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ABSTRACT

Aim: To systematically review the literature for observational studies evaluating periodontal outcomes in
pre- and post-liver transplant (LT) individuals compared to a control group.

Methods: Specific strategies were designed to search five databases and the grey literature. Hand-searches were
also performed. The following periodontal outcomes were analyzed in pre-LT, post-LT and control groups:
plaque index (PI), gingival index (GI), gingival growth (GO), alveolar bone loss (ABL) probing depth (PD)
and clinical attachment level (CAL). Meta-analyses and subgroup analyses were conducted.

Results: Among the 257 studies retrieved, 11 studies were included. Four studies were incorporated into the
meta-analysis and showed that PI (mean difference=0.15, 95%CI: 0.12-0.18) and GI (mean difference=0.31,
95%CI: 0.06-0.56) were significantly higher in post-LT individuals compared to the control group. There
was no significant mean difference of PD (mean difference=0.49, 95%ClI: -0.26-1.25) but CAL (mean differ-
ence=1.47, 95%ClI: 0.19-2.75) were significantly higher in pre-LT individuals compared to the control group.
Conclusion: The higher means of PI and GI in post-LT and CAL in pre-LT compared to healthy individuals
suggest a relationship between the periodontal condition and the transplantation status.

Key words: periodontal disease — gingivitis — periodontitis — liver transplantation — oral health — systematic
review.

Abbreviations: ABL: alveolar bone loss; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BOP:
bleeding on probing; CAL: clinical attachment level; CEJ: cemento-enamel junction; DIGO: drug-induced
gingival growth; GO: gingival growth; GI: gingival index; GR: gingival recession; LT: liver transplantation;
PD: probing depth; PI: plaque index.

INTRODUCTION Periodontal disease can be considered a modifiable risk
factor for chronic liver disease [2]. Periodontitis can influence

Periodontal health is the
absence of clinically detectable
inflammation in periodontal
tissues. Itisdetermined by the host
response and its physiological
conditions of achieving tissue
homeostasis. There is a biological
level of immune response that
is consistent with clinical
gingival health and homeostasis
[1]. Periodontal diseases are
complex multifactorial diseases
involving the relationship among
subgingival microbiota, immune
and inflammatory response as
well as environmental modifying
factors.
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the progression of liver diseases, such as non-alcoholic
fatty liver disease, cirrhosis and hepatocellular carcinoma,
in addition to affecting liver transplantation (LT) [3-5].
Epidemiological studies have shown that individuals with
periodontitis have an increase in important liver injury serum
markers, such as aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) [2, 4].

Individuals after receiving a LT are predisposed to
oral diseases due to permanent immunosuppression [6].
Furthermore, difficulty in oral hygiene, changes in saliva
composition and in microbial flora can increase the pathogenic
potential of dental biofilm [7]. Untreated oral diseases represent
a potential risk of infection and sepsis, with an adverse impact
on the health of organ transplant candidates or recipients [8,
9]. This impact may result in the postponement or cancellation
of transplants or even in episodes of sepsis after the surgical
procedure [8].
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Thus, it is important to summarize the scientific evidence
available for the periodontal condition of liver transplant
patients. The aim of this study was to conduct a systematic
review and meta-analysis of observational studies that
investigated the periodontal condition in individuals
undergoing liver transplantation. The null hypothesis was that
the periodontal condition of LT individuals does not differ
from patients without indication for LT.

METHODS

Protocol and registration

This systematic review and meta-analysis was registered on
the International Prospective Register of Systematic Reviews
(PROSPERO - University of York, York, UK) [10] (CRD
42018110594).

This study was reported in accordance with the guidelines
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [11]. The investigated
clinical question was as follows: Do individuals in pre- or post-
LT condition exhibit a more unfavorable periodontal status
compared to patients without an indication for LT?

Eligibility criteria

Observational studies published in any language according
to the PECOS question were included: Population (P):
individuals of any age; Exposure (E): LT individuals;
Comparison (C): patients without indication for LT (healthy);
Outcome (O): any outcome related to periodontal condition;
Study design (S): Case-control studies, cross-sectional studies
or cohort studies.

Studies reporting the prevalence or incidence of periodontal
disease in individuals undergoing LT without a control group,
case report or series of cases report, literature review, qualitative
studies and studies evaluating outcomes different from
periodontal outcomes were excluded.

