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Introduction

Studies indicate an association between periodontal disease 
and different systemic diseases, although a direct relation-
ship has not yet been established. Possible explanations may 
include oral hygiene neglect, shared risk factors, and chronic 
inflammatory processes.1,2 The existence of periodontal dis-
ease may affect a patient’s immunity, which can result in 
systemic infections such as respiratory infections and bacte-
raemia.3 While the relationship of periodontal disease to 
systemic conditions such as diabetes4 and cardiovascular 
disease5 is fairly well established, the role played by liver 
cirrhosis needs further clarification.

Several studies have reported an association between peri-
odontal disease and liver cirrhosis. The earliest study was pub-
lished in 1960 by Sandler and Stahl.6 In this study, the authors 
found a significantly higher rate of periodontal disease 

compared to the control group. Other cirrhotic outcomes that 
have been linked to periodontal disease include the progression 
in liver disease, accelerated Model for End-Stage Liver Disease 
(MELD) scores,7 and the occurrence of systemic infections.8

Despite the advanced medical therapies that have greatly 
improved the ability to prevent and treat cirrhosis complica-
tions, bacterial infections are common and increase morbidity 
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and mortality.9,10 The affirmation of oral diseases as an inde-
pendent risk factor for adverse cirrhotic outcomes would be 
of great importance because this disease is both preventable 
and treatable. Yet, dental diseases and complaints have been 
ignored in the already published literature, which makes the 
approaches of effective management questionable. This study 
therefore aimed to systematically review the literature to 
evaluate the relationship between periodontal disease and 
liver cirrhosis and to establish directions for future research.

Definition of periodontal disease

Periodontal disease is a common chronic disorder, with an esti-
mated prevalence between 10% and 60% in adults.9–11 
Periodontal disease results in local infections that occur in 
tooth-supporting tissues and refers to a reversible (gingivitis) 
or irreversible (periodontitis) process. Gingivitis is a condition 
with inflammation of the soft tissues surrounding the tooth or 
gingiva; over time, it may develop into periodontitis.12 
Periodontitis destroys the connective tissues of the teeth and 
leads to progressive loss of the alveolar bone around the teeth, 
eventually leading to tooth loss. It can be diagnosed by clinical 
examination with a periodontal probe to determine the pocket 
depth and clinical attachment loss in combination with radio-
graphic examination.13 Periodontal disease can typically be 
successfully treated. The primary prevention method of gingi-
vitis and periodontitis is the careful practice of oral hygiene, 
which includes daily brushing to keep teeth clean of dental 
plaque and calculus as well as regular dentist visits.14

One of the difficulties in periodontal disease–related 
research is the great variation in the definitions and clinical 
measurements used. Various indices have been developed to 
measure the extent of periodontal disease, but no one index 
has universal application or acceptance.12,15

Methods

Search method for the identification of studies

Before performing the search, a search protocol was pre-
pared to document review aims, inclusion and exclusion cri-
teria, and the search strategy. The systematic search was 
conducted on 6 February 2015 in the EMBASE, PubMed, 
and Scopus online databases. References were cross-checked 
to identify all studies that were relevant for inclusion. The 
following search terms were used as free-text, MeSH, and 
Emtree terms: ‘liver cirrhosis’, ‘end-stage liver disease’, 
‘liver diseases’ and ‘oral health’, ‘periodontal disease’, 
‘mouth disease’, ‘gingivitis’, and ‘periodontitis’. Different 
forms of spelling and synonyms of each term were also used.

Inclusion criteria of studies considered in this 
review

Types of studies. There were no inclusion criteria regarding 
study design and methodological quality of the included 

articles because part of the purpose was to discuss the aspects 
of study designs that were suitable for research in this area. 
There were no restrictions on publication year, but only stud-
ies that were written in English were considered.

Types of participants. Studies were required to include a group 
of cases with a clinical diagnosis of liver cirrhosis. The mean 
age of the study sample had to be older than 18 years.

Types of interventions. Studies investigating cirrhosis aetiol-
ogy and severity as risk factors for periodontal disease were 
included to evaluate the pattern of periodontal disease in 
liver cirrhosis.

