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Objectives. We investigated the relationship between Helicobacter pylori infection and
abnormal periodontal conditions.

Methods. Data from the first phase of the third National Health and Nutrition Ex-
amination Survey were used. A total of 4504 participants aged 20 to 59 years who
completed a periodontal examination and tested positive for H. pylori antibodies were
examined.

Results. Periodontal pockets with a depth of 5 mm or more were associated with in-
creased odds of H. pylori seropositivity (odds ratio [OR]=1.47; 95% confidence inter-
val [CI]=1.12, 1.94) after adjustment for sociodemographic factors. This association
is comparable to the independent effects of poverty on H. pylori (OR = 1.54; 95%
CI=1.10, 2.16).

Conclusions. Poor periodontal health, characterized by advanced periodontal pock-
ets, may be associated with H. pylori infection in adults, independent of poverty status.
(Am J Public Health. 2002;92:1809–1815)

Most of the prior studies that examined an
oral condition as a factor in the promotion
of extra gastric H. pylori activity examined
dental plaque as a vehicle for H. pylori car-
riage. Dental plaque is primarily a collection
of microorganisms embedded in an intracel-
lular matrix composed of organic com-
pounds (e.g., glycoproteins) and inorganic
compounds (e.g., calcium and other miner-
als) that forms a biofilm. The biofilm matrix
promotes and protects bacterial ecology, but
not all of the bacteria residing within the
biofilm are capable of becoming pathogenic.
Dental plaque typically adheres to supragin-
gival and subgingival tooth surfaces, and it
will quickly form in the absence of good oral
hygiene measures. Over time, undisturbed
plaque progresses into calculus, which con-
sists of a mineralized core that is superfi-
cially covered by the soft biofilm. Plaque
biofilm can enhance the survivability of
some bacteria by providing access to urea,
which then can be reduced by urease-
producing microorganisms to neutralize the
effects of acidification.32 The suggestion has
recently been made that bacterial biofilms
not only are commonly associated with
many chronic infections but also are much
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Helicobacter pylori is a gram-negative, spiral-
shaped bacterium that infects nearly a third
of the total population of the United States
and is associated with a variety of socioeco-
nomic indicators.1 In the developing world,
researchers have proposed that the age dis-
tribution of H. pylori infection resembles a
cohort effect, reflecting reduced transmission
in younger age groups as sanitary conditions
improve.2 H. pylori causes duodenal ulcer
disease and has been implicated in the de-
velopment of gastric ulcers. Moreover, it has
been associated with an increased risk for
gastric cancer.3–6 Recently, researchers have
suggested that the primary extragastric reser-
voir for H. pylori is the oral cavity.7 Because
human infection by this pathogen appears to
involve an oral route, it seems biologically
plausible that oral health status directly or
indirectly influences the process of H. pylori
infection or reinfection.

Although H. pylori was first isolated nearly
20 years ago, the process of infection or
human transmission remains unclear. Because
most gastrointestinal microbes have been
commonly believed to be transmitted by ei-
ther oral–oral or fecal–oral pathways, numer-
ous H. pylori carriage sources, including den-
tal plaque, saliva, vomit, and feces, have been
postulated and explored.8–25 Some studies
have examined plaque and saliva and have
produced positive findings of an association
with H. pylori,8,10,13–17 whereas others have
not.18–25 Findings of a positive association be-
tween poor oral health (undefined periodon-
tal disease) and H. pylori have been reported
as well.26 The suggestion has also been made
that either H. pylori may promote the devel-
opment of oral mucosal lesions—specifically,
recurrent aphthous ulcers—or oral mucosal le-
sions may function as an intermediary in the
route of oral–gastric infection.27,28 Again,
study results have been contradictory.29–31

