 0.94 (0.68–1.31)

22 8.1 9.5 1.18 (0.61–2.25)
1 6.2 5.4 0.86 (0.06–11.70)

36 14.3 15.6 1.03 (0.64–1.67)
18 105.2 98.1 0.97 (0.50–1.89)

4 2.9 1.7 0.59 (0.18–2.10)
1 0.0 5.4 –

176 68.6 76.4 1.01 (0.81–1.26)
48 292.4 263.0 0.85 (0.57–1.27)

13 6.2 5.6 0.80 (0.36–1.75)
6 24.7 32.6 1.26 (0.36–4.39)
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In the literature, we found no previous report regarding the
association of periodontal disease with small intestinal cancer.
The number of cases of small intestinal cancer in our study was
too small to yield a convincing conclusion. To date, only the
study by Ahn et al[20] has examined the association of periodontal
disease with total GI cancer mortality, but not cancer incidence.
Ahn et al[20] observed a significant increase in the risk of total
orodigestive cancer-related deaths in individuals with periodon-
tal disease (adjusted RR 2.28, 95% CI: 1.17–4.45). One possible
explanation for the discordance between our study and theirs is
the use of different definitions of total GI cancer. Cancers of the
lip, liver, oral cavity, and pharynx were included as orodigestive
cancers in the study byAhn et al[20], but were not included as total
GI cancer in our study. These cancers may differ in nature from
other GI cancers, and may have different associations with
periodontal disease. Additionally, as previously elucidated, the
relationship between periodontal disease and cancer mortality
may be affected because of residual confounding by socioeco-
nomic status.
The bulk of evidence supporting a positive association between

oral health and esophageal,[24–28] gastric,[27,29,30] colorectal, and
pancreatic[31] cancers was provided by studies on tooth loss.
However, other studies have reported inconsistent results
regarding esophageal,[29] gastric,[24] colorectal,[24,32] and pan-
creatic cancers.[24] Tooth loss may have an etiology other than
chronic periodontal disease (e.g., dental caries), especially in
younger patients.[33] Dental caries and its sequel has been
estimated to accounted for approximately 50% of all tooth
extractions, compared with merely 30% to 35% for periodonti-
tis.[33] Accordingly, the translation or approximation of the
results from tooth loss studies to periodontal disease is infeasible.
Besides, tooth loss is an indicator of poor dental care, which is
highly associated with socioeconomic status.[33] Accordingly, the
association between tooth loss and GI cancers in some studies
might be partially attributable to residual confounding by
socioeconomic status.
The current analysis had several strengths of note. First, this

study enrolled large numbers of cases with CP and cases with GI
cancers, and had a mean follow-up period of 8.9 to 9.7 years.
Second, the identification of study individuals with CP was based
on strict criteria, including a combination of the diagnostic code
and procedural code of periodontitis. This minimized the risk of
coding error associated with simply using a diagnostic code.
Third, the propensity score matching method was used to ensure
that possible confounding variables, including the socioeconomic
status (estimated monthly income and education level), were well
balanced between the 2 study groups. Both periodontitis[19,33,34]

and various GI cancers[35–38] have been associated with a lower
socioeconomic status.
However, the present study also has some limitations. The

NHIRD does not record the history of smoking, alcohol
consumption habit, or body mass index, and therefore it was
difficult to evaluate the possibility of confounding by these factors
in our study. Smoking is a well-known risk factor for
periodontitis and GI cancers and tends to spuriously enhance
the association between these diseases.[6,19] We did not observe
an association between CP and GI cancers in our study, even
though we did not adjust for smoking. Furthermore, we believe
that a comparison between patients with and without periodon-
titis based on NIHRD could be inappropriate, as a considerable
number of individuals with periodontitis but no further
identifiable medical aid would be misclassified as non-periodon-
titis patients. Accordingly, we chose to compare mild and severe
7

forms of CP. Our study findings were also limited by the inclusion
of only a few cases each of esophageal, small intestinal, and
pancreatic cancers. Further studies with larger sample sizes will
likely provide a better assessment of the association between the
severity of periodontitis and these 3 cancers.
5. Conclusions

In conclusion, our study results indicate that compared with mild
CP, severe CPwas not found to associate with an increased risk of
total or individual GI cancers. This null association remained
unchanged in sex- and age-stratified (<65 vs ≥65 years) analyses.
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