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Background: Extraoral translocation of oral bacteria may
contribute to associations between periodontal disease
and cancer. The associations among the presence of three
orange-complex periodontal pathogens (Fusobacterium nucle-
atum, Prevotella intermedia, and Campylobacter rectus), two
red-complex periodontal pathogens (Porphyromonas gingiva-
lis and Tannerella forsythia), and cancer risk were investigated.

Methods: A total of 1,252 postmenopausal females en-
rolled in the Buffalo Osteoporosis and Periodontal Disease
Study were followed prospectively. Baseline subgingival pla-
que samples were assessed for the presence of periodontal
pathogens using indirect immunofluorescence. Incident can-
cer cases were adjudicated by staff physicians via review of
medical records. Cox proportional hazards regression was
used to calculate hazard ratios (HRs) and 95% confidence in-
tervals (CIs) for the associations of periodontal pathogens
with total cancer and site-specific cancer risk in unadjusted
and multivariable-adjusted models.

Results: Neither the presence of individual pathogens nor the
presence of any red-complex pathogens was associated with to-
tal cancer or site-specific cancers. Borderline associations were
seen among the presence of any orange-complex pathogens
(F. nucleatum, P. intermedia, and C. rectus), total cancer risk
(HR = 1.35, 95% CI = 1.00 to 1.84), and lung cancer risk
(HR = 3.02, 95% CI = 0.98 to 9.29).

Conclusions: No associations were found between the pres-
ence of individual subgingival pathogens and cancer risk. How-
ever, there were suggestions of borderline positive associations
of the presence of any orange-complex pathogens with total
cancer and lung cancer risk. The study is limited by the small
number of cancer cases and the assessment of only five oral
bacteria. Additional research is needed to understand the possi-
ble role of periodontal disease in carcinogenesis. J Periodontol
2016;87:257-267.
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P
eriodontal disease, a common dis-
ease in the elderly, is characterized
by chronic polymicrobial infection

and inflammation of gum tissue.1 Mi-
crobial colonization of the periodontal
pockets is a necessary causal factor for
periodontal disease development.2

Periodontal disease has been found
to be associated with increased risk of
certain cancers.3-8 One underlying mech-
anism of this positive relationship may
involve translocation of oral bacteria to
extraoral body sites through the weakened
periodontal pocket epithelium and the
subsequent modulation of host cell envi-
ronment and function that predisposes to
increased risk of systemic disease. Fuso-
bacterium, a common oral bacterium, has
been found to be overrepresented in
colorectal tumors and to play a role in
carcinogenesis.9-11 However, little is
known about whether Fusobacterium and
other oral pathogens detected in sub-
gingival dental plaques are associated
with cancer risk.

There is evidence that certain bac-
terial species are key players in the
pathogenesis of periodontal disease.12

Socransky et al.13 developed a system
categorizing 40 subgingival taxa into
color-coded complexes based on their
role in periodontal pathogenesis. In this
study, cancer incidence in relation to the
presence of five subgingival periodontal
pathogens, including three orange-complex
pathogens (Fusobacterium nucleatum,
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Prevotella intermedia, and Campylobacter rectus)
and two red-complex pathogens (Porphyromonas
gingivalis and Tannerella forsythia), were assessed.
In the Socransky taxonomy, the three orange-
complex pathogens were associated moderately
with periodontal disease, and the two red-complex
pathogens were associated strongly with periodontal
disease. The aim of this study is to investigate the
longitudinal associations between the presence of
these subgingival pathogens and cancer risk in an
ancillary study of the Women’s Health Initiative
Observational Study (WHI-OS),6 the Buffalo Os-
teoporosis and Periodontal Disease (OsteoPerio)
Study.

MATERIALS AND METHODS

Study Population
The OsteoPerio Study was designed to assess as-
sociations among osteoporosis, oral bone loss, and
periodontal disease, and the eligible participants
consisted of postmenopausal females who had
participated in the WHI-OS6 through the Buffalo
Clinical Center from 1997 to 2001. The females
needed six teeth to be able to undergo radiographic
and probing assessment related to periodontal
disease and oral bone loss. In addition, systemic
bone loss and osteoporosis via dual-energy x-ray
absorptiometry were assessed. Thus, females who
had both hips replaced were limited in their ability to
be evaluated for osteoporosis. Other bone disease
and serious ongoing illnesses (cancer therapy) were
also considered to be factors that would influence
both systemic and oral bone measurements. A de-
tailed description of the study design has been
published previously.14,15 In brief, among 2,249 fe-
males invited by mail to join the OsteoPerio study,
341 were not eligible (162 had less than six teeth,
two had a history of bone disease, 16 had had bi-
lateral hip replacement, 109 were diagnosed with
cancer during the past 10 years, and 52 had other
serious illnesses); 115 could not be reached; 370 were
not interested or cancelled appointments and were not
able to be rescheduled before the study ended; 52 were
deceased; and 12 were ineligible because of recent
exposure to dental radiographs or radioluminescent
dye test, resulting in 1,359 eligible participants. Of
these individuals, 107 were further excluded because
of inadequate dental x-rays (n = 16), incomplete study
questionnaires (n = 6), or missing oral bacteria data
(n = 85), yielding an analytic sample of 1,252
postmenopausal females (aged: 53.2 to 83.1 years;
mean age: 66.6 – 7.0 years). The OsteoPerio Study
was approved by the Health Sciences Institutional
Review Board at the University at Buffalo. Written
informed consent was obtained from participants for
all aspects of the WHI-OS and the OsteoPerio Study.