Types of outcome measures. The outcome being evaluated 
was the presence and prevalence of periodontal disease. No 
limitations were set for the technical equipment used, and all 
types of periodontal disease measurement were accepted.

Presentation of results. Articles were included if they reported 
original sample data analysis.

Data extraction

Data extraction was performed using a predefined data 
extraction form concerning the following: (a) the characteris-
tics of participants (including age, gender, severity of disease, 
and aetiology of cirrhosis) and the participant recruitment of 
studies, (b) the definition of periodontal disease, and (c) the 
frequency and type of periodontal disease in patients with 
liver cirrhosis.

Assessment of methodological quality

There are no standard accepted quality scales for studies 
involving prevalence or with a cohort or cross-sectional 
design.16 In this study, the quality of the included articles was 
assessed with a modified assessment tool developed by The 
National Heart, Lung, and Blood Institute and the Research 
Triangle Institute International, USA.17

The tools included 14 items for cohort studies and 11 
items for cross-sectional studies, evaluating potential flaws 
in study methods including sources of bias, confounding, 
and the strength of causality in the association between inter-
ventions and outcomes and other factors. Each item was 
rated 0 = no or 1 = yes, resulting in a maximum of 14 or 11 
points per article (Table 1).

Data synthesis

Because of the high level of heterogeneity in patient charac-
teristics, periodontal disease definitions, and techniques used 
across studies, it was not appropriate to apply statistical 
methods to estimate the overall pooled risk of periodontal 
disease in the studies. Instead, a descriptive assessment of 
the results based on the extracted data was performed.
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Results

Description of studies

The searches produced a total of 3356 hits. After the elimina-
tion of duplicates, 2500 articles were reviewed by title and 
abstract and 22 articles were identified for full-text assess-
ment. The references were hand searched from the identified 
articles. After full-text reviews, 13 articles met the inclusion 
criteria. A summary of the process is shown in a flow dia-
gram, according to the PRISMA statement29 (Figure 1). 
Reasons for the exclusion of reviewed full-text articles are 
presented in Table 2.

Description of included articles

The 13 articles meeting the inclusion criteria were based on 
12 study samples and were published between 1981 and 
2014.7,8,18–28 Two studies were conducted on the same study 
population: one study investigated the radiographic findings 
and the other study investigated the clinical findings.25,26

Study design

Three studies were cohort studies,7,8,18 nine of the studies were 
cross-sectional studies, of which eight included control  
groups19–22,25–28 and the last study was a retrospective review 
of medical records.24 The studies were conducted in 10 coun-
tries: one each from Austria, Bulgaria, Denmark, Finland, 
Romania, Spain, and United States and two each from India, 
Israel, and Brazil. In 11 studies, the primary aim was the 
investigation of oral health and periodontal disease in cirrhotic 
patients.8,18–22,24–28 In the remaining studies, the association 
between periodontal disease and serum alkaline phosphatase, 
MELD score and spontaneous bacterial peritonitis (SBP) epi-
sodes,7,23 was investigated. Two studies also investigated the 
outcome after treating patients for periodontal disease.8,21

Liver cirrhosis patients

In total, 905 patients (562 men and 283 women, two studies 
failed to describe the gender of the participants) with liver 
cirrhosis participated in the studies on which this review is 
based. The sample sizes varied from 13 to 280 cirrhosis 
patients with an age range from 22 to 87 years. Diagnoses of 
cirrhosis varied between the studies. In five studies, the study 
population consisted of patients with different aetiologies of 
liver cirrhosis, for example, alcohol, viral hepatitis B or C, 
cryptogenic, autoimmune liver disease, or non-alcoholic 
steatohepatitis (NASH).7,8,18,21,27 In two studies, the popula-
tion consisted of patients with chronic hepatitis B or C and 
cirrhosis or alcoholic cirrhosis.19,22 In the last six studies, the 
aetiology of cirrhosis remained unclear.20,23–26,28

In one of the studies, it remained vague how and from which 
study population the samples were recruited.19 The other  
studies recruited in- and out-patients from gastroenterology and 
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Embase n = 1807