Information sources

Electronic searches were performed up to December 2017
and updated on December 2019 in five electronic databases:
PubMed (http://www.pubmed.gov), Web of Science (http://
www.isiknowledge.com), Scopus (www.scopus.com), Ovid
(http://gateway.ovid.com) and Lilacs (http://lilacs.bvsalud.
org). The search strategy for PubMed was: (periodontal disease
[MeSH] OR gingival disease [MeSH] OR gum disease [MeSH]
OR periodontitis [MeSH] OR gingivitis [MeSH] OR pyorrhea)
AND (liver transplantation [MeSH] OR hepatic transplantation
[MeSH] OR liver transplant [MeSH] OR hepatic transplant
[MeSH] OR liver grafting [MeSH] OR hepatic grafting).
Search strategies specific to the other databases were tailored.
No restrictions were imposed with regard to language or year
of publication. The reference lists of the included articles and
any literature review retrieved were hand-searched to identify
studies that might have been missed in the electronic searches.
Additionally, a partial grey literature search was conducted in
Google Scholar limiting the search to the first 100 most relevant
hits. The EndNote Web® (www.myendnoteweb.com) was used
to organize the list of studies. Duplicate results were removed
upon identification.

Selection of studies

Initially, two researchers (T.M.G. and C.S.0.) underwent a
calibration process for the selection of studies by applying the
inclusion and exclusion criteria. They discussed the criteria,
which were applied to 10% of the references retrieved. This
exercise was repeated until a satisfactory agreement was
obtained based on Cohen's Kappa coefficient (coefticient=0.88).
The study selection process was carried out in two phases. At
Phase 1, the researchers (T.M.G. and C.S.0.) independently
assessed the list with all titles/abstracts. The titles/abstracts
that seemed to fulfill the eligibility criteria were selected for
the Phase 2 of the selection process. At Phase 2, the same
researchers (T.M.G. and C.S.0.) evaluated the full texts and
applied the same eligibility criteria. Studies that met the
eligibility criteria were included in this systematic review and
meta-analysis. During the selection of studies, discrepancies
between the two re-searchers were solved through discussion
until a consensus was reached.

Data extraction process and extracted items

Two independent researchers (T.M.G. and C.S.0.) extracted
the following data from the articles: name of the authors,
year of publication, country where the study was conducted,
study design, setting and LT phase information, sample size,
age and gender of the evaluated individuals, measurement
of the periodontal outcome evaluated, statistical analysis,
and results of the comparison between groups. During data
extraction, disagreements between the two researchers were
solved through discussion until a consensus was reached. The
authors of the included articles would be contacted if additional
information was required.

Assessment of risk of bias in individual studies

Two researchers (T.M.G. and C.S.0.) independently
assessed the risk of bias in the studies included using the
Newcastle-Ottawa scale for cross-sectional studies. A quality
score was calculated based on three main categories: adequate
selection of groups (four items), comparability between
groups (one item), and outcome and exposure assessment
(three items). In the category appropriate selection of
groups, the items evaluated were adequacy of case definition,
representativeness of cases, adequacy of control selection, and
definition of controls. In the category comparability between
groups, the item that considers the number of confounders
analyzed in the study was evaluated. In the outcome and
exposure assessment category, we observed how exposure
was determined, whether cases and controls were examined
using the same method, and the non-response rate. Points
were attributed to the items evaluated. Each item received
a maximum of one point, except for the item in the group
comparability category, for which a maximum of two points
could be achieved. The final score could range from zero to
nine points. The higher the score higher the methodological
quality and lower the risk of bias. For the prospective study,
the same categories were assessed: selection (representativeness
of the exposed cohort, selection of the non-exposed cohort,
ascertainment of exposure, demonstration that the outcome
of interest was not present at start of study), comparability
(number of confounders analyzed) and outcome (reliable
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assessment of outcome, follow-up long enough to outcome
occur, adequacy of follow up or non-response rate). The score
also varied from zero to nine points.

Measures used

This systematic review and meta-analysis considered
outcome measures (means and standard deviations, and
percentages) for comparison between LT individuals and
healthy individuals.

Data synthesis

The studies included were assessed for methodological
heterogeneity (characteristics of the subjects assessed and
measurements of periodontal outcomes). Studies that
presented methodological homogeneity were incorporated
into a meta-analysis. The statistical heterogeneity (I?) of the
meta-analysis was also evaluated. For meta-analysis with an
I? greater than 40%, the random effect model was used. For
cases with an I? lower than 40%, the fixed effect model was
used [12]. Continuous data (mean and standard deviation)
were used in the meta-analysis.

