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Abstract

Aims: To examine the associations of physical activity with interleukin 1-f (IL-1/),
C-reactive protein (CRP) and periodontitis and to investigate whether any relationship
between physical activity and inflammatory mediators differs between periodontitis
cases and non-cases.

Material and Methods: In this population-based case control study of Australians
aged 18+ years, dentists conducted oral epidemiologic examinations identifying cases
with moderate or severe periodontitis and periodontally healthy controls. Gingival
crevicular fluid samples collected during examinations were analysed for inflammatory
biomarkers. Subject-completed questionnaires assessed leisure-time physical activity.
Exposure odds ratios (ORs) were estimated in multivariable logistic regression models
adjusting for periodontitis risk indicators.

Results: Of 751 subjects (359 cases, 392 controls), those meeting a prescribed
threshold for leisure-time physical activity had lower adjusted odds of elevated IL-1:
OR =0.69, (95% CI = 0.50-0.94) and detectable CRP: OR = 0.70 (0.50-0.98) than
less active adults. Physical activity was not associated with periodontitis: OR = 1.14
(0.80-1.62). Periodontitis modified the association between levels of physical activity
and detectable CRP. Increasing quartiles of physically activity were associated with
decreasing probability of detectable CRP, but the effect was limited to periodontitis
cases and was not apparent among non-cases.

Conclusion: Leisure-time physical activity may protect against an excessive
inflammatory response in periodontitis.
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The inflammatory response to infection,
while intended to restore homeostasis,
can become harmful if excessive or
dysregulated (Medzhitov 2008). Under
these conditions, inflammation plays an
essential role in the pathogenesis of
many chronic diseases including perio-

Conflict of interest and sources of
funding statements

The authors declare that they have no
conflict of interests.

The National Survey of Adult Oral Health
was supported by National Health and
Medical Research Council (NHMRC) Pro-

ject Grants No 299060 and 349514; Aus-
tralian Government Department of Health
and Ageing, Population Health Division;
Australian Institute of Health and Welfare;
Colgate Oral Care; Australian Dental
Association; and US Centers for Disease
Control and Prevention’s Research Partici-
pation Program. Dr. Anne Sanders is sup-
ported by an NHMRC Sidney Sax (Public
Health) Fellowship.

388

dontitis. In the acute response to bacterial
pathogens, toll-like receptors activate
macrophages in local tissues to produce
pro-inflammatory cytokines. One of
these cytokines, interleukin-1f (IL-18),
is associated with the loss of connective
periodontal tissue attachment and resorp-
tion of alveolar bone (Masada et al.
1990, Stashenko et al. 1991, Bulut et al.
2001). When the acute inflammatory

response is insufficient, these cytokines
stimulate hepatocytes to secrete acute-
phase proteins such as C-reactive protein
(CRP) in a chronic non-specific sys-
temic inflammatory response (Medzhitov
2007). Surveys of the general population
find elevated levels of both IL-1f (Zhong
et al. 2007, Fitzsimmons et al. in press)
and CRP (Fitzsimmons et al. in press) in
the gingival crevicular fluid (GCF) of
individuals with periodontitis. Large pro-
spective studies demonstrate that CRP is
a risk predictor of coronary heart disease
(Pradhan et al. 2002, Pai et al. 2004),
diabetes mellitus (Pradhan et al. 2001)
and cerebrovascular events (Makita et al.
2008).
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Because these conditions are major
causes of morbidity and mortality in
populations, it is of considerable public
health interest to limit the pro-inflam-
matory component of pathogenesis
through strategies that are not reliant
on a pharmaceutical or a clinical inter-
vention. Regular physical exercise may
offer a behavioural strategy to limit
inflammation. There 1is increasing
evidence that, in addition to its other
benefits, physical activity has an anti-
inflammatory effect. The US National
Health and Nutrition Examination Sur-
vey (NHANES III) found that a higher
frequency of physical activity was asso-
ciated with lower odds of elevated CRP
and white blood cell count (Abramson
& Vaccarino 2002, Ford 2002). Else-
where, an inverse association between
physical activity and several inflamma-
tory biomarkers, including CRP, was
found even at a low intensity of exercise
(Elosua et al. 2005). In fact, walking 5
days a week for 30 min. daily has been
associated with lower levels of IL-6,
tumor necrosis factor-o and CRP (Yates
et al. 2008). Strengthening this cross-
sectional body of evidence is a small
number of prospective studies showing
a reduction in CRP following the initia-
tion of physical activity (Kasapis &
Thompson 2005).