Measurement of Periodontal Pathogens
Subgingival plaque samples were taken by placing
fine paper points§ or absorbent pointsi in the gingival
pockets of up to 12 prespecified teeth (six maxillary
and six mandibular teeth) for 10 seconds. Index teeth
(teeth #3, #5, #7, #9, #12, #14, #19, #21, #23,
#25, #28, and #30) were usually sampled. Alternative
teeth (teeth #2, #4, #8, #10, #13, #15, #18, #20,
#24, #26, #29, and #31) were used if the corre-
sponding index tooth was missing. No tooth was
sampled when both the index tooth and its alternative
were missing. Paper points containing subgingival
plaque were placed directly into 4 mL lactated Ringer
solution, and the samples for maxillary and man-
dibular teeth were pooled and vortexed for dispersion
of microorganisms.

Indirect immunofluorescence microscopy was
used to assess subgingival plaque samples for the
presence of select established periodontal patho-
gens: F. nucleatum, P. intermedia, C. rectus, P. gingi-
valis, and T. forsythia. From the formalin-preserved
subgingival plaque samples, a 10-mL suspension was
smeared and heat fixed on a glass slide and then
reacted with the same amount of species-specific
antibodies. Slides were washed and incubated with
fluorescein-conjugated immunoglobin G and washed
again. The stained smears were assessed within a
2-hour interval with a microscope¶ equipped for
phase-contrast illumination and incident light fluo-
rescence. For each bacterial species, the emitted
fluorescence was graded on a scale of 1+ to 4+, with
grade 3+ and 4+ recorded as positive reactions. Plaque
smears were considered positive if strong fluores-
cence was detected in at least five bacterial cells, with
well-defined cell outlines and dark or lightly fluo-
rescing centers, and constituted >1% of the total cell
counts determined by phase-contrast microscopy.
These procedures have been described previously in
detail.16-18

Ascertainment of Cancer End Points
Participants were followed prospectively for incident
cancer diagnosis from the beginning of the study
(1997 to 2001) through September 2013. Incident
cancer cases, excluding non-melanoma skin can-
cers, were identified from annual health updates and
were adjudicated by trained physicians via review of
medical records. Death certificates were used to
identify incident cancers only when no other medical
records (i.e., pathology reports, admission history
and physical, operative notes, and discharge
summaries) were available; only 7% of cancer cases
in the OsteoPerio Study were adjudicated using death

§ Johnson & Johnson, East Windsor, NJ.
i no. 504, Henry Schein, Melville, NY.
¶ Standard 14 Fluorescent, Carl Zeiss MicroImaging, Thornwood, NY.
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certificates. A detailed description of cancer ascer-
tainment and adjudication methods has been pub-
lished previously.19 Time-to-event was defined as the
interval between dates of enrollment and diagnosis of
the first primary cancer at any location (for analysis
of total cancer risk) or diagnosis of the first primary
cancer at a specific site (for analysis of site-specific
cancer risk).

Assessment of Other Variables
Data on demographics, anthropometrics, lifestyle,
oral health, and medical history were collected from
self-administered questionnaires and a physical ex-
amination during the study visit. Participants were
also asked to bring in all medications and supple-
ments taken within the past month, and this in-
formation was documented. Participants’ height and
weight were measured using a calibrated clinical
stadiometer and scale and used to calculate body
mass index (BMI). BMI was further categorized into
underweight (<18.5 kg/m2), normal (18.5 to <25.0
kg/m2), overweight (25.0 to <30.0 kg/m2), and
obese (‡30.0 kg/m2) according to World Health
Organization criteria.20 Other participant information
collected included the following: 1) age at study visit;
2) smoking status (never, former, current); 3) life-
time pack-years of smoking; 4) total recreational
physical activity (metabolic equivalent task-hours
per week [MET hour/week]); 5) total energy intake
(kilocalories/day); 6) fruit and vegetables intake
(servings/day); 7) red meat intake (servings/day); 8)
alcohol consumption over the past year (ounces/
day); 9) race (white, other); 10) highest education
level (high school, college, post-college); 11) post-
menopausal combined hormone use (never, former,
current); 12) history of diabetes (yes, no); 13) sec-
ondhand smoke exposure (yes, no); 14) frequency of
toothbrushing (less than twice per day, at least twice
per day); 15) frequency of tooth flossing (every day,
not every day); 16) frequency of dental visits (no
more than one time per year, more than one time per
year); 17) use of calcium (yes, no); 18) use of vi-
tamin D (yes, no); 19) current regular use of non-
steroidal anti-inflammatory drugs (NSAIDs) (yes,
no); 20) antibiotic use during the month before the
study visit (yes, no); 21) family history of cancer
(yes, no); 22) age at menopause; 23) age at men-
arche (9 to 11, 12 to 13, ‡14 years); and 24) parity
(never pregnant or abortions/miscarriages only, one
to two, three to four, at least five).

