
Periodontal disease, tooth loss
and incident rheumatoid arthritis:
results from the First National
Health and Nutrition Examination
Survey and its epidemiological
follow‐up study
Demmer RT, Molitor JA, Jacobs DR Jr., Michalowicz BS. Periodontal disease,
tooth loss and incident rheumatoid arthritis: results from the First National Health
and Nutrition Examination Survey and its epidemiological follow-up study. J Clin
Periodontol 2011; 38: 998–1006. doi: 10.1111/j.1600-051X.2011.01776.x.

Abstract
Aims: Infection may be a rheumatoid arthritis (RA) risk factor. We examined whether
signs of periodontal infection were associated with RA development in the First National
Health and Nutrition Examination Survey and its epidemiological follow-up study.
Material and Methods: In 1971–1974, 9702 men and women aged 25–74 were
enrolled and surveyed longitudinally (1982, 1986, 1987, 1992). Periodontal infec-
tion was defined by baseline tooth loss or clinical evidence of periodontal disease.
Baseline (n = 138) and incident (n = 433) RA cases were defined via self-report
physician diagnosis, joint pain/swelling, ICD-9 codes (714.0–714.9), death certifi-
cates and/or RA hospitalization.
Results: Adjusted odds ratios (ORs) (95% CI) for prevalent RA in gingivitis and
periodontitis (versus healthy) were 1.09 (0.57, 2.10) and 1.85 (0.95, 3.63); incident
RA ORs were 1.32 (0.85, 2.06) and 1.00 (0.68, 1.48). The ORs for prevalent RA
among participants missing 5–8, 9–14, 15–31 or 32 teeth (versus 0–4 teeth) were
1.74 (1.03, 2.95), 1.82 (0.81, 4.10), 1.45 (0.62, 3.41) and 1.30 (0.48, 3.53); ORs for
incident RA were 1.12 (0.77, 1.64), 1.67 (1.12, 2.48), 1.40 (0.85, 2.33) and 1.22
(0.75, 2.00). Dose-responsiveness was enhanced among never smokers. The rate
of death or loss-to-follow-up after 1982 was two- to fourfold higher among par-
ticipants with periodontitis or missing � 9 teeth (versus healthy participants).
Conclusions: Although participants with periodontal disease or � 5 missing teeth
experienced higher odds of prevalent/incident RA, most ORs were non-statisti-
cally significant and lacked dose-responsiveness. Differential RA ascertainment
bias complicated the interpretation of these data.
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Rheumatoid arthritis (RA) is a
chronic, disabling disease affecting
0.5–1% of the population (Tobon
et al. 2010). Early and aggressive
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interventions have reduced the rate of
progression of the disease and its long-
term disability (Klareskog et al. 2009).
Nevertheless, the majority of patients
continue to require lifelong, often
expensive or inaccessible therapy, and
have increased mortality, particularly
due to cardiovascular disease even
with more aggressive and modern
treatments (Gabriel 2008). Thus, there
is a strong need to understand the risk
factors and pre-clinical disease path-
ways leading to clinical RA, to facili-
tate pre-clinical RA intervention.

The most important known risk
factors for RA are genetic. The
“shared epitope” (SE) – a short pep-
tide sequence found in multiple HLA-
DR alleles – is the most significant
genetic risk factor, and cigarette smok-
ing interacts with SE alleles to increase
the risk for autoantibodies against cit-
rullinated peptides that predict risk for
RA (Klareskog et al. 2009).

Microbial exposures have been
suggested as a risk factor for RA
(Rosenstein et al. 2004). Periodontal
disease, which is partly caused by
Gram-negative anaerobic bacterial
species (Haffajee & Socransky 1994,
Papapanou et al. 1997, Timmerman
et al. 2001, Van Winkelhoff et al.
2002, Paster et al. 2006, Van Der
Velden et al. 2006, Demmer et al.
2008c), shares several pathobiologi-
cal features with RA (Rosenstein
et al. 2004, Culshaw et al. 2011).
Two recent small clinical trials have
demonstrated that periodontal ther-
apy among RA patients can reduce
RA disease activity (Al-Katma et al.
2007, Ortiz et al. 2009) providing
evidence that periodontal infections
might exacerbate RA severity.

Others have reported associations
between periodontitis and RA in
cross-sectional studies (De Pablo
et al. 2008, 2009, Pischon et al.
2008). Such associations, however,
may arise from shared environmen-
tal or genetic risk factors that result
in similar pathobiology. Importantly,
associations between periodontitis
and RA have been observed follow-
ing adjustment for smoking, which is
the most important known shared
environmental risk factor (De Pablo
et al. 2008, 2009, Molitor et al.
2009). Thus, periodontal disease
pathobiology might contribute to the
development of RA or vice versa.