Scopus n = 1466

PubMed n = 983

Limits: English-language and adult pa�ents

Reviewed by �tle and
abstract

n = 2500

Example of search in PubMed

9. February 2015:

(("Liver Cirrhosis"[Mesh] OR "Liver
Diseases"[Mesh] OR "End Stage Liver
Disease"[Mesh]) AND ("Periodontal
Diseases"[Mesh] OR "Oral Health"[Mesh] OR
"Gingivi�s"[Mesh] OR "Mouth
Diseases"[Mesh] OR "Periodon��s"[Mesh]))

Full text ar�cle reviewed

n = 22

Studies included in review

Cross-sec�onal:

n= 9

Retrospec�ve review of
medical charts:

n = 1

Cohorte:

n= 3

Duplicates

n = 1756

Excluded

n = 2478

Figure 1. Flow chart of the review process.

Table 2. Reasons for excluding retrieved articles.

Study Reasons for exclusion

Helenius-Hietala et al.30 Liver cirrhosis post-transplantation
Nagao et al.31 Not possible to extrapolate data for cirrhosis patients
Helenius-Hietala et al.32 Liver cirrhosis post-transplantation
Helenius-Hietala et al.33 Shared subject data with Åberg et al.7

Nagao et al.34 No diagnosis of liver cirrhosis
Diaz-Ortiz et al.35 Liver cirrhosis post-transplantation
Coates et al.36 No diagnosis of liver cirrhosis
Barbero et al.37 Non-English language
Sandler and Stahl6 Insufficient result presentation

Studies may have met exclusion criteria other than those listed in the table.
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hepatology units; in eight of these studies, recruited patients 
were on a waiting list prior to liver transplantation.7,8,18,20–22,25,26

Methodological quality of the included studies

The quality scores of the nine cross-sectional studies and the 
medical review ranged from 3 to 7 points, with a mean score 
of 4.9. The cohort studies scored 10 out of a possible 14 
points (Table 1).

In relation to the description of the participant character-
istics, two studies did not fully describe the age and gender 
of liver cirrhosis patients or controls19,24 and three articles 
had no description of the recruiting method used for liver 
cirrhosis patients or the control group.19,22,23 The remaining 
recruited control groups were recruited from the local health 
district,20 dental school,21 or were blood donors.27,28 Only 
two articles described a systematic method for the recruit-
ment of control groups.25,26

Regarding the sampling methods used, one article reported 
the use of consecutive sampling,18 two articles reported 
including all cirrhosis patients awaiting liver transplanta-
tion,7,8 and two articles invited patients to participate.25,26 The 
remaining eight failed to report on this aspect or used con-
venience samples. Controlling for confounding was per-
formed adequately in relation to age,18,20,23,25,26,28 gender,25,26 
smoking,19,20 and socioeconomic background.23,28

In relation to the evaluation of periodontal disease, all 
studies except one had acceptable definitions describing the 
periodontal disease findings.24 Nine studies used different 
periodontal indices, and in three studies, the researcher used 
their own definitions.7,18,24

In relation to the statistical analysis, three articles failed to 
fully report the confidence interval and/or p values of the 
periodontal findings.8,22,24 Two articles had shortcomings in 
the manner in which the results were presented; the data were 
primarily presented as graphics.27,28 Study characteristics and 
periodontal disease outcomes are presented in Table 3.

Prevalence of periodontal disease in patients with 
liver cirrhosis

The definition of the prevalence of periodontal disease varied 
in the different studies. In four studies with a total of 459 cir-
rhosis patients, the reported prevalence of periodontal disease 
ranged from 25.0% to 68.75%.8,18,21,24 This was significantly 
different from that of the control group used in the study of 
Silva Santos et al.21 In one study, cirrhosis patients had an 
average of five teeth with a pocket depth of ⩾6 mm, indicat-
ing periodontitis.7 In two studies with 173 cirrhosis patients, 
the prevalence of apical periodontitis was 49%–79%.8,20