Statistical Analyses
Presence of individual periodontal pathogens, of any
orange-complex pathogen (F. nucleatum, P. inter-
media, or C. rectus), of any red-complex pathogen
(P. gingivalis or T. forsythia), and of any periodontal
pathogen (P. gingivalis, T. forsythia, F. nucleatum,

P. intermedia, or C. rectus) by total cancer or site-
specific cancer status were assessed using x2 tests or
Fisher exact tests. Comparisons of personal char-
acteristics of study participants by the presence of
any periodontal pathogens were performed using
independent t tests or Wilcoxon rank-sum tests
for continuous variables or x2 tests for categorical
variables.

Cox proportional hazard regression was used to
calculate hazard ratios (HRs) and 95% confidence
intervals (CIs) for the associations of periodontal
pathogens with total cancer and site-specific cancer
risk in unadjusted models and multivariable-adjusted
models. Potential confounders were chosen on the
basis of biologic plausibility, previous literature, and
their associations with periodontal pathogen infection,
total cancer, and common site-specific cancers (i.e.,
breast cancer, colorectal cancer, and lung cancer) in
the current study. Using the change-in-estimate
method, the potential confounding effects of age,
BMI, smoking, secondhand smoking, education,
family history of cancer, combined hormone use, and
frequency of tooth flossing on the associations
among the presence of periodontal pathogens, total
cancer, and site-specific cancers were assessed. For
colorectal cancer, the effects of alcohol consump-
tion, physical activity, NSAID use, dietary variables
(i.e., total energy intake, red meat intake, fruits and
vegetables intake, calcium intake, and vitamin D
intake), and history of diabetes were additionally
assessed. For breast cancer, the effects of alcohol
consumption, NSAID use, age at menopause, age at
menarche, and parity were additionally assessed.
Because age is a recognized risk factor for many
different types of cancer, it was included in all
multivariable-adjusted models. If the addition of any
variables listed above, one at a time, changed the
age-adjusted HR estimates for total cancer or any of
the site-specific cancers by >10%, the variable was
included in all multivariable-adjusted models. Sensi-
tivity analyses were performed by reanalyzing the
data after exclusion of those reporting antibiotic use
during the month before the study visit, because it
may influence oral microbiota composition. A two-
sided a value of 0.05 was used to evaluate statistical
significance. A statistical software package# was
used for all statistical analyses.

RESULTS

During a mean – SD follow-up of 11.8 – 3.8 years, 171
confirmed incident cancer cases occurred among
1,252 postmenopausal females, including 67 in-
vasive breast cancers, 17 colorectal cancers, and 17
lung cancers. P. intermedia was the most prevalent

# SAS v.9.3 software, SAS Institute, Cary, NC.
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periodontal pathogen (43.2% of the females were
positive), followed by T. forsythia (37.8%), C. rectus
(17.3%), P. gingivalis (14.9%), and F. nucleatum
(14.0%). There were 775 females (61.9%) who carried
at least one of the five subgingival pathogens. Fre-
quencies of the presence of an individual pathogen, any
orange-complex pathogen, any red-complex patho-
gen, and any periodontal pathogen by incidence of
total cancer and incidence of the three most common
site-specific cancers in females are shown in Table 1.

Distribution of demographics and other personal
characteristics of study participants by the presence
of any periodontal pathogens are shown in Table 2.
Females who harbored any of the periodontal path-
ogens tend to be older (P = 0.02), former/current
smokers (P = 0.03), heavy smokers measured by
pack-years (P = 0.03), and to have higher BMI
(P <0.01), although the absolute differences in these
measures were relatively small. Females who did not
carry any of the assessed periodontal pathogens
were more likely to have used combined post-
menopausal hormone therapy (P <0.01) and to have
flossed their teeth daily (P <0.01).