Longitudinal analyses can help to
establish the temporal relationship

between clinical periodontal disease
and RA. The only available longitu-
dinal data that followed the develop-
ment of RA subsequent to the
assessment of periodontal infection
suggest increased incidence of RA in
never smokers with moderate to
severe periodontitis in the Athero-
sclerosis Risk in Communities
(ARIC) cohort (Molitor et al. 2009).

The First National Health and
Nutrition Examination Survey
(NHANES I) and its epidemiological
follow-up study (NHEFS) provide a
unique opportunity to examine the
association between prevalent peri-
odontal disease and both prevalent
and incident RA because: (i) both
medical and dental evaluations were
conducted concurrently at baseline;
and (ii) the large nationally represen-
tative sample and long longitudinal
follow-up period enabled the accumu-
lation of adequate RA event rates.
We tested the hypothesis that baseline
evidence of historical exposure to
periodontal infections (assessed via
clinical periodontal examination and
tooth loss status) can predict both
prevalent and incident RA in the
nationally representative, population-
based setting of NHANES I and
NHEFS. Based on findings from the
ARIC study (Molitor et al. 2009), we
also hypothesized that the association
with incident RA would be strongest
in never smokers. We have included
the cross-sectional aims in our current
report to establish consistency with
previous research.

Methods

Details concerning the design of
NHANES I and its epidemiological
follow-up study have been previously
published (Destefano et al. 1993).
Briefly, NHANES I was a national
probability sample of the non-institu-
tionalized U.S. population aged
1–74 years, conducted during 1971–
1974. The NHEFS is a longitudinal
study including all persons initially
25–74 years of age, who completed a
medical examination at NHANES I
(14,407). The NHEFS is comprised of
four follow-up studies occurring dur-
ing the four periods of 1982–1984,
1986, 1987 and 1992. The 1986, 1987
and 1992 follow-up assessments uti-
lized the same design and data collec-
tion procedures developed in the
1982–1984 NHEFS, except that a 30-

min computer-assisted telephone
interview was administered rather
than a personal interview. No physi-
cal measurements were taken during
the 1986–1992 exams. The 1986
NHEFS was conducted for members
of the NHEFS cohort who were 55–
74 years of age at their baseline exam-
ination and not known to be deceased
at the 1982–84 NHEFS (3980). The
1987 (11,750) and 1992 (11,195) fol-
low-up evaluations were conducted
for the entire surviving cohort.
Ninety-six percent of the study popu-
lation was successfully traced at some
point through the 1992 follow-up.
Tracing rates for each completed
wave ranged from 90% to 94% and
interview rates ranged from 91% to
96% of those traced.

Periodontal disease assessment

Dental examiners were trained to
follow a written set of objective
standards to narrow the range of
examiner variability by eliminating
conditions known to be sources of
disagreement (Kelly & Harvey 1979,
Miller and NATIONAL CENTER
FOR HEALTH STATISTICS (U.S.)
1973).

The Periodontal Index (PI) (Rus-
sell 1956) was used to assess the pres-
ence or absence of periodontal
disease for each tooth (maximum =
32) by assigning scores (PI range =
0–8) based on gingival inflammation
extent, the presence/absence of peri-
odontal pockets – i.e. attachment
loss according to Russell (1956) –
and tooth mobility. As described ear-
lier (Wu et al. 2000), these tooth level
assessments, in combination with
tooth counts, were used to assign a
periodontal classification to all par-
ticipants as follows: (i) healthy peri-
odontium: no teeth with periodontal
disease or not more than one tooth
with mild gingivitis if 20 or more
teeth were examined; (ii) gingivitis: at
least one tooth with mild gingivitis
or a worse condition that did not fit
the category for either no periodon-
tal disease or periodontitis; (iii) peri-
odontitis: four or more teeth with
“overt pockets” (i.e. attachment loss)
or worse conditions.

Rheumatoid arthritis definitions

Baseline (prevalent) RA was defined
by either participant self-report of
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physician diagnosis or physical
examination data corresponding to
criteria 1–4 of the American Rheu-
matism Association 1987 criteria
(Arnett et al. 1988).

Incident RA was defined as fol-
lows: (i) death certificate: Interna-
tional Classification of Death, Ninth
Revision (ICD)-9 code in the range
of 714.0–714.9 (two cases included
based solely on ICD-9 codes of
714.8–714.9), or rheumatism other-
wise listed on the death certificate;
(ii) self-reported physician diagnosis
(based on 1986–1992 interviews) or
(iii) healthcare facility stay with a
discharge diagnosis of rheumatism
(ICD-9 codes).