Subgroup analysis

Depending on the periodontal outcome evaluated and
the comparison between groups, subgroup analyses were
performed. The results of subgroup analyses were given as
difference in means and confidence interval (CI).

Records identified through database
searches

Pubmed, Ovid (Medline), Scopus,
Web of Science, Lilacs
(n=332)

— l

Identification

Additional analysis
If feasible, sensitivity analysis and publication bias
assessment would be performed.

RESULTS

Selection of studies

The search in five databases retrieved 332 references.
After removing duplicates, 257 titles/abstracts were evaluated
at Phase 1. From these 257 titles/abstracts, 49 full texts were
evaluated considering the eligibility criteria at Phase 2. Eleven
studies that met the eligibility criteria were included in this
systematic review and meta-analysis [6, 9, 13-21]. The 38
articles excluded after the evaluation of the full text and the
reasons for exclusion are shown in the Supplementary File
(Table I). Fig. 1 shows the flowchart of this systematic review
and meta-analysis.

Characteristics of included studies

Of the eleven studies included, four were developed in Israel
[13-17] one in Italy [18], one in the United States [9], one in
Finland [6] one in Brazil [19], one in Germany [20], one in
Kuwait [21] and one in the United Kingdom [14]. Ten included
studies had a cross-sectional observational study design and
one was a prospective controlled study design. All articles were
published in English between 2000 and 2019. Among the eleven
studies included, four evaluated pre-LT and post-LT groups

Additional records identified
through other sources (hand-serach and gray
literature) (n=5).

Records excluded (n = 208)

v

Number of duplicates

removed

(n = 80)
o
£
5 A4
g Records screened
o (n=257)

]

Full-text articles excluded,
with reasons (n = 38)

n = 21 Without a comparison group of

> Full-text articles assessed
= for eligibility

:'% (n=49)

i}

healthy individuals

n = 3 Mixed data from participants
submitted to heart, liver and kidney
transplants

n = 2 Participants submitted to other

types of transplant and not only liver
transplant

h

| n=2 Secondary data
n = 2 Interventional study

Studies included in qualitative
synthesis (n = 11)

n = 2 Literature review

n = 1 The outcome was not liver trans-
plantation but chronic liver disease

n =1 The article was not identified

Included

n = 1 Outcome was not periodontal but
endodontic injury

n =1 Exposure was not liver transplant
(was kidney transplant)

Among the 11 included, 04 were
incorporated into four meta-
analysis (n = 04)

n =1 Case report
n =1 Letter to the editor

Fig. 1. Flowchart of the systematic review and meta-analysis.
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as well as a control group [13, 15, 16, 20], three evaluated a
post-transplantation group and a control group [6, 17, 18],
two study evaluated a pre-transplantation group and a control
group [9, 19], one study evaluated pre and post-transplantation
participants in a single group compared to a control group [21]
and one follow-up study evaluating individuals at baseline and
at post-LT compared to a control group [14]. The studies were
conducted in hospitals, medical institutes or dental clinics.
Participants were children, adolescents, adults, and the elderly
comprising both genders.

Periodontal outcomes were recorded using different
indexes and panoramic x-rays analysis. Only two studies
followed standardized criteria to define the case of periodontitis
based on attachment loss [19, 20]. In the study of Oettinger-
Barak et al. [15], Ramfjord’s plaque index (PI) [22], Loe‘s
gingival index (GI) [23], PD: probing depth (PD), CAL:
clinical attachment level (CAL), and gingival growth (GO)
were evaluated. Measurements of the vertical and horizontal
increase of gingival tissue were made according to Seymour et
al. [24]. Another study evaluated drug-induced gingival growth
(DIGO) using the same index [6]. The study of Alanzi et al.
[21] evaluated the GO using a different index developed by Aas
1963 [25] and modified by McGaw et al. 1987 [26] and PI was
determined by the presence of visible plaque using the modified
Quigley-Hein PIO0. In two studies [17,18], the PI was classified
as visible or not visible, according to Silness and Loe (1964),
and gingival inflammation was classified by the presence or
absence of bleeding 30 seconds after mild probing, according
to Loe and Silness (1963). In a study [9], the frequencies of
gingivitis and dental plaque and the number of teeth with
mobility were described by the score indicating the presence
or absence of the outcome. In one study, means (standard
deviation) and medians (min-max) of PI, GI and GO index
were recorded. The index used for PI was a modification of the
index of O'Leary [14]. In one study, means of PD and CAL
were assessed by individuals and mean percentage of sites with
periodontal damage [19]. In two studies [13, 16], radiographic
alveolar bone loss was characterized as the distance from the
bone crest to the cemento-enamel junction (CEJ) measured
by a software. The characteristics of the included articles are
shown in the Supplementary File (Tables II-VI)