A study with 13 cirrhotic patients found more periodontal 
disease than the control group reported by gingival over-
growth, greater pocketing, attachment loss, and bone loss, 
despite similar plaque and gingival scores.25,26 However, one 
study with 30 cirrhosis patients did not find such a difference 

in the loss of attachment between the cirrhosis and control 
groups.28 Another study found that the loss of attachment and 
thereby periodontal disease in patients with cirrhosis was 
higher than in the healthy control group, but this tendency 
was only significant in the group of patients with alcoholic 
cirrhosis.27 This was in accordance with a study of 50 patients 
with alcoholic cirrhosis who demonstrated greater alveolar 
bone loss and an increased incidence of periodontal disease 
compared to healthy controls.19 Another study compared 60 
cirrhotic patients with and without periodontitis and found 
that the loss of clinical attachment level and bone loss were 
significantly higher in the group of patients with periodonti-
tis, despite similar plaque and gingival scores in both groups.23 
Three studies with 152 cirrhosis patients found a higher 
degree of gingival inflammation compared to controls.22,27,28

Relationship of periodontal disease with liver 
cirrhosis

Few studies have addressed the relationship between perio-
dontal disease and liver cirrhosis, but those that were pub-
lished show that cirrhosis as a disease itself does not 
contribute to the development of periodontal disease.18,27,28 
Instead, studies suggest that the aggravation of the periodon-
tal conditions is related to increasing oral hygiene neglect. 
Oral hygiene neglect and infrequent professional dental care 
were associated with periodontal disease, extracted teeth, 
caries lesions, dental plaque, and calculus in seven stud-
ies.7,18–20,22,27,28 In addition, two studies indicated that patients 
suffering from cirrhosis for more than 3 years showed a sig-
nificantly greater loss of attachment, as well as having more 
plaque compared with those with disease duration of less 
than 3 years.19,28 However, one study of 97 cirrhotic patients 
found no such association.27

A retrospective study found an association between peri-
odontal disease and accelerated liver disease, as measured by 
the progression of the MELD score during the year preced-
ing dental examination.7 Furthermore, a study group found a 
positive correlation between periodontal breakdown and 
serum alkaline phosphatase level in liver cirrhosis patients.23

Other oral manifestations

Eight studies with a total of 671 cirrhosis patients indicated a 
high prevalence of poor oral health status,8,18–22,27,28 and one 
study stated that the most frequent gastrointestinal disease 
that is associated with oral lesions is liver cirrhosis.24 A small 
study with 16 cirrhosis participants found that all patients 
were diagnosed with at least one oral disease or condition 
that needed treatment. In addition to periodontal disease, 
petechiae were diagnosed in 18.75% of patients, ulceration 
and angular cheilitis were diagnosed in 6.25% of patients, 
and oral candidiasis was diagnosed in 12.5% of patients.21 In 
another study, oral candidiasis was observed in 5.7% of 
patients.18 Furthermore, in two studies, mucosal lesions were 
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observed in 13%–25% of the 163 liver cirrhosis patients.8,24 
Three studies investigated xerostomia and reported that sali-
vary flow was reduced from 6.25% to 48% in patients with 
liver cirrhosis.8,18,21

Treatment of periodontal disease

In two studies with 147 cirrhosis patients, dental treatment 
procedures were performed after dental examination.8,21 
Although the majority of patients showed abnormal coagula-
tion values, only one patient in the study of Lins et al.8 had 
complications such as dental haemorrhage during dental sur-
gery. After dental treatment, mortality was significantly 
lower among patients who underwent treatment for perio-
dontal disease versus non-treated patients, particularly 
among patients with more advanced liver disease.