Risk factor assessment

As described earlier (Demmer et al.
2008a), confounding variables
related to RA risk, periodontal infec-
tion and/or indicative of healthy life-
style were collected during the
baseline evaluation, including age,
gender, race (African American,
Caucasian, Other), poverty index
(total household income in the
numerator and total income neces-
sary to maintain the family on a

nutritionally adequate food plan in
the denominator; values >1 indicate
incomes above poverty), education
level (completed � 8th grade, 9th–
12th grade, some college, college
graduate), body mass index (BMI,
weight in kilograms divided by
height in metres squared), physical
activity. Detailed cigarette smoking
history information was collected on
a subset of participants at baseline
and for the remaining participants
during the 1982–1984 follow-up.
This approach has been validated
(Mclaughlin et al. 1987, Machlin
et al. 1989).

Statistical analysis

SAS software version 9.2 was used to
conduct multivariable logistic regres-
sion analysis to assess the associa-
tion between baseline periodontal
disease or tooth loss level and the
cumulative incidence of RA. Partici-
pants were classified as being either
periodontally healthy or having gin-
givitis or periodontitis, as described
above. Tooth loss was also con-
sidered as a surrogate marker of
historical periodontal infection. Par-
ticipants were categorized as having

0–4 missing teeth (MT), 5–8 MT,
9–14 MT, 15–31 MT; or 32 MT.
The SURVEYLOGISTIC(SAS) pro-
cedure in SAS was used to account
for the complex survey design (based
on survey locations 1–65). Propor-
tional hazards survival analysis was
performed (using PHREG), although
these findings should be interpreted
cautiously as PHREG is unable to
account for the NHANES stratifica-
tion, clustering and sample weights;
this limitation underestimates vari-
ance but does not bias the reported
hazard ratios. Our multivariable
models were based on the following
currently established risk factors for
RA: smoking behaviours, age and
gender; no HLA genotypes or RA
family history data were available.
Additional variables, such as educa-
tion, race, physical activity level and
poverty index were included as sur-
rogates of socio-economic status
and/or healthy lifestyle. To summa-
rize participant characteristics (i.e.
Table 1), we presented unweighted
estimates to give a better sense of
the characteristics of the actual data
and participants analysed.

A secondary analysis considered
only RA outcomes identified via

Table 1. General characteristics by baseline tooth loss status (unweighted): The First National Health and Nutrition Examination Survey
and its epidemiological follow-up study (n = 9702)

Characteristics 0–4 Missing teeth
(n = 2029)

5–8 Missing teeth
(n = 1990)

9–14 Missing teeth
(n = 1559)

15–31 Missing teeth
(n = 1814)

Edentulous
(n = 2310)

Age (years)* 38 ± 0.3 45 ± 0.3 50 ± 0.3 55 ± 0.3 62 ± 0.3
Female (%)* 61 63 61 59 58
Race (%)*
White 84 85 79 81 87
Black 15 14 19 19 13
Other 1 1 2 0 0
Education (%)*
� 8th grade 15 17 25 37 51
9th–12th grade 48 55 56 50 41
Some college 27 23 15 11 7
College graduate 10 6 3 2 1
Smoking status (%)*
Never 48 46 44 45 48
Former 19 21 19 19 18
Current 32 30 32 29 24
Ever smokers (baseline
status unknown)

1 2 5 7 11

Pack years of smoking*† 7.5 ± 0.5 9.5 ± 0.5 12.2 ± 0.6 14.4 ± 0.5 15.0 ± 0.5
Systolic blood pressure*† 125 ± 0.5 130 ± 0.5 136 ± 0.6 139 ± 0.6 145 ± 0.5
Diastolic blood pressure*† 80 ± 0.3 82 ± 0.3 85 ± 0.3 85 ± 0.3 86 ± 0.3
White blood cell count
(cells/mm3)†

7.5 ± 0.05 7.5 ± 0.05 7.5 ± 0.06 7.4 ± 0.06 7.4 ± 0.05

Periodontal Index* 0.70 ± .04 1.01 ± .04 1.77 ± .04 2.55 ± .04 Not applicable

*p-value <0.05.
†Subsamples due to missing data: n = 8614 with pack years data; n = 9663 with systolic blood pressure data; n = 9662 with diastolic blood
pressure data; n = 8654 with white blood cell count data.
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health care facility discharge records
to reduce the potential for bias related
to inaccurate self-report of RA.

Interaction models explored the
aforementioned associations among
smoking subgroups based on a priori
evidence of stronger associations
among never smokers (Molitor et al.
2009).

Incident RA cases were predomi-
nantly determined via participant
self-report during the interview. The
first interview to specifically ask
about RA was not conducted until
1986–1987. As being lost-to-follow-
up (LTF) or dying after 1982 would
have been related to incident RA
underreporting, and was strongly
associated with elevated baseline
periodontal status and age, a bias
might have been induced. Specifi-
cally, NHEFS participants with ele-
vated levels of periodontal disease
were less likely to have reported inci-
dent RA to the study and were
therefore differentially misclassified
as RA-free. We opted to keep partic-
ipants who died or were LTF after
1982 in the analysis because of the
potential to obtain information
about incident RA occurring before
1986 from health facility records and
death certificates.