Assessment of risk of bias in individual studies

The results of the assessment of risk of bias in the included
studies are presented in Supplementary File (Tables VII-VIII).
All cross-sectional studies included presented adequate
definition of the cases and clearly described the clinical
examination used to collect data on the periodontal outcome.
The adopted indexes and information on who performed the
evaluations were recorded. Only one study [20] described
who performed the evaluations and provided information on
the employed classification of periodontitis (categories). In
six articles, the samples consisted of representative cases with
a correct description of periodontal indexes and conditions,
setting of participants recruitment, and data collection period
(6,9, 15, 16, 18, 19]. When one of these items was not clearly
described, the requirement was considered incomplete due to
a selection bias potential, which happened in four included
articles [13, 17, 20, 21].

In eight included studies [13, 15-21], a correct definition
of controls occurred. In five included studies [6, 15-18],
confounding factors were controlled for the most important
factor and for any additional factor during the analysis to
compare the post-transplant group with the control group.
In all included studies, an exposure assessment was reliably
performed and an assessment of groups of exposed individuals
was conducted in the same way as control groups. No response
rate was reported in any of the included studies.

As regards the risk of bias of the prospective controlled
study of Sheehy et al., [14], only two items were not fulfilled.
For the representativeness of the exposed cohort for LT, the
requirements were not satisfied in part, because the study
did not consider two items of the domain selection of the
Newcastle-Ottawa scale: the representativeness of the exposed
cohort and the demonstration that outcome of interest was
not present at the start of the study. Moreover, there was no
demonstration that the outcome periodontal disease was not
present at the study onset.

Results of included studies

Studies with groups of pre-LT and post-LT individuals
compared to a control group

Oettinger-Barak et al. [15] analyzed PD, CAL, GO,
Ramfjord’s visible PI, and GI. There was no significant
difference between the pre and post-transplant groups and the
control as for PI and GI. GO, PD and CAL were greater for
the pre- and post-LT groups compared to the control group.
Barak et al. [13] and Oettinger-Barak et al. [16] evaluated a
radiographic parameter by measuring the height of the alveolar
bone crest from a reference point fixed to the JCE and found
a greater bone loss in the pre and post-transplant groups
compared to the control group (Supplementary File, Table
II). Schmalz et al. [20] estimated the prevalence of healthy/
mild, moderate, or severe periodontitis with no significant
differences among all three groups (pre-LT and post-LT
individuals and a control group).

Study with a group of pre-LT individuals compared to a
control group

The study of Guggenheimer et al. [9] included 300
individuals compared with a control group of individuals from
organ procurement and transplantation network. Gingivitis,
PI and the presence of two or more teeth with mobility were
recorded. There was no difference between pre-transplant and
control group regarding periodontal outcomes. Schmalz et
al. [19] assessed 50 LT candidates and 50 individuals without
liver disease who had undergone a complete periodontal
examination. Gingival recession (GR), bleeding on probing
(BOP), PI, PD, CAL and the number of missing teeth were
recorded. Periodontitis was defined as 230% of teeth with
proximal CAL >5 mm. Pre-LT individuals presented means
of GR, CAL and number of missing teeth significantly higher
than the matched control group (Supplementary File, Table IIT).

Studies with a group of post-LT individuals compared to
a control group

Periodontal condition was assessed by clinical parameters
such as gingival inflammation [18], GI [17], visible PI [17,18],

] Gastrointestin Liver Dis, March 2021 Vol. 30 No 1: 122-131



126

Galdino et al.

and DIGO [6] (Supplementary File, Table IV). One study
showed a higher GI in the post-transplant group compared
to the control group [17], while the other study found no
differences between the groups for any parameter studied
[18]. DIGO was higher in the post-LT group compared with
the controls [6, 15].

Study with a single group of pre-LT and post-LT
individuals compared to a control group

The study of Alanzi et al. [21] investigated the periodontal
condition by plaque scores (modified Quigley-Hein plaque
index) and GO, index developed by Aas 1963 [25] and modified
by McGaw et al. [26]. Children who were scheduled to undergo
LT and a control group with healthy children matched for age
and gender were assessed. A higher mean PI and a positive
correlation for GO index were observed in children of the
transplant group compared with the controls (Supplementary
File, Table V).