It is plausible that physical activity
protects the periodontium by attenuating
an excessive host inflammatory response.
There is some supporting cross-sectional
evidence (Al-Zahrani et al. 2005a, b) and
one prospective study (Merchant et al.
2003) finding that physically active
adults have a lower risk of periodontitis.
To date, no study has jointly explored the
relationships of physical activity with
inflammatory biomarkers and with perio-
dontitis. Hence, the first aim of this study
was to examine the relation of physical
activity to levels of IL-1f and CRP and
periodontitis case status. The second aim
was to determine whether the association
between physical activity and inflamma-
tion is the same for periodontitis cases
and non-cases. The rationale for the
second hypothesis was based on the
view that periodontitis is, in part, one
manifestation of a ‘‘hyperinflammatory’’
trait that elicits a tissue-destructive
response to periodontal pathogens
(Beck et al. 1998). Accordingly, the
hypothesis for this second aim was that
any protective effect of physical exercise
on inflammatory mediators would be
more apparent in periodontitis cases
than in non-cases.

© 2009 John Wiley & Sons A/S
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Material and Methods
Study design and subjects

This case—control study was nested in
the National Survey of Adult Oral
Health, a cross-sectional survey of a
nationally representative sample of
adults in Australia conducted between
2004 and 2006. Full details of sampling
and design are available online (Slade
et al. 2007). The case—control compo-
nent included epidemiologic examina-
tion data from dentate adults aged 18
years and older. Subjects firstly provided
sociodemographic information in a com-
puter-assisted telephone interview, sec-
ondly participated in a standardized oral
epidemiologic examination and thirdly
responded to a self-administered ques-
tionnaire that included questions about
leisure-time physical activity and height
and weight.

Data collection
Telephone interview

Subjects provided demographic infor-
mation about their sex, age in years
and country of birth (Australia or other).
They described their tobacco smoking
status (current smoker, former smoker
or never smoked), and they indicated
whether they had ever received a med-
ical diagnosis of diabetes (yes or no).

Periodontal examination

Using a modified NHANES periodontal
examination protocol, periodontal mea-
surements were made on all teeth except
third molars. Probing pocket depth
(PPD) and recession were measured at
three sites: mesio-buccal, mid-buccal
and disto-buccal, to enable calculation
of clinical periodontal attachment level.
Examination data were recorded during
examination onto a notebook computer.

Periodontitis case status

Periodontitis case status met the diag-
nostic criteria for population-based stu-
dies of periodontitis developed by a
consensus panel convened by the US
Centers for Disease Control and Preven-
tion and the American Academy of
Periodontology (Page & Eke 2007).
Cases had moderate periodontitis or
more severe levels of disease and non-
cases had mild levels or no signs of the
disease. Moderate periodontitis  is
defined as, ‘‘two or more interproximal
sites with clinical attachment level

Journal compilation © 2009 John Wiley & Sons A/S
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>4 mm, not on the same tooth, or two
or more interproximal sites with probing
depth =5 mm, not on the same tooth’’
(Page & Eke 2007 p1397).

Sampling and collection of GCF

An algorithm in the examination pro-
gram selected four periodontal sites at
random for collection of GCF samples
from among all periodontally measured
sites within each person’s mouth, yield-
ing up to two sites with PPDs of at least
4 mm and the remaining sites with shal-
lower PPDs. GCF was collected at four
sites where recession and PPD were
recorded. Where all PPD measurements
were <4 mm a simple random sampling
method was used to select all four sites.
Otherwise, a stratified random sampling
method was used to collect GCF from
up to two sites with PPD>4 mm, and
the remaining samples from sites with
PPD <4 mm. From each site, two sam-
ples were collected on Periopaper™
strips (Oraflow Inc, Plainview, NY,
USA). The area was isolated from saliva
with cotton rolls and air dried before
placing the strip into the gingival cre-
vice for 10s. Following its removal, a
second strip was immediately inserted
into the same site also for 10s. On
removal, both strips were air dried,
wrapped in an aluminium foil and sealed
in an identified tube before shipment to
the Adelaide laboratory, where they
were stored frozen at —20°C until
processed.