Results

Dental examinations were performed
on 11,375 participants during
NHANES I. We excluded 1052 who
were never traced, an additional 604
with missing data and an additional
17 due to uncertainty regarding the
date of incident RA relative to the
baseline examination leaving 9702 for
cross-sectional analysis. One hundred
and thirty-eight participants had RA
at baseline, leaving 9564 participants
for longitudinal analysis.

Demographic characteristics for
the NHANES I participants have
been described earlier (Demmer
et al. 2008a) and are presented in
Table 1. Having gingivitis, periodon-
titis or relatively advanced tooth loss
was associated with higher age, male
gender, smoking, lower SES and
other suboptimal health measures.

The rates of death or LTF after
the 1982 examination among partici-
pants with a healthy periodontium,
gingivitis or periodontitis, respec-
tively, were 8%, 13% and 24%;
rates across the five tooth loss cate-

gories were 8%, 10%, 17%, 21%
and 31%. The mean age of partici-
pants with death or LTF after 1982
was approximately 10 years higher
than participants who completed a
follow-up interview after 1982.

Cross-sectional association between

periodontal status and rheumatoid

arthritis

The prevalence of RA in the
NHANES I survey was 1.4% (138
cases). After multivariable adjust-
ment, relative to healthy partici-
pants, those with periodontitis had
an approximate twofold increase in
the odds of prevalent RA. Relative
to those with 0–4 missing teeth, par-
ticipants with 5–8 missing teeth
experienced an increase in the odds
of prevalent RA (Table 2); ORs
among participants missing >8 teeth
were not statistically significantly dif-
ferent from 1.0 (Table 2).

Longitudinal association between

periodontal status and rheumatoid

arthritis

The cumulative incidence of RA dur-
ing 20 years of follow-up was 4.7%
(433 cases) and the majority of cases
were determined via self-report phy-
sician diagnosis alone (79%). An
additional 11% were determined via
facility discharge alone. The remain-
ing 10% were based on a combina-
tion of self-report, facility discharge
and death certificate; no cases were
determined via death certificate
alone. Women had higher odds of
incident RA: OR = 1.47 (95% CI:
1.10, 1.96). Five-year higher baseline
age also had increased odds of inci-
dent RA: OR = 1.10 (1.09, 1.11).
The odds ratios for former or cur-
rent smoking versus never smoking
were positively, yet not statistically
significantly associated with incident
RA and were as follows: 1.44 (0.92,
2.26) and 1.21 (0.79, 1.85), respec-
tively.

Participants with gingivitis at
baseline experienced a non-statisti-
cally significantly increased odds of
RA development relative to healthy
participants (Table 3). There were
no evident associations between
either periodontitis or edentulism
and incident RA (Table 3). When
considering only 88 incident RA
cases diagnosed via hospital dis-

charge, the respective ORs for gingi-
vitis, periodontitis and edentulism
were 1.39 (0.58, 2.21), 1.28 (0.54,
3.06) and 1.24 (0.47, 3.21).

Consistent with the cross-sec-
tional results, individuals with inter-
mediate tooth loss (9–14 missing
teeth) experienced an increase in the
odds of incident RA (p < 0.05) rela-
tive to participants missing 0–4 teeth
(Table 3). The odds ratios observed
among participants either missing
15–31 teeth or being edentulous were
attenuated as compared to results
for participants missing 9–14 teeth
(Table 3). In survival analysis, the
adjusted risk ratios for incident RA
among participants missing 5–8, 9–
14, 15–31 or 32 teeth versus 0–4
missing teeth were 1.10 (0.75, 1.60),
1.46 (1.00, 2.13), 1.09 (0.73, 1.62)
and 1.16 (0.78, 1.72), respectively.
When considering only 88 RA cases
determined via hospital discharge,
odds ratios for incident RA among
participants missing 5–8, 9–14, 15–31
or 32 teeth versus 0–4 missing teeth
were 1.08 (0.40, 2.923), 1.45 (0.52,
4.04), 1.52 (0.53, 4.37), 1.36 (0.52,
3.56) respectively. The association
between tooth loss and incident RA
tended to be more pronounced
among participants with either gingi-
vitis or periodontitis (p for interac-
tion = 0.05; Fig. 1).

Associations between periodontal
disease, tooth loss and incident RA
were more dose-responsive among
never smokers (Table 4). While nei-
ther gingivitis nor periodontitis was
statistically significantly associated
with incident RA, the p-value for lin-
ear trend across levels of periodontal
disease was 0.06. Among never
smokers, increased tooth loss was
associated with a monotonic increase
in the odds for incident RA (p-value
for linear trend across tooth loss cat-
egories = 0.04). Edentulous partici-
pants (relative to those missing 0–4
teeth) experienced a statistically sig-
nificantly increased OR of incident
RA: 1.92 (1.00, 3.66).

Discussion

Participants with periodontal disease
or � 5 missing teeth experienced
higher odds of prevalent and inci-
dent RA. Most – but not all – of the
reported ORs were not statistically
significant and the observed patterns
of RA prevalence and incidence
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across increasing levels of periodon-
tal disease or tooth loss did not
show dose-responsiveness which
favours a null conclusion. However,
while few odds ratios were statisti-
cally significant, they were consis-
tently >1.0 for both gingivitis and
tooth loss exposures, but not peri-
odontitis, predicting incident RA
(Table 3). The OR for periodontitis
predicting incident RA was notice-
ably, but not significantly, >1.0 among
never smokers (Table 4). Under the
null hypothesis of no association, one
would have expected the estimated
ORs to be more equally distributed
above and below 1.0. Despite the
large dataset and long follow-up per-
iod, several characteristics of these
data, as discussed below, make it
difficult to draw firm conclusions in
favour of or against the null hypothe-
sis based on these results alone.

To our knowledge, only two
other studies have reported on the
association between periodontal
infection and risk for incident RA.
Data from the ARIC study demon-
strated an increased risk of incident
RA among participants with moder-
ate/severe periodontitis which was

driven by positive associations
among never smokers (Molitor et al.
2009). An important limitation of
the ARIC data is that only 33 inci-
dent RA cases had accumulated.
Our current results among never
smokers support these preliminary
ARIC results, although the exact
nature of this interaction requires
further examination. Regardless, this
finding reduces the potential for any
associations to have been explained
by residual smoking-related con-
founding.

In contrast, a recent publication
from the Nurses Health Study
(NHS) found no association between
periodontal disease and incident RA
(Arkema et al. 2010). However, the
primary definition of exposure to
periodontal infection was defined via
self-report of periodontal surgery or
tooth loss in the preceding 2 years,
which likely misclassified many indi-
viduals with periodontal disease as
periodontally healthy.

In our current report from
NHANES, participants received
baseline clinical periodontal evalua-
tions and over 400 incident RA cases
were reported in a nationally repre-

sentative sample of U.S. adults. We
believe that the higher number of
cases relative to other studies likely
resulted from longer follow-up
(20 years in NHANES I/NHEFS
versus 8–12 years in ARIC and
NHS, respectively), a broader age
range and inclusion of self-reported
physician diagnosis.

The potential for periodontal dis-
ease to contribute to the development
of RA is biologically plausible and
has been previously hypothesized
(Rosenstein et al. 2004, Lundberg
et al. 2010). Chronic periodontal
infections involve multiple Gram-
negative bacteria, including Por-
phyromonas gingivalis (Paster et al.
2006), which engage the innate
immune system and result in the
chronic activation of antigen-present-
ing cells in the infected tissues.
Porphyromonas gingivalis is unique
among periodontal pathogens in that
it possesses a peptidyl arginine dei-
minase (Mcgraw et al. 1999, Wegner
et al. 2010), which can citrullinate
host peptides that in turn may elicit
an anti-citrulline autoimmune res-
ponse among genetically susceptible
individuals. Accordingly, P. gingivalis

Table 2. Odds ratios for prevalent rheumatoid arthritis by baseline periodontal and tooth loss status: cross-sectional results from the First
National Health and Nutrition Examination Survey and its epidemiological follow-up study (n = 9702; 138 RA cases)

Periodontal status

Healthy periodontium
Reference *(PI < 0.05)

Gingivitis
*(PI = 1.36 ± 0.03)

Periodontitis
*(PI = 4.44 ± 0.04)

Edentulous

RA prevalence
(n = 57/3436; 1.7%)

RA prevalence
(n = 33/2202; 1.5%)

RA prevalence
(n = 27/1754; 1.5%)

RA prevalence
(n = 21/2310; 0.9%)

1. 1.0 1.11 (0.59, 2.10) 1.73 (0.97, 3.11) 1.01 (0.51, 2.02)
2. 1.0 1.15 (0.61, 2.18) 2.05 (1.06, 3.96) 1.13 (0.53, 2.41)
3. 1.0 1.17 (0.62, 2.20) 2.14 (1.08, 4.23) 1.11 (0.51, 2.40)
4. 1.0 1.09 (0.57, 2.10) 1.85 (0.95, 3.63) 1.07 (0.49, 2.23)
5. 1.0 1.05 (0.53, 2.09) 1.94 (0.98, 3.85) 1.05 (0.49, 2.25)

Tooth loss

0–4 MT Reference
*(PI = 0.70 ± 0.04)

5–8 MT
*(PI = 1.01 ± 0.04)

9–14 MT
*(PI = 1.77 ± 0.04)

15–31 MT
*(PI = 2.55 ± 0.04)

Edentulous

RA prevalence
(n = 26/2029; 1.3%)

RA prevalence
(n = 38/1990; 1.9%)

RA prevalence
(n = 26/1559; 1.7%)

RA prevalence
(n = 27/1814; 1.5%)

RA prevalence
(n = 21/2310; 0.9%)

1. 1.0 1.78 (1.09, 2.91) 2.01 (0.96, 4.21) 1.50 (0.71, 3.19) 1.31 (0.56, 3.08)
2. 1.0 1.77 (1.05, 2.99) 1.95 (0.87, 4.35) 1.53 (0.65, 3.60) 1.39 (0.50, 3.82)
3. 1.0 1.51 (0.84, 2.73) 1.98 (0.87, 4.51) 1.49 (0.62, 3.56) 1.28 (0.45, 3.59)
4. 1.0 1.74 (1.03, 2.95) 1.82 (0.81, 4.10) 1.45 (0.62, 3.41) 1.30 (0.48, 3.53)
5. 1.0 1.84 (1.06, 3.17) 1.78 (0.76, 4.17) 1.40 (0.56, 3.54) 1.28 (0.45, 3.64)

1. Unadjusted.
2. Adjusted for age, gender, race, education, smoking.
3. Model 2 + pack years of smoking (sample size reduced to 8598, 132 RA cases).
4. Model 2 + body mass index and physical activity level (no activity, moderately active, very active).
5. Model 4 + poverty index (sample size reduced to 9353, 132 RA cases).
*Mean periodontal index (PI) ± standard error per periodontal status or tooth loss category. MT = missing teeth.
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induced extra-oral inflammatory
lesions and periodontitis have been
shown to promote or exacerbate
arthritis in animal models (Bartold
et al. 2010, Cantley et al. 2011).

Accordingly, our biological
hypothesis linking infection to RA
partly relies on complex and rela-
tively rare compound susceptibility
genotypes (Klareskog et al. 2009)
that probably exist in only a small
subgroup of the NHANES popula-
tion; therefore, the magnitude of the
reported associations are likely
diluted by many non-susceptible par-
ticipants in our analysis. Early epide-
miological work establishing
cigarette smoking as an environmen-
tal risk for RA faced similar initial
challenges in that they lacked data
on HLA genotypes. These initial
studies found weak and somewhat
inconsistent associations between
smoking duration/intensity and RA
(Karlson et al. 1999, Criswell et al.
2002). Subsequent publications that
could explore gene–environment
interactions (Padyukov et al. 2004,
Klareskog et al. 2006) demonstrated
that in the context of relevant

genetic susceptibilities, the RA risk
posed by tobacco smoke was sub-
stantial. It is noteworthy that our
current results for NHANES, which
cannot incorporate data on HLA
genotypes, also demonstrate weak,
nonlinear, non-statistically significant
associations between smoking status
and incident RA despite the fact that
there is very likely to be a strong
causal association in genetically sus-
ceptible groups.

Our current hypothesis suggests
an alternate environmental risk fac-
tor – microbes – as a possible aetio-
logic agent in the development of
RA. While our findings minimize the
likelihood that periodontal infections
pose meaningful risk for RA devel-
opment in the general population,
more focused studies in genetically
susceptible populations might be
more informative as was the histori-
cal case with smoking and RA risk.

Our incident RA outcome assess-
ments were primarily based on partic-
ipant self-report which created a high
likelihood of biased incident RA
ascertainment. The NHANES partic-
ipants with advanced tooth loss and

periodontitis received fewer follow-up
interviews as compared to partici-
pants who were periodontally healthy
or missing only 0–4 teeth at baseline.
If under-reporting of incident RA
occurred at a higher rate among par-
ticipants with advanced tooth loss
and periodontal disease (as compared
to periodontally healthy partici-
pants), and the experience in the
observed participants was applicable
to the experience in participants who
died or were lost-to-follow-up after
1982, the observed risk in these
groups would be biased towards the
null. Alternatively, as the case defini-
tion of RA was primarily determined
by self-report, the possibility of
another form of ascertainment bias
exists, in which participants with
other arthritides might have falsely
reported RA to the study.

The current approach considered
tooth loss as a surrogate exposure
for historical periodontal infection as
tooth loss is often the result of
bacteria-induced, inflammatory pro-
cesses and is a strong correlate of
clinical periodontal disease (Jansson
et al. 2002). Tooth loss is generally

Table 3. Odds ratios for incident rheumatoid arthritis by baseline periodontal and tooth loss status: longitudinal results from the First
National Health and Nutrition Examination Survey and its epidemiological follow-up study (n = 9564; 433 RA cases)

Periodontal status

Healthy periodontium
Reference *(PI < 0.05)

Gingivitis
*PI = (1.36 ± 0.03)

Periodontitis
*(PI = 4.45 ± 0.04)

Edentulous

RA incidence
(n = 139/3379; 4.1%)

RA incidence
(n = 97/2169; 4.5%)

RA incidence
(n = 79/1727; 4.6%)

RA incidence
(n = 118/2289; 5.2%)

1. 1.0 1.32 (0.86, 2.01) 1.12 (0.79, 1.58) 1.34 (0.90, 1.99)
2. 1.0 1.33 (0.85, 2.06) 1.01 (0.68, 1.49) 0.99 (0.65, 1.53)
3. 1.0 1.29 (0.84, 1.99) 0.96 (0.63, 1.45) 0.96 (0.62, 1.47)
4. 1.0 1.32 (0.85, 2.06) 1.00 (0.68, 1.48) 1.00 (0.65, 1.52)
5. 1.0 1.37 (0.87, 2.17) 1.05 (0.70, 1.58) 1.02 (0.66, 1.58)

Tooth loss

0–4 MT
*(PI = 0.71 ± 0.03)

5–8 MT
*(PI = 1.01 ± 0.04)

9–14 MT
*(PI = 1.77 ± 0.05)

15–31 MT
*(PI = 2.56 ± 0.06)

Edentulous

RA incidence
(n = 63/2003; 3.2%)

RA incidence
(n = 80/1952; 4.1%)

RA incidence
(n = 89/1533; 5.8%)

RA incidence
(n = 83/1787; 4.6%)

RA incidence
(n = 118/2289; 5.2%)

1. 1.0 1.29 (0.86, 1.92) 2.07 (1.43, 3.00) 1.81 (1.18, 2.78) 1.74 (1.08, 2.81)
2. 1.0 1.13 (0.77, 1.64) 1.68 (1.13, 2.49) 1.41 (0.85, 2.33) 1.22 (0.75, 2.00)†

3. 1.0 1.11 (0.75, 1.64) 1.77 (1.18, 2.66) 1.43 (0.86, 2.39) 1.23 (0.73, 2.06)
4. 1.0 1.12 (0.77, 1.64) 1.67 (1.12, 2.48) 1.40 (0.85, 2.33) 1.22 (0.75, 2.00)
5. 1.0 1.02 (0.67, 1.56) 1.71 (1.14, 2.56) 1.45 (0.87, 2.42) 1.23 (0.72, 2.04)

1. Crude.
2. Adjusted for age, gender, race, education, smoking.
3. Model 2 + pack years (sample size reduced to 8466, 412 RA cases).
4. Model 2 + body mass index and physical activity level (no activity, moderately active, very active).
5. Model 4 + poverty index (sample size reduced to 9221, 413 RA cases).
*Mean periodontal index ± standard error per periodontal status or tooth loss category.
†p-value for comparison with 9–14 missing teeth = 0.14.
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considered to be a reasonable surro-
gate measure of infectious exposure
when investigating associations
between periodontal infection and
chronic disease outcomes (Wu et al.
2000, Desvarieux et al. 2003, 2004,
Hung et al. 2003, Joshipura et al.
2003, Volzke et al. 2006, Demmer
et al. 2008b). Although tooth loss is

produced by many causes, such as
caries which might be highly relevant
in this population, recent data dem-
onstrate that caries prevalence is
related to increased periodontal dis-
ease prevalence (Mattila et al. 2010).
Moreover, dental procedures, includ-
ing tooth extractions (Rajasuo et al.
2004a,b, Kinane et al. 2005) have

been shown to induce bacteraemias,
thereby enabling oral microbes to
gain systemic access irrespective of
treatment indication and as impor-
tantly oral microbes, once systemic,
can remain viable (Rafferty et al.
2011). Finally, in these data, greater
tooth loss was more strongly asso-
ciated with incident RA among

# RA cases/ 
Total 

34/ 
1132 

26/ 
940 

32/ 
536 

39/ 
653 

 21/ 
564 

28/ 
565 

25/ 
475 

21/ 
493 

 7/ 
235 

19/ 
378 

30/ 
470 

20/ 
567 

Fig. 1. Association between baseline tooth loss and incident rheumatoid arthritis according to periodontal status: longitudinal
results from the First National Health and Nutrition Examination Survey and its epidemiological follow-up study (n = 7008; 302
RA cases, p for interaction = 0.05). Adjusted for age, gender, race, education, smoking status, body mass index, physical activity,
poverty index. PI = mean periodontal index ± standard error per periodontal status category; MT = missing teeth. All tooth loss
odds ratios are in reference to 0–4 MT within each periodontal status category. The OR comparing participants with gingivitis and
9–14 missing teeth to 0–4 missing teeth was statistically significant (p < 0.05). All remaining comparisons for any tooth loss cate-
gory versus the reference (0–4 missing teeth) have p > 0.05.

Table 4. Odds ratios for incident rheumatoid arthritis by categories of either baseline periodontal disease or tooth loss among smoking sub-
groups: longitudinal results from the First National Health and Nutrition Examination Survey and its epidemiological follow-up study.
Adjusted for age, gender, race, education

Smoking subgroup Healthy periodontium Reference Gingivitis Periodontitis Edentulous

Periodontal status*
Never† ‡70/1658 41/990 41/686 66/1090

1.0 0.97 (0.53, 1.77) 1.58 (0.92, 2.74) 1.47 (0.87, 2.46)
Former 26/704 28/376 16/350 23/415

1.0 2.32 (1.17, 4.60) 0.71 (0.31, 1.63) 0.92 (0.39, 2.19)
Current 42/949 28/732 21/545 28/535

1.0 1.15 (0.56, 2.36) 0.80 (0.40, 1.59) 0.63 (0.35, 1.14)

Subgroup 0–4 Missing teeth Reference 5–8 Missing teeth 9–14 Missing teeth 15–31 Missing teeth Edentulous

Tooth loss§

Never† ‡33/959 40/903 35/671 44/801 66/1090
1.0 1.28 (0.69, 2.41) 1.56 (0.81, 3.01) 1.87 (0.91, 3.86) 1.92 (1.00, 3.66)

Former 13/380 17/419 24/294 16/337 23/415
1.0 0.95 (0.39, 2.33) 1.85 (0.79, 4.33) 1.13 (0.37, 3.41) 0.92 (0.36, 2.34)

Current 17/634 23/592 30/485 21/515 28/535
1.0 1.09 (0.48, 2.49) 1.58 (0.68, 3.66) 1.05 (0.39, 2.89) 0.77 (0.30, 1.99)

*n = 4424 never smokers (218 RA cases); n = 1845 former smokers (93 RA cases); n = 2761 current smokers (119 RA cases); p for interac-
tion = 0.03.
†p for linear trend among never smokers across tooth loss categories = 0.04 and 0.06 across periodontal disease categories.
‡Number of incident rheumatoid arthritis cases/total number of participants.
§n = 4424 never smokers (218 RA cases); n = 1845 former smokers (93 RA cases); n = 2761 current smokers (119 RA cases) p for interac-
tion = 0.73.
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participants with evidence of base-
line gingivitis and periodontitis
leading to a hypothesis that tooth
loss might only be relevant in the
context of existing oral infection/
inflammation.

Russell’s PI was used to summa-
rize the clinical periodontal condi-
tion of participants (Russell 1956).
Although it did not include linear
measures of attachment loss and
probing depth or assess bleeding
from the marginal gingiva or pocket,
the Index has been shown to corre-
late well with clinical and radio-
graphic diagnoses (Russell 1956). As
importantly, NHANES has only one
baseline assessment of periodontal
status and tooth number precluding
a more precise characterization of
periodontal status throughout the
follow-up period.

We have found the associations
between periodontal status, tooth
loss and both prevalent and incident
RA to be consistently positive in
direction but nonlinear and generally
not statistically significant in the
nationally representative NHANES
and its epidemiological follow-up
study. The overall patterns observed
make it difficult to draw firm conclu-
sions but it is unlikely that periodon-
tal infections represent a strong RA
risk factor in the general U.S. popu-
lation. Future studies that can reduce
RA ascertainment bias, incorporate
more precise measures of exposure to
periodontal microbes and measure
relevant HLA genotypes will be nec-
essary for more focused causal infer-
ence and definitive conclusions.
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Clinical Relevance

Scientific rationale for the study:
Periodontal infections are a plau-
sible RA risk factor. Few longitu-
dinal datasets exist that can test
this hypothesis.
Principal findings: Although par-
ticipants with periodontal disease
or missing � 5 teeth realized ele-

vated odds of prevalent and inci-
dent RA, most ORs were non-
statistically significant and lacked
dose-responsiveness. Periodontal
status and tooth loss were both
associated with elevated death
and loss-to-follow-up rates result-
ing in differential RA ascertain-

ment and possibly falsely negative
conclusions.
Practical implications: The pat-
terns observed indicate that peri-
odontal infections are not a
strong RA risk factor in the gen-
eral population but cannot defi-
nitely rule out an association
altogether.
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