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Abstract

Aim: Elevated plasma C-reactive protein (CRP) is regarded as a risk predictor for
cardiovascular diseases. This systematic review explored the robustness of
observations that CRP is elevated in periodontitis. Similarly, the effect of periodontal
therapy on CRP levels was investigated.

Material and Methods: Selection of publications was based on: (1) cross-sectional
(case—control) studies; (2) longitudinal (treatment) studies; (3) high-sensitivity CRP
measurement; (4) median and/or mean (£ SD) values presented; and (5) subjects with
no systemic disorders.

Results: Screening of the initially 448 identified studies and reference checking
resulted in 18 suitable papers. The majority of the studies showed that CRP levels are
higher in patients than in controls. Often, studies showed that patients had CRP levels
>2.1 mg/l. A meta-analysis of 10 cross-sectional studies showed that the weighted mean
difference (WMD) of CRP between patients and controls was 1.56 mg/1 (p <0.00001).
Evidence from available treatment studies (n = 6) showed lower levels of CRP after
periodontal therapy. Eligible treatment studies in a meta-analysis demonstrated a
WMD of reductions of CRP after therapy of 0.50 mg/L (95% CI 0.08-0.93) (p = 0.02).
Conclusions: There is strong evidence from cross-sectional studies that plasma CRP
in periodontitis is elevated compared with controls. There is modest evidence on the
effect of periodontal therapy in lowering the levels of CRP.
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Periodontitis is a destructive inflamma-
tory disease of the supporting tissues of
the teeth (Pihlstrom et al. 2005). This
condition is caused by a chronic, mixed
infection of Gram-negative bacteria,
such as Porphyromonas gingivalis,
Prevotella intermedia, Tannerella for-
sythensis and Aggregatibacter (Actino-
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bacillus) actinomycetemcomitans, and
Gram-positive bacteria, such as Peptos-
treptococcus micros and Streptococcus
intermedius (Socransky et al. 1998).
Epidemiological studies have shown
that about 10% of the adult population
and about 30% of individuals over the
age of 50 years suffer from severe
periodontitis (Brown et al. 1990,
Gjermo 1998), although a more recent
epidemiological study indicates that the
prevalence in the USA may have
decreased to 4.2-7.3% (Borrell et al.
2005).

The host responds to the periodontal
infections with an array of events invol-
ving both innate and adaptive immunity.
Although periodontitis is chronic in
nature, acute-phase elements are also
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part of the innate immunity in perio-
dontitis and confirm that in periodontitis
a systemic inflammation is present
(Ebersole & Cappelli 2000, Loos
2005). The acute-phase reactants have
pro-inflammatory properties; they acti-
vate complement factors, neutralize
invasive pathogens and stimulate repair
and regeneration of a variety of tissues.
The acute-phase reactants receiving
the most attention are C-reactive pro-
tein (CRP), plasminogen-activator 1
(PAI-1), and fibrinogen (Blake & Ridker
2002). CRP in particular has been the
focus of attention as a key marker of
atherosclerosis and elevated levels
(e.g. =2.1mg/l) constitute a risk pre-
dictor for cardiovascular disease (CVD)
(Ridker et al. 1997, 2004, Danesh et al.
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1998, Blake & Ridker 2001, 2002, 2003,
Blake et al. 2003). Importantly, CRP is
currently regarded as a biomarker of
systemic inflammation.

Several studies have examined the
relationship between periodontitis and
CRP using various designs including
observational cross-sectional (case—
control) and longitudinal studies. The
reason for the interest in plasma levels
of CRP in periodontitis lies in the fact
that epidemiological research indicates
that periodontitis is associated with
CVD. A number of studies have de-
monstrated an association between
periodontal disease and the risk of myo-
cardial infarction and stroke as well as
the underlying condition atherosclerosis
(Janket et al. 2003, Meurman et al.
2004, Desvarieux et al. 2005, Leiva-
daros et al. 2005, Soder et al. 2005).
However, the identified relationship
between periodontal disease and CVD
has not yet indicated a causal associa-
tion. It is conceivable that elevated
levels of CRP in periodontitis can
explain at least in part the association
between periodontitis and CVD.

The purpose of the present review
was to investigate the robustness of
observations that plasma/serum levels
of CRP are elevated in patients with de-
structive periodontal disease in compar-
ison with subjects without periodontitis.
Two hypotheses were formulated: (1)
CRP levels in periodontitis patients are
significantly higher than in subjects who
are not suffering from periodontitis and
(2) periodontal treatment can reduce
CRP levels in periodontal patients.

Material and Methods
Literature search

Two internet databases were selected in
search of appropriate papers for the study
purpose: the National Library of Medi-
cine, Washington DC, USA (MEDLINE-
PubMed), and the Cochrane Central
Register of Controlled Trials (CEN-
TRAL) (both databases were searched
from 1965 up to 1 June 2007).

Eligibility criteria were:

(a) (Observational) cross-sectional (case—
control) studies in humans (plasma/
serum CRP levels in periodontitis
patients and control subjects);

(b) Longitudinal (treatment) studies: ran-
domized-controlled trials (RCT’s)
and controlled clinical trials (CCT’s)

(CRP levels before and after
periodontal therapy); > 1-month
follow-up;

(c) High sensitivity-CRP (hs-CRP) mea-
surement; and

(d) Subjects with no systemic disorders,
including no history of CVD and/or
atherosclerosis and/or diabetes.

Only articles in English were inclu-
ded (Moher et al. 2000). Papers without
abstracts whose title suggested that they
were related to the objectives of this
review were also selected so that the full
text could be screened. Data that were
published twice or more often were
selected only once. Reviews on CRP
levels were excluded after screening
for unpublished data. The search was
supplemented by reference checking.

Search strategy

We performed the electronic search
according to the most recent recommen-
dations (Midgette et al. 1993, Deville
et al. 2002, Cochrane Collaboration-
Cochrane Methods Group on Systematic
Review of Screening and Diagnostic
Tests Recommended methods www.
cochrane.org/docs/sadt.htm). The pri-
mary outcome variable was CRP plas-
ma/serum levels in  periodontitis
patients. The databases were searched
using the following strategy and
keywords:

(Disease or parameter of disease)
Periodontitis [MeSH] in all trees/sub-
headings OR Periodontal Attachment
Loss [MeSH] in all trees/subheadings
OR Periodontal Diseases [MeSH] in all
trees/subheadings OR  Periodontitis
[Text Words] OR Periodontal Attach-
ment Loss [Text Words] OR Periodontal
Disease(s) [Text Words] OR Perio-
dontal Pocket [Text Words]

AND

(Outcome) C-Reactive Protein(s)
[MeSH] in all trees/subheadings OR
CRP [MeSH] in all trees/subheadings
OR Acute Phase Protein(s) [MeSH ] in
all trees/subheadings in OR C-Reactive
Protein(s) [Text Words] OR CRP [Text
Words] OR Acute Phase Protein(s)
[Text Words]

Screening and selection of papers

We evaluated independently papers
derived from the literature searches by
title and abstract. As a second step,
full-text papers were obtained when

they fulfilled the criteria of the study
aim. Any disagreement between the
reviewers was resolved after additional
discussion.

Factors that were evaluated to be
able to investigate the heterogeneity of
the primary outcome across studies:

(a) Definition of periodontitis (case
status) and definition of control by
the various research groups;

(b) History of systemic medications
including antibiotics and non-
steroidal anti-inflammatory drugs
within the last 6 months;

(c) Number of subjects;

(d) Mean age and age range of subjects;

(e) Gender;

(f) Social Economic Status (SES); and

(g) Methodological study quality
assessment.

Methodological study quality
assessment:

For cross-sectional (observational) stu-
dies, the quality assessment was based
on the use of checklists (Centre for
Reviews and Dissemination, University
of York, York, UK, YO10 5DD, http://
www.york.ac.uk/inst/crd/; http://www.
york.ac.uk/inst/crd/pdf/crd4_phO.pdf)

evaluating the following parameters:

(a) adequacy of definition of patients
versus controls;

(b) adequacy of definition of and
the method used to measure the
exposure;

(c) exclusion of possible selection bias;

(d) control of possible confounders; and

(e) comparability of cases and controls
with respect to potential confound-
ing factors.

For RCTs or CCTs, the following
parameters were investigated (Cochrane
Handbook of Systematic reviews, http://
www . cochrane.dk/cochrane/handbook/
hbook.htm):

(a) allocation concealment;

(b) randomization;

(c) blindness of examiner or patients;
and

(d) loss to follow-up.

Data extraction and statistical analysis

We included all appropriate studies
reporting medians (and range if reported)
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means [+ standard devia-
tion(SD)] for hsCRP. When perio-
dontitis patients were stratified by
severity categories, data from all sever-
ity groups were entered separately and
used in the analyses. Some studies
reported only median values (and range)
due to the non-normal data distribution.
Because meta-analysis of median values
was not possible, as a second step,
studies reporting means (+ SD) were
processed for data extraction and meta-
analyses. When not reported, or where it
was not clear whether data normaliza-
tion had taken place it was assumed that
the means ( &+ SD) in a given study were
rightfully used. All suitable data were
entered and analysed with RevMan 4.2.
(http://www.cc-ims.net/RevMan). Meta-
analyses were conducted separately for
cross-sectional studies and longitudinal
(treatment) studies. For the latter, the
difference (A) baseline-end was calcu-
lated by means of the formula:

and/or

ACRPti = CRPtil — CRPti2,

where CRPtil is the mean CRP value
before treatment and CRPti2 is the mean
CRP value after treatment. For each
study, the variance (and consequently
the SD) of ACRPti was estimated as
follows (Rosner 2000):

Sti? = Stil? + Sti2? — 2r - Stil - Sti2,

where Sti” is the variance of difference
in CRP levels, Sti1? is the variance of
the mean baseline CRP value, Sti2? is
the variance of the mean end CRP value,
r is the correlation between the baseline
and end values and Stil and Sti2 are the
SDs of the baseline and end values,
respectively. We assumed a correla-
tion r of 0.5 as was described before
(Ioannidou et al. 2006).

For each meta-analysis, the weighted
mean difference (WMD) nested in a
random effect model, with correspond-
ing Z-statistics, p-values and 95% con-
fidence intervals (CI), was calculated.
Also, a test for heterogeneity for each
meta-analysis was performed; for this
test, the /-statistic describes the propor-
tion of total variation due to heteroge-
neity, where 0% indicates no
heterogeneity and 100% indicates max-
imal heterogeneity among studies
included in the meta-analysis (Higgins
& Thompson 2002). Further analysis of
heterogeneity included controlling for
gender and socioeconomic level be-
cause it is often reported that these
factors can independently have a major

papers retrieved from Cochrane
CENTRAL search (n=14)

\
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papers retrieved from MEDLINE
PubMed search (n=450)

4

combined (after elimi
in both searches)
(n= 448)

ting papers reported

excluded during title/abstract screening
(n=395)

papers retrieved after title/abstract
screening for further evaluation (n=53)

papers excluded during full-text reading
(Table 2) (n=27)

reviews excluded after screening for
unpublished data (n=8) (Table 1)

papers appropriate for full reading and data
extraction (n=18)
(Tables 3A, B, C & D)

papers included
in meta-analyses (n=13)
(Tables 3C & D, figures 3A, B, 4 & 5)

Fig. 1. Flow-chart outlining the search strategy and results along the various steps.

impact on the CRP values (Jousilahti
et al. 2003, Lakoski et al. 2006, Pollitt
et al. 2007); if possible, during this
investigation we strived for meta-
analyses with an I* of 0%, to secure
maximal robustness of any result that
appeared.

The forest plots for each meta-analysis
present:

(a) The raw data (means, SDs and sam-
ple sizes) for each arm per included
study;

(b) Point estimates and ClIs for the
chosen effect measure, as blocks
and lines, respectively;

(c) Heterogeneity statistic P,

(d) The total number of participants per
group;

(e) The overall average effect (WMD
and Z-statistics) in the random effect
model; and

(f) Percent weight given to each study.
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Results

The combined MEDLINE PubMed and
Cochrane CENTRAL search resulted in
448 potentially eligible articles (Fig. 1).
These articles were screened by title and
abstract for eligibility. The screening
resulted in 53 articles, that qualified
for full-text reading. Screening of
reviews (n=28) (Table 1) for unpub-
lished data did not give any additional
paper. One review, however, (Loos
2005) provided additional informa-
tion on means (&£ SD) of an already
published paper (Loos et al. 2000).
After full-text reading, 27 papers were
considered to be unsuitable and were
therefore excluded; Table 2 presents the
excluded studies and the main reason(s)
for exclusion. Eighteen articles fulfilled
the inclusion criteria and were processed
for data extraction (Tables 3A-D)
(Fredriksson et al. 1998, 1999, 2003,
Loos et al. 2000, Noack et al. 2001,
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Table 1. Reviews used for screening of unpublished data and reference checking, in reversed

chronological order

Results

Author(s) Type of review
Toannidou et al. (2006) Systematic
Loos (2005) Traditional
Ebersole et al. (2002) Traditional
Beck & Offenbacher (2002) Traditional
Ebersole & Cappelli (2000) Traditional
Beck et al. (2000) Traditional
Greenwell (2000) Traditional
McCarty (1999) Traditional

No further new data retrieved
Provided means (4 SD) for Loos et al. (2000)
No further new data retrieved
No further new data retrieved
No further new data retrieved
No further new data retrieved
No further new data retrieved
No further new data retrieved

Table 2. Studies (n = 27) which were excluded from the review in reversed chronological order

and main reason(s) for rejection

Author(s)

Main reason for exclusion

Taylor et al. (2006)
Elter et al. (2006)
D’Aiuto et al. (2005a)
Bretz et al. (2005)
Persson et al. (2005)

No control group, no periodontal therapy, only extractions
Short-term (<1 month), no control group

Short-term (1 month), means (£ SD) reported on graphs
No case—control, no treatment

No distinction between periodontitis and non-periodontitis

individuals in the non-acute myocardial infarction (AMI)

group
Leivadaros et al. (2005)
Rahman et al. (2005)

Mean (£ SD) reported on graphs
No high sensitivity C-reactive protein (CRP) measurement

used, no periodontal therapy, only extractions

Dye et al. (2005)
D’Aiuto et al. (2004a)
D’Aiuto et al. (2004b)
Ide et al. (2004)
D’Aiuto et al. (2004¢)
(2004b)
Saito et al. (2003)

Detection limit for the CRP measurement was 3 mg/1

1 month, no control group

No control group

<1 month follow-up

Additional analysis of already reported study D’ Aiuto et al.

Sensitivity of the method for the CRP measurement not

reported, detection limit for the CRP measurement not
reported, no quantitative data could be extracted

Furuichi et al. (2003)

CRP determination method is not reported, periodontal

status determined by means of CPITN

Iwamoto et al. (2003)

Systemically not healthy patients, no control group, no

quantitative data could be extracted

Ajwani et al. (2003)

No quantitative data could be extracted, detection limit for

the CRP measurement was 3 mg/l

Slade et al. (2003)

No high sensitivity CRP measurement used; no case—control,

no means (=% SD) or medians reported

Mattila et al. (2002)

No quantitative data could be extracted after intervention;

unclear whether high sensitivity CRP method was used

Bloemenkamp et al. (2002)

Only women, cases were unhealthy (peripheral arterial

disease), only odds ratios, no means (£ SD) or medians

reported
Glurich et al. (2002)
Fredriksson et al. (2002)
Wau et al. (2000)
Slade et al. (2000)
Wakai et al. (1999)

No high sensitivity CRP measurement used

Treated patients, no high sensitivity CRP measurement used
No quantitative data could be extracted

Detection limit for the CRP measurement was 3 mg/1

No quantitative data could be extracted, periodontal status

determined by means of CPITN

Ebersole et al. (1997)
Shklair et al. (1968)
Boucher et al. (1967)

No high sensitivity CRP measurement used
No high sensitivity CRP measurement used
No high sensitivity CRP measurement used

Amar et al. 2003, Buhlin et al. 2003,
Craig et al. 2003, Ide et al. 2003,
Joshipura et al. 2004, D’Aiuto et al.
2005a, 2006, Seinost et al. 2005,
Yamazaki et al. 2005, Havemose-

Poulsen et al. 2006, Salzberg et al.
2006, Bizzarro et al. 2007, Tonetti
et al. 2007).

Tables 3A and B present the median
values (and range, if available) for

patients and controls from the cross-
sectional and interventional studies, res-
pectively. Tables 3C and D display the
included papers for the cross-sectional
and interventional studies, respectively,
reporting on mean values (& SD).

Quality assessment

The various aspects of the quality
assessment of the included studies are
presented in Tables 3A-D.

Quantitative data analysis

Evaluation of studies reporting median
values (and ranges)

Cross-sectional studies. From the stu-
dies appearing in Table 3A (representing
in total 421 patients and 240 controls),
five studies (Fredriksson et al. 1999,
Loos et al. 2000, Yamazaki et al.
2005, Havemose-Poulsen et al. 2006,
Salzberg et al. 2006) reported higher
median values of CRP for periodontal
patients (range 0—14.4 mg/l) in relation
to the controls (range 0-12mg/l),
whereas only one paper (Fredriksson
et al. 2003) reported equal median
values between cases and controls.
Figure 2 displays the distribution of
the median values for the periodontitis
patients and controls of the studies
reporting medians. Out of nine median
CRP values presented for patients, four
were >2.1mg/l. Reported statistical
analysis yielded the following: two stu-
dies (Fredriksson et al. 1999, Salzberg
et al. 2006) revealed statistically signifi-
cant differences between patients and
controls, whereas two other studies
(Loos et al. 2000, Havemose-Poulsen
et al. 2006) demonstrated significant
differences only at the subgroup level
(i.e. only subjects with generalized dis-
ease showed significantly higher CRP
plasma levels in comparison with the
controls). Finally, two studies (Fredriks-
son et al. 1999, Yamazaki et al. 2005)
showed no statistical differences
between periodontal patients and their
healthy counterparts for CRP levels.

Longitudinal (treatment) studies (Table
3B). Two studies (in total 48 patients and
38 controls) (Ide et al. 2003, Yamazaki
et al. 2005) reported lower median CRP
values after treatment compared with
baseline levels; however, the treatment
effect was not statistically significant.
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&) Evaluation of studies reporting means
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g g Cross-sectional studies (Table 3C). Ten
2 I g studies (Fredriksson et al. 1998,
< b Sy Loos et al. 2000, Noack et al. 2001,
mar et al. , Buhlin et al. s
A t al. 2003, Buhlin et al. 2003
Craig et al. 2003, Joshipura et al. 2004,
g é g 5 Havemose-Poulsen et al. 2006, Salzberg
ks "g 5 5 et al. 2006, Bizzarro et al. 2007) totalled
=3 702 patients with periodontitis and 902
control subjects. The majority of the
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2 &g healthy controls. Two studies included
< <t g kel Y
” S g treated periodontitis as controls
5 5 ¥ unircated p i
=Bl S = » &= El (D’Aiuto et al. 2005b, Tonetti et al.
2| e 'Eﬂ‘g - E >‘~L;) ‘Eﬁ‘g . 21 £ 2007). In the studies by D’Aiuto et al.
= g i 2 &g §D;§ ~ i B & P g ) (2005b) and Seinost et al. (2005), inten-
. F— = 2 . ja =] . . . .
2|2 2 é 2 E% g _§‘£ é 2 & = g‘ sive periodontal treatment (including
20 o = g & the use of systemic or local antibiotics)
g 5 55| 3<5 lted in a statistically significant
5 &) 29| 2< 0o resulted 1 y g
8 g 3 f . = % 4 5 % decrease of the CRP plasma levels after
ERN E z2o8 85 iT E 2 and 3 months, respectively. In the
; g s g_ %‘—% % 3 E B TS Tonetti et al. (2007) study, the differ-
gz g S &5 E E 5| S Es 2 ence between the intensive periodontal
§ @ © FaRssslse z 5 ‘é’}, treatment group and the control group
= %é - 8 & receiving supragingival scaling/polish-
—"g’ . ~ A8 we = ing was 1.4mg/l at 2 and 6 months
— o = .
S = = °; 0 £ % g post-treatment, but failed to reach sta-
NN - < g - '*5 = g tistical ~ significance. Two  studies
Q1€ K _ = SE g5 & (D’Aiuto et al. 2005b, 2006) used a
o | S ) 2 oS 387 s
3| £ ES o S8 = similar protocol and compared the
Sl < > = PEZEQ standard treatment with the intensive
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Havemose-Poulsen et al. 2006 GaP .
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Fig. 2. Distribution of median values in case-control studies.

periodontal treatment. In those studies,
the intensive periodontal treatment was
found to be more effective than the
standard periodontal treatment in redu-
cing the plasma CRP levels.

Meta-analyses

The main outcome measure was the
WMD of plasma/serum CRP levels in
the cross-sectional studies for periodontitis
patients and controls, and in longitudinal
treatment studies (RCTs and CCTs) the
WMD of the differences in CRP levels
between before and after treatment for
patients and untreated subjects (controls).

In the first meta-analysis, only the
cross-sectional studies were included
(Fig. 3a) (Fredriksson et al. 1998, Loos
et al. 2000, Noack et al. 2001, Amar et
al. 2003, Buhlin et al. 2003, Craig et al.
2003, Joshipura et al. 2004, Havemose-
Poulsen et al. 2006, Salzberg et al. 2006,
Bizzarro et al. 2007). The mean (£ SD)
levels for CRP in the Loos et al. (2000)
study were provided in the Loos (2005)
paper. Consistently, all studies showed
higher CRP levels in periodontitis
patients than in controls. There was a
statistically significant WMD (1.65 mg/
I; 95% CI 1.05-2.24; p<0.00001) in
CRP levels between the periodontitis
patients and controls. However, there
was considerable heterogeneity among
the studies (I2 =76.7%, Fig. 3a). Further
investigation of heterogeneity (control-
ling for gender and SES as the most
important factors) revealed two studies
that contributed considerably to hetero-
geneity: the Craig et al. (2003) study,
where there was a remarkable contribu-
tion of subjects with low SES, which is a

known confounder in the outcome of
CRP levels, and the Joshipura study
(Joshipura et al. 2004), which not only
showed a high SES, but additionally,
only male subjects were included.
Again, consistently all studies showed
higher CRP levels in patients than in
controls. The difference between
patients and controls was highly signifi-
cant (p<0.00001), and the estimated
WMD was 1.56mg/l (95% CI 1.21-
1.90) (Fig. 3b) (Fredriksson et al. 1998,
Loos et al. 2000, Noack et al. 2001,
Amar et al. 2003, Buhlin et al. 2003,
Havemose-Poulsen et al. 2006, Salzberg
et al. 2006, Bizzarro et al. 2007).

The effect of periodontal treatment on
CRP levels was also analysed from the
available treatment studies. The Tonetti
et al. (2007) study was not included in
this analysis because no end-of-trial
means (£ SD) were reported. Figure 4
presents the results of the meta-analysis
of the remaining studies comparing the
groups receiving periodontal treatment
with controls (Seinost et al. 2005, D’ Aiuto
et al. 2005b). It should be noted that a
subgroup of the D’Aiuto et al. (2005b)
and the study group of Seinost et al.
(2005) received either local (D’ Aiuto et
al. 2005b) or systemic (Seinost et al.
2005) antibiotics (intensive treatment).
The range of mean differences between
baseline and end for the treatment groups
was 0.00-0.60 mg/1, while untreated indi-
viduals showed a corresponding range of
—0.10 to 0.00 mg/l. The WMD for the
means of CRP differences baseline-end
between treatment groups and control
groups was 0.50mg/L (95% CI 0.08 to
0.93) (test of the overall effect p = 0.02,
P =0%).
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Finally, a meta-analysis was per-
formed (Fig. 5) for two studies where
we could compare the intensive and
standard periodontal treatment protocols
(D’ Aiuto et al. 2005a, 2006). The mean
differences between baseline and end
for the intensive treatment groups were
0.40 and 0.60 mg/1, while standard treat-
ment groups showed corresponding
mean differences of —0.30 and
0.00mg/l. The WMD for the means of
CRP differences baseline-end between
intensive treatment groups and standard
treatment groups was 0.67 mg/L (95%
CI —0.07 to 1.40); however, no statis-
tically significant difference between
the different protocols was found (test
of the overall effect p = 0.08, I = 0%).

Discussion

There are now several reports indicating
that bacteraemia may occur frequently
in the periodontitis patient (Geerts et al.
2002, Kinane et al. 2005, Forner et al.
2006). The host responds to short-lived
bacteraemia and systemic cytokine
dumping from smouldering perio-
dontitis lesions in a similar manner as
would be the case with other chronic
infections or inflammatory processes.
For example, elevated levels of inter-
leukin-6 (IL-6), known to induce
hepatocytes to produce CRP and other
acute-phase proteins and pro-coagulant
mediators have also been reported in
periodontitis patients (Loos 2005).
Thus, it is not surprising that in perio-
dontitis changes in cellular and molecu-
lar components of peripheral blood have
been observed. The changes in blood
parameters in periodontitis, however,
are modest and, when they exist, often
do not exceed the clinical ‘‘normal’’
values. The current study evaluated in
a systematic manner the robustness of
the observations that CRP levels are
elevated in periodontitis patients and
reviewed the effect of periodontal ther-
apy on CRP levels.

Systematic reviews and meta-
analyses are very useful tools for
summarizing various findings. In the
meta-analyses, only studies that
reported mean values and SDs were
included. However, often, investigators
report only median values for CRP
because plasma levels of CRP appear
to have a statistically non-normal dis-
tribution. For this reason, separate tables
and Fig. 2 were created for the studies
reporting on medians (and ranges).
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In the current systematic review, an
important reason for study exclusion
was related to the methodology of the
CRP measurement; only high-sensitivity
CRP measurements were accepted and
therefore several studies were also
excluded (Boucher et al. 1967, Shklair
et al. 1968, Ebersole et al. 1997,
Fredriksson et al. 2002, Glurich et al.
2002, Slade et al. 2003, Rahman et al.
2005). Similarly, when it was not clear
or not stated whether the method used
was of high sensitivity, studies had to be
excluded (Mattila et al. 2002, Furuichi
et al. 2003, Saito et al. 2003). Although
the Dye et al. (2005) and Slade et al.
(2000) studies used measurement by
nephelometry with a latex particle-
enhanced immunoassay, they could not
detect CRP levels below 3mg/l. Be-
cause the range 1-3mg/l contains the
critical values pertaining to CRP as a
risk predictor, those studies were also
excluded from the meta-analyses.
Another study (Leivadaros et al. 2005)
was excluded, because the means and
SD could not be read reliably from the
presented figure in the paper. A number
of studies did not satisfy the criterion of
> 1-month follow-up results and there-
fore had to be excluded after full-paper
reading (Ide et al. 2004, D’ Aiuto et al.
2005a, Elter et al. 2006). Nevertheless,
regardless of the reasons for exclusion,
most of the excluded studies (Table 2)
(Ebersole et al. 1997, Slade et al. 2000,
Fredriksson et al. 2002, Glurich et al.
2002, Furuichi et al. 2003, Slade et al.
2003, Ide et al. 2004, Bretz et al. 2005,
Dye et al. 2005, Leivadaros et al. 2005,
Rahman et al. 2005, Elter et al. 2006)
also reported CRP levels >2.1mg/l in
subjects with periodontitis.

In the present study, we show con-
vincing evidence that CRP is consis-
tently elevated in periodontitis patients
compared with healthy controls. Analo-
gous to the hypothesis that some infec-
tious and inflammatory diseases may be
associated with CVD, it is conceivable
that the chronically elevated CRP levels
in periodontitis patients exacerbate
ongoing inflammatory processes in
atherosclerotic lesions, thereby increas-
ing the risk for cardiovascular and cere-
brovascular events (Lusis 2000, Libby
et al. 2002, Haynes & Stanford 2003,
Tousoulis et al. 2003). Elevated levels
of CRP (>2.1mg/l) are associated
with a higher incidence of acute throm-
botic events including stroke and myo-
cardial infarction (Ridker et al. 1997,
2002). CRP levels >2.1 mg/l in healthy
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Fig. 5. Forest plots presenting the weighted mean difference (WMD) of Abaseline — end CRP levels in mg/l between intensive and standard periodontal treatment in periodontitis patients,
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individuals may be associated with a
chronic pro-coagulant state and they
may serve as markers for an increased
long-term risk of CVD (Blake & Ridker
2002, 2003).

Long-term treatment studies evaluat-
ing the effect of periodontal treatment
on CRP values in relation to healthy
controls are scarce. All treatment studies
show an effect on CRP levels in favour
of periodontal treatment (Tables 3B and
D). The available studies included in the
meta-analysis (Fig. 4) again showed a
benefit of periodontal treatment for
patients compared with untreated sub-
jects. In two studies from D’ Aiuto et al.
(2005b, 2006), a standard periodontal
treatment was also given to a second
treatment group; the meta-analysis com-
paring the two treatment protocols
(standard versus intensive treatment)
(Fig. 5) failed to show a significant
benefit of the intensive treatment
although a trend (p = 0.08) towards inten-
sive treatment was noted. Similar to
another review on CRP levels before
and after treatment (loannidou et al.
2006), we conclude that there are cur-
rently no large-scale and conclusive inter-
vention trials investigating the effect of
periodontal therapy on CRP levels.

It needs to be stressed that CRP is a
non-specific marker of the acute-phase
response. That is, many potential stimu-
li, including (unknown) chronic infec-
tions and or inflammatory conditions,
smoking, obesity and trauma, may also
account for mild increases in CRP
(Blake & Ridker 2001, Blake et al.
2003, Florez et al. 2006). In the current
meta-analyses, we could not adjust for
these potential confounders although all
studies were screened for these vari-
ables. Only a few studies (see Tables
3A and C) have controlled for potential
confounding factors when analysing dif-
ferences between patients and controls.
It is therefore fair to speculate that
periodontitis, in addition to other factors
and infections reported in the literature,
will result in moderately elevated levels
of CRP and perhaps in part via this
acute-phase response reactant may con-
tribute to a higher risk for CVD.

In conclusion, this systematic review
provides evidence that periodontitis eli-
cits a mild acute-phase response with
elevation of CRP levels compared with
healthy controls. Periodontal treatment
results in lowered CRP levels; however,
the treatment studies available are
scarce. Further research should investi-
gate whether the changes in cellular and

molecular markers in peripheral blood
in periodontitis are indeed causally
related to cardiovascular events and
whether periodontal therapy and main-
tenance of periodontal health will
reduce the risk for such events.
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Clinical Relevance

Scientific rationale for the study:
Elevated plasma CRP is a risk pre-
dictor for CVD. A systematic review
was performed to examine the
robustness of observations of ele-
vated plasma CRP in periodontitis
and to review periodontal therapy
on CRP levels.

Principle findings: The review and
meta-analyses show that in perio-

dontitis patients, CRP is elevated in
comparison with control subjects and
frequently CRP levels are > 2.1 mg/I.
It seems that periodontal therapy is
able to reduce the CRP levels in
patients although few studies are
available.

Practical implications: Periodontitis
is another condition to be considered
when evaluating CRP levels in rela-
tion to cardiovascular diseases.

Given the relatively high prevalence
of periodontitis in the population,
health care professionals should be
aware that this condition results in an
increased systemic inflammatory
burden. Periodontal treatment seems
to be an effective way to lower
plasma CRP.
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