more resistant to antibiotics than freely cir-
culating bacteria.33

Many previous H. pylori studies have ran-
domly acquired plaque samples from unspeci-
fied periodontal areas, mucosa, and saliva.
Most studies collected plaque with a curette
by upwardly scraping along the tooth sur-
face.13,15,16,20,21,23,24 Some studies used a paper
point, a cytology brush, or a toothpick to re-
move the plaque specimen from periodontal
sites.19,25,29 Although some studies attempted
to isolate supragingival plaque from subgingi-
val plaque for separate analyses, others did
not.15,18,20,24,29,34 Moreover, among studies
that collected isolates from pocket sites, many
failed to describe the depth of the periodontal
pocket from which the isolates were ob-
tained.15,18,19,20,25 Some studies even used
periodontal index measures as an indicator of
overall oral health status.15,18,25 Methods used
in testing isolates for H. pylori also have var-
ied among studies. Cultures, urease activity
tests, enzyme-linked immunosorbent assay
(ELISA) tests, and polymerase chain reaction
amplification tests have all been used. How-
ever, these tests are not uniformly sensitive or
specific in their ability to identify H. pylori ac-
tivity. Finally, many of these studies failed to
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account for sociodemographic factors within
the study population, and only 1 study con-
cluded that future investigations should ac-
count for race/ethnicity characteristics.16

Periodontitis promotes deep-pocket forma-
tion and increased loss of clinical attachment
of the tooth. More than 300 bacterial species
may be associated with periodontal pockets
alone, but only half of these have been cul-
tivable.35 Numerous microorganisms, mostly
spirochetes and gram-negative rods, are asso-
ciated with advanced periodontitis, and
about 75% of the subgingival microorgan-
isms that are found in advanced periodontitis
are gram-negative anaerobic rods.36,37 In in-
dividuals with a healthy periodontium, gram-
negative rods constitute less than 13% of the
microflora. The most current epidemiological
findings indicate that 53% of Americans
aged 30 to 90 years have at least 1 dental
site with moderate to severe (≥3 mm) loss of
attachment, compared with 9% who have
moderate to severe (≥5 mm) pocket depth.38

We know that periodontal disease increases
with age, is consistently more prevalent in
males, and is associated with certain socio-
economic indicators.

In this study, we attempted to examine the
relationship between H. pylori seropositivity
and abnormal oral conditions (e.g., recurrent
aphthous ulcers) or clinical dental parameters
suggestive of poor periodontal health. Our
hypothesis was that some attributes indicative
of poor periodontal health are associated with
H. pylori infection. It has been suggested that
“well designed, population-based studies that
adequately consider confounding” would clar-
ify the process of H. pylori transmission.2 By
using a nationally representative sample, we
hoped to shed light on the epidemiological re-
lationship between specific abnormal oral
conditions and H. pylori infection.

METHODS

Study Population
We used data from 4504 subjects who

participated in the first phase of the third Na-
tional Health and Nutritional Examination
Survey (NHANES III; 1988–1991). Con-
ducted by the National Center for Health Sta-
tistics of the Centers for Disease Control and
Prevention, NHANES III encompassed two 3-

year phases (1988–1991 and 1991–1994),
each producing a nationally representative
sample of the noninstitutionalized civilian
population of the United States. The
NHANES sampling frame used a complex,
highly stratified, multistage probability design.
Details of the sampling design and methods
used in obtaining informed consent from the
study participants have been described else-
where.39 Data from 1988 to 1991 were used
for our study, because information on H. py-
lori was measured only in phase 1. We as-
sumed that individuals participating from
1988 to 1991 were less likely to have been
exposed to antimicrobial treatments directed
toward H. pylori eradication. During this pe-
riod, results of treatment studies yielded un-
clear recommendations for chemotherapeutic
eradication.40

A total of 5720 participants aged 20 years
or older who had a serological test for H. py-
lori antibodies and who had completed a pe-
riodontal examination were eligible for this
study. Demographic data for the study were
obtained from a home interview question-
naire. Each participant received a standard-
ized dental examination conducted by a
trained dentist at a mobile examination cen-
ter.41 The serological testing for H. pylori anti-
bodies used an ELISA with a reported sensi-
tivity and specificity of 91% and 97%,
respectively.1 Individuals who were aged 60
years or older were excluded from the study
because of low participation rates (<50%) in
completing the sequence of interviewing, se-
rology testing, and periodontal examination.
Participants who were edentulous in at least 1
dental arch were also excluded. The analyzed
population of 4504 subjects represented an
overall participation rate of 75.9%.

