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ABSTRACT: Purpose: To review the literature on the effects of non-surgical periodontal treatment on surrogate markers 
of cardiovascular diseases (CVDs) and to clarify the impact of periodontal disease on systemic inflammation. Methods: 
PRISMA guidelines for systematic reviews and meta-analyses have been adopted. An electronic search in PubMed up 
to December 2018 was performed using the following search terms and keywords alone or in combination: non surgical 
periodontal therapy, atherosclerotic vascular disease (AVD), operative surgical procedures, CVD, IL-6, CRP, 
cholesterol, LDL, oxidized low density lipoprotein, HDL, endothelial dysfunction, dependent dilatation, carotid intima 
media thickness, periodontitis, tunica intima. Results: The electronic search resulted in the inclusion of 28 articles that 
were grouped and discussed based on the investigated surrogate markers. Meta-analysis was not carried out due to the 
heterogeneity of the results. The included studies demonstrated that periodontal treatments contribute to the resolution 
of oral inflammation and in turn might positively modulate the levels of systemic inflammatory markers. The initial 
phase of periodontal therapy has a positive impact on the short-term reduction of a series of systemic markers that are 
considered as surrogate markers of AVD. (Am J Dent 2019;32:191-200). 
 

CLINICAL SIGNIFICANCE: The non-surgical therapy of periodontal disease would positively reduce the levels of 
systemic inflammation markers, decreasing the vascular risk and the possibility of developing CVD or the subclinical 
progression of the disease. 
 
: Dr. Vittoria Perrotti, Via dei Vestini 31- 66100 Chieti, Italy. E-: v.perrotti@unich.it   

 
Introduction    

 During the past two decades, a new field of periodontal 
research has emerged as “periodontal medicine”. This term 
refers to the correlation between chronic periodontitis (CHP), 
aggressive periodontitis (AgP) and several non-inflammatory 
pathological conditions, such as cardiovascular diseases 
(CVDs), diabetes mellitus, preterm pregnancy, obesity and 
others.1 The concept behind this statement is that the inflam-
mation that characterizes periodontitis adversely affects the 
control of systemic diseases. Atherosclerosis or atheroscero-
sclerotic vascular disease (AVD) is one of the most common 
CVDs.2 Only two thirds of the CVDs can be related to proven 
risk factors (age, sex, hypertension, hypercholesterolemia, 
diabetes, obesity, smoking, lifestyle). The scientific community 
is now focusing on the role that inflammation plays.3,4 Low 
level chronic inflammation plays a significant role in AVD.5,6   
 Periodontal disease can be defined by means of traditional 
clinical (probing depth, bleeding on probing, attachment level) 
and radiographic parameters or markers of poor oral health 
status (i.e. tooth loss or edentulism). Moreover, some epide-
miological studies describe periodontitis by using microbio-
logical profiles or levels of serum antibodies to periodontal 
bacteria.7 It should also be taken into account that in some 
studies, patients are affected by concomitant systemic condi-
tions (i.e. hyperlipidemia, hypertension, poor physical activity) 
that could act as confounding factors.   
 CVD surrogate markers are established biomarkers of 
vascular risk and may contribute to the relative possibility of 
developing CVD or the subclinical progression of the disease.4,5 
Among other surrogate markers, Interleukin 6 (IL-6) and C-
reactive protein (CRP) are strictly linked to inflammatory 
response, whereas homocysteine, endothelial progenitor cell (or 

EPC), HDL/LDL cholesterol, endothelial dysfunction and 
carotid intima-media thickness (CIMT) are circulating markers 
strongly associated with AVD and CVD in general.8  
 Several authors,9-12 indicated that levels of white blood cell 
count and CRP are higher in patients affected by periodontitis 
than in healthy controls. Slade et al13 reported an increased 
level of CRP in 1/3 of patients affected by periodontitis after 
examining 10,146 subjects with available CRP and cholesterol 
levels and 4,461 patients with available fibrinogen levels. Beck 
et al14 were the first to link periodontitis with subclinical 
atherosclerosis, which in turn is commonly investigated by the 
means of CIMT assessment. The author analyzed a group of 
6,017 patients, who participated in the ARIC study (Athero-
sclerosis risk in communities), and showed an augmented odds 
ratio for CIMT (OD 2.09) related to severe periodontitis. The 
relationship between cardiovascular measures (i.e. presence of 
carotid artery plaque and CIMT) and periodontal parameters, 
including tooth loss, was further assessed by the Oral Infection 
and Vascular Disease Epidemiology Study (INVEST). Two out 
of the three INVEST prospective studies15-17 demonstrated a 
link between tooth loss15 and severe bone loss16 with an in-
creased prevalence of atherosclerotic plaques in a randomly 
selected tri-ethnic population of 1,056 subjects ≥ 55 years with 
a negative anamnesis for stroke, MI and chronic inflammatory 
conditions. The third INVEST report17 evidenced a tight associ-
ation between CIMT and bacteria related to periodontal disease, 
stressing a possible role of periodontal bacteria in athero-
sclerosis. These data were further supported by recent studies.18,19  
 Finally, several systematic reviews and meta-analyses20-23 
showed an association between periodontal disease and clinical 
outcomes of cardiovascular disease, consistently concluding 
that the available evidence suggests a moderate positive 
association between periodontal disease and CVD. It  should  be 
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further investigated whether the relation between periodontal 
disease and CVD effects can be influenced by comorbidities, 
such as smoking,24 or can be completely spurious.25 A recent 
case-control study26 reported an OR of 3.3 for non-fatal stroke 
among never smokers, with other studies27,28 supporting these 
results.  
 The present study reviewed the literature on the effects of 
non-surgical periodontal treatment on surrogate markers of 
CVD and aims to assess the impact of periodontal disease on 
systemic inflammation.   