Associations of periodontal pathogen infection
with total cancer and site-specific cancers are shown
in Table 3. When analyzed singly, individual path-
ogens were not associated statistically with total
cancer or site-specific cancers. The presence of any
periodontal pathogen was associated with increased
lung cancer risk in the unadjusted model (HR = 4.67,
95% CI = 1.07 to 20.43). The estimate was attenuated
and no longer statistically significant after adjusting
for age and smoking status (HR = 3.97, 95% CI = 0.90
to 17.45). The presence of any red-complex path-
ogens was not statistically associated with total
cancer risk or site-specific cancer risk in unadjusted
or multivariable-adjusted models. The presence of
any orange-complex pathogens was significantly
associated with increased total cancer risk (HR =
1.39, 95% CI = 1.02 to 1.88) and lung cancer risk
(HR = 3.18, 95% CI = 1.04 to 9.77) in the unadjusted
models. After adjusting for age at visit and smoking
status, borderline positive associations were seen
among the presence of any orange-complex patho-
gens, total cancer risk (HR = 1.35, 95% CI = 1.00 to
1.84) and lung cancer risk (HR = 3.02, 95% CI = 0.98
to 9.29). The presence of any orange-complex
pathogens was not associated with invasive breast
cancer or colorectal cancer. In a sensitivity analysis
excluding participants reporting recent antibiotic use
(n = 183) (data not shown), associations among the
presence of any orange-complex pathogens, total
cancer risk (HR = 1.46, 95% CI = 1.05 to 2.04) and
lung cancer risk (HR = 3.28, 95% CI = 0.91 to 11.77)
became more apparent. Interestingly, the asso-
ciation between P. intermedia and total cancer

risk also became stronger and statistically sig-
nificant (HR = 1.45, 95% CI = 1.04 to 2.00).

DISCUSSION

There are several epidemiologic studies that suggest
a positive association between periodontal disease
and cancer risk. One possible mechanism involves
translocation of periodontal pathogens to extraoral
body sites, in which they promote carcinogenesis.21

No consistent associations among the presence of
individual periodontal pathogens, total cancer risk,
and site-specific cancer risk were found. However,
borderline positive associations were found among
the presence of any orange-complex pathogens, total
cancer risk (multivariable-adjusted HR = 1.35, 95%CI =
1.00 to 1.84) and lung cancer risk (multivariable-
adjusted HR = 3.02, 95% CI = 0.98 to 9.29).

Few studies have examined the presence of spe-
cific periodontal pathogens and cancer risk.22,23 In
a case-control study, certain bacterial species were
increased in the saliva of 10 pancreatic cancer pa-
tients compared with that of 10 healthy controls.22

However, the bacteria identified in this case-control
study did not target the periodontal pathogens in-
vestigated by the authors, and it was limited by both
its small sample size and retrospective design. In
another case-control study, nested in a large Eu-
ropean cohort and investigating the association be-
tween pancreatic cancer and antibodies to 25 oral
bacteria, there was a two-fold higher risk of pan-
creatic cancer among individuals with higher levels of
antibodies against P. gingivalis.23 However, no in-
formation on use of medications (e.g., antibiotics)
that may affect the presence, abundance, or di-
versity of oral bacteria was available. There is no
association of oral P. gingivalis with total cancer or
common site-specific cancers in the present study,
and the association between P. gingivalis and
pancreatic cancer attributable to the low number of
cases could not be assessed. Nonetheless, the study
provides additional insight into a possible link be-
tween a certain group of periodontal bacteria and
cancer risk. Notably, although no significant asso-
ciations between individual bacteria and cancer were
observed, the estimates for the three orange-complex
bacteria and cancer risk were in the same direction.
Because the prevalence of each individual bacte-
rium was low, the standard errors were large and P
values did not reach statistical significance. As-
sessing the group-level effect of these three bac-
teria (as the orange complex) yielded more statistical
power and may have allowed detection of a modest,
borderline positive association.

The mechanisms through which periodontal bac-
teria may be involved in carcinogenesis have yet to
be elucidated. It has been shown that oral bacteria
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Table 2.

Baseline Characteristics by Presence of Any of the Five Subgingival Pathogens in the
Buffalo OsteoPerio Study (N 5 1,252)

Characteristics No (n = 477) Yes (n = 775) P

Age at visit (years), mean – SD 66.0 – 7.2 67.0 – 6.9 0.02*

BMI (kg/m2), mean – SD 26.2 – 5.2 26.8 – 5.1 0.06*

Smoking (pack-years), mean – SD 9.1 – 17.5 10.9 – 18.9 0.03*
Missing 6 24

Physical activity (MET hour/week), mean – SD 14.7 – 13.9 14.3 – 14.8 0.30*
Missing 12 20

Total energy intake (kcal/day), mean – SD 1,569 – 516 1,536 – 550 0.30*
Missing 17 27

Alcohol consumption (ounces/day), mean – SD 0.47 – 0.70 0.43 – 0.67 0.55*
Missing 7 10

Age category (years) 0.03†

<60 112 (23.5) 137 (17.7)
60 to <70 215 (45.1) 358 (46.2)
‡70 150 (31.5) 280 (36.1)

BMI category (kg/m2) <0.01†

Underweight (<18.5) 7 (1.5) 10 (1.3)
Normal (18.5 to <25.0) 237 (49.7) 302 (39.0)
Overweight (25.0 to 29.9) 144 (30.2) 287 (37.0)
Obese (‡30.0) 89 (18.7) 176 (22.7)

Race 0.12†

White 469 (98.3) 751 (96.9)
Other 8 (1.7) 24 (3.1)