Risk Factor Selection
Race/ethnicity was classified as Mexican

American, non-Hispanic Black, non-Hispanic
White, and other. Individuals who were iden-
tified as “other” were included in the total
population estimates but not in the logistic
models. Education was categorized as having
not completed high school, having graduated
from high school, or having attended college
or university. We calculated a poverty index
ratio by dividing total family income by the
federal poverty income threshold, adjusted

for family size. Age, sex, and foreign birth sta-
tus were also analyzed. Potential effects of
cigarette smoking were also explored.

Although we did not classify subjects ac-
cording to their periodontal disease status, we
did identify certain clinical characteristics that
could constitute disease when used with radi-
ographic assessment in a diagnostic setting.
These attributes include supragingival calcu-
lus, subgingival calculus, periodontal attach-
ment loss, pocket formation, and the presence
of dental root furcations. Periodontal observa-
tions and measurements were made at 2 sites
on each permanent tooth in 2 randomly se-
lected quadrants (i.e., 1 upper and 1 lower).
Detailed information about the NHANES III
oral health component protocols, measure-
ment issues, and data quality assurance have
been described elsewhere.39,41

An extent index was individually estab-
lished for supragingival calculus, subgingival
calculus, and attachment loss. The number of
dental sites affected was summed and divided
by the total number of dental sites evaluated.
This ratio was categorized into 4 groups: 0 to
15% of dentition affected, 16% to 30% of
dentition affected, 31% to 45% of dentition
affected, and 46% or more of dentition af-
fected. Clinical attachment loss, an indicator
of past periodontal disease, was defined as
sites that had experienced a minimum of
2 mm of measured loss. This criteria was
based on a previously published extent and
severity attachment loss index.42 We used cal-
culus as a proxy for plaque because plaque
was not specifically assessed in NHANES III.

Periodontal pocket depth was expressed as
a dichotomous variable—either not present
or at least 1 dental site with a pocket depth
of 5 mm or more—because the distribution
of advanced pocketing did not produce a sta-
ble variable to support the development of
an extent index. Dental practitioners widely
accept that even individuals with excellent
at-home oral hygiene skills cannot remove
debris or maintain a reasonably clean envi-
ronment within the pocket at this depth.
Dental root furcations, which are a condition
of alveolar bone loss between the roots of a
multirooted tooth, were analyzed by group-
ing both partial and complete furcal bony
defect types to form a dichotomous variable
that identified an individual as having either
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none or at least 1 dentate site affected by a
furcation.

Dental services utilization, defined as any
dental visit in the past 12 months, was ana-
lyzed as a dichotomous variable. The pres-
ence or absence, independent of any particu-
lar time frame, of aphthous ulcers was
reported by participants during the home in-
terview. Participants were asked to differenti-
ate between canker sores (aphthous ulcers)
and cold sores (herpeslike lesions) on this
household questionnaire.

Data Analysis
All statistical analyses were performed with

SUDAAN, a software package that is specifi-
cally designed to accommodate complex sam-
ple surveys.43 Sample weights were used to
account for the unequal probability of selec-
tion and nonresponse of the study partici-
pants to produce prevalence estimates, odds
ratio, and related standard errors. Compar-
isons across subpopulations were made with
age-standardized prevalence estimates using
direct adjustment over 4 age groups (20–29,
30–39, 40–49, and 50–59 years). We as-
sessed potential age-standardized differences
of H. pylori seropositivity within the implied
risk categories by calculating t statistics using
a linear contrast procedure in SUDAAN. Sta-
tistical significance was set at P<.05.

Logistic regression models were used to
calculate crude and adjusted odds ratios with
95% confidence intervals. The presence or
absence of H. pylori antibody was the depen-
dent variable. Age, attachment loss, and
supragingival and subgingival calculus were
modeled as continuous variables. The remain-
ing independent variables were modeled as
categorical variables, as described in the uni-
variate analyses. Multivariate logistic models
also were used to assess the potentially strong
interrelationships among the dental variables.
Forward-selection and backward-elimination
modeling assessments, including tests for in-
teractions, were performed. The standard for
retaining variables to produce the most parsi-
monious model was set for a Satterthwaite
adjusted F statistic of P<.05. We assessed the
possibility of interactions using race/ethnicity,
age, sex, and periodontal pocket depth as
multiple product terms in the multivariate
model.