Self-administered questionnaire

Leisure-time physical activity. Eight
core questions from the Active Australia
Survey (Australian Institute of Health
and Welfare 2003) measured leisure-
time physical activity for the week pre-
ceding the survey. The reliability and
validity of these questions is established
(Booth et al. 1996a,b, Brown et al.
2004, Timperio et al. 2004). Subjects
offered literal responses to recall the
number of sessions (of =10 min.” dura-
tion) engaged in four activities: contin-
uous walking for at least 10min.;
vigorous gardening or heavy work
around the yard; other vigorous activity
(e.g., jogging, cycling or aerobics); and
other more moderate physical activities
(e.g., gentle swimming or golf). The
amount of time spent in these activities
was also recorded. Overall physical
activity was calculated by summing the
time spent in walking and moderate
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activity and twice the time spent in
vigorous activity (not including garden-
ing and yard work). Guidelines from the
Australian Institute of Health and Wel-
fare recommend at least five sessions of
physical activity per week culminating
in at least 2.5h of activity — the thresh-
old at which people derive a health
benefit. This corresponds to at least
30 min. of exercise over 5 days. In this
analysis, physical activity was dichoto-
mized at this threshold value to yield a
sufficiently active group (=150 min.
over =5 sessions) versus an insuffi-
ciently active group (<150min. over
<5 sessions). In addition, quartiles of
total time in minutes engaged in physi-
cal activity were computed to test for a
potential dose—response effect of exer-
cise on inflammation.

Body mass index (BMI)

Questions about height and weight were
used to calculate BMI [BMI = weight
(kg)/height (m)?]. Based on World
Health Organization classification of
BMI for adults (WHO 2000), a BMI of
<25 was coded underweight or normal,
and a BMI of >25 classified as over-
weight or obese.

Laboratory procedures

GCF was eluted from each pair of paper
strips separately, in a two-step centrifu-
gation procedure described in detail
previously (Fitzsimmons et al. in press).
Eluted samples were pooled before ana-
lysis by enzyme linked immunosorbent
assays (ELISA). Levels of CRP and the
amount of IL-1f collected over 20s
(10 s/strip) were assayed in duplicate
using commercial ELISA kits (IL-1p,
R&D Systems, Minneapolis, MN, USA;
CRP, Bender MedSystems, Vienna,
Austria) according to the manufacturer’s
instructions. Concentrations were deter-
mined from standard curves generated
with KC4 software using linear regres-
sion analysis (CRP) or a four-parameter
logistic curve-fit (IL-15).

Quantifying inflammatory response

The eluted IL-1f was multiplied by 0.48
to yield the amount in picograms at each
periodontal site. Because of the skewed
nature of its distribution, the natural log
of the average amount collected within
each mouth was computed to create a
person-level variable. In this study, this
continuous variable was dichotomized

at the median value for all subjects to
produce a variable coded zero and one
where one denotes levels above the
median labelled ‘‘elevated IL-1/"".
The lower limit of detection of the
CRP ELISA was 3pg/ml. The eluted
concentration of CRP fell below the
ELISA’s level of detection for 53.7%
of sites, and so the data were dichoto-
mized to indicate whether or not an
amount of three or more picograms per
millilitre was detected. A person-level
variable was computed to indicate
whether or not the study subject had
detectable CRP at this threshold.

Dependent variables

Physical activity was examined for its
relations with three binary dependent
variables. These were (1) elevated IL-
1p, defined as levels above the median
value for the study population, (2)
detectable CRP, defined as 3 pg/ml or
higher, and (3) periodontitis case status.

Covariates

Covariates were sex, age in years, coun-
try of birth, diabetes status, smoking
status and body mass index. Age was
included as a risk indicator for perio-
dontitis because prevalence is greater at
each successive age group. In adjusting
for age, the authors recognize that perio-
dontitis is more a consequence of the
cumulative effects of tissue destruction
over time rather than an age-related
intrinsic deficiency (Genco 1996, Nunn
2003), and they acknowledge that the
rate of periodontal destruction through-
out adulthood is constant rather than
accelerating (Abdellatif & Burt 1987).
Age, like country of birth, are not
directly causally associated with perio-
dontitis but is associated with other
factors, which may in turn be related
to physical activity.