Materials and Methods   
 PRISMA guidelines for systematic reviews and meta-
analyses were adopted.29 The current review clearly addresses a 
focused question by using the participant, intervention, 
comparison, and outcomes (PICO) criteria.30 Studies, up to 
December 2018, evaluating the correlations of periodontal 
disease with the risk of atherosclerosis were identified by an 
electronic search on PubMed, Google Scholar, and Scopus, 
using the following search terms and keywords alone or in 
combination: non surgical periodontal therapy, AVD, operative 
surgical procedures, CVD, IL-6, cholesterol, LDL, oxidized 
low density lipoprotein, HDL, endothelial dysfunction, 
dependent dilatation, carotid intima media thickness, 
periodontitis, tunica intima. Moreover, reference lists of the 
selected studies were manually screened. 
 
Pico criteria 
 
Participants: Participants of any age, healthy or affected by 
CVD;   
Intervention: The intervention evaluated was causal periodontal 
treatment and its impact on surrogate markers of CVD;   
Comparison: No comparison among the analysis methods was 
made;   
Outcome: Variation of plasma levels of surrogate markers, 
improvement of periodontal parameters, reduction in mm of 
carotid intima media thickness (CIMT), possible role of 
periodontal pathogens. 
 
Selection of studies 
 
 Only controlled clinical trials were included. Other 
inclusion criteria were: studies on human beings and English 
language. Exclusion criteria were: studies on specific ethnic 
groups and studies assessing diabetic patients in order to avoid 
a confounding effect. 
 
Data extraction 
 
 To ensure homogeneity of data collection and to rule out the 
effect of subjectivity in data gathering, data extraction was 
performed independently by two investigators (O.D., A.Q.), 
according to the following protocol: 
 
1. Electronic search on the digital database (PubMed); 
2. Identification of the studies that resulted from the research 

and reading of the abstract; 
3. Studies’ authors and year of publication; 
4. Number of subjects and mean age (when specified); 
5. Population characteristics; 
6. Outcome and results; 
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 Discussion and consensus were established to resolve 
disagreements as the initial approach. In cases where mutual 
agreement between the two reviewers could not be reached, a 
third Author (W.L.H.) assessed the study and a final decision 
was taken. 
 
Quality assessment 
 
 Assessment of methodological study quality was performed 
using the criteria proposed by The Cochrane Handbook for 
Systematic Reviews of Interventions.31 Within the random 
selection of the population, defined inclusion/exclusion criteria, 
report of loss to follow-up, validated measurements, and 
statistical analysis were reported, the study was classed with a 
low risk of bias. When one of these five criteria is missing, the 
study was classified as having a moderate risk of bias. A high 
risk of bias is classified if the study lacks two or more of these 
criteria. 
 

Results 
 
 The electronic search, carried out according to the 
aforementioned strategy, resulted in the inclusion of 28 
articles32-59 (Table). 
 The included studies are discussed and grouped to the 
surrogate markers that were investigated in each specific 
manuscript. 
 
Homocysteine 
 
 Bhardwaj et al32 investigated the plasma levels of 
homocisteine after non surgical periodontal therapy in a 
controlled clinical trial. Forty patients were included in this 
clinical study: 20 affected by CHP (test group) and 20 healthy 
(control group). The homocisteine plasma levels were 
significantly higher in the test subjects at the baseline and 
decreased after non-surgical periodontal treatment (12 weeks 
post-treatment). 
 
Endothelial progenitor cells 
  
 In 2014, Jonsson et al33 performed a clinical trial to 
investigate the levels of circulating endothelial progenitor cells 
in patients affected by CHP. One hundred and twelve patients 
were enrolled: 56 were periodontally healthy and 56 were 
affected by CHP. All subjects underwent a full-mouth 
periodontal examination [measurements on the presence of 
dental plaque and bleeding on probing (BoP), probing depth 
(PD) and clinical attachment level (CAL) were collected] and 
provided a blood sample. Plasma levels of circulating 
endothelial progenitor cells were approximately 2.3-fold higher 
in test patients than periodontally healthy controls, after 
adjustments for age, sex, physical activity, systolic blood 
pressure, and BMI. Moreover, the levels of circulating 
endothelial progenitor cells were positively associated with the 
degree of BOP, PD, and CAL.   
 In 2009, Li et al34 evaluated the association between CHP 
and circulating endothelial progenitor cells on 86 non-smoking 
subjects (36 males and 50 females, aged 35-80 years), including 
23 subjects with no or mild CHP and 63 subjects with moderate 
to severe CHP. The subjects underwent a full-mouth, compre-
hensive periodontal examination (i.e. presence or absence of 
plaque, BoP,  PD,  gingival  recession  (GR),  CAL).  The levels 
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Table. Evidence table of studies included in the present systematic review. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

 Authors Type of study Surrogate marker Subjects and treatments Follow-up Results 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Bhardwaj et al32 Controlled clinical trial Omocisteine 40 subjects: 20 healthy; 12 weeks The omocisteine plasma levels 
(2015)   20 with CHP.  decreased in the test group after 
   Non-surgical therapy (SRP)  non surgical periodontal 
  . in the test group (CHP)  treatment  
Jonsson et al33 Controlled clinical trial Endothelial 112 subjects: 56 periodontally None Plasma levels of circulating endo- 
(2014)  progenitor healthy; 56 affected by CHP  thelial progenitor cells were  
  cells All subjects underwent a full-mouth  approximately 2.3-fold higher in 
   periodontal examination and   test patients than controls. The 
   provided a blood sample.  levels positively correlate with the 
     degree of periodontal parameters.  
Li et al34 Controlled clinical trial Endothelial 86 subjects: 23 with no or mild None Subjects with moderate to severe 
(2009)  progenitor CHP; 63 with moderate to severe  CHP (tests) exhibited an  
  cells, CRP,  CHP. Full- mouth, comprehensive  increased risk of high endothelial 
  CIMT periodontal examination.  progenitor cells count, CPR and  
     thick CIMT, compared with those  
     with no or mild CP (controls).  
Zhou et al35 Controlled clinical trial IL-6, TNF-a, 75 subjects with CHP and 3 months All the analyzed markers  
(2013)  CRP CHD: 40 (test) received SRP and  decreased after non surgical 
   oral hygiene instruction, 35(control)  periodontal therapy in test group 
   received oral hygiene instruction only. 
   All subjects underwent a full-mouth 
   periodontal examination.  
Eickholz et al36 Controlled clinical trial IL-6, CRP, 60 subjects: 31 affected by CHP; 12 weeks After SRP, markers levels were 
(2013)  IL-8, LBV,  29 affected by AgP. Both groups  reduced in AgP but not in CHP 
  leukocyte underwent non surgical periodon-  subjects 
   tal therapy (SRP).  
Mariottti et al37 Controlled clinical trial IL, CRP 64 subjects: 26 CVD and CHP (test); 6 weeks Treatment of CHP with Full Mouth 
(2013)   38 CVD, no CHP (control). All patients  Disinfection approach resulted in 
   underwent periodontal, physical and  short term reduction of IL-6 and  
   serum evaluation. CVD and CHP subjects CRP 
    subdivided in treated and untreated group  
   (until 6-week re-evaluation)   
 