Highest education 0.63†

High school 95 (20.3) 164 (21.5)
College 206 (43.9) 345 (45.3)
Post-college 168 (35.8) 253 (33.2)
Missing 8 13

Smoking status 0.03†

Never 274 (57.4) 389 (50.3)
Former 192 (40.3) 355 (45.9)
Current 11 (2.3) 30 (3.9)
Missing 0 1

Combined hormone therapy <0.01†

Never 143 (30.0) 269 (34.7)
Former 78 (16.4) 172 (22.2)
Current 256 (53.7) 334 (43.1)

History of diabetes 0.37†

No 450 (94.3) 740 (95.5)
Yes 27 (5.7) 35 (4.5)

Secondhand smoke exposure 0.31†

No 24 (5.1) 30 (3.9)
Yes 443 (94.9) 737 (96.1)
Missing 10 8
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could enter the systemic circulation through weak-
ened periodontium, facilitated by activities such as
mastication, toothbrushing, and scaling.24 Sub-
sequent bacteremia then permits the seeding of
extraoral body sites. Additionally, aspiration and
ingestion of oral bacteria could lead to colonization of
the lungs25 and gastrointestinal tract.26 The migration
of periodontal pathogens to these new niches may
promote carcinogenesis. Persistence of oral bacterial
infection initiates a signaling cascade in immune cells
and epithelial cells that activate systemic inflammatory
processes known to promote carcinogenesis.27,28

Certain oral bacterial species could also exert direct
genotoxic effects or engage in molecular events that
perturb host cellular survival and proliferation path-
ways.29,30 In accordance with this view, F. nucleatum
has been detected in colorectal tumors and was shown
to have direct tumorigenic effects on colonic epithelial
cells.10,11 Similarly, oral bacteria have been identified
in breast tissues, and breast cancer has been associ-
ated with microbial dysbiosis.31,32 Moreover, oral
bacteria could facilitate formation of established car-
cinogens, including nitrosamines and acetalde-
hyde.33,34 The possible associations between certain
periodontal pathogens and cancer risk could further
be ascribed to common lifestyle risk factors or shared
host risk factors, such as genetic variation and age-
related changes in immune function.35-37

The color-coded bacterial complex scheme sug-
gested by Socransky et al.13 is used widely to cat-
egorize periodontal microorganisms by their timing

of colonization and strength of association with peri-
odontal disease. Although this classification serves
as a useful heuristic framework in the microbiology
of periodontitis, its utility in the context of systemic
disease is unclear. This may be in part attributable
to the limited number of prospective epidemiologic
studies that have the capacity of characterizing
periodontal pathogens, as well as sufficient sample
size and follow-up to examine their associations
with incidence of clinical disease outcomes. A bor-
derline positive association between the presence of
orange-complex bacteria with total cancer risk
was observed. Orange-complex bacteria have been
detected in diverse extraoral sites related to systemic
disease, including atherosclerotic lesions, placental
and fetal tissues of patients with adverse pregnancy
outcomes, synovial fluid from patients with rheu-
matoid arthritis, colorectal tumors, and abscesses of
the brain, lung, liver, and spleen.38 In particular,
F. nucleatum is one of themost common species found
in extraoral infections. Rubinstein et al.39 reported
that F. nucleatum may activate oncogenes Myc and
cyclin D1 and inflammatory responses that stimulate
the growth of colorectal cancer cells. Kostic et al.11

also showed that F. nucleatum may selectively at-
tract tumor-infiltrating myeloid cells, thereby creating
a proinflammatory microenvironment. No associa-
tion of F. nucleatum with total cancer risk or co-
lorectal cancer risk is observed in the present sample.
However, it is not known whether the F. nucleatum
found in colorectal tumors are of the same strains as

Table 2. (continued)

Baseline Characteristics by Presence of Any of the Five Subgingival Pathogens in the
Buffalo OsteoPerio Study (N 5 1,252)

Characteristics No (n = 477) Yes (n = 775) P

Frequency of toothbrushing 0.73†

<2 times/day 105 (22.0) 177 (22.8)
‡2 times/day 372 (78.0) 598 (77.2)

Frequency of tooth flossing <0.01†

Not every day 245 (51.4) 458 (59.6)
Every day 232 (48.6) 311 (40.4)
Missing 0 6

Frequency of dental visits 0.15†

£1 time/year 100 (21.0) 190 (24.5)
>1 time/year 377 (79.0) 585 (75.5)

Recent antibiotic use 0.30†

No 401 (84.1) 668 (86.2)
Yes 76 (15.9) 107 (13.8)

Data are presented as n (%) unless otherwise noted. Bold text indicates statistical significance. The five subgingival pathogens include P. gingivalis,
T. forsythia, F. nucleatum, P. intermedia, and C. rectus.
* Independent t test or Wilcoxon rank-sum test.
† x2 test.
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those found in subgingival dental plaques. Moreover,
the prevalence of F. nucleatum in this study is lower
than that observed in previous reports.40,41 This
occurrence may be attributable to differences in the
study populations. The study has a larger sample size
and is community based, in contrast to some pre-
vious studies that were conducted in participants
recruited from dental clinics or based on their peri-
odontal disease status. Furthermore, because the
prevalence of periodontal disease is lower among
females than among men,42 it follows that the
prevalence of F. nucleatum, a periodontal pathogen,
could be lower in females compared with males as
well.