Discussion

The results of this review show that patients with liver cir-
rhosis exhibit a high prevalence of poor oral health and peri-
odontal disease. In four studies, periodontal disease was seen 
in 25%–69% of the patients, and apical periodontitis was, in 
two studies, diagnosed in 49%–79% of the patients. In addi-
tion, the remaining studies show a significantly increased 
incidence of gingival inflammation, clinical attachment loss, 
and bone loss compared to the different control groups. 
However, one study from Austria by Novacek et al.27 did not 
find this tendency to be significant in the group of patients 
with non-alcoholic cirrhosis. This is in accordance with the 
findings of Helenius-Hietala et al.,33 who considered non-
alcoholic cirrhosis patients to be more health conscious than 
those with alcoholic cirrhosis. Still, Guggenheimer et al.18 
found no difference in dental disease between alcoholic cir-
rhosis and non-alcoholic cirrhosis patients, making it impos-
sible to conclude whether periodontal disease is attitude or 
disease dependent. Further research is required to establish 
the impact of cirrhosis aetiology on periodontal disease.

Many factors can induce poor oral health, such as age, 
education level, cognitive function, depression, lack of moti-
vation, and use of medication and disease.38 In this review, 
three studies investigated the duration of cirrhosis on perio-
dontal disease.19,27,28 Of these, two studies found that patients 
diagnosed with cirrhosis for more than 3 years had more 
problems with periodontal disease than those with disease 
duration of less than 3 years.19,28 This indicates that the 
aggravation of periodontal conditions is consistent with the 
neglect of oral health as the cirrhosis progresses. However, 
further research is needed to establish the relationship 
between cirrhosis duration and periodontal disease.

The poor oral health status in cirrhosis patients can be 
attributed not only to poor oral hygiene but also to a lack of 
dental care access. In this review, over half of the studies indi-
cated a high prevalence of poor oral health status among  
patients;8,18–22,27,28 however, none of the studies investigated 

the patients’ oral care habits, and only a study by Guggenheimer 
et al.18 presented data on patients’ dental insurance status. 
Therefore, it is not possible to evaluate economic conditions, 
insurance status, self-neglect, or dental anxiety as factors that 
could have affected the results. However, recent studies have 
shown a strong association of the effects of lifestyle and soci-
oeconomic status on periodontal health.39 The possible effect 
modification of these conditions is worth investigating.

As previously stated, periodontal disease may increase 
the presence of systemic infections. In this review, only one 
study investigated and found an association between perio-
dontal diseases and accelerated liver disease.7 This is in 
accordance with evidence suggesting an association between 
periodontal disease and atherosclerosis, myocardial infarc-
tion, stroke, and diabetes mellitus.40 In addition, studies 
address the effect of periodontal treatment on the ameliora-
tion of these systemic diseases.41 Periodontal disease should 
therefore be examined and treated. However, there are con-
cerns about the risk of performing dental treatments in cir-
rhosis patients. In this review, two studies treated periodontal 
disease in patients with liver cirrhosis.8,21 The results showed 
few complications and a low mortality rate among the treated 
patients. However, the authors stated that the results are not 
conclusive because patients with advanced liver cirrhosis 
were lost to follow-up. Hence, further studies are needed.8

There were several methodological weaknesses in the 
included studies that may have affected the results. First, a great 
variation in the definitions of periodontal disease was observed. 
Researchers used their own case definitions combined with 
probing depth and/or clinical attachment loss or used different 
indices to define periodontal disease. Few of the 13 included 
studies used the same definition. Obviously, different criteria to 
define periodontal disease will result in different outcomes. The 
lack of consensus and uniformity in the definition of periodon-
tal disease makes findings difficult to interpret and compare. 
This problem has been highlighted of several researchers, who 
suggest establishing uniform criteria for defining periodontal 
disease and measuring tool in periodontal research.42,43

A second weakness is the confounding effects. Whether 
the observed association is a result of the causality of the 
confounding effects of other variables such as socioeco-
nomic background, smoking, gender, comorbidity, or age44 
is questionable.

Although 8 of the 13 studies that were reviewed con-
trolled for some confounding variables or used multivariable 
regression analysis, several essential confounding variables 
such as comorbidity with diabetes, obesity, smoking, and age 
were not considered, resulting in some potentially remaining 
residual confounding effects.