Statistical analysis

To test aim one, unconditional logistic
regression was used to examine the
association of physical activity with
the two inflammatory biomarkers and
with periodontitis. The insufficiently
active group was set as the reference
category to evaluate the potential pro-
tective effect of physical activity.
Results were expressed as the odds ratio
(OR) with its 95% confidence interval
(CD).

To screen for potential confounding,
we conducted stratified analyses, com-
puting exercise-periodontitis ORs sepa-
rately for each stratum of a potential
confounder. When stratum-specific ORs
were homogenous, as signified by a non-
significant Breslow—Day test, we then
computed a pooled, Mantel-Haenszel
OR that adjusted the physical activity—
inflammatory  biomarker/periodontitis
odds for the confounding variable.
Where the crude log-OR differed from
the adjusted log-OR by >=20%, we
considered this to be evidence of con-
founding. In the subsequent multivariate
analyses our criteria for including a
variable in the model were whether it:
(1) was statistically significant in the
model (p&lt;0.05); (2) was a confoun-
der, i.e. whether it resulted in a change
of >20% in the regression coefficient of
physical activity; and (3) was the expo-
sure of interest (physical activity) or a
variable of special interest, such as an
important predictor in other studies,
such as age or smoking status.

To test for a possible inverse dose—
response trend in the relationship
between physical activity and inflamma-
tion, the ordinal variable of quartiles of
total time was treated as a grouped
linear variable in logistic regression.
Results were interpreted as the average
change in odds of inflammation (IL-1f
or CRP) for every one quartile increase
in physical activity. To test the second
aim of a potential effect modification of
periodontitis case status on the relation
between physical activity and inflamma-
tion, an interaction term was computed
as the product of the physical activity
quartiles and CRP. An interaction of
physical activity quartiles and IL-1p
was also tested. Models were examined
with and without these interaction
terms. Findings from the final model
were depicted as predicted probabilities
of elevated biomarkers. Probabilities
and their 95% CIs were computed for
each quartile of physical activity, both
for cases and for non-cases. All statis-
tical analyses were performed using
STATA release 10.1.

Ethical considerations

The project was reviewed and approved
by the Human Research Ethics Com-
mittee of the University of Adelaide.
All examined subjects provided sig-
ned informed consent before the
examination.
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Results

Of the 1139 adults for whom biomarkers
were quantified, 751 adults (359 cases,
392 controls) completed the question-
naire, representing a response rate of
65.9%. Among periodontitis cases,
38.3% had elevated levels of both infla-
mmatory biomarkers, compared with
20.9% of non-cases. Fourteen percent
of adults reported having no physical
activity in the previous week.

Sixty percent of adults engaged in at
least five sessions of physical activity in
the previous week, accumulating at least
2.5h of physical activity — a threshold
considered sufficient for a health gain
(Table 1). Fifty percent of adults were
former or current tobacco smokers and
54 percent were overweight or obese.
Six percent were diagnosed diabetics
and nearly half (46%) had detectable
levels of CRP in GCF.

No statistically significant differences
were found between the proportion of
people who had sufficient physical
activity and those less physically active
according to socio-demographic charac-
teristics and periodontitis risk indica-
tors, although diabetics (p =0.07) and
overweight/obese adults (p = 0.06) were
likely to be less active than non-dia-
betics and adults of low or normal
weight (Table 2). When examined sepa-
rately on the basis of periodontitis case
status, associations remained non-sig-
nificant (findings not tabulated).

Physically active adults had lower
unadjusted odds of elevated IL-1f
(Table 3). Unadjusted odds of elevated
IL-1f were higher among males, people
born outside of Australia, overweight/
obese adults, those with detectable CRP
and periodontitis cases, compared with
referenced peers. Physically active
adults also had lower unadjusted odds
of detectable CRP (Table 3). Higher
odds of detectable CRP were found
among older adults, diagnosed diabetics,
the overweight/obese, those with ele-
vated IL-1§ and periodontitis cases.
However, there was no significant asso-
ciation between physical activity and
periodontitis case status.