With the advent of next-generation metagenomic
sequencing technology, >700 bacterial species have
been detected in the oral cavity.43 Periodontal dis-
ease is characterized by polymicrobial infection, but
only five pathogens are assessed in this study. Al-
though these five bacterial species are well-established
periodontal pathogens, the presence of other patho-
gens and commensals that may synergistically or
antagonistically interact with these bacteria to in-
fluence cancer risk was not determined. Importantly,
some individuals in the reference group defined as
the absence of these specific bacteria/bacterial
complexes may not be representative of a lower-risk
group if those individuals had other, unmeasured oral
bacteria that increased cancer risk. The current study
used indirect immunofluorescence, which was not
able to distinguish among the different bacterial
subspecies or strains. Future epidemiologic research
on the association between periodontal pathogens
and chronic disease should characterize the pres-
ence, abundance, and diversity of subgingival micro-
bial communities using high-throughput sequencing
technology. However, it is noted that these studies
would require even larger sample sizes and would need
to correct for multiple comparisons.

The study data were also limited to the presence/
absence of the bacterial species of interest; the
association between the relative abundance of the
periodontal pathogens and cancer risk was not in-
vestigated. It is possible that the quantity rather than
the presence/absence of a bacterial species in-
fluences cancer risk. However, accurate measures
of bacterial abundance depend on factors including
sampling method, sites sampled, the number of
samples taken per participant, sample preparation,
the extent of contamination, and sequencing tech-
niques. At the incipient stage of investigation per-
taining to oral bacteria and their association with
cancer risk, using a more reliable measure, such as
what was used in the present study for determining
presence/absence of bacteria, provides some evi-
dence in a cost-effective manner. The hypothesized

association between extraoral translocation of peri-
odontal pathogens and cancer risk was not tested
directly. Future studies should examine whether the
same oral bacterial strains are found in the dental
plaque and tumor tissue of the same participant. In
this study, statistical power is limited by the small
number of cancer cases. Although positive associ-
ations between the presence of orange-complex
bacteria and lung cancer (HR = 3.02, 95% CI = 0.98 to
9.29) and total cancer (HR = 1.35, 95% CI = 1.00 to
1.84) was observed, these relationships did not reach
statistical significance. The small number of cancer
cases likely resulted in a lack of statistical power and
wide CIs. Few cancer cases also hindered the ex-
ploration of the potential effect of modification
by factors that may influence both cancer risk and
oral bacterial composition, such as age, smoking,
and BMI.44,45 Although smoking in the multivariable-
adjusted models was adjusted for, residual con-
founding by smoking could explain the pattern of
observed associations. However, it should also be
noted that, if smoking and periodontal disease acted
synergistically to increase the risk of cancer devel-
opment, controlling for smoking might have led to
over-adjustment. Additionally, the generalizability of
the results may be somewhat limited, because the
study population is relatively well educated and had
a high frequency of healthy behaviors. Furthermore,
the possibility of chance findings attributable to
multiple comparisons in these analyses could not be
eliminated.

Strengths of the study include the well-characterized
community-based cohort of postmenopausal females
and the extended period of follow-up. All cancer cases
were confirmed by trained physician adjudicators
using medical records including pathology reports,
reducing the likelihood of outcome misclassification.
In addition, the OsteoPerio Study included stan-
dardized oral examinations, identification of specific
periodontal pathogens, and comprehensive data on
baseline participant characteristics. It is the first
study to investigate the longitudinal association among
measured periodontal pathogens, total cancer risk,
and risks of common site-specific cancers. Last,
the majority of previous studies on this topic fo-
cused on patients with periodontal disease. In
comparison, results of this study are more general-
izable to the general population and postmenopausal
females.

CONCLUSIONS

In this cohort of postmenopausal females, no asso-
ciations are observed among the presence of indi-
vidual periodontal pathogens, total cancer risk, and
site-specific cancer risk. There were suggestions of
borderline positive associations of the presence of
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orange-complex bacteria with total cancer and lung
cancer. These results are novel but should be in-
terpretedwith caution, because conclusions are limited
by the small number of site-specific cancers and by the
evaluation of only five bacterial species. More research
using a larger cohort and a more comprehensive as-
sessment of the presence and quantity of oral bacteria
is needed to evaluate the association between peri-
odontal bacteria and cancer.

ACKNOWLEDGMENTS

This studywas supported byNational Institutes of Health
(NIH)/National Institute of Dental and Craniofacial Re-
search Grant R01DE013505 (JW-W); NIH/National
Heart Lung and Blood Institute (NHBLI) Contracts
N01WH32122 and HHSN268201100001C (Women’s
Health Initiative [WHI]) (JW-W); U.S. Army, Medical
Research and Materiel Command Grant OS950077
(JW-W); and Interdisciplinary Training in Cancer Epide-
miology Grant R25CA113951. The WHI program is
funded byNIH/NHBLI Contracts HHSN268201100046C,
HHSN268201100001C, HHSN268201100002C,
HHSN268201100003C, HHSN268201100004C, and
HHSN271201100004C. The WHI Investigators Short
List includes the following: 1) Program Office, NHBLI,
Bethesda, Maryland: Jacques Rossouw, Shari Ludlam,
Dale Burwen, Joan McGowan, Leslie Ford, and Nancy
Geller; 2) Clinical CoordinatingCenter, FredHutchinson
Cancer Research Center, Seattle, Washington: Garnet
Anderson, Ross Prentice, Andrea LaCroix, and Charles
Kooperberg; 3) Investigators and Academic Centers:
JoAnn E. Manson at Brigham andWomen’s Hospital,
Harvard Medical School (Boston, Massachusetts),
Barbara V. Howard at MedStar Health Research
Institute/Howard University (Washington, DC), Marcia
L. Stefanick at Stanford Prevention Research Cen-
ter (Stanford, California), Rebecca Jackson at TheOhio
StateUniversity (Columbus,Ohio), CynthiaA. Thomson
at University of Arizona (Tucson/Phoenix, Arizona),
Jean Wactawski-Wende at University at Buffalo
(Buffalo, New York), Marian Limacher at University
of Florida (Gainesville/Jacksonville, Florida), Robert
Wallace at University of Iowa (Iowa City/Davenport,
Iowa), Lewis Kuller at University of Pittsburgh
(Pittsburgh, Pennsylvania), and Sally Shumaker
at Wake Forest University School of Medicine
(Winston-Salem, North Carolina); 4) WHI Memory
Study: Sally Shumaker at Wake Forest University
School of Medicine. The authors report no conflicts
of interest related to this study.

REFERENCES
1. Linden GJ, Herzberg MC; Working Group 4 of the Joint

EFPAAP Workshop. Periodontitis and systemic dis-
eases: A record of discussions of working group 4 of the
Joint EFP/AAP Workshop on Periodontitis and Sys-
temic Diseases. J Periodontol 2013;84:S20-S23.

2. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodon-
tal diseases. Lancet 2005;366:1809-1820.

3. Tezal M, Sullivan MA, Hyland A, et al. Chronic peri-
odontitis and the incidence of head and neck squamous
cell carcinoma. Cancer Epidemiol Biomarkers Prev
2009;18:2406-2412.

4. Michaud DS, Liu Y, Meyer M, Giovannucci E, Joshipura
K. Periodontal disease, tooth loss, and cancer risk in
male health professionals: A prospective cohort study.
Lancet Oncol 2008;9:550-558.

5. Michaud DS, Joshipura K, Giovannucci E, Fuchs CS. A
prospective study of periodontal disease and pancre-
atic cancer in US male health professionals. J Natl
Cancer Inst 2007;99:171-175.

6. Mai X, LaMonte MJ, Hovey KM, et al. History of peri-
odontal disease diagnosis and lung cancer incidence in
the Women’s Health Initiative Observational Study.
Cancer Causes Control 2014;25:1045-1053.

7. Hujoel PP, Drangsholt M, Spiekerman C, Weiss NS. An
exploration of the periodontitis-cancer association.
Ann Epidemiol 2003;13:312-316.

8. Arora M, Weuve J, Fall K, Pedersen NL, Mucci LA. An
exploration of shared genetic risk factors between peri-
odontal disease and cancers: A prospective co-twin
study. Am J Epidemiol 2010;171:253-259.

9. Kostic AD, Gevers D, Pedamallu CS, et al. Genomic
analysis identifies association of Fusobacterium with
colorectal carcinoma. Genome Res 2012;22:292-
298.

10. Castellarin M, Warren RL, Freeman JD, et al. Fusobac-
terium nucleatum infection is prevalent in human co-
lorectal carcinoma. Genome Res 2012;22:299-306.

11. Kostic AD, Chun E, Robertson L, et al. Fusobacterium
nucleatum potentiates intestinal tumorigenesis and
modulates the tumor-immune microenvironment. Cell
Host Microbe 2013;14:207-215.

12. SladeGD,Offenbacher S, Beck JD,HeissG, PankowJS.
Acute-phase inflammatory response to periodontal dis-
ease in the US population. J Dent Res 2000;79:49-57.

13. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent
RL Jr. Microbial complexes in subgingival plaque. J
Clin Periodontol 1998;25:134-144.

14. Wactawski-Wende J, HausmannE, HoveyK, TrevisanM,
Grossi S, Genco RJ. The association between osteopo-
rosis and alveolar crestal height in postmenopausal
women. J Periodontol 2005;76(Suppl. 11):2116-2124.