RESULTS

After direct adjustment for age, 25.3% of
the 4504 subjects in this study were seroposi-
tive for H. pylori (Table 1). Age-adjusted dif-
ferences in H. pylori seropositivity were ob-
served among the 3 racial/ethnic groups
(17.4% for non-Hispanic Whites, 47.1% for
non-Hispanic Blacks, 55.9% for Mexican
Americans). Among subjects who had at least
1 periodontal pocket, H. pylori seropositivity
was greater (P<.05) in those with a measura-
ble pocket depth of 5 mm or more (40.9%)
than in those with a pocket depth less than
5 mm (23.9%). The differences in H. pylori
seropositivity between participants with peri-
odontal pocket depths of 5 mm or more com-
pared with those with lesser pocket depths
were significant for all 3 racial/ethnic groups
(P<.05).

The effect of other dental conditions on
H. pylori seropositivity was smaller than that
seen with periodontal pocket depth. Individu-
als with either supragingival or subgingival
calculus displayed an increase in H. pylori
seropositivity as the extent of calculus cover-
age increased in the dentition (Table 1). Prev-
alence ranged from 17.7% to more than
35% when supragingival calculus coverage
extended from less than 15% to more than
45% of dentition affected (P< .05). When
study participants were stratified by race/eth-
nicity, only the most severe supragingival cal-
culus category (46%–100% of dentition af-
fected) remained significant (P< .05). The
magnitude and pattern of H. pylori seroposi-
tivity among individuals with subgingival cal-
culus were remarkably similar to those ob-
served among individuals with supragingival
calculus. The similarity between the effects of
subgingival calculus and of supragingival cal-
culus on the seropositivity of H. pylori re-
mained after stratification by race/ethnicity,
with 1 exception: among Mexican Ameri-
cans, the difference between the least and
most severe category of subgingival calculus
was not statistically significant (P> .05).

In the age-standardized total population,
gradual increase in H. pylori seropositivity
was observed as the extent of attachment loss
progressed from less than 15% to more than
45% of dentition affected, but this linear in-
crease was not significant (P>.05). In the

total population, H. pylori seropositivity in-
creased from 23% among individuals with no
dental root furcations to 36% among those
with at least 1 root furcation (P<.05). In-
creased H. pylori seropositivity was associated
with the presence of a root furcation for all 3
racial/ethnic groups, but the difference
reached statistical significance only among
non-Hispanic Whites.

Not having visited a dentist in the past 12
months was a significant indicator of H. pylori
seropositivity among all 3 racial/ethnic groups
(P<.05). Individuals who reported a positive
history of aphthous ulcers had a lower sero-
positivity (18%) than did those without a his-
tory of ulcers (27%; P<.05). Although the re-
sults for aphthous ulcers exhibited a similar
pattern when examined by race/ethnicity, the
stratified findings were not conclusive. Al-
though smoking is a risk factor for periodontal
disease, smoking was found not to be associ-
ated with H. pylori seropositivity, either as a
potential confounder or as an effect modifier
in this analysis (data not shown).

Table 2 exhibits the relative odds of H. py-
lori infection from logistic regression model-
ing. Supragingival calculus had the strongest
crude association with H. pylori seropositivity
(odds ratio [OR]=4.95; 95% confidence in-
terval [CI]=3.57, 6.87). The remaining peri-
odontal indicators were crudely associated
with H. pylori. Among these dental covariates,
only a history of aphthous ulcers produced
unadjusted estimates that indicated a poten-
tial protective effect (OR=0.57; 95% CI=
0.40, 0.79). Sex was the only unadjusted de-
mographic risk factor that was not statistically
significant in the crude analysis.