A prospective controlled study with LT individuals
compared to a control group

This was a follow-up study that in the first evaluation of
the GO index post-transplantation was not measured because
there was insufficient time to analyze gingival enlargement.
The number of individuals undergoing LT and the number
of individuals in the control group varied at different times of
measurement. Thus, P, gingivitis and GO index were divided
into subgroups. There were no significant changes with respect
to the mean PI (%) and GI (%) for either the primary or
permanent teeth between the LT patients and for the control
group at each examination. The findings were similar for the
GO index (%) for the primary or permanent teeth at baseline
(Supplementary File, Table VI).

Periodontal outcomes were categorized between primary
teeth and permanent teeth [14]. Comparisons with other
studies were unfeasible due to the unavailability of information
in this regard. In this article [14], at baseline PI, GI and
GO were measured by means of percentages, unlike other

studies, in which different forms of measures (simple means
or percentages) were used. Results on the post-transplant
stage could not be compared, because the evaluation was in
two stages. Both in the first (3 days post-transplant) and in
the second stage (106 days post-transplant), the outcomes of
periodontal disease was measured by means of percentages.
At baseline, the measurements were different from data of
other studies.

Summary of results and subgroup analyses

Four subgroup analyses were performed using
continuous data (mean and standard deviation). The first
compared the visible PI in a group of individuals after
LT and a group of control individuals. Two studies were
incorporated into this analysis [15,17]. The mean PI was
significantly higher in post-LT individuals compared to the
control group (mean difference=0.15, 95%CI: 0.12-0.18,
I’=0%) (Fig. 2). Two studies were incorporated into the
second subgroup analysis that compared the GI of post-LT
individuals and a control group [15, 17]. The mean GI was
significantly higher in post-LT individuals compared to the
control group (mean difference=0.31, 95%CI=0.06-0.56,
12=99%) (Fig. 3).

The third and fourth subgroup analyses compared
respectively the PD and the CAL of pre-LT individuals and
a control group. Two studies were incorporated into these
analyses [15, 19]. There was no significant difference in the
mean PD between pre-LT and healthy individuals (mean
difference=0.49, 95%CI: -0.26-1.25, ’=96%) (Fig. 4). However,
the mean CAL was significantly higher in pre-LT individuals
compared to the control group (mean difference=1.47, 95%CI:
0.19-2.75, 1*=95%) (Figure 5).

Additional analyses

A sensitivity analysis for subgroup analysis with a high I
was not possible because only two studies were incorporated
into this subgroup analysis. Publication bias was assessed
by means of funnel plots. The funnel plots demonstrated no

Postliver transplantation  Healthy individuals Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean  SD Total Weight 1V, Fixed, 95% Cl IV, Fixed, 95% CI
Davidovich, Asher, Shapira, et al. 2013 0.815 0.071 36 0.667 0.056 34 89.9% 0.15(0.12, 0.18]
Oettinger-Barak, et al. 2001 187 0.16 24 171 013 17 10.1% 0.16[0.07, 0.25] —_
Total (95% Cl) 60 51 100.0% 0.15[0.12,0.18] ¢
Heterogeneity. Chi* = 0.06, df = 1 (P = 0.80); I’ = 0% :_1 _0! 3 0:5 1:

Test for overall effect: Z = 10.33 {f < 0.00001)

Healthy individuals Postliver transplantation

Fig. 2. Subgroup analysis of studies that analyzed the visible plaque index in a group of individuals after liver transplantation and a group

of control individuals.

Experimental (Posttransp) Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davidovich, Asher, Shapira, et al. 2013 0.454  0.077 36 0015 0.007 34 504% 0.44[0.41, 0.4¢] U
Oettinger-Barak, et al. 2001 136 0.08 24 118 009 17 496% 0.18([0.13, 0.23) B
Total (95% CI) 60 S1 100.0%  0.31 [0.06, 0.56) ‘-
Heterogeneity. Tau? = 0.03; Chi* = 73.77, df = 1 (P < 0.00001); ¥ = 99% 5 ) i 5

Test for overall effect: Z = 2.40 (P = 0.02)