Another potential bias is the sample size. The smaller the 
sample size, the lesser the sample size is representative of the 
population studied. In this review, the majority of studies had 
a sample size of less than 100 cirrhosis patients.19–28 In the 
future, studies with larger sample sizes need to be carried out 
to confirm the results observed in this review.
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Because of a growing interest in the association between 
systemic diseases and periodontal disease, there is a need for 
methodologically strong observational studies with a clear 
definition of periodontal disease, a sufficiently large sample 
size of cirrhosis patients, and controls for key confounders. 
As more studies are conducted, the collection of more data 
allows for the examination of whether periodontal disease is 
an independent risk factor and also allows for the assessment 
of the effects of liver cirrhosis aetiology, severity, and 
duration.

Future directions of periodontal disease–related 
research in liver cirrhosis

In future studies of periodontal disease in liver cirrhosis, sev-
eral issues must be addressed to manage therapies for perio-
dontal disease. First, further prospective studies of the 
prevalence of periodontal disease in liver cirrhosis cohorts 
are required, particularly adjusting for periodontal risk fac-
tors and stratifying by cirrhosis aetiology, severity, and dura-
tion. Second, evaluating the component between periodontal 
disease and progression of liver cirrhosis and complications 
will guide future management principles. Furthermore, the 
treatment of periodontal disease to reduce mortality in cir-
rhosis patients must be explored. Finally, there is a need to 
establish preventive actions to improve oral health in patients 
with liver cirrhosis.

Methodological considerations of this review

The strength of this review is the systematic search of 
selected databases and the evaluation of the methodological 
quality of the included studies. At this time, this systematic 
review is the first to report on periodontal disease in patients 
with liver cirrhosis.

The weaknesses of the review are, first, the possibility 
that relevant articles were not included because of the lan-
guage limitation and, second, that only a limited number of 
databases were searched. The inclusion of grey literature, 
such as unpublished articles, may potentially minimize the 
effect of publication bias, but to search and access grey lit-
erature can be challenging and were not possible with the 
time resources available.

In this review, there were no predetermined minimal cri-
teria related to the quality of the included articles. If the 
results had varied greatly between studies, it would have 
been necessary to analyse the definitions and methodologies 
of the studies to understand such diversity.

This systematic review revealed that the methodological 
quality of the included studies was generally low. But since a 
part of the purpose was to explore study designs suitable for 
research in this field and make recommendations for future 
research, it was necessary to include these, although the low 
quality could possible lead to a biased result. In future 
research, methodologically stronger studies are needed.

This review has only one author. However, because it was 
prepared in connection with a PhD course in systematic 
reviews and meta-analysis, any disagreements or questions 
were settled by discussion and consensus with experiences 
teachers and colleagues. Therefore, the results are most 
likely reproducible and biases limited.

Conclusion

There is evidence of a relationship between periodontal dis-
ease and liver cirrhosis particularly due to poor oral health, 
but with only 13 published articles on this subject, it is not 
possible to come to a clear conclusion. Because periodontal 
disease may be a risk factor for the progression of liver cir-
rhosis, there is a need to understand this correlation. Based 
on the combined findings in this review, it is recommended 
that future studies have a prospective design. Factors related 
to periodontal disease should be explored to determine the 
relationships between cause and effect, the differences 
between cirrhosis aetiology and duration, and the role of 
comorbidity. Moreover, periodontal disease must be well 
defined and assessed with valid methods. Such studies will 
allow for the identification of the increased risk of periodon-
tal disease in liver cirrhosis patients and hence allow early 
prevention and treatment interventions to be initiated.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

 1. Meurman JH, Sanz M and Janket SJ. Oral health, atherosclero-
sis, and cardiovascular disease. Crit Rev Oral Biol Med 2004; 
15: 403–415.

 2. Bensley L, VanEenwyk J and Ossiander EM. Associations 
of self-reported periodontal disease with metabolic syndrome 
and number of self-reported chronic conditions. Prev Chron 
Dis 2011; 8: 1–10.

 3. Gomez F, Ruiz P and Schreider AD. Macrophage function in 
cirrhosis and the risk of bacterial infection. New Engl J Med 
1994; 331: 1122–1128.