In the final multivariate logistic model, the
only dental covariate to remain influential was
the presence of any moderate or severe peri-
odontal pockets (Table 2, final model). Individ-
uals with periodontal pocket depths of 5 mm
or more had nearly a 50% increase in risk of
H. pylori infection (OR=1.46; 95% CI=1.11,
1.92), an effect comparable to the adjusted ef-
fects of poverty (OR=1.54; 95% CI=1.10,
2.16). During the modeling process, periodon-
tal pocket depth and supragingival calculus
emerged as the only significant dental cofac-
tors in a multivariate model. However, with
the introduction of poverty into the model,
supragingival calculus lost significance. Dental
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TABLE 1—Age-Standardized Helicobacter pylori Seropositivity and Standard Errors for Selected 
Characteristics for the Total Population and by Race/Ethnicity: Third National Health 
and Nutritional Examination Survey, 1988–1991

Total Population Non-Hispanic Whites Non-Hispanic Blacks Mexican Americans

n % (SE) n % (SE) n % (SE) n % (SE)

Total 4504 25.3 (1.8) 1578 17.4 (1.6) 1225 47.1 (2.2) 1528 55.9 (1.7)

Sex

Male 2285 26.7 (2.3) 810 18.3 (1.9) 608 53.1 (3.0) 775 58.1 (1.6)

Femalea 2219 23.8 (1.7) 768 16.5 (1.8) 617 42.0 (2.1)* 753 53.0 (2.3)* 

Education

Did not complete high school 1506 43.6 (2.6)* 230 31.5 (4.1)* 318 53.8 (2.9)* 906 64.2 (2.9)*

Completed high school 1464 28.3 (2.7)* 571 20.9 (2.4)* 504 50.3 (3.8)* 346 47.0 (3.0)

Some collegea 1507 16.3 (1.5) 770 11.8 (2.4) 397 38.5 (2.9) 264 42.6 (4.5)

Birth status

Not US born 1135 51.6 (3.4)* 90 36.6 (6.3)* 64b 69.3 (8.8)* 842 64.7 (1.9)*

US borna 3364 20.9 (1.6) 1488 16.3 (1.7) 1157 45.4 (2.3) 685 44.4 (3.6)

Poverty index

Below poverty line 917 44.4 (2.9)* 116 30.0 (5.2)* 295 50.6 (3.3)* 478 66.8 (2.5)*

Above poverty linea 3168 22.4 (2.0) 1397 16.4 (1.7) 804 44.7 (2.1) 836 47.3 (2.2)

Prior history of aphthous ulcers

Yes 622 18.4 (2.9)* 363 15.4 (2.7) 59b 36.9 (7.6) 173 47.1 (3.9)*

Noa 3876 27.0 (1.6) 1214 18.0 (1.6) 1165 47.5 (2.2) 1352 57.1 (1.6)

Supragingival calculus only

0–15% of dentition affecteda 1130 17.7 (1.7) 602 14.7 (1.5) 171 37.1 (3.6) 326 45.9 (3.8)

16%–30% of dentition affected 856 21.0 (2.1)* 340 13.8 (2.2) 203 43.7 (3.7) 280 55.6 (3.6)

31%–45% of dentition affected 617 29.0 (3.5)* 188 19.6 (3.5) 156 46.6 (6.7) 248 59.2 (4.2)

46%–100% of dentition affected 1628 35.4 (2.7)* 354 24.0 (3.2)* 598 51.9 (2.2)* 604 59.8 (3.5)*

Any subgingival calculus

0–15% of dentition affecteda 2017 20.3 (2.1) 949 14.9 (1.7) 378 42.9 (2.6) 606 54.0 (1.5)

16%–30% of dentition affected 608 25.9 (2.1)* 190 17.9 (2.7) 170 39.0 (3.7) 225 54.6 (2.4)

31%–45% of dentition affected 440 31.9 (3.8)* 103 20.2 (4.1) 141 52.3 (7.0) 178 58.0 (3.8)

46%–100% of dentition affected 1166 36.4 (3.6)* 242 25.4 (4.3)* 439 53.3 (2.9)* 449 59.2 (5.2)

Periodontal pocket probing depth ≥ 5mm

Yes 493 40.9 (2.7)* 118 25.1 (3.2)* 190 56.5 (3.8)* 164 69.4 (4.0)*

Noa 3981 23.9 (1.8) 1448 16.5 (1.5) 1023 46.0 (2.4) 1360 55.4 (1.6)

Periodontal attachment loss

0–15% of dentition affecteda 2004 20.4 (1.8) 695 14.8 (1.7) 539 44.3 (3.5) 236 51.3 (2.5)

16%–30% of dentition affected 495 26.1 (3.5) 162 15.7 (3.1) 128 44.3 (4.0) 185 60.1 (5.0)