Vidal et al38 Controlled clinical trial IL-6, CRP 26 patients with CHP and refractory 3 & 6  CRP, IL-6 and fibrinogen were 
(2009)  and fibrinogen hypertension. At baseline all subjects   months significantly reduced 6 months 
   underwent clinical examination and after  after periodontal treatment, as 
   3 months received non-surgical  well as other cardiovascular risk 
   periodontal treatment.  markers such as left ventricular 
     mass (LVM), arterial stiffness, 
     systolic and diastolic blood 
     pressure.  
Marcaccini et al39 Controlled clinical trial IL-6, CRP 45 subjects with CHP: 20 (test group) 3 months Decrease in circulating IL-6 
(2009)   underwent non-surgical periodontal   and CRP concentrations in the 
   treatment; 25 (control group) were not  test group after treatment. 
   treated for CHP.  
D’Aiuto et al40 Pilot intervention study IL-6, CRP 94 healthy subjects with severe 2 & 6  The periodontal therapy result- 
(2004)   generalized periodontitis. All   months ed in a significant improvement 
   patients received standard non-  of all clinical periodontal para- 
   surgical periodontal therapy.  meters and a significant reduction  
     of the serum markers, decreasing  
     the CRP-associated CVD risk.  
D’Aiuto et al41 Pilot intervention study IL-6, CRP 94 healthy subjects with severe 2 & 6  Non-surgical periodontal 
(2004)   generalized periodontitis. All   months therapy, significantly decreased  
   patients received standard non-  serum mediators and markers 
   surgical periodontal therapy and  of acute phase response. 
   evaluation of serological and 
   clinical periodontal parameters.  
D’Aiuto et al42 Pilot intervention study IL-6, CRP 94 systemically healthy subjects with 2 & 6  After periodontal therapy, 
(2004)   severe generalized periodontitis. All   months significant reductions in serum 
   patients received standard non-  IL-6 and CRP and improvements 
   surgical periodontal therapy  in clinical parameters 
   and evaluation of serological and  parameters were observed. 
   clinical periodontal parameters.     
D'Aiuto  Cohort study CRP,  55 healthy subjects in need 1 day, Decrease of the systemic 
& Tonetti43  HDL/LDL of periodontal therapy. All   1 week, markers following the initial 
(2005)  cholesterol subjects underwent periodontal therapy.   1 month phase of periodontal treatment. 
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Table (continued). 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

 Authors Type of study Surrogate marker Subjects and treatments Follow-up Results 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Tawfig44 Controlled clinical trial CRP, HDL/LDL 30 hyperlipidemic subjects with CHP: 3 months Non-surgical periodontal therapy 
(2015)  cholesterol, 15 (test) received SRP and oral   improved periodontal health 
  triglycerides hygiene instructions; 15 (control)  and decreased LDL and CRP 
   received only oral hygiene instructions.  levels in hyperlipidemic patients 
   All patients were evaluated for serum  with chronic periodontitis. 
   markers and periodontal parameters.  
Duzagac et al45 Controlled clinical trial CRP, HDL/LDL 45 subjects: 15 with periodontitis and 3 months Periodontal patients (with or  
(2016)  cholesterol in obesity; 15 with periodontitis and   without obesity) positively re- 
  serum. without obesity; 15 healthy controls.  sponded to periodontal treat- 
  IL-6, IL-10, All subjects underwent a full perio-  ment. However, the systemic 
  TNF-a and  dontal examination; non-surgical perio-  condition of obesity seemed to  
  Adiponectin dontal therapy (SRP) was performed  be a major factor suppressing  
  in GCF/serum. in periodontal patients (n=30).  the systemic response to therapy.  
Bozoglan et al46 Controlled clinical trial LDL, HDL, PLT, 40 patients: 20 with atherosclerosis Baseline Following periodontal treatment, 
(2017)  WBC, fibrinogen, and CHP (test group); 20 systemi-   & WBC, LDL, PLT, fibrinogen, 
  creatinine and cally healthy and CHP (control group);   6 months creatinine and hs-CRP levels 
  hs-CRP All patients had nonsurgical periodontal  significantly decreased and HDL 
   treatment. The microbiological counts  levels significantly increased 
   and WBC LDL, HDL, PLT, fibrinogen,  in both test and control groups. 
   creatinine and hs-CRP levels were 
   determined at baseline and 6 months.  
De Souza et al47 Controlled clinical trial CRP 22 patients with CHP (test group) and 2 months After periodontal treatment in 
(2016)   22 periodontally healthy individuals  the test group, the CRP level 
   (control group). In the test group, oral  decreased significantly in 
   hygiene instruction and scaling and  those patients with higher 
   root planing were carried out.  baseline levels of CRP.  
Subha et al48 Prospective study CRP, HDL, 45 subjects with generalized severe 3 months Significant reduction in CRP, 
(2017)  LDL, cholesterol periodontitis:  PD, CAL, Total cholesterol and 
   Group A (n=15): 0.25% lemongrass oil  LDL was found in Group A 
   mouthwash; 
   Group B (n=15): 0.12% chlorhexidine 
   mouthwash; 
   Group C (n=15): Oral prophylaxis only.  
Mercanoglu et al49 Controlled clinical trial Endothelial 54 subjects: 28 with CHP and without 6 weeks Endothelial functions were 
(2014)  dysfunction any atherosclerotic vascular disease;   impaired in patients with CHP 
   26 healthy controls. Brachial artery  and improved following initial 
   responses to reactive hyperemia and sub-  periodontal therapy. 
   lingual nitroglycerin were assessed.  
Toregeani et al50 Controlled clinical trial CIMT 44 subjects: 23 healthy (Group 1); 21 6 & 12  Periodontal treatments (both SRP 
(2016)   with moderate to severe periodontitis   months and oral hygiene instructions)  
   (Group 2). Clinical periodontal  were effective in improving 
   parameters and CMIT were recorded.  clinical periodontal parameters  
   Group 2 also underwent SRP.  promoting reduction in CIMT in 
     the initial phase of therapy.  
Tapashetti et al51 Controlled clinical trial CIMT, CRP 30 healthy subjects: 15 with CHP (test);  None The CRP levels and CMIT values 
(2014)   15 no CHP (control). All patients were  were significantly higher in CHP 
   subjected to measurement of CRP  group. CIMT had also a large and 
   levels, CIMT and detailed periodontal  significant correlation with CRP  
   evaluation.  and with all periodontal indices.  
Yu et al52 Cross- sectional study CIMT, HDL/LDL 847 subjects were evaluated for None In hyperglycemic participants, a 
(2014)  cholesterol, routine biochemical tests (HDL/LDL  linear and dose-dependent asso- 
  triglycerides, cholesterol, glucose, triglycerides),  ciation between mean CAL and 
  glucose periodontal parameters (PI, PD,   maximal CIMT was recorded. 
   CAL, BOP), and maximal CIMT.  Poor oral hygiene was correlated 