 4. Mealey BL and Oates TW. Diabetes mellitus and periodontal 
diseases. J Periodontol 2000; 39: 13–21.

 5. Mustapha IZ, Debrey S, Oladubu M, et al. Markers of sys-
temic bacterial exposure in periodontal disease and cardiovas-
cular disease risk: a systematic review and meta-analysis. J 
Periodontol 2007; 78: 2289–2302.

 6. Sandler HC and Stahl SS. Prevalence of periodontal disease in 
a hospitalized population. J Dent Res 1960; 39: 439–449.

 7. Åberg F, Helenius-Hietala J, Meurman J, et al. Association 
between dental infections and the clinical course of chronic 
liver disease. Hepatol Res 2014; 44: 349–353.



Grønkjær 11

 8. Lins L, Bittencourt PL, Evangelista MA, et al. Oral health pro-
file of cirrhotic patients awaiting liver transplantation in the 
Brazilian Northeast. Transplant Proc 2011; 43: 1319–1321.

 9. Schuppan D and Afdhal NA. Liver cirrhosis. Lancet 2008; 
371: 838–851.

 10. Papapanou PN. Periodontal diseases: epidemiology. Ann 
Periodontol 1996; 1: 1–36.

 11. Albandar JM and Rams TE. Global epidemiology of periodon-
tal diseases: an overview. Periodontol 2000 2002; 29: 7–10.

 12. Rebelo MAB and Correa de Queiroz A. Gingival indices: state 
of art. In: Panagakos F (ed.) Gingival diseases – their aeti-
ology, prevention and treatment. InTech, 2011, http://www.
intechopen.com/books/gingival-diseases-their-aetiology-pre-
vention-and-treatment/gingival-indices-state-of-art

 13. Cekici A, Kantarci A, Hasturk H, et al. Inflammatory and 
immune pathways in the pathogenesis of periodontal disease. 
Periodontol 2000 2014; 64: 57–80.

 14. Poklepovic T, Worthington HV, Johnson TM, et al. Interdental 
brushing for the prevention and control of periodontal diseases 
and dental caries in adults. Cochrane Database Syst Rev 2013; 
12: CD009857.

 15. Poulsen S. Epidemiology and indices of gingival and peri-
odontal disease. Pediatr Dent 1981; 3: 82–88.

 16. Glasziou P, Irwig L, Bain C, et al. Systematic reviews in health 
care – a practical guide. Cambridge: Cambridge University 
Press, 2001.

 17. The National Heart, Lung, and Blood Institute and Research 
Triangle Institute International. Quality assessment tool for 
observational cohort and cross-sectional studies, http://www.
nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascu-
lar-risk-reduction/tools/cohort (2015, accessed 5 April 2015).

 18. Guggenheimer J, Eghtesad B, Close JM, et al. Dental health 
status of liver transplant candidates. Liver Transpl 2007; 13: 
280–286.

 19. Raghava KV, Shivananda H, Mundinamane D, et al. 
Evaluation of periodontal status in alcoholic liver cirrhosis 
patients: a comparative study. J Contemp Dent Pract 2013; 
14: 179–182.

 20. Castellanos-Cosano L, Machuca-Portillo G, Segura-Sampedro 
JJ, et al. Prevalence of apical periodontitis and frequency of 
root canal treatments in liver transplant candidates. Med Oral 
Patol Oral Cir Bucal 2013; 18: 773–779.

 21. Silva Santos PS, Fernandes KS and Gallottini MHC. 
Assessment and management of oral health in liver transplant 
candidates. J Appl Oral Sci 2012; 20: 241–245.

 22. Panov V and Krasteva A. Oral health in patients with liver 
diseases. J IMAB 2011; 17: 140–142.

 23. Jaiswal G, Deo V, Bhongade M, et al. Serum alkaline phos-
phatase: a potential marker in the progression of periodon-
tal disease in cirrhosis patients. Quintessence Int 2011; 42:  
345–348.

 24. Niculescu Z, Mazilu L, Hincu M, et al. Oral manifestations of 
gastrointestinal diseases: an interdisciplinary approach. Arch 
Balkan Med Union 2010; 2: 101–104.