15. Bole C, Wactawski-Wende J, Hovey KM, Genco RJ,
Hausmann E. Clinical and community risk models of
incident tooth loss in postmenopausal women from the
Buffalo Osteo Perio Study. Community Dent Oral
Epidemiol 2010;38:487-497.

16. Bonta Y, Zambon JJ, Genco RJ, Neiders ME. Rapid
identification of periodontal pathogens in subgingival
plaque: Comparison of indirect immunofluorescence
microscopy with bacterial culture for detection of
Actinobacillus actinomycetemcomitans. J Dent Res
1985;64:793-798.

17. Zambon JJ, Reynolds HS, Chen P, Genco RJ. Rapid
identification of periodontal pathogens in subgingival
dental plaque. Comparison of indirect immunofluores-
cencemicroscopywith bacterial culture for detection of
Bacteroides gingivalis. J Periodontol 1985;56(Suppl.
11):32-40.

18. BrennanRM,GencoRJ,WildingGE,HoveyKM,Trevisan
M, Wactawski-Wende J. Bacterial species in subgingival
plaque and oral bone loss in postmenopausal women.
J Periodontol 2007;78:1051-1061.

Periodontal Pathogens and Cancer Risk Volume 87 • Number 3

266



19. Curb JD, McTiernan A, Heckbert SR, et al; WHI
Morbidity and Mortality Committee. Outcomes ascer-
tainment and adjudication methods in the Women’s
Health Initiative. Ann Epidemiol 2003;13(Suppl. 9):
S122-S128.

20. World Health Organization. Physical status: The use
and interpretation of anthropometry. Report of a WHO
Expert Committee. Geneva: World Health Organiza-
tion; 1995:1-452.

21. Han YW. Commentary: Oral bacteria as drivers for co-
lorectal cancer. J Periodontol 2014;85:1155-1157.

22. Farrell JJ, Zhang L, Zhou H, et al. Variations of oral
microbiota are associated with pancreatic diseases
including pancreatic cancer. Gut 2012;61:582-588.

23. Michaud DS, Izard J, Wilhelm-Benartzi CS, et al.
Plasma antibodies to oral bacteria and risk of pancre-
atic cancer in a large European prospective cohort
study. Gut 2013;62:1764-1770.

24. Forner L, Larsen T, Kilian M, Holmstrup P. Incidence of
bacteremia after chewing, tooth brushing and scaling in
individuals with periodontal inflammation. J Clin Peri-
odontol 2006;33:401-407.

25. Scannapieco FA. Role of oral bacteria in respiratory
infection. J Periodontol 1999;70:793-802.

26. Ahn J, Chen CY, Hayes RB. Oral microbiome and oral
and gastrointestinal cancer risk.Cancer Causes Control
2012;23:399-404.

27. Schwabe RF, Jobin C. Themicrobiome and cancer.Nat
Rev Cancer 2013;13:800-812.

28. Mager DL. Bacteria and cancer: Cause, coincidence or
cure? A review. J Transl Med 2006;4:14-31.

29. DiRienzo JM. Breaking the gingival epithelial barrier:
role of the Aggregatibacter actinomycetemcomitans
cytolethal distending toxin in oral infectious disease.
Cells 2014;3:476-499.

30. Kuboniwa M, Hasegawa Y, Mao S, et al. P. gingivalis
accelerates gingival epithelial cell progression through
the cell cycle. Microbes Infect 2008;10:122-128.

31. Urbaniak C, Cummins J, Brackstone M, et al. Micro-
biota of human breast tissue. Appl Environ Microbiol
2014;80:3007-3014.

32. Xuan C, Shamonki JM, Chung A, et al. Microbial
dysbiosis is associated with human breast cancer. PLoS
One 2014;9:e83744.

33. ZiebarthD, Spiegelhalder B, BartschH.N-nitrosation of
medicinal drugs catalysed by bacteria from human
saliva and gastro-intestinal tract, including Helico-
bacter pylori. Carcinogenesis 1997;18:383-389.

34. Meurman JH. Oral microbiota and cancer. J Oral
Microbiol 2010;2:5195-5205.

35. Reynolds MA.Modifiable risk factors in periodontitis: At
the intersection of aging and disease. Periodontol 2000
2014;64:7-19.

36. Van Dyke TE, van Winkelhoff AJ. Infection and in-
flammatory mechanisms. J Periodontol 2013;84
(Suppl. 4):S1-S7.

37. Bartold PM,VanDykeTE. Periodontitis: Ahost-mediated
disruption of microbial homeostasis. Unlearning learned
concepts. Periodontol 2000 2013;62:203-217.

38. Han YW, Wang X. Mobile microbiome: Oral bacteria in
extra-oral infections and inflammation. J Dent Res
2013;92:485-491.

39. Rubinstein MR, Wang X, Liu W, Hao Y, Cai G, Han YW.
Fusobacterium nucleatum promotes colorectal carcino-
genesis bymodulatingE-cadherin/b-catenin signaling via
its FadA adhesin. Cell Host Microbe 2013;14:195-206.
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