Healthy individuals Postliver transplantation

Fig. 3. Subgroup analysis of studies that analyzed the gingival index in individuals after liver transplantation compared to the control group.
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Pre liver transplantation  Health individuals Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%Cl 1V, Random, 95% CI
Daviciovich, Asher, Shapira, et al. 2013 2.7 0.7 0 26 06 50 49.2% 0.10[-0.16, 0.3¢]
Oettinger-Barak, et al. 2001 3.32 0.24 13 245 023 17 50.8B% 0.87[0.70, 1.04] 3
Total (95% CI) 63 67 100.0% 0.49 [-0.26, 1.25]
Heterogeneity: Tau® = 0.28; Chi' = 24.16, df = 1(F < 0.00001) I* = 96% ” 5 3 ; 7

Test for overall effect: 2 = 1.28 (P = 0.20)

Healthy individuals Pre liver transplantation

Fig. 4. Subgroup analysis of studies that analyzed the probing depth in individuals before liver transplantation compared to the control

group.
Pre liver transplantation  Health individuals Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Di Prafio, et al., 2008 4.2 13 50 34 11 50 489% 0.801[0.33,127) &+
Oettinger-Barak, et al. 2001 489 047 13 278 023 17 511% 211(1.83,239] ]
Total (95% CI) 63 67 1000% 147 [0.19,2.75] e
Heterogeneity. Tau? = 0.82; Chi? = 21.97, df = 1 (P < 0.00001; I = 95% :_10 -is 3 g 10:

Test for overall effect: Z = 2.24 (P = 0.02)

Healthy individuals Pre liver transplantation

Fig. 5. Subgroup analysis of studies that analyzed the clinical attachment level in individuals before liver transplantation compared to

the control group.

asymmetry (Fig. 6A-D). However, the analysis of publication
bias was limited because only two studies were incorporated
into each subgroup analysis.

DISCUSSION

Understanding the periodontal health-disease process is
extremely important as periodontitis is a chronic disease that
due to an intense inflammatory response triggers systemic
changes [3]. Periodontal disease changes immunity and may
result in infections (bacteremia) and respiratory and [3,4]
cardiovascular diseases [4], diabetes [4], and osteoporosis

A o .
£
001 HE
004
0064
0.081
%o
° D ¥ 3 —1
C oo
€05
o
o1
°
a18]
"o
*IT B 3 ] —

[4]. In the present systematic review and meta-analysis,
post-LT individuals had significantly higher means of PI,
GI and alveolar bone loss compared to control individuals,
suggesting an association between periodontal condition and
LT situation.

The PI represents the level of subject oral hygiene, but it
was used to assess periodontal condition in six studies [14, 15,
17-19, 21] included in this review. The biofilm, which is one of
the most important risk factors for gingivitis and periodontitis
progression, may be supragingival or subgingival [27]. The
various species of micro-organisms associated with periodontal
diseases are highly metabolically specialized and organized
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Fig. 6. Funnel plots. A) Subgroup analysis of studies that analyzed the visible plaque index in
a group of individuals after liver transplantation (LT) and a group of control individuals. B)
Subgroup analysis of studies that analyzed the gingival index in individuals after LT compared to
the control group. C) Subgroup analysis of studies that analyzed the probing depth in individuals
before LT compared to the control group. D) Subgroup analysis of studies that analyzed the clinical
attachment level in individuals before LT.
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into multispecies biofilms. The proximity of microorganisms
in this biofilm creates an opportunity for species to interact,
leading to disease progression. These interactions can be
synergistic or antagonistic and may produce a biofilm that
prevents colonization by non-oral microorganisms. Some
highly specialized microorganisms can subvert host defenses
by releasing certain molecules, such as proteinases, leukotoxins
and modified lipopolysaccharides (LPS), and disrupt the host
immune response, which may result in the destruction of
periodontal tissues in susceptible individuals [28].

After liver transplantation, individuals are submitted to a
treatment with immunosuppressive medication [6] which is
responsible for increasing the pH level in the oral cavity [17],
making it more alkaline. At neutral pH, saliva is supersaturated
with calcium phosphate. When it becomes alkaline, the balance
of the interaction of calcium and phosphorus ions is lost, and
calcium phosphate precipitates, increasing the formation
of dental calculus [29]. Saliva composition influences oral
health and consequently disease activity [17]. About 48% of
individuals with a pre-transplant chronic liver disease had
a reduced salivary flow, which may influence the evolution
of periodontal disease and other oral changes [30]. These
individuals tend to suffer from problems such as GO, gingivitis,
dental hypoplasia and caries [17]. The main risk factor for stage
I periodontitis is the partly calcified biofilm, that interacts
with immune defenses of the host; this leads to gingival
inflammation and eventually do deepening periodontal
pockets [31]. Therefore, the abundant dental calculus found
in LT recipients may probably reflect the increase in pH values
and not in disturbances of salivary minerals [17].