 25. Oettinger-Barak O, Barak S, Machtei EE, et al. Periodontal 
changes in liver cirrhosis and post-transplantation patients, I: 
clinical findings. J Periodontol 2001; 72: 1236–1240.

 26. Oettinger-Barak O, Machtei EE, Barak S, et al. Periodontal 
changes in liver cirrhosis and post-transplantation patients, II: 
radiographic findings. J Periodontol 2002; 73: 313–316.

 27. Novacek G, Plachetzky U, Pötzi R, et al. Dental and periodon-
tal disease in patients with cirrhosis – role of etiology of liver 
disease. J Hepatol 1995; 22: 576–582.

 28. Movin S. Relationship between periodontal disease and cir-
rhosis of the liver in humans. J Clin Periodontol 1981; 4: 
450–458.

 29. Moher D, Liberatu A, Tetzlaff J, et al. The PRISMA Group. 
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Open Med 2009; 3:  
123–130.

 30. Helenius-Hietala J, Ruokonen H, Grönroos L, et al. Oral 
mucosal health in liver transplant recipients and controls. 
Liver Transpl 2014; 20: 72–80.

 31. Nagao Y, Kawahigashi Y and Sata M. Association of peri-
odontal diseases and liver fibrosis in patients with HCV and/
or HBV infection. Hepat Mon 2014; 14: 1–7.

 32. Helenius-Hietala J, Ruokonen H, Grönroos L, et al. Self-
reported oral symptoms and signs in liver transplant recipients 
and a control population. Liver Transpl 2013; 19: 155–163.

 33. Helenius-Hietala J, Meurman JH, Höckerstedt K, et al. Effect 
of the aetiology and severity of liver disease on oral health and 
dental treatment prior to transplantation. Transpl Int 2012; 25: 
158–165.

 34. Nagao Y, Hashimoto K and Sata M. Candidiasis and other oral 
mucosal lesions during and after interferon therapy for HCV-
related chronic liver diseases. BMC Gastroenterol 2012; 12: 
1–9.

 35. Diaz-Ortiz ML, Mico-Llorens JM, Gargallo-Albiol J, et al. 
Dental health in liver transplant patients. Med Oral Patol Oral 
Cir Bucal 2005; 10: 66–76.

 36. Coates EA, Brennan D, Logan RM, et al. Hepatitis C infection 
and associated oral health problems. Aust Dent J 2000; 45: 
108–114.

 37. Barbero P, Garzino DMG, Milanesio M, et al. The den-
tal assessment of the patients waiting for a liver transplant. 
Minerva Stomatol 1996; 45: 431–439.

 38. Dasanayake AP, Warnakulasuriya S, Harris CK, et al. Tooth 
decay in alcohol abusers compared to alcohol and drug abus-
ers. Int J Dent 2010; 2010: 786503 (6 pp.).

 39. Gundala R and Chava VK. Effect of lifestyle, education and 
socioeconomic status on periodontal health. Contemp Clin 
Dent 2010; 1: 23–26.

 40. Garcia RI, Henshaw MM and Krall EA. Relationship between 
periodontal disease and systemic health. Periodontol 2000 
2001; 25: 21–35.

 41. Kim J and Amar S. Periodontal disease and systemic condi-
tions: a bidirectional relationship. Odontology 2006; 94: 10–21.

 42. Leroy R, Eaton KA and Savage A. Methodological issues 
in epidemiological studies of periodontitis – how can it be 
improved? BMC Oral Health 2010; 10: 1–7.

 43. Preshaw PM. Definitions of periodontal disease in research.  
J Clin Periodontol 2009; 36: 1–2.

 44. AlJehani YA. Risk factors of periodontal disease: review of 
the literature. Int J Dent 2014; 2014: 182513 (9 pp.).

http://www.intechopen.com/books/gingival-diseases-their-aetiology-prevention-and-treatment/gingival-indices-state-of-art
http://www.intechopen.com/books/gingival-diseases-their-aetiology-prevention-and-treatment/gingival-indices-state-of-art
http://www.intechopen.com/books/gingival-diseases-their-aetiology-prevention-and-treatment/gingival-indices-state-of-art
http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort

