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Introduction
High life expectancy and widespread diffusion
of implant dentistry are all factors that have con-
tributed to the increased number of dental im-
plants in elderly patients (1-3); according to
Schimmel et al. (2), they have become routine
practice and clinicians should carefully take into
account coexisting systemic risk factors.
Geriatric patients report usually, in their medical
history, several comorbidities, with the most
common being cardiovascular disease (CVD)
and hypertension, diabetes mellitus and hyper-
glycaemia, osteoporosis and consequent as-
sumption of anti-resorptive medications, dyslip-
idaemia and temporomandibular disorders
(TMDs) (4-8). 
Several Authors (9, 10) have reported a positive
correlation and a direct relationship between pe-
riodontitis and systemic diseases over the years:
cardiovascular disease, hypertension, dyslipi-
daemia and mostly diabetes mellitus and hyper-

glycaemia.
In 2007, Shimazaki et al. (11) and D’Aiuto et al.
(12) reported for the first time a correlation be-
tween metabolic syndrome and periodontal dis-
ease.
Few studies have investigated the possible rela-
tionship between systemic conditions and peri-
implant diseases (13-16).
According to Sanz & Chapple (17) in 2012, peri-
implantitis has been defined as a chronic inflam-
matory lesion, characterized by peri-implant
bone loss, bleeding at probing and suppuration,
while mucositis is as a plaque-related inflamma-
tory soft tissue infiltrate with no concomitant
loss of supporting bone.
The prevalence remains still controversial and
relatively unknown, depending mostly of study
design and population: Derks & Tomasi (18) re-
ported 43% of dental implants affected by mu-
cositis and 22% by peri-implantitis.
Several Authors (19-22) have reported that bac-
terial species associated with periodontitis and
peri-implantitis are similar, including mainly
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gram-negative anaerobes such as porphy-
romonas gingivalis, prevotella intermedia and
aggregatibacter actinomycetemcomitans (Aa). 
In addition, pro-inflammatory cytokines levels
(IL-1, IL-6, IL-8, and TNF- α) are commonly
found to be increased in peri-implantitis patients
(23, 24).
History of periodontitis, smoking and inflamma-
tory conditions have been generally considered
as a risk factors for implant patients, however a
direct relationship between implant loss and pe-
riodontal disease has never been demonstrated
(25, 26).
The aim of this review is to present, in a sys-
tematic manner, current evidence and knowl-
edge regarding possible association between car-
diovascular disease and implant biologic com-
plications. 

Material and methods
This systematic review was conducted in accor-
dance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRIS-
MA) (27).
The protocol of this systematic review was de-
veloped “a priori” following initial discussion
between members of the research team.

Focused question
Investigators conducted a literature review in ac-
cordance with the following focused question:
“Are patients affected by cardiovascular disease
(CVD) presenting a higher occurrence of peri-
implant diseases compared to healthy subjects?”
Population: Patients with osseointegrated dental
implants. 
Exposure: patients affected by cardiovascular
disease.
Comparison: patients in good general health.
Outcome: implant-related biologic complica-
tions (mucositis, peri-implantitis or peri-implant
bone loss). 

Search strategy
An electronic literature search was conducted
for articles published up to 1st December 2017 in
English language in several databases: Pubmed
library, SciVerse (Elsevier), MEDLINE (OVID)
and through The Cochrane Database of System-
atic Reviews (CDSR).
The following search strategy was performed:
(diseases OR conditions OR pathologies OR car-
diovascular OR hypertension) AND (peri-im-
plantitis OR peri-implant inflammation OR peri-
implant disease OR peri-implant infection OR
peri-implant bone loss OR peri-implant mucosi-
tis OR mucositis) AND (risk factors).

Study selection
Prospective and retrospective cohort studies,
case-control studies, cross-sectional surveys and
case series were included in this literature re-
view.
Studies were selected based on the following in-
clusion criteria:
• human trials with at least 10 subjects
• dental implants with at least 1 year of follow-

up 
• studies published in english. 

Outcome definitions 
Peri-implantitis was defined as presence of
bleeding on probing and/or suppuration together
with evidence of concomitant ≥ 2 mm radio-
graphic marginal bone loss.
Peri-implant mucositis was defined as evidence
of bleeding on probing and/or suppuration with-
out concomitant marginal bone loss.
Peri-implant bone loss was defined as detectable
radiographic bone loss without evidence of
bleeding on probing and/or suppuration.
Cardiovascular disease defined as arterial hyper-
tension and/or cardiac and/or peripheral vascular
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disease; with concomitant drug therapy: includ-
ing anticoagulants and/or calcium channel
blockers/angiotensin-converting enzyme in-
hibitors/nitrosamines.

Quality and risk of bias 
assessment

The quality of each cohort and case-control
study was evaluated according to NewCastle-Ot-
tawa scale (NOS) for Assessing the Quality of
Non-randomized Studies (28).
The NOS include three sections: selection (four
items), comparability (two items), and outcome
(three items). A maximum of one star for each
item can be awarded within the selection and
outcome categories, while two stars can be giv-
en for comparability.

Data extraction and 
analysis 

Two reviewers (PP, GP), independently from
each other, extracted pertinent data (year; study
design; systemic condition; implant biologic
complication; number of patients; number of im-
plants; outcome) from selected studies.
A meta-analysis was not performed due to het-
erogeneity of study designs and outcome vari-
ables.

Results
A total of 189 records were identified through
database searching.
After removal of duplicates, forty-five studies
were selected for title and abstract analyses, with
13 articles considered for detailed screening
(Figure 1).
Five studies were included for qualitative analy-
sis: three cohort studies (one prospective and

two retrospectives) and two cross-sectional stud-
ies (Table 1).
The mean NOS score was 6.4 (Table 2).
Renvert et al. (29) found a history of CVD in
27.3% of individuals with peri-implantitis, while
just 3% of individuals had CVD in the implant
health group.
Hence, according to their results, history of
CVD had a high likelihood of comorbidity with
peri-implantitis, expressing an odds ratio (OR)
of 8.7 (95% CI: 1.9, 40.3 P < 0.006).
Koldsland et al. (30) evaluated possible associa-
tion between selected risk factors and peri-im-
plantitis in a population of 109 patients.
Fourteen individuals reported history of CVD,
with no statistically significant association de-
tected with peri-implantitis.
De Souza et al. (31) investigated 193 patients to
evaluate influence of local and systemic factors
on peri-implant bone loss. 
Thirty-nine patients presented a diagnosis of
CVD (35 hypertension and 4 cardiac diseases)
and they did not found out a statistically signifi-
cant association.
Krenmair et al. (32) evaluated peri-implant bone
loss in patients with fully edentulous mandibles
rehabilitated with overdentures supported by
four dental implants.
According to their results, subjects affected by
CVD (n=19/44) showed statistically significant
increased peri-implant bone loss levels, express-
ing an OR of 5.72 (95% CI: 1.280-20.908).
Dalago et al. (33) collected data on 183 patients
and 916 dental implants: showing no correlation
between heart disorders and peri-implantitis. 

Discussion
Over the years, just a few Authors have investi-
gated the possible comorbidity between cardio-
vascular disease (CVD) and peri-implant dis-
eases (34, 35).
In two different studies, Alsaadi et al. (36, 37)
evaluated association between local and sys-
temic factors and implant failure, reporting no
statistically significant correlation with CVD.
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Lachmann et al. (38), evaluated clinically and
microbiologically an unselected population of
seventy-four implant recall patients.
CVD was found out in twenty individuals, with
hypertension (n=14) being the most common
condition diagnosed.
Prevotella intermedia (Pi) (n=6/74) was found
out in all subjects affected by CVD, who there-
fore showed statistically significant higher mean
Pi load.
These results were in accordance with several

Authors (39-41), who reported an association
between Pi and other bacterial species linked
with periodontitis. 
However, for the first time, this association be-
tween periodontal pathogens and CVD was re-
ported in the peri-implant sulcus.
In literature, Darby (42) in 2015 mentioned mul-
tidisciplinary team approach as possible key fac-
tor in management of periodontal and peri-im-
plantitis elderly patients.
Three articles (30, 31, 33) included in our review

Figure 1
PRISMA “Search and selection” flow-chart.
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showed no possible correlation with CVD, while
two (29, 32) of them reported an increased risk
of developing peri-implant diseases, with OR
ranging from 5.72 to 8.7.
According to Krennmair et al. (32), osseointe-
gration may be compromised and marginal bone
loss improved, in CVD patients, by reduction of
oxygen tension and nutrient supply caused by
lower blood flow.
The aim of this review was to assess in a sys-
tematic manner cardiovascular disease as possi-
ble risk factor for peri-implant diseases.
Main limitations and source of bias were repre-
sented by absence of randomized clinical trials
and by the retrospective and cross-sectional de-
sign of almost all studies included.
Different coexisting medical diseases and/or risk
factors were observed in the same patient, then
identification of the proper condition related to
implant biologic complications could be biased.
History of periodontitis was not analysed by all
studies: its relationship with peri-implant dis-
eases is still unknown, even if they share simi-
larities in aetiology and pathogenic mechanisms.
On the contrary, it is reported in literature that
periodontal disease is a condition that increases
risk of CVD and may negatively affect gly-
caemic control of diabetic patients (43-50).
Another important limitation is represented by
lack of standard, globally accepted definitions of
peri-implant diseases.

Conclusions
Within the limitations of this systematic review,
the following conclusions can cautiously be
drawn: there is inconsistent and controversial
evidence regarding association of cardiovascular
disease and implant biologic complications.
Future research should be orientated in conduct-
ing longitudinal studies, evaluating patients af-
fected by cardiovascular disease rehabilitated
with dental implants.
Goals should be to assess risk of peri-implant
diseases and to evaluate patient’s therapeutic re-
sponse, analysing directionality of the relation-

ship between CVD and implant biologic compli-
cations.

References
1. De Angelis F, Papi P, Mencio F, rosella D, Di Carlo S,

Pompa G. Implant survival and success rates in patients
with risk factors: results from a long-term retrospective
study with a 10 to 18 years follow-up. Eur rev Med
Pharmacol Sci. 2017;21:433-437.

2. Schimmel M, Müller F, Suter V, Buser D. Implants for
elderly patients. Periodontol 2000. 2017;73:228-240.

3. Compton SM, Clark D, Chan S, Kuc I, Wubie BA,
levin l. Dental Implants in the Elderly Population: A
long-term Follow-up. Int J Oral Maxillofac Implants.
2017;32:164-170. 

4. Di Paolo C, D’Urso A, Papi P, et al. temporo-
mandibular Disorders and Headache: A retrospective
Analysis of 1198 Patients. Pain res Manag. 2017;2017:
3203027.

5. turri A, rossetti PH, Canullo l, Grusovin MG, Dahlin
C. Prevalence of Peri-implantitis in Medically Com-
promised Patients and Smokers: A Systematic review.
Int J Oral Maxillofac Implants. 2016;31:111-118. 

6. rosella D, Papi P, Pompa G, Capogreco M, De Ange-
lis F, Di Carlo S. Dental students’ knowledge of med-
ication-related osteonecrosis of the jaw. Eur J Dent.
2017;11:461-468.

7. Di Paolo C, Pompa G, Arangio P, et al. Evaluation of
temporomandibular Disorders before and after Or-
thognathic Surgery: therapeutic Considerations on a
Sample of 76 Patients. J Int Soc Prev Community
Dent. 2017;7:125-129.

8. loos BG. Systemic markers of inflammation in peri-
odontitis. Journal of Periodontology. 2005;76:2106-
2115.

9. D’Aiuto F, Parkar M, Nibali l, Suvan J, lessem J,
tonetti M. Periodontal infections cause changes in tra-
ditional and novel cardiovascular risk factors: results
from a randomized controlled clinical trial. American
Heart Journal. 2006;151:977-984. 

10. Genco r, Borgnakke W. risk factors for periodontal
disease. Periodontology 2000. 2013;62:59-94. 

11. Shimazaki Y, Saito t, Yonemoto K, Kiyohara Y, Iida M,
Yamashita Y. relationship of metabolic syndrome to
periodontal disease in Japanese women: the Hisayama
Study. J Dent res. 2007;86:271-275.

12. D’Aiuto F, Sabbah W, Netuveli G, et al. Association of
the metabolic syndrome with severe periodontitis in a
large U.S. population-based survey. J Clin Endocrinol
Metab. 2008;93:3989-3994.

13. Nibali l, tatarakis N, Needleman I, et al. Clinical re-
view: Association between metabolic syndrome and pe-

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



ORAL& Implantology  -  Anno XI - N. 1/2018

re
vi
ew

22

riodontitis: a systematic review and meta-analysis. J
Clin Endocrinol Metab. 2013;98:913-920. 

14. King E, Patel r, Patel A, Addy l. Should implants be
considered for patients with periodontal disease? Br
Dent J. 2016;221:705-711. 

15. tu Y, D’Aiuto F, lin H, Chen Y, Chien Kl. relation-
ship between metabolic syndrome and diagnoses of pe-
riodontal diseases among participants in a large tai-
wanese cohort. J Clin Periodontol. 2013;40:994-1000.

16. lamster IB, Pagan M. Periodontal disease and the
metabolic syndrome. Int Dent J. 2017;67:67-77. 

17. Sanz M, Chapple Il; Working Group 4 of the VIII Eu-
ropean Workshop on Periodontology. Clinical research
on peri-implant diseases: consensus report of Working
Group 4. J Clin Periodontol. 2012;39 Suppl 12:202-
206.

18. Derks J, tomasi C. Peri-implant health and disease; a
systematic review of current epidemiology. J Clin Pe-
riodontol. 2015;42:S158-S171.

19. tonetti M, Chapple I, Jepsen S, Sanz M. Primary and
secondary prevention of periodontal and peri-implant
diseases: Introduction to, and objectives of the 11th Eu-
ropean Workshop on Periodontology consensus con-
ference. J Clin Periodontol. 2015;42:S1-S4. 

20. tonetti M, Eickholz P, loos BG, et al. Principles in pre-
vention of periodontal diseases: Consensus report of
Group 1 of the 11th European Workshop on Periodon-
tology on Effective Prevention of Periodontal and Peri-
Implant Diseases. J Clin Periodontol. 2015;42 Suppl:
S5-S11. 

21. Zitzmann NU, Berglundh t. Definition and prevalence
of peri-implant diseases. J Clin Periodontol. 2008;
35:286-291. 

22. Berglundh t, Gotfredsen K, Zitzmann N, lang N,
lindhe J. Spontaneous progression of ligature induced
peri-implantitis at implants with different surface
roughness: An experimental study in dogs. Clin Oral
Implants res. 2007;18:655-661.

23. Mencio F, De Angelis F, Papi P, rosella D, Pompa G,
Di Carlo S. A randomized clinical trial about presence
of pathogenic microflora and risk of peri-implantitis:
comparison of two different types of implant-abutment
connections. Eur rev Med Pharmacol Sci. 2017;21:
1443-1451.

24. Barbieri M, Mencio F, Papi P, et al. Corrosion behav-
ior of dental implants immersed into human saliva:
preliminary results of an in vitro study. Eur rev Med
Pharmacol Sci. 2017;21:3543-3548.

25. lang N, Berglundh t. Periimplant diseases: Where are
we now?  Consensus of the Seventh European Work-
shop on Periodontology. J Clin Periodontol. 2011;38:
178-181. 

26. Mencio F, Papi P, Di Carlo S, Pompa G. Salivary bac-
terial leakage into implant-abutment connections: pre-
liminary results of an in vitro study. Eur rev Med
Pharmacol Sci. 2016;20:2476-2483.

27. Moher D, liberati A, tetzlaff J, Altman D, Group P.

Preferred reporting items for systematic reviews and
meta-analyses: the PrISMA statement. British Medical
Journal. 2009;339:b2535.

28. Stang A. Critical evaluation of the Newcastle-Ottawa
scale for the assessment of the quality of nonrandom-
ized studies in meta-analyses. European Journal of
Epidemiology. 2010;25:603-605.

29. renvert S, Aghazadeh A, Hallström H, Persson Gr.
Factors related to peri-implantitis - a retrospective
study. Clin Oral Implants res. 2014;25:522-529.

30. Koldsland OC, Scheie AA, Aass AM. the association
between selected risk indicators and severity of peri-im-
plantitis using mixed model analyses. J Clin Peri-
odontol. 2011;38:285-292.

31. De Souza JG, Neto Ar, Filho GS, Dalago Hr, de
Souza Junior JM, Bianchini MA. Impact of local and
systemic factors on additional peri-implant bone loss.
Quintessence Int. 2013;44:415-424.

32. Krennmair S, Weinländer M, Forstner t. Factors af-
fecting peri-implant bone resorption in 4 implant sup-
ported mandibular full-arch restorations: a 3-year
prospective study. J Clin Periodontol. 2016;43:92-101.

33. Dalago H, Schuldt Filho G, rodrigues M, renvert S,
Bianchini M. risk indicators for peri-implantitis; A
cross-sectional study with 916 implants. Clin Oral Im-
plants res. 2017;28:144-150.

34. Genco r, Borgnakke W. risk factors for periodontal
disease. Periodontology 2000. 2013;62:59-94. 

35. Salvi GE, Cosgarea r, Sculean A. Prevalence and
Mechanisms of Peri-implant Diseases. J Dent res.
2017;96:31-37. 

36. Alsaadi G, Quirynen M, Michiles K, teughels W, Ko-
marek A, van Steenberghe D. Impact of local and sys-
temic factors on the incidence of failures up to abut-
ment connection with modified surface oral implants.
J Clin Periodontol. 2007;35:51-57.

37. Alsaadi G, Quirynen M, Komárek A. Impact of local
and systemic factors on the incidence of late oral im-
plant loss. Clin Oral Implants res. 2008;19:670-676.

38. lachmann S, Stehberger A, Axmann D, Weber H. the
peri-implant health in patients attending an annual re-
call program. A clinical and microbiological study in 74
patients from the tübingen Implant registry. Clin Oral
Implants res. 2013;24:1300-1309. 

39. Couper D, Beck J, Falkner K, et al. the Periodontitis
and Vascular Events (PAVE) pilot study: recruitment,
retention, and community care controls. J Periodontol.
2008;79:80-89.

40. Genco r, Offenbacher S, Beck J. Periodontal disease
and cardiovascular disease: epidemiology and possible
mechanisms. J Am Dent Assoc. 2002;133 Suppl:14S-
22S.

41. Nonnenmacher C, Stelzel M, Susin C, et al. Periodon-
tal microbiota in patients with coronary artery disease
measured by real-time polymerase chain reaction: a
case-control study. J Periodontol. 2007;78:1724-1730.

42. Darby I. Periodontal considerations in older individu-

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



review

ORAL& Implantology  -  Anno XI - N. 1/2018 23

als. Aust Dent J. 2015;60:14-19.
43. De Araujo Nobre M, Malo P, Antune E. Influence of

systemic conditions on the incidence of periimplant
pathology: A case-control study. Implant Dentistry.
2014;23:305-310. 

44. Schenkein H, loos BG. Inflammatory mechanisms
linking periodontal diseases to cardiovascular diseases.
J Clin Periodontol. 2013;40:S51-S69.

45. Papi P, Di Carlo S, Mencio F, rosella D, De Angelis F,
Pompa G. Dental Implants Placed in Patients with Me-
chanical risk Factors: A long-term Follow-up retro-
spective Study. J Int Soc Prev Community Dent.
2017;7:S48-S51.

46. Acharya A, Bhavsar N, Jadav B, Parikh H. Cardiopro-
tective effect of periodontal therapy in metabolic syn-
drome: A pilot study in Indian subjects. Metabolic Syn-
drome and related Disorders. 2010;8:335-341.

47. Papi P, Di Carlo S, rosella D, De Angelis F, Capogreco
M, Pompa G. Peri-implantitis and extra-cellular matrix
antibodies: a case-control study. Eur J Dent. 2017;11:
340-344. 

48. Papi P, Giardino r, Sassano P, Amodeo G, Pompa G,

Cascone P. Oral health related quality of life in cleft lip
and palate patients rehabilitated with conventional
prostheses or dental implants. J Int Soc Prev Commu-
nity Dent. 2015;5:482-487.

49. tonetti M, Van Dyke tE; working group 1 of the joint
EFP/AAP workshop. Periodontitis and atherosclerotic
cardiovascular disease: consensus report of the Joint
EFP/AAP Workshop on Periodontitis and Systemic
Diseases. J Periodontol. 2013;84:S24-29. 

50. Preshaw PM, Alba Al, Herrera D, Jepsen S, Konstan-
tinidis A, Makrilakis K, taylor r. Periodontitis and di-
abetes: a two-way relationship. Diabetologia. 2012;55:
21-31. 

Correspondence to:
Piero Papi
research Fellow
Department of Oral and Maxillo-Facial Sciences
“Sapienza” University of rome
Via Caserta 6
00161 rome, Italy
E-mail: piero.papi@uniroma1.it

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li