Post-LT individuals had a significantly higher mean visible
PIwhen compared to control individuals [15, 17], reflecting an
inadequate oral hygiene [17, 18] which may lead to gingivitis.
All pediatric patients who underwent or were scheduled to
undergo LT had high plaque scores compared with healthy
individuals [21]. Baygin et al. [32] also demonstrated an
increase in the PI among children with a history of chronic
liver disease. Similarly, Wondimu et al. [33] found increased
PI in pediatric LT recipients. The mean of the GO in a single
group of children pre-LT and post-LT was higher than among
healthy controls [21]. Gingival growth was less prevalent
among pediatric patients undergoing tacrolimus therapy [21].

The progression of oral health to the disease goes through
a transient state of gingivitis, when inflammation and gingival
bleeding are reversible if properly treated [34]. In gingivitis, the
plaque buildup on the gingival margin leads to inflammation
and a proportional increase in proteolytic bacteria and often
anaerobic species [28]. A prolonged accumulation of biofilm
may lead to inflammation in the supporting tissues and the
formation of pockets harboring bacteria and serving as a
focus of bacterial products and locally produced inflammatory
mediators that can affect distant organs through the
bloodstream [2]. Periodontitis appears to be associated with
liver disease in the general population regardless of associated
factors (alcohol use, smoking, meta-bolic risk, serum gamma-
glutamyltransferase levels, oral health care habits, lifestyle, and
socioeconomic factors). As a preventable disease, periodontal
disease may present a modifiable risk factor for chronic
liver disease [2]. Therefore, the recommendations of oral
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health care providers for biofilm control and oral hygiene
maintenance are necessary for transplant patients [35]. In
addition to the conditions associated with the treatment
of the liver condition, patients may have difficulties due to
emotional stress, reduced monthly income, decreased ability,
fear of death, dietary restrictions, changes in body image and
practices of hygiene. Thus, psychological and educational
social support may be necessary as part of the treatment
[36]. Poor oral hygiene of transplant patients [3, 9, 15] can be
explained by the moment in which the patients” attention is
focused on the other systemic diseases that currently affect the
individual [37]. Oral health care may be neglected. Thus, it is
recognized that post-transplant outcomes are influenced by
social and behavioral determinants. The lack of oral hygiene
and the need for periodontal treatment indicate a need for an
early and comprehensive care for the prevention of diseases
in transplant patients [21].

Individuals with chronic diseases do not have a regular
preventive dental monitoring [17], which may lead to poor
oral hygiene and gingivitis [17, 18]. Deficiencies regarding
oral hygiene stimulate gum growth [38]. The mean GI was
significantly higher in the post-LT group compared to the
control group [15, 17]. The prolonged immunosuppressive
treatment after LT may also lead to several oral changes [17,
18], including GO, which is the most common adverse effect
of cyclosporine therapy [17, 18].

Subgroup analyses showed that pre-LT individuals
exhibited PD and CAL greater than controls subjects, but
there was no significant difference for PD. Some factors may
contribute to the explanation of this situation, such as their
previous medical condition, for example in patients with liver
cirrhosis [15], alack of consistent oral hygiene, especially in the
form of supplemental oral hygiene measures, such as the use
of dental floss [39], as well as the high burden and the changes
in lifestyles leading to a reduced priority for dental care [9].

Alveolar bone loss (ABL), as assessed by alveolar bone
height based on digitized panoramic x-rays, was found to be
greater in the pre and post-LT compared to the control group
[13, 16]. A meta-analysis for ABL could not be performed
because the patients included in the studies of Barak et al.
[13] and Oettinger-Barak et al. [16] were part of one and
the same population, which has been studied by the same
research group. Although liver function restoration occurs
after transplantation, the bone loss is only partially reversible.
Regardless of the preoperative bone density, most individuals
undergoing LT will suffer bone loss in the first months after
transplantation [13, 40]. The bone loss is attributed to the effects
of the transplant itself [ 13, 40], and also to the associated steroid
therapy [13, 33]. This contributes to the understanding that
the mean radiographic ABL in pre- and post-LT individuals
is significantly higher compared to control individuals since
patients with liver damage undergo systemic inflammatory
changes that may lead to attachment loss [41] and consequently
to a greater ABL. After a severe bone loss during the first
months following transplantation, restoration occurs and an
increase in bone mass formation can be observed, reaching
levels close to normal in two years [40]. The prevention of ABL
will improve the periodontal condition of these patients, thus
avoiding tooth loss associated with periodontal disease [13].
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One of the difficulties found in the research related to
periodontal outcomes is the wide variation in clinical measures
used to assess the extent of periodontal changes and case
definitions of periodontitis [3]. A diagnostic bias may occur
in studies evaluating periodontal outcomes because they
are based on response with different cutoff points. Only one
included study evaluated both the parameters PD and CAL,
which are fundamental for the definition of periodontitis cases.
Therefore, it was not possible to estimate the overall risk of the
disease. Thus, we considered the outcome measures common
to studies evaluating the indexes and periodontal parameters
in LT individuals compared with healthy individuals. These
results are helpful to understand and try to explain the
periodontal condition of patients undergoing pre- or post-LT
and their possible systemic associations and implications in
clinical practice.