  with maximal CIMT and athero- 
  sclerotic plaque in all participants. 

Wożakowska-  Controlled clinical trial CIMT, fibrinogen, 179 subjects: 112 with myocardial 2 days Test group showed higher level 
  Kapłon et al53  IL6, TNF-a infarction (MI) (test group); 67 with  of cardiovascular disease risk 
(2013)   stable angina (control group). Dental,  factors and poor oral health status 
   cardiovascular and biochemical exam-  in comparison to the control one. 
   ination were done.   
Pinho et al54 Controlled clinical trial CIMT 50 subjects: 35 (test) with CIMT ≥  None This study showed an associa- 
(2012)   1 mm or presence of any carotid athero-  tion between periodontitis severity 
   sclerotic plaque; 15 (control) with CIMT  and carotid atherosclerosis, sug- 
   < 1 mm and absence of atherosclerotic  gesting that periodontal disease  
   plaques. Full-mouth periodontal evalua-  might be a risk indicator for 
   tion was performed and characterized  atherosclerotic disease. 
   according to the CAL.    
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Table (continued). 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

 Authors Type of study Surrogate marker Subjects and treatments Follow-up Results 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Lopez-Jornet et al55 Controlled clinical trial CIMT, and serum 60 healthy subjects: 30 with CHP; None Presence of atheroma plaques 
(2012)  levels of glucose, 30 no CHP. All patients underwent  was statistically higher in test 
  triglycerides, HDL/ periodontal examination, CMIT  than control group; the severity 
  LDL cholesterol, measurements and hemostatic  of periodontitis influenced the 
  CRP, and HbA1c parameters assesement.  presence of carotid atheroma 
     plaques.  
Yakob et al56 Cross- sectional study CIMT, cIMA 128 subjects: 88 with periodontitis 18 years Increased cIMA values were sig- 
(2011)   (test);40 without periodontitis (control).  nificantly correlated with perio- 
   Patients underwent periodontal  dontitis, hypertension, BMI, male 
   examination, subgingival plaque  gender and poor socioeconomic 
   analysis, common carotid artery  status, as well as P. nigrescens and 
   evaluation.  P. gingivalis presence.  
Cairo et al57 Controlled clinical trial CIMT, CRP, 90 subjects: 45 with severe periodon- None Severe periodontitis was associated 
(2008)  glucose, titis (test); 45 healthy (control).  with sub-clinical atherosclerosis 
  triglycerides, Patients underwent periodontal examina-  not only in the elderly population 
  HDL/LDL, tion, CMIT measurements and blood  but also in young systemically 
  cholesterol,  analysis.  healthy individuals, supporting 
  HbA1C%   the hypothesis that periodontal  
     infection may be related to  
     atheroma development.   
Cairo et al58 Controlled clinical trial CIMT, CRP, 90 subjects: 45 with severe periodon- None Mean PD was a predictor 
(2009)  leucocytes, titis (test); 45 healthy (control). Sub-  of CMIT and FMBS of CRP 
  triglycerides, clinical atherosclerosis was assessed  levels, providing the risk of 
  HDL/LDL measuring CMIT; blood samples were  sub-clinical atherosclerosis 
  cholesterol, provided to assess inflammatory  and systemic inflammation 
  glucose, HbA1c% response.  in young adults with severe 
     periodontitis.  
Söder et al59 Cross- sectional study CIMT, total 111 subjects: 80 CHP (test); 16 years Periodontal disease was identified 
(2009)  cholesterol 31 no CHP (control). All patients  as the principal independent 
   underwent periodontal, physical  predictor factor for both 
   and serum evaluation.  atherosclerosis and increasing  
     in MMP-9, TIMP-1 and  
     MMP-9/TIMP-1. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Legend 
AgP: Aggressive periodontitis 
cIMA: Calculated intima-media area 
CAL: Clinical attachment loss 
CIMT: Carotid intima-media thickness 
CHD: Coronary Heart Disease  
CHP: Chronic periodontitis 
CRP: C-reactive protein 

CVD: Cardiovascular disease 
FMBS: Full-mouth bleeding score 
GCF: Gingival crevicular fluid 
HbA1c: Glycated hemoglobin 
hs-CRP: High-sensitivity C-reactive protein 
IL-: Interleukin-  
HDL: High-density lipoprotein 

LDL: Low-density lipoprotein 
LBV: Lipopolysaccharide-binding protein  
PD: Probing depth 
PLT: Platelet count 
SRP: Scaling and root planning 
TNF-α: Tumor necrosis factor alpha 
WBC: White blood cells 

 
of circulating endothelial progenitor cells were quantitatively 
determined, as well as CRP and CIMT. The study showed that 
moderate to severe CHP is associated with an increased level of 
circulating endothelial progenitor cells and thicker CIMT than 
controls. CRP was significantly associated with high levels of 
circulating endothelial progenitor cells. 
 