Stratified analyses revealed no evi-
dence of confounding bias. Conse-
quently, initial multivariate models
were examined with inclusion all poten-
tial predictor variables. Diabetes status
and body mass index failed to reach
statistical significance (p<0.05) in
modelling odds for IL-1f and perio-
dontitis and were excluded from the

© 2009 John Wiley & Sons A/S
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Table 1. Characteristics of the study subjects, Australia 2004—2006
Frequency  Percent Frequency  Percent
Physical activity Smoking status
Insufficient 299 39.8 Never 375 49.9
Sufficient 452 60.2 Former 257 342
Current smoker 119 15.9
Sex
Female 441 58.7 Body mass index
Male 310 41.3 Underweight/normal 298 39.7
Overweight/obese 407 54.2
Age group Missing 46 6.1
1844 years 234 31.2
45-64 years 336 44.7 Interleukin-1p
65+ years 181 24.1 <Median 360 479
>Median 360 479
Country of birth Missing 31 4.1
Australia 554 73.8
Other 196 26.1 C-reactive protein
Missing 1 0.1 <3 pg/ml 403 53.7
> =3 pg/ml 348 46.3
Diabetes diagnosis
Not diagnosed 703 93.6 Periodontitis
Diagnosed 48 6.4 Non-case 392 52.2
Case 359 47.8

Table 2. Number (%) of adults with levels of leisure-time physical activity classified as sufficient

for a health benefit, Australia 2004-06*

Sufficient physical
activity for a health

benefit

Sex
Female 256 (58.1)
Male 196 (63.2)
p-value 0.154

Age group
18-44 years 143 (61.1)
45-64 years 201 (59.8)
65+ years 108 (59.7)
p-value 0.941

Country of birth
Australia 336 (60.7)
Other 116 (59.2)
p-value 0.718

Diabetes diagnosis
Not diagnosed 429 (61.0)
Diagnosed 23 47.9)
p-value 0.073

Sufficient physical
activity for a health

benefit
Smoking status
Never smoked 228 (60.8)
Former smoker 155 (60.3)
Current smoker 69 (58.0)
p-value 0.860
Body mass index
Underweight/normal 192 (64.4)
Overweight/obese 234 (57.5)
p-value 0.063
Periodontitis
Non case 239 61.0
Case 213 59.3
p-value 0.647

*When stratified by periodontitis case status, differences for all characteristics between cases and

non-cases remained non-significant.

final model (Table 4). Similarly, country
of birth and diabetes status were omitted
in modelling odds for CRP.

Physical activity remained signifi-
cantly associated with lower levels of
IL-18 and CRP after adjustment for
periodontitis risk indicators significant
in unadjusted analysis (Table 4). Physi-
cal activity also remained non-signifi-
cantly associated with periodontitis
(adjusted OR =1.14, 95% CI=0.80—
1.62). Significantly associated with

Journal compilation © 2009 John Wiley & Sons A/S

higher odds of periodontitis were male
sex, older age, non-Australian birth,
tobacco smoking and inflammatory bio-
markers.

An inverse linear effect was found
between quartiles of length of time spent
in physical activity and odds of detect-
able CRP (test for trend p =0.002).
For every quartile increase in time
spent in physical activity, odds of
detectable CRP decreased by 22%
(adjusted OR =0.82, 95% CI=0.72—
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Table 3. Percentage of subjects and unadjusted odds ratios (95% CI) for the association of physical activity and covariates with elevated
interleukin-1f (median and above), detectable C-reactive protein (=3 pg/ml) and periodontitis case status, Australia 2004-06

Elevated interleukin-1p

Detectable CRP

Periodontitis case

percent OR 95% CI percent OR 95% CI percent OR 95% CI

Physical activity

Insufficient 56.6 Reference 53.9 Reference 48.8 Reference

Sufficient 45.6 0.64 (0.48-0.87) 41.4 0.60 (0.45-0.81) 47.1 0.93 (0.70-1.25)
Sex

Female 454 Reference 46.7 Reference 40.6 Reference

Male 56.5 1.57 (1.16-2.11) 45.8 0.96 (0.72-1.29) 58.1 2.03 (1.51-2.72)
Age group

18-44 years 45.5 Reference 40.6 Reference 239 Reference

45-64 years 50.9 1.24 (0.88-1.75) 46.7 1.28 (0.92-1.80) 51.8 341 (2.36-4.94)

65+ years 54.0 1.41 (0.94-2.09) 53.0 1.65 (1.12-2.44) 71.3 7.89 (5.08-12.25)
Country of birth

Australia 46.0 Reference 45.3 Reference 41.7 Reference

Other 60.9 1.82 (1.30-2.56) 49.0 1.16 (0.84-1.61) 65.3 2.63 (1.87-3.69)
Diabetes diagnosis

Not diagnosed 49.2 Reference 45.1 Reference 46.9 Reference

Diagnosed 62.2 1.70 (0.91-3.17) 64.6 2.22 (1.21-4.09) 60.4 1.73 (0.95-3.13)
Smoking status

Never smoked 50.8 Reference 44.0 Reference 40.0 Reference

Former smoker 51.6 1.03 (0.75-1.43) 47.9 1.17 (0.85-1.61) 53.7 1.74 (1.26-2.40)

Current smoker 43.9 0.76 (0.49-1.15) 50.4 1.29 (0.86-1.96) 59.7 2.22 (1.46-3.38)
Body mass index

Underweight/normal 44.5 Reference 34.2 Reference 47.0 Reference

Overweight/obese 53.8 1.45 (1.07-1.97) 54.3 2.28 (1.68-3.11) 47.2 1.01 (0.75-1.36)
Interleukin-1/

<Median NA 34.4 Reference 40.3 Reference

>Median NA 58.3 2.66 (1.97-3.60) 54.7 1.79 (1.33-2.41)
C-reactive protein

<3 pg/ml 389 Reference NA 38.2 Reference

>3 pg/ml 62.9 2.66 (1.97-3.60) NA 58.9 2.32 (1.73-3.11)
Periodontitis status

Non-case 43.12 Reference 36.48 Reference NA

Case 57.60 1.79 (1.33-2.41) 57.10 2.32 (1.73-3.11) NA

CRP, C-reactive protein.

Table 4. Multivariate logistic regression models of adjusted odds ratios (OR) and 95% confidence intervals (CI) for the relation of physical activity
with inflammatory biomarkers and periodontitis, Australia 2004—2006

Elevated interleukin-

C-reactive protein

Periodontitis case

1-8 (above median) (=3 pg/ml) (moderate or severe)
OR 95% CI OR 95% CI OR 95% CI
Male (reference = female) 1.69 1.22-2.33 0.71 0.51-1.00 1.63 1.15-2.30
Age in years 1.00 0.99-1.01 1.01 1.00-1.02 1.06 1.05-1.07
Not born in Australia (reference = Australia) 1.77 1.23-2.53 NA 2.32 1.56-3.45
Diagnosed diabetes (reference = no diagnosis) NA NA NA
Former smoker (= reference = never smoked) 0.91 0.64-1.28 1.15 0.80-1.65 1.51 1.03-2.20
Current smoker (reference = never smoked) 0.65 0.41-1.02 1.70 1.06-2.73 3.78 2.28-6.27
Body mass index NA 1.12 1.08-1.16 NA
Elevated IL-1f (reference = <median value) DV 2.65 1.91-3.69 1.53 1.08-2.18
Detectable CRP (reference = no detectable CRP) 2.68 1.96-3.66 DV 2.08 1.46-2.95
Sufficient physical activity (reference = insufficient) 0.69 0.50-0.94 0.70 0.50-0.98 1.14 0.80-1.62

NA denotes omission on the basis of statistical non-significance in the multivariate analysis.

DV denotes dependent variable.
CRP, C-reactive protein.

0.94) (results not tabulated). There was
no significant corresponding trend
between physical activity and odds of
elevated IL-18 or between physical
activity and odds of periodontitis.

Periodontitis case status modified the
association between leisure-time physi-
cal activity and levels of CRP (Table 5).
Plotting-predicted probabilities from the
logistic regression model (Fig. 1)

showed that the probability of detectable
CRP in GCF among periodontitis cases
approximately halved across increasing
quartiles levels of physical activity from
0.67 (95% CI = 0.59-0.76) in the quar-
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Table 5. Multivariate logistic regression models of odds ratios (OR) and 95% confidence
intervals (CI) showing the effect modification of periodontitis case status in the relationship
between physical activity and detectable CRP, Australia 2004—2006

OR 95% CI
Male (reference = female) 0.65 0.46-0.92
Age in years 1.00 0.99-1.01
Former smoker (reference = never smoked) 1.12 0.77-1.62
Current smoker (reference = current smoker) 1.43 0.88-2.33
Body mass index 1.12 1.08-1.17
Elevated IL-1f (reference = <median value) 2.57 1.84-3.60
Duration of physical activity 1.00 0.81-1.23
Periodontitis case (reference = non-case) 4.80 2.09-11.01
Duration of physical activity x Periodontitis case 0.71 0.53-0.96

CRP, C-reactive protein.
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Fig. 1. Effect modification of case status on the physical activity and CRP relationship.
Predicted probabilities of detectable C-reactive protein at four levels of leisure-time physical
activity for periodontal cases and non-cases from a logistic regression model that included an
interaction term for the duration of physical activity and periodontitis case status, adjusted for
sex, age, smoking, body mass index and interleukin 1f. Note: the non-parallelism in the
height of the bars and lack of overlap of errors bars is visual evidence of effect modification.

tile with the least physical activity to
0.43 (95% CI = 0.33-0.53) in the quar-
tile with the most physical activity. In
contrast, in adults without periodontitis,
the probability of detectable CRP was
not associated with time engaged in
leisure-time physical activity.

Discussion

Individuals who engaged in a near-daily
physical activity of 30 min. or more had
lower levels of the proinflammatory
biomarkers IL-1f and CRP in GCF

© 2009 John Wiley & Sons A/S

than those less active. This applied to
all individuals irrespective of their
periodontitis case status.

A major finding of this study was the
effect modification of periodontitis case
status on the relationship between phy-
sical activity and CRP. Among cases
there was a dose-response relation of
decreasing probability of detectable
CRP at increasing levels of physical
activity. This was in stark contrast to
the invariant probability of detectable
CRP among non-cases across levels of
physical activity. This interaction of
effects confirms our prior hypothesis
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and suggests that the putative ‘‘hyperin-
flammatory trait’”> (Beck et al. 1998)
might be modifiable by physical exer-
cise. Moreover, it implies that physical
activity may reduce levels of inflamma-
tion, thus promoting periodontal health.
This interpretation is made cautiously
because despite the consensus that CRP
levels are higher in periodontitis cases
than non-cases (Paraskevas et al. 2008),
the evidence remains sparse that CRP
plays a causal role in the pathogenesis of
the disease. In the sole cohort study to
date, males recording elevated levels of
CRP on two occasions a decade apart
were at a higher risk of advanced perio-
dontitis (Linden et al. 2008), strengthen-
ing the plausibility of a case for causal
role of CRP. More commonly, the lit-
erature considers chronic infection and
inflammatory mediators in the period-
ontium as a reservoir for spill-over with
implications for systemic effects once
entering the circulation (Li et al. 2000).

This is the first study to jointly assess
the associations of physical activity on
periodontitis and its inflammatory basis
in the same analysis. A particular
strength of this study is that cases and
non-cases were drawn from a national
survey of the Australian general adult
population rather than from a dental
practice-based population. A second
strength is that periodontal health was
assessed in epidemiologic examinations
by dentists trained and calibrated to
record valid and reliable measures of
periodontal health at multiple sites per
tooth. This builds on earlier research
relating physical activity to self-
reported periodontal disease (Merchant
et al. 2003, Joshipura et al. 2004) and
relating physical fitness with CPITN
scores (Wakai et al. 1999). Findings
also build on evidence of associations
between periodontal disease and these
inflammatory biomarkers in GCF (Fitz-
simmons et al. in press). The estimated
proportion of subjects reaching recom-
mended levels of physical activity
(60%) is similar to a national estimate
of 57% obtained by the Australian Insti-
tute of Health and Welfare using the
same core questions (Armstrong et al.
2000). This suggests that findings may
be generalizable to adult populations
beyond this study. Previous research
shows that these physical activity ques-
tions exhibit acceptable validity and
good to excellent reliability (Brown
et al. 2004). Moreover, since the mea-
sures of physical activity adopted for
this analysis are blunt instruments, they
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do not require a high precision and any
misclassification would tend to bias a
true effect toward the null. Also biasing
towards the null is the fact that physical
activity may be precipitated by an exist-
ing medical condition.

This study has several limitations.
Since data are cross-sectional, it is not
possible to establish whether physical
inactivity is causally involved in limit-
ing the pro-inflammatory component of
pathogenesis, or whether the effects are
mediated through other mechanisms.
Nevertheless, the finding of a dose—
response gradient of a lower CRP with
a longer duration of physical activity
strengthens the plausibility of a protec-
tive effect of exercise in limiting inflam-
mation in the periodontal tissues. A
second limitation is that physical activ-
ity was limited to self-report. Other
studies have additionally calculated
weekly energy expenditure and applied
a threshold value of 800 kcal/week con-
sistent with the recommendation of the
US Surgeon General (United States
Department of Health and Human Ser-
vices 1996). However, these energy
expenditure estimates are biased for
lighter weight persons and require
further adjustment for age (AIHW
2003). Finally, because the findings are
indicative only of activity over a single
week, this study provides no informa-
tion on the length of time that people
have been physically active.

Studies evaluating levels of CRP
levels in plasma or serum far outnumber
those measuring CRP in GCF samples.
One study, comparing levels of high-
sensitivity CRP collected in serum and
in GCF, found that only 18% of the
variance in one measure was accounted
for by the other (r=0.425, p =0.001)
(Tiiter et al. 2007). The present study
presents evidence that physical activity
may limit the potential harmful effects
of excessive or dysregulated inflamma-
tion. One mechanism may be by limit-
ing the harmful effect of inflammation.
An alternative mechanism may be by
enhancing the host immunological
response or by simply promoting
immune function. The dose-response
relation between physical activity and
detectable CRP among periodontitis
cases in the presence of the invariant
relationship among non-cases implies a
greater potential health gain for people
who already have the disease. The cor-
ollary of this conclusion is that the
therapeutic mechanism of physical
activity may be to reduce the risk of

an excessive or a dysregulated systemic
inflammatory response in periodontitis
patients. The absence of this anti-
inflammatory benefit among physically
inactive individuals may increase the
risk of an excessive inflammatory
response and its harmful sequelae. This
interpretation is consistent with the con-
cept of an allostatic load, whereby neu-
roendocrinal ~ regulatory  processes
designed to maintain homeostasis can
become dysregulated under a sustained
challenge, increasing the risk of patho-
physiology.

Quite low levels of physical activity
appear to have a beneficial effect on
inflammatory response. Because chronic
inflammation is critical in the pathogen-
esis of major causes of morbidity in
populations, it is of considerable public
health interest to limit the pro-inflam-
matory component of pathogenesis
through behavioural strategies that are
not reliant on pharmaceutical or clinical
intervention. Public health recommen-
dations of regular physical activity may
also translate into clinical important
gains for periodontal health.

It would be instructive in future
research to investigate whether any ther-
apeutic gain among people with moder-
ate or severe periodontitis exceeds a
prophylactic effect in people with mini-
mal or no clinical signs of the disease.
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Clinical Relevance

Scientific rationale for the study:
Despite strong evidence for an anti-
inflammatory effect of leisure-time
physical activity and some evidence
that physical activity may protect
periodontal health, no single study
has examined the relationship of
physical activity with inflammatory

biomarkers and periodontitis case
status in the general population.

Principal findings: Adults who met
public health recommendations for
physical activity had significantly
lower levels of the proinflammatory
biomarkers IL-1f and CRP in GCF.
The probability of detectable CRP
decreased with increasing levels of

physical activity among periodontitis
cases, but not among periodontally
healthy controls.

Practical implication: Recommenda-
tions of regular physical activity may
confer a reduction in inflammation,
especially among patients with mod-
erate to severe levels of periodontitis.
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