31%–45% of dentition affected 385 27.2 (3.3) 155 20.2 (4.0) 75b 48.1 (5.6) 138 54.8 (5.5)

46%–100% of dentition affected 1208 31.6 (2.8)* 433 19.9 (2.5) 319 56.4 (3.4)* 388 64.9 (3.5)*

Presence of a furcation

Yes 408 36.9 (4.3)* 123 26.0 (4.1)* 124 52.7 (5.4) 137b 61.0 (12 )

Noa 3696 23.7 (1.9) 1338 16.3 (1.6) 930 45.1 (2.3) 1295 55.8 (1.7)

Dental visit in past 12 mo

Yesa 2700 21.8 (1.8) 1157 15.7 (1.6) 669 42.5 (2.3) 763 49.6 (2.4)

No 1778 33.3 (2.2)* 412 22.2 (2.3)* 554 53.0 (2.7)* 750 61.2 (3.2)*

aReference category.
bPrevalence estimates and standard errors are unreliable owing to low sample size.
*P < .05 compared with reference category.
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TABLE 2—Odds Ratios (OR) and 95% Confidence Intervals (CI) for Helicobacter pylori
Seropositivity in the Total US Population

Crude Modela Final Modelb

OR (95% CI) OR (95% CI)

Sex

Male 1.16 (0.97, 1.40) 1.25 (1.02, 1.54)

Female 1.00 1.00

Age, yc 1.04 (1.03, 1.05) 1.05 (1.04, 1.06)

Race/ethnicity

Non-Hispanic Blacks 4.20 (3.23, 5.46) 4.14 (3.09, 5.53)

Mexican Americans 6.01 (4.49, 8.06) 2.97 (1.82, 4.86)

Non-Hispanic Whites 1.00 1.00

Education

Did not complete high school 3.91 (3.31, 4.61) 2.54 (1.91, 3.37)

Completed high school 1.96 (1.45, 2.65) 2.04 (1.45, 2.86)

Some college 1.00 1.00

Birth status

Not US born 4.05 (3.09, 5.30) 2.92 (1.67, 5.10)

US born 1.00 1.00

Poverty index

Below poverty line 2.42 (1.74, 3.38) 1.54 (1.10, 2.16)

Above poverty line 1.00 1.00

Reported history of aphthous ulcers

Yes 0.57 (0.40, 0.79) —

No 1.00

Supragingival calculus onlyc 4.95 (3.57, 6.87) —

Any subgingival calculusc 3.60 (2.35, 5.51) —

Periodontal attachment lossc 3.42 (2.46, 4.77) —

Probing pocket depth ≥ 5mm

Yes 2.54 (2.08, 3.10) 1.46 (1.11, 1.92)

No 1.00 1.00

Any furcation present

Yes 2.39 (1.85, 3.08) —

No 1.00

Dental visit in past 12 mo

No 1.63 (1.35, 1.96) —

Yes 1.00

Note. Dashes indicate that variable is not included in the model.
aLogistic regression model individually includes only 1 independent variable.
bLogistic regression model includes only the statistically relevant predictors.
cModeled as a continuous variable.

services utilization was no longer associated
with H. pylori when pocket depth was added
to the model. No significant interactions were
found.

DISCUSSION

In the ongoing debate over human H. py-
lori transmission, the association of moderate

to severe periodontal pockets with H. pylori
seropositivity is an important consideration.
Most studies have randomly collected isolates
from coronal tooth sites, intra-oral mucosa,
and unspecified periodontal pockets, such as
from the “deepest” pocket measured.25 In a
study by Riggio and Lennon, when all subgin-
gival plaque specimens were obtained from
periodontal pockets at least 5 mm deep, sub-

gingival plaque from 33% of the pocket sites
analyzed were H. pylori positive, and 38% of
the 29 subjects with moderate to severe peri-
odontal pocketing were positive for H. py-
lori.13 Consequently, Riggio and Lennon con-
cluded that subgingival plaque in individuals
afflicted with adult periodontitis may function
as a reservoir for H. pylori. These results
closely parallel our finding that nearly 41%
of individuals with periodontal pockets of a
measurable depth of 5 mm or more were
H. pylori seropositive.