Regarding the risk of bias assessment, seven studies had a
score above five on the Newcastle-Ottawa scale (ranging from
zero to nine points). All studies evaluated on this scale for this
systematic review and meta-analysis presented an appropriate
selection of transplant cases with a level of representativeness
in most of them. Just one study [18] had an adequate control
group selection: community controls. Most studies used
convenience samples of individuals recruited in hospitals and
dental schools. Convenience samples are easier and cheaper
but may lead to estimates that may be unrepresentative of
the given population [42]. In the comparison domain, eight
studies adjusted the results for confounding variables related
to lifestyle [6, 9, 13, 15-19]. To control bias of two or more
confounding factors regarding lifestyle, regression and/or
correlation analyses were performed. The relationship between
transplantation and periodontal indexes was adjusted for
the variables habits of individuals. The proportional hazard
was tested for the following covariates: presence of bleeding
on probing, plaque and calculus [18], bone loss duration
immunosuppressive therapy [13, 16], medications [6, 15],
total protein concentration in saliva [17], current smoking [6,
9, 19], current use of alcohol [6] and time interval since LT
[15]. In the exposure domain, the lack of information on non-
response rates was the most common issue. No response rate
was reported in any of the included studies. Individuals who left
the study could be those with higher prevalence of periodontal
indexes which might have biased the results. However, the
examination of these individuals can be unfeasible due to time
constrains or due to lack of patient cooperation because they
were not well enough to cooperate for adequate examination
[14].

In the risk of bias analysis of the prospective study of
Sheehy et al. [14], only two requirements were not met. The
representativeness of the exposed cohort did not satisty the
requirements in part for transplantation, even though data were
collected among individuals from a defined catchment area. It
was unclear whether the participants at baseline were free of
periodontal disease. The existence of the disease at the start
of the study could have overestimated the results. Studies with
longer follow-up periods including comparisons of pre- and
post-LT with a control group of healthy individuals provide
important information on the impact of oral health care on
the general health of patients.

This systematic review and meta-analysis primarily used
data from cross-sectional observational studies. Thus, it is
not possible to infer whether exposure to factors that led to
periodontal conditions precede or are consequences of LT.
Therefore, this design has a low efficacy to determine cause-effect
associations, but identifies the individuals, the characteristics
that can be managed, and the generation of causal hypotheses.
Case-control studies investigating the etiology of periodontal
conditions among LT patients and the determinants of longevity
to assess health actions and services are recommended. Only
one prospective cohort study was identified [14]. To avoid recall
bias or case selection bias, we recommend the development of
cohort studies with the follow-up of LT individuals, to verify
the incidence of periodontal disorders and to investigate the
factors to which these individuals are exposed to.

Based on the results of this systematic review and meta-
analysis, there is a clear indication of the need of additional
research on this topic. The available literature on the topic
evaluated herein is unusual. Most existing studies have
small samples, lacking methodological standardization for
the diagnosis of periodontal conditions and evaluation of
parameters and indexes that together lead to the descriptive
recognition of periodontal disease.

CONCLUSIONS

Pre- and post-LT individuals have more adverse periodontal
outcomes compared to healthy controls, such as: higher levels
of plaque index, gingival index and radiographic alveolar bone
loss in post-LT and higher levels of clinical attachment level
in pre-LT individuals compared to healthy individuals. The
majority of studies included had a cross-sectional design and
their quality varied, highlighting the need for case-control and
cohort studies to better elucidate the association of periodontal
disease with liver transplantation and to determine cause and
effect relations.
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