Interleukin-6 (IL-6) 
 
 Nine studies35-42 that assessed IL-6 as a systemic marker 
were included in the present review. 
 Zhou et al35 analyzed the effects of non surgical periodontal 
treatment on the serum levels of TNF-α, IL-6 and CRP. In this 
trial, 75 patients affected by CHP and CHD were treated. Forty 
subjects (test) received periodontal non-surgical treatment 
(scaling and root planing-SRP) and oral hygiene instruction, 
whereas 35 subjects (control) received oral hygiene instruction 
only. Clinical periodontal parameters were recorded at baseline 
and after 3 months; serum levels of TNF-α, IL-6 and CRP were 
assessed at the same time points. At baseline, there were no 
statistical differences between the two groups, whereas after 
non-surgical periodontal therapy a decrease in all the analyzed 
markers was observed in the test group. 

 Eickholz et al36 focused on serum elastase level (CRP, 
elastase, IL-6, IL-8, lipopolysaccharide-binding protein (LBV) 
concentrations and leukocyte) after periodontal causal therapy 
on 31 subjects affected by CHP and 29 subjects affected by 
aggressive periodontitis (AgP). At baseline serum elastase, 
CRP and LBV were significantly higher in AgP than CHP 
patients, and these markers were also significantly elevated 1 
day after non-surgical periodontal therapy in both groups. 
Twelve weeks after treatment, serum elastase levels were 
reduced in AgP but not in CHP subjects. Mariotti et al37 carried 
out a controlled clinical trial on a total of 64 patients to assess 
the short-term effect of full mouth disinfection protocol on 
plasma level of systemic inflammation including IL-6 and 
CRP. Twenty-six patients were affected by both cardiovascular 
disease and chronic periodontitis (MCV-Perio test group), 
whereas 38 patients were only affected by cardiovascular 
disease without periodontitis, (MCV control group). The MCV-
Perio group was sub-divided into two sub-groups: Treated 
MCV-Perio group, which was treated with a Full Mouth 
Disinfection protocol, and Non-Treated MCV-Perio group, 
composed of non-treated patients (until the 6-week re-
evaluation).  Blood  samples were collected at  baseline  and 6 
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weeks to assess the changes of systemic inflammation markers. 
Non-surgical periodontal treatment through a Full Mouth 
Disinfection protocol resulted in a significant improvement in 
the levels of the IL-6 and CRP.  
 Vidal et al,38 in 2009, examined the plasma levels of IL-6, 
CRP and fibrinogen in 26 patients with CHP and refractory 
hypertension. Plasma levels of systemic inflammation were 
assessed at three time points (baseline, 3 and 6 months after 
baseline); moreover, at the second and third stage (3 and 6 
months) all patients received non-surgical periodontal treat-
ment. The median values of CRP, IL-6 and fibrinogen were 
significantly reduced 6 months after periodontal treatment, as 
well as other cardiovascular risk markers, such as left 
ventricular mass (LVM), arterial stiffness, systolic and diastolic 
blood pressure. The plasma levels of the same markers (IL-6 
and CRP) were previously investigated.39 Forty-five patients 
with CHP were divided into two groups. The test group (20 
patients) underwent non-surgical periodontal treatment, while 
the control group (25 patients) was not treated for CHP. 
Periodontal treatment was highly effective and a decrease in 
circulating IL-6 and CRP concentrations was observed 3 
months after therapy in the test group. 
 D’Aiuto et al40 analyzed the impact of periodontal therapy 
on serum inflammatory responses in associated CVD risk. 
Ninety-four systemically healthy subjects suffering from severe 
generalized periodontitis received standard non-surgical perio-
dontal therapy. Periodontal parameters, IL-6 and CRP serum 
levels were monitored 2 and 6 months after the therapy. At the 
baseline, serum concentrations of IL-6 and CRP were signi-
ficantly correlated with the extent and severity of periodontitis 
and associated CVD risk. After 6 months, the periodontal 
therapy resulted in a significant improvement of all clinical 
periodontal parameters and a significant reduction of the serum 
markers. Periodontitis might contribute to the inflammatory 
burden of the individual, resulting in increased levels of 
cardiovascular risk based on their serum CRP concentrations.  
 Another study,41 conducted by the same authors, assessed 
the effect of the treatment of severe generalized periodontitis in 
a population of otherwise healthy individuals, on serological 
markers of systemic inflammation implicated in cardiovascular 
atherosclerotic diseases. Ninety-four subjects with severe 
generalized periodontitis were enrolled in the trial and 
serological (CRP, IL-6) and clinical periodontal parameters 
were evaluated at baseline, 2 and 6 months after completion of 
the non-surgical periodontal therapy. Improvements in all 
clinical periodontal parameters and significant reductions in 
serum IL-6 and CRP concentrations were achieved after a 6-
month follow-up. Non-surgical periodontal therapy signi-
ficantly decreased the serum mediators and the markers of 
acute phase response.    
 Moreover, D’Aiuto et al42 assessed 94 systemically healthy 
subjects with severe generalized periodontitis in a prospective 
6-month blind intervention trial. Periodontal parameters and 
inflammatory markers, CRP and IL-6, were evaluated prior to 
and 2 and 6 months after delivery of standard non-surgical 
periodontal therapy and oral hygiene instructions. No 
significant differences in concentrations were found among 
different groups according to age, gender, and smoking status. 
Differences were statistically significant  between  baseline  and 
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2 and 6 months for IL-6 and between baseline and 6 months for 
CRP. Six months after treatment, significant reductions in 
serum IL-6 and CRP and improvements in clinical parameters 
were observed. 
 
CRP and HDL/LDL cholesterol 
 
 D’Aiuto & Tonetti43 analyzed the CRP and LDL/HDL 
cholesterol level in the blood samples of subjects with chronic 
periodontitis. Fifty-five healthy subjects in need of perio-
dontal therapy were enrolled in the study. All subjects under-
went periodontal treatment, and were examined after 1 day, 1 
week and 1 month to provide a blood sample. An increase of 
CRP and total cholesterol was observed after 1 day of treat-
ment and was sustained for 1 week; both serum concen-
trations decreased at 1 month.  
 Tawfig44 evaluated the effect of non-surgical periodontal 
therapy on plasma lipid levels in hyperlipidemic patients with 
CHP. Thirty hyperlipidemic patients with CHP (age 30-70 
years) were included in this study. The test group received 
non-surgical periodontal therapy (SRP) and oral hygiene 
instructions. The control group received only oral hygiene in-
structions. Lipid profile (HDL/LDL and triglycerides), CRP, 
and periodontal parameters (plaque index (PI), gingival index 
(GI), PD, CAL) were measured at baseline and after 3 
months. Lipid profile and periodontal parameters were com-
parable between groups at baseline. The test group showed 
significant decrease in LDL and CRP levels, and a significant 
decrease in PD, ATL, PI, and GI scores, compared to the 
baseline; the control group showed significant decrease only 
in the PI and GI scores. Non-surgical periodontal therapy 
improved periodontal health and might be considered as an 
additional control of hyperlipidemia.  
 Douzagac et al45 investigated, in a controlled clinical trial, 
the healing of 30 subjects suffering from periodontitis (15 with 
and 15 without obesity) after non surgical periodontal therapy. 
Periodontal patients received non-surgical periodontal therapy 
(SRP) and the healing process was compared to the control 
group. Clinical periodontal measurements of all patients were 
recorded at baseline and after 3 months; moreover, levels of IL-
6, IL-10, TNF-a and adiponectin in the gingival crevicular fluid 
(GCF) and CRP, HDL, LDL in serum were analyzed. Perio-
dontal parameters improved significantly in both periodontitis 
groups, although the improvement of the same parameters in 
healthy patients was higher than in the obese ones. HDL 
significantly increased in both periodontal groups; indeed, HDL 
levels in the obese group were elevated to levels similar to 
those of healthy controls. CRP decreased significantly solely in 
the normal weight group; IL-6, IL-10 and TNF-a levels in GCF 
improved significantly based on SRP therapy in both 
periodontal groups. Only serum level of TNF-a decreased 
significantly in the obese group, while adiponectin, IL-10 and 
TNF-a improved significantly in the group of periodontal 
subjects without obesity.   
 Bozoglan et al46 determined the relationship between 
atherosclerosis and periodontopathogenic microorganisms in 
chronic periodontitis patients following periodontal treatment. 
Forty subjects were divided into two groups: a test group 
including patients with atherosclerosis and CHP, and control 
one with systemically healthy  patients  with  CHP.  All  patients  
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underwent non-surgical periodontal treatment and assessment 
of microbiological counts as well as white blood cells (WBC), 
LDL, HDL, platelet count (PLT), fibrinogen, creatinine and hs-
CRP levels, at baseline and after 6 months. Following 
periodontal treatment, WBC, LDL, PLT, fibrinogen, creatinine 
and hs-CRP levels significantly decreased and HDL levels 
significantly increased in both groups. The association between 
blood markers levels and the amount of periodontopathogenic 
microorganisms seemed to support the thesis that periodontal 
treatment could decrease the risk of atherosclerosis.   
 De Souza et al47 evaluated serum CRP levels in 22 chronic 
periodontitis patients and 22 periodontally healthy individuals 
and assessed the effect of non-surgical periodontal treatment on 
them. Sixty days after oral hygiene instruction and scaling and 
root planing in the test group, CRP level decreased signi-
ficantly in those patients with higher baseline levels of CRP. 
Accordingly, Subha et al48 observed that chronic periodontitis 
seemed to promote elevated levels of CRP, that could be signi-
ficantly decreased by non-surgical periodontal treatment and 
underlined how periodontal disease may be a potential risk 
factor of CVD. 
 
Endothelial dysfunction   
 Mercanoglu et al49 investigated whether there was an 
endothelial dysfunction in patients with chronic periodontitis 
and whether recovery was possible with therapy. Twenty-eight 
patients with CHP and without any atherosclerotic vascular 
disease (test), and 26 healthy controls were included in the 
study. Brachial artery responses to reactive hyperemia 
[endothelium-dependent dilatation (EDD)] and sublingual 
nitroglycerin [endothelium-independent dilatation (EID)] were 
assessed using high-resolution vascular ultrasound in both 
groups. Measurements were taken before and after the initial 
periodontal therapy in the test group. No significant difference 
between the groups in terms of cardiovascular risk factors was 
observed. At baseline, EDD and EID were significantly im-
paired in the CHP group; however, 6 weeks after periodontal 
therapy, EDD and EID improved significantly in the tests. This 
study showed that endothelial functions were impaired in 
patients with CHP before any evidence of atherosclerosis, and 
that they improved following the initial periodontal therapy. 
  
Carotid intima media thickness (CIMT) 
 
 A recent study by Toregeani et al50 evaluated the treatment 
of periodontal disease and its effects on CIMT and expression 
of laboratory markers related to atherosclerosis. Twenty-three 
healthy patients (Group 1) and 21 patients with moderate to 
severe periodontitis (Group 2) were evaluated for clinical 
periodontal parameters. CMIT of both groups was measured at 
baseline, and after 6 and 12 months, respectively. All patients 
received oral hygiene instruction; moreover, Group 2 
underwent supragingival and subgingival SRP. A significant 
improvement in clinical periodontal parameters was observed 
in both groups, more evident between 6 and 12 months and 
greater in Group 2. A statistically significant decrease in CIMT 
in the first 6 months was also detected for all patients.    
 Another study51 analyzed the correlation between CIMT 
and CRP in CHP in 30 systemically healthy subjects aged over 
40 years (of which 15 subjects with CHP  as  tests  and  15  sub- 
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jects with no periodontitis as controls). In all patients, CRP 
levels and CIMT in addition to clinical periodontal parameters 
were recorded. The CRP levels and CMIT values were 
significantly higher in tests than controls. CIMT has also a 
large and significant correlation with CRP and with all 
periodontal indices. CRP might be considered as a possible 
underlying pathway in the association between periodontal 
disease and CIMT, and as a risk predictor for atherosclerosis in 
patients with CHP.   
 Yu et al52 conducted a cross-sectional study of 847 
participants (age 70.64 ± 9.03 years) with ≥ 10 teeth. A 
questionnaire survey, routine biochemical tests (HDL/LDL 
cholesterol, glucose, triglycerides), periodontal examination 
(PI, PD, CAL, BOP), and maximal CIMT measurement were 
performed for each subject. The authors aimed to verify the 
association between atherosclerosis and periodontal status. Of 
the total sample, 245 patients showing maximal CIMT ≥ 1.2 
mm presented all the periodontal indexes, except for the 
bleeding index, significantly higher than the 602 patients 
showing maximal CIMT < 1.2 mm. In hyperglycemic 
participants, a statistically significant association was observed 
between mean CAL and CIMT (each 1 mm increase in mean 
CAL corresponded to a 0.018 mm increase in maximal CIMT), 
with a risk of atherosclerotic plaque that increased by 18.3% 
with each 1 mm increase in mean CAL. Moreover, even poor 
oral hygiene was correlated with maximal CIMT and 
atherosclerotic plaque in all participants, regardless of blood 
glycemic values.   
 Wożakowska-Kapłon et al53 evaluated the state of the oral 
cavity and tested the association between selective parameters 
of acute, hospital phase MI in patients aged 60 and younger. 
One hundred and twelve patients with MI aged 60 were 
involved. The control group consisted of a matched group of 
patients with stable angina (n= 67). Patients enrolled in the 
study underwent dental, cardiovascular and biochemical 
examination. Left ventricular ejection fraction (LVEF) was 
measured during echocardiographic examination; IMT was 
assessed by ultrasonographic examination at the same time. The 
test group showed a higher prevalence of edentulism and 
advanced periodontal disease, and was characterized by the 
highest levels of fibrinogen, IL6, TNF-a, increased IMT and 
numerous atherosclerotic plaque. Moreover, the study revealed 
a significant association between biomarkers of myocardial 
injury, LVEF, periodontal parameter and edentulism. Patients 
of the test group showed a higher level of cardiovascular 
disease risk factors and poor oral health status in comparison to 
the control group.    
 Pinho et al54 investigated the relationship between the 
degree of carotid atherosclerosis and severity of periodontitis. 
Fifty adults underwent assessment of CIMT, were divided into 
two groups: test (n=35) - CIMT ≥ 1 mm or presence of any 
atherosclerotic plaque; control (n= 15) - CIMT < 1 mm and 
absence of atherosclerotic plaques. Periodontitis, classified 
according to CAL values, as slight (CAL= 1-2 mm), moderate 
(CAL= 3-4 mm) and severe (CAL ≥ 5 mm), was detected in 
22.2%, 44.4% and 33.3% of tests, respectively; whereas, 
control patients mainly presented slight periodontitis (53.3%), 
rather than moderate (33.3%) or severe (13.3%).  The study 
reported  that  severe  periodontitis  was  observed  in  70.6%  of 
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patients presenting an atheroma plaque (test group) and that 
severe forms of periodontal disease were principally associated 
to atherosclerosis. 
 Lopez-Jornet et al55 studied 60 systemically healthy patients 
> 45 years of age (30 with CHP and 30 periodontally healthy) 
to explore the effect of periodontitis in relation to markers of 
carotid atherosclerosis. CIMT as well as periodontal clinical 
parameters (BOP, PD, CAL, gingival recession) were assessed 
in all patients. Moreover, glucose, triglycerides, HDL/LDL 
cholesterol, CRP, and glycated hemoglobin (HbA1c) were 
quantified after blood tests. A significantly higher total 
cholesterol and HbA1c levels were found in the CHP group 
than the controls. Although by comparing CHP and control 
group the statistical analysis showed no significant differences 
in CMIT, the presence of atheroma plaques were significantly 
higher in the CHP group than in the control. The authors 
concluded that the severity of periodontitis, as well as the 
patient age, might influence the occurrence of carotid atheroma 
plaques.   
 A cross sectional study56 analyzed subgingival microor-
ganisms and early carotid lesions in subjects with and without 
periodontitis. Eighty-eight subjects with periodontitis and 40 
subjects without periodontitis were periodontally evacuated (the 
number of remaining teeth, PI, GI, PD, CAL). The presence of 
the periodontal microorganisms, such as Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella 
intermedia, Prevotella nigrescens and Tannerella forsythia, 
was analyzed from subgingival plaque using PCR amplifi-
cation. The calculated intima-media area (cIMA) of common 
carotid artery was measured by means of ultrasound. All 
clinical periodontal parameters showed significant differences 
between tests and controls. The more frequent microorganisms 
were P. gingivalis, P. intermedia and T. forsythia; moreover, a 
significant difference in the presence and types of periodontal 
microorganisms between test and control group was found. 
Increased cIMA values were significantly correlated with perio-
dontitis, hypertension, BMI, male gender and poor socioecono-
mic status, as well as P. nigrescens and P. gingivalis presence.   
 Cairo et al,57,58 in two different studies on the same sample, 
evaluated the effects of periodontal status on sub-clinical 
atherosclerosis. Ninety systemically healthy young subjects, 45 
affected by severe periodontitis (test group) and 45 without a 
history of periodontal disease (control group) were enrolled. 
CIMT, traditional cardiovascular risk factors57 as well as 
inflammatory markers (i.e. leucocytes, triglycerides, HDL 
cholesterol, LDL cholesterol, total serum cholesterol, high 
sensitivity CRP, glucose and HbA1c%)58 were evaluated in 
both groups. In the first trial,57 the authors reported that CIMT 
was significantly greater in the test group and that periodontitis 
as well as regular physical activity were predicting variables of 
overall mean CIMT. The subsequent cross-sectional study,58 
demonstrated that mean PD was a predictive factor for CMIT, 
and full-mouth bleeding score (FMBS) of CRP levels, 
supplying the risk of sub-clinical atherosclerosis and systemic 
inflammation in subjects with severe periodontal disease. In a 
cross-sectional study, Söder et al59 analyzed the relationship 
between periodontitis and expression of matrix metallo-
proteinase-9 (MMP-9) and tissue inhibitor of matrix metallo-
proteinase-1  (TIMP-1) in  blood  samples  as  systemic  inflam- 
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matory markers. Subjects presenting CHP (n=80) were 
allocated to the test group, while subjects with no periodontal 
disease (n=31) to the control group. After 16 years, the test 
group showed early signs of carotid atherosclerosis and signi-
ficantly higher values of CIMT than the controls. Moreover, the 
plasma of test patients with atherosclerosis presented greater 
levels of MMP-9 and TIMP-1. Periodontal disease might be 
identified as a predictable risk factor for both atherosclerosis 
and the increased blood levels of inflammatory systemic 
markers.    

Discussion 
 
 Periodontal disease is mostly responsible for tooth loss in 
adults. The emerging interest for the correlation between peri-
odontal disease and systemic conditions has led to a new way to 
interpret this pathology, both from the diagnostic and thera-
peutic point of view. The systemic field of periodontal research 
has been explored during the last decade and, within the limits 
of these studies, there is clear evidence on the involvement of 
periodontal disease in the onset of CVD. Although there is still 
much to clarify about the impact of periodontal disease on 
systemic inflammation and the effect of non-surgical perio-
dontal therapy on surrogate markers of systemic conditions, it 
can cautiously be stated that the evaluation of specific systemic 
markers in periodontal patients could be considered as a useful 
tool to assess the risk of sub-clinical atherosclerosis. Conse-
quently, in the near future, it would be indicated to focus on the 
systemic phase of periodontal therapy which should include 
regular counseling with health practitioners and management of 
behavioral aspects. Successful management of such patients 
could be therefore based on the understanding of the 
periodontal-systemic correlation, the improvement of our 
knowledge about the disease process and the motivational inter-
viewing and counseling with the patient about the importance 
of adopting a correct lifestyle.   
 In the present review, we designed the search strategy in 
order to avoid confounding factors; for this reason, studies 
having assessed diabetic patients were not included. The 
present review clearly shows that periodontal treatment can 
positively modulate the levels of systemic markers that play an 
important role in the atherogenesis and contribute to the 
resolution of inflammatory oral foci thus decreasing the level of 
systemic inflammatory markers in the blood.   
 D’Aiuto et al60 showed that intensive periodontal treatment 
produced an acute systemic inflammatory response of 1 week 
duration and might represent an alternative to classic 
endotoxin-challenge or drug-induced models to study acute 
inflammation in humans. Moreover, the same authors61 showed 
that the levels of circulating IL-6 and CRP were reduced, 
although IL-6 had more significant reduction when patients 
were treated with local antibiotics, whereas this further 
improvement was not observed in CRP. The Periodontitis and 
Vascular Events (PAVE) study62,63 is the only multicenter pilot 
study assessing the results of periodontal therapy on cardiac 
events during a 25-month follow-up period; the study 
randomized subjects with CHP and severe CVD to either 
community care or oral hygiene instruction and mechanical 
periodontal therapy treatment protocol and concluded that 
cardiovascular  adverse  occurrences happened with  similar fre- 
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quency in both groups.  
 The plasma levels of the surrogate markers analyzed in this 
review have shown to decrease levels within 6 months 
following non-surgical periodontal therapy. IL-6 was the most 
extensively investigated marker and its plasma level variations 
were explored in association to TNF-α, CRP, serum elastase 
and fibrinogen. The study by Duzagac et al45 showed how the 
surrogate marker alteration in obese patients was reflected in 
reduced clinical healing.   
 The influence of the lipidic profile on the potential 
atherogenetic role of CRP in periodontal patients was studied 
by Tawfig44 and revealed that local non-surgical periodontal 
therapy resulted in improvement of periodontal health, with 
significant decrease in the LDL cholesterol and CRP levels in 
hyperlipidemic patients with chronic periodontitis. The sample 
included patients with a wide age range (35 to 70 years). In all 
subjects, blood level markers decreased after periodontal 
therapy, strengthening the hypothesis that the resolution of 
inflammation helps in maintaining a healthy lipidic profile and 
reduces the risk of atherogenesis.    
 As carotid intima-media thickness (CIMT) has proven to be 
a valuable predictor of myocardial infarction and ischemic 
stroke that is independent from traditional risk factors, it is 
considered to be a marker of subclinical atherosclerosis.64 It is 
worth noting that this approach may be controversial, as a 
CIMT increase, especially in the initial stages, results mainly 
from the thickening of the carotid media and may occur with 
aging without concomitant formation of atherosclerotic 
plaques.65 The role of age and shear stress caused by hemody-
namic factors, such as blood pressure components and tachy-
cardia, is also emphasized. Recent large meta-analyses gave 
rise to controversies regarding the impact of traditional cardio-
vascular (CV) risk factors on CIMT and the predictive value of 
CIMT.66 According to our review, CIMT was reliably used as a 
predictor factor and the trials included revealed how patholo-
gical periodontal variables or an overt AgP may predict sub-
clinical atherosclerosis. In particular, Cairo et al58 paired the 
test and control group for age, gender, body mass index (BMI) 
and smoking habits giving a clear patient profile. In the context 
of this argument, the work by Yakob et al56 about the influence 
of periodontal pathogens, traces an interesting research field.   
 In conclusion, within the limitations of the present review, it 
is possible to conclude that the initial phase of periodontal 
therapy has a positive impact on the short-term reduction of a 
series of systemic surrogate markers of CVD. This effect may 
be positive in controlling the levels of systemic inflammation. It 
is, however, in the opinion of the authors that the current 
scientific evidence is not conclusive with regard to the long-
term effects of non-surgical periodontal therapy on the surro-
gate markers of AVD. Further studies with a longer follow-up 
are definitely needed to obtain additional information on this 
topic of wide and inter-disciplinary interest. 
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