The extent of clinically measurable attach-
ment loss was not a significant factor in H. py-
lori seropositivity. Although unadjusted at-
tachment loss indicated more than a threefold
increase in the odds of H. pylori seropositivity,
there were no significant findings in the final
multivariate models. Individuals with measur-
able attachment loss also could have had
moderate to deep periodontal pockets, and
this could have produced collinear effects in
the regression models. There was also no sig-
nificant association between dental root furca-
tions and H. pylori in the multivariate models.
Because furcations are often clinically associ-
ated with moderate to severe pocketing, these
results could also be explained by multi-
collinearity.

Our results indicate a lack of association
between recurrent aphthous ulcers and H. py-
lori seropositivity. One possible source of
error in our analysis of aphthous ulcers is re-
call bias. Not only did we rely on the partici-
pant to accurately remember a prior experi-
ence with aphthous ulcers, but the participant
also was required to differentiate between a
canker sore (aphthous ulcer) and a cold sore
(herpes lesion) with limited explanation in the
questionnaire component.

It is reasonable to hypothesize that H. py-
lori survives in moderate to advanced peri-
odontal pockets because the architecture and
the microcosm of these periodontal condi-
tions promote a viable habitat for micro-
aerophilic and anaerobic microorganisms. Be-
cause dental biofilms can provide urea,
urease-producing bacteria such as H. pylori
may have improved viability in this periodon-
tal environment. Furthermore, recent re-
search has shown that vomitus is highly capa-
ble of producing cultivable samples of
H. pylori, with post-emetic saliva samples
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nearly 3 times as likely to produce H. pylori
as pre-emetic saliva samples.11 Given the
forcible nature of emesis, plaque biofilm
could become impregnated with ejected
H. pylori. Thus, subgingival plaque within
deeper periodontal pockets could promote
microbe survival. The same strain of H. pylori
found in the stomach has been identified in
subgingival dental plaque.44

This is the first large epidemiological study
in the United States that demonstrates a posi-
tive association between H. pylori seropositiv-
ity and a periodontal disease parameter. Iden-
tification of a positive association between
periodontal pockets 5 mm or more in depth
and H. pylori seropositivity may have an im-
portant impact on the control and eradication
of H. pylori infection in humans. The success
rate for gastric eradication has recently been
reported to be significantly related to the
prevalence of H. pylori in the oral cavity.45

Thus, a combination of professional medical
and dental treatment modalities may be re-
quired for some individuals with H. pylori in-
fection. Because antibiotics have difficulty
penetrating bacterial biofilm structures, peri-
odontal treatment that includes dental scaling
and root planing, and possibly periodontal
surgery, may be needed to eliminate patho-
gens from diseased periodontal pockets.

A limitation of our study is its cross-sectional
design. Because both H. pylori infection and
periodontal disease are considered chronic
disorders, the design of this study does not
effectively address temporal relationships.
Another limitation is that the periodontal dis-
ease indicators were derived from a partial
mouth examination. One half of mouth ex-
aminations underestimate periodontal dis-
ease sites, particularly the more severe condi-
tions.46,47 Consequently, the direction of bias
produced from underreporting disease may
actually have underestimated the strength of
the association in our study between peri-
odontal pockets and H. pylori seropositivity.
A strength of our study is that it used a large,
nationally representative sample to explore
and control for multiple confounding effects
to clarify relationships to a degree not
achieved by many prior studies. However,
small effects may be more likely to demon-
strate statistical significance in a study with a
large sample size.

The microbial ecology of the oral cavity is
highly complex, richly diverse, and not well
understood. Most prior studies have incon-
clusively described the relationships among
the oral cavity, oral health, and H. pylori.
Our study provides additional evidence to-
ward defining the importance of clinical and
demographic risk factors in H. pylori infec-
tion. Although the idea that the oral cavity is
a potential site for H. pylori gastric reinfec-
tion has been proposed before,48 our find-
ings indicate that only moderate to severe
periodontal pockets may be associated with
H. pylori infection. To assess causality or re-
infection, additional research, principally co-
hort studies focusing on the culture of H. py-
lori from well-defined periodontal pockets, is
needed to further examine mechanistic path-
ways and describe risk factors for H. pylori
infection within the oral–pharyngeal–gastric
macrocosm.
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