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Abstract

Background: The oral health of patients undergoing renal replacement therapy (RRT) is insufficient. Poor oral
health and its components can affect the oral health-related quality of life (OHRQol) of these patients. The aim of
this systematic review was to assess the OHRQol of adult patients under RRT.

Methods: A systematic literature search was performed using the terms: dialysis OR “renal disease” OR kidney OR
“renal failure” OR “kidney transplantation” OR hemodialysis OR “peritoneal dialysis” OR “renal replacement therapy”
AND “oral health-related quality of life”, complemented by manual search. Clinical studies including adults (age 2
18 years) that were published between 2009 and 2019 were included in qualitative analysis.

Results: Twelve out of 20 studies were included in the qualitative analysis. The majority (11/12 studies) included
patients undergoing haemodialysis (HD), with a sample size between 47 and 512 participants. Two studies included
patients after kidney transplantation. Only one-quarter of the investigations included a healthy control group. The
overall OHRQol was found to be reduced. The majority of studies found relationships between OHRQoL and
different oral health parameters. Furthermore, several relationships between OHRQol and general quality of life as
well as disease related parameters including age, gender, diabetes, blood parameters and dialysis duration were
found. OHRQoL subscales psychological/psychosocial impairment and pain were predominantly affected.

Conclusions: Patients under RRT suffer from a reduced OHRQol, which is potentially influenced by oral health and
disease related parameters. Interdisciplinary dental care is needed and should consider both physical and
psychosocial issues.
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Background

Renal disorders represent a global burden, whereby
more than two million people in the world are treated
for end-stage renal diseases [1]. These diseases often re-
quire renal replacement therapy (RRT), of which haemo-
dialysis (HD) represents the most commonly used
measure [2]. Recently, the incidence of RRT has de-
creased slightly, while patient survival has improved con-
tinuously [3]. The improvements in therapeutic
measures during RRT and the decrease in mortality
might lead to a change in the major challenge of care for
these patients; thus, patient-related outcomes such as
improving patients’ well-being and quality of life are of
increasing importance [1, 3, 4]. It is known that health-
related quality of life (HRQoL) is often reduced by RRT,
especially for HD [4-6].

HRQoL is complex and affected by different factors,
including oral conditions such as tooth loss, dental car-
ies and periodontitis [7]. Therefore, a specific part of
HRQoL with respect to the oral cavity is defined: the
oral health-related quality of life (OHRQoL) [8]. This
OHRQoL is a multidimensional model that provides in-
formation of the subjectively perceived influence of oral
health conditions on patients’ oral function, pain, psy-
chosocial impact and orofacial appearance [9]. OHRQoL
is of clinical relevance for patients with RRT for two
major reasons. On the one hand, patients with end-stage
renal diseases, especially those receiving HD on a regular
basis, suffer from an insufficient oral health status and
oral behaviour [10]. Potential associations between renal
insufficiency and HD with periodontal diseases have
been reported [11]. Moreover, early tooth loss is ob-
served, especially in patients undergoing HD [12]. Ac-
cordingly, a reduced OHRQoL caused by this increased
prevalence of oral diseases is conceivable.

On the other hand, patients with end-stage renal dis-
ease suffer from a high emotional burden [13]. Patients
undergoing HD are frequently affected by depressive dis-
orders [14]. Related to the emotional burden, depression
and anxiety, the overall HRQoL of the patients is re-
duced [4-6]. Accordingly, a negative effect of disease-re-
lated parameters and general emotional well-being on
OHRQoL could be relevant. The extent to which the OHR-
QoL, as well as the general HRQoL, of patients with end-
stage renal disease is influenced by oral health and general
disease-related parameters is also clinically relevant. This
information can help to improve the interdisciplinary den-
tal care of patients with end-stage renal diseases undergoing
RRT, as demanded in the literature [15].

This systematic review aimed to assess the OHRQoL
of adult patients with end-stage renal diseases undergo-
ing RRT (HD and KTx). The relationships between
OHRQoL with oral health, HRQoL and disease-related
parameters were evaluated. Furthermore, subscales of

Page 2 of 13

OHRQoL were considered. Based on this systematic re-
view, implications for clinical management of the pa-
tients as well as recommendations for future research in
the field are provided.

Methods

A systematic search was performed in January 2020 based
on the PubMed database using the following search terms:
dialysis OR “renal disease” OR kidney OR “renal failure”
OR “kidney transplantation” OR hemodialysis OR “peri-
toneal dialysis” OR “renal replacement therapy” AND
“oral health-related quality of life”. The systematic search
of these key terms was complemented by a manual litera-
ture search. All findings were screened and checked for
their eligibility with regard to previously defined inclusion
and exclusion criteria. Only full-text articles in the English
language, published within the previous 10 years, ie., be-
tween 1st January 2009 and 31st December 2019, were
considered for inclusion in the analysis. Conditions for in-
clusion were the clinical examination of patients with
end-stage renal diseases either treated with dialysis or kid-
ney transplantation. Any form of OHRQoL measurement
must have been applied and reported. Only studies with
adult patients, ie., participants with an age of at least 18
years, were included. For the qualitative analysis, the fol-
lowing major information was extracted from the included
investigations:

e Type of treatment (dialysis or transplantation), year
of publication, number of participants, study type,
age, gender, disease duration

e Recruitment of a healthy control group for
comparison of OHRQoL findings

e Examined oral health parameters and results, if
applicable

o Type, results and validity of OHRQoL assessment

e DPotential relationship between OHRQoL with
general HRQoL, oral health and/or disease specific
parameters

e Results for subscales of the OHRQoL
measurements, if applicable

Clinical studies were screened for the defined inclu-
sion and exclusion criteria. If studies included patients
who were part of previously published investigations,
they were checked to determine whether there were
repetitious results. In this case, only the most recent
examination was included and analysed. The systematic
search was executed by two independent reviewers.

Results

Search findings

The search findings according to the PRISMA statement
[16] are presented in Fig. 1. A total of 20 studies were
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identified by systematic search complemented by manual
search. Of these findings, three studies were excluded
during screening; in one case, the type of article (system-
atic review) was the reason, and in two cases, the publi-
cation time was before the examination period (before
1st January 2009). A total of 17 full-text articles were ex-
amined regarding the inclusion and exclusion criteria.
Five studies were excluded: one study did not examine
end-stage renal diseases, one study included participants
younger than 18years and three studies examined
HRQoL but not OHRQoL. Accordingly, a total of twelve
clinical investigations were included in the qualitative
analysis.

Characteristics of included studies

Studies from eight different countries were included.
The majority (11/12 studies) of all included patients
underwent haemodialysis (HD), with a sample size be-
tween 47 and 512 participants. In two studies, kidney
transplant recipients (KTx) were included; 39 and 51

participants were examined. The study type, mean age,
gender and disease duration of the included studies are
presented in Table 1. Only one-quarter of the investiga-
tions included a healthy control group for comparison of
the OHRQoL findings.

Oral health record and findings

As shown in Table 2, the applied oral examinations were
heterogeneous across included studies. Each study con-
sidered at least one parameter regarding missing and/or
remaining teeth or denture wearing. The average num-
ber of missing teeth per study varied between 6.53 and
11.71, while the average number of remaining teeth per
study varied between 16.9 and 21.7, where applicable.
Dental health was frequently assessed, whereby the
decayed-, missing- and filled-teeth index (DMEF-T) and
its components, as well as dental treatment need, were
examined. Five studies also evaluated oral hygiene indi-
ces, mainly the plaque index (PI) and gingival index
(GI). Eight studies examined periodontal parameters,
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Table 1 Studies included in this systematic review. Values for age and disease duration are presented as the mean value + standard
deviation, mean value (range) or percentage

Author, year Disease Country No.of  Study type Subjects mean age Disease duration Female Control group
patients in years (%) for OHRQoL
Guzeldemir HD Turkey 47 monocentric 4638+ 15.10years  HD: 71.04 + 1.16 months 48.9% no
et al. 2009 [17] cross-sectional
Hajian-Tilaki HD Iran 145 monocentric 5817 + 17.76 years  HD: 49.33 + 46.99 months 46.9% no
et al. 2074 [18] cross-sectional
Pakpour et al. ~ HD Iran 512 multicentre 577 +£17.01 HD: 52.12 + 29.86 months 37.1% yes, healthy control
2015 [19] cross-sectional n=255558+159
years, 38% female
Schmalz et al.  HD, Germany HD: 87, multicentre HD: 6098 +1401 n/a HD: 37.9% vyes, healthy control
2016 [20] KTx KTx: 39  cross-sectional years, KTx: 56.51 KTx: 51.3% n=91, age: 5831+
+11.56 years 9.91 years, 65.9%
female
Lopez-Pintor HD Spain 50 monocentric  66.62 + 13.96years  HD: 46.02 + 44.90 months 30% no
et al. 2017 [21] cross-sectional
Lira E Silva et~ HD Brazil 226 multicentre 5552+ 14.70 HD: < 1year: 17.3%, 1-5years:  40.7% no
al. 2017 28] cross-sectional 56.6%, > 5 years 26.1%
Rodakowska HD Poland 72 monocentric 632+ 15.2 years HD: 43.8 (1-264) months 60.7% no
et al. 2018 [22] cross-sectional
Camacho- HD Spain 120 multicentre 6990+ 11.61years HD: < 1year: 11.7%, 1-29years: 31.7% yes, healthy control
Alonso et al. cross-sectional 10.8%, 3-4.9 years: 22.5%, 5-9.9 n=120, mean age
2018 [23] years: 35.8%, > 10 years: 19.2% 67.71 £ 896, 37.5%
female
Schmalz etal.  HD Germany 210 multicentre 64.92 + 157 years  HD: 0-2 years: 15.3%, 35% no
2018 [24] cross-sectional 3-5years: 18.4%, 6-8 years
17.9%, 9-12 years 15.3%,
13-20 years 17.9%, >
20 years: 15.3%
Ruokonen et al.  KTx Finland 51 prospective 61 (31-86) years time since KTx 7.1 (1-11) years  33% no
2019 [25] follow-up co
hort study
Kahar et al. HD USA 70 multicentre <65years: 44.1% > 4.7 £7.5years 39.7% no
2019 [26] cross-sectional 66 years: 55.9%
Oliveira et al. HD Brazil 180 multicentre 5198+ 14.34years <12 months: 23.3%, 12-36 45% no
2019 [27] cross-sectional months 32.7%, > 36 months

OHRQoL oral health-related quality of life, n/a not applicable, HD haemodialysis, KTx kidney transplantation

especially the periodontitis severity, community peri-
odontal index (CPI) and/or periodontal probing depth
(PPD). The periodontitis prevalence of studies present-
ing this aspect ranged between 36.3 and 96.6%. As a spe-
cific oral health parameter, approximately half of studies
reported salivary findings or dry mouth/xerostomia.
Table 2 provides a detailed overview of examined oral
health parameters and results, if applicable.

OHRQoL measurements and results

The vast majority of studies (11/12) used the short form of
the oral health impact profile (OHIP 14) to assess OHR-
QoL. Additionally, three studies applied the General Oral
Health Assessment Index (GOHAI). One study examined a
self-composed oral health quality score questionnaire. Of
the three studies comparing OHRQoL with a healthy con-
trol, two were able to confirm a worse OHRQoL in HD pa-
tients. Regarding the rating of OHRQoL measures,

differences in the scores were detected. Three studies rated
OHRQoL on a 1-5 point scale instead of 0—4 point scale.
Moreover, one study used an inverse interpretation, with
higher score representing better OHRQoL. Figure 2 shows
the OHIP 14 values of all studies that were presented as ei-
ther the mean value or median and applied on a rating
scale between 0 (“never”) and 4 (“always”). In Fig. 3, the
OHIP 14 values of four studies were modified. For the
OHIP 14 findings of the three studies using a scale of 1-5,
14 points were subtracted, because even if all questions
were answered with “never”, a score of 14 points would
have been achieved. Furthermore, the inverse rating, which
was 5 (“never”) to 1 (“very often”), was converted by sub-
tracting 14 points first (50/56 instead of 64/70). Afterwards,
the difference between the maximum score (56) and de-
tected score (50) was calculated (OHIP 14 of 6). Therefore,
Fig. 3 shows the OHIP 14 findings of the included studies,
which were adapted as well as possible.
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Table 2 Examined oral health parameters and the main results of oral conditions if they were presented as the mean values +
standard deviation, mean (range) or percentage in the included studies

Author, year Tooth loss, remaining Dental diseases, caries,  Oral hygiene Periodontal parameters, Further oral health
teeth, dentures dental treatment need  indices periodontal treatment parameters
need
Guzeldemir M-T: 653 +7.16 n/a Pl: 221+ 0.66, Gl: PPD: 2.21 £ 0.66, BOP: n/a
et al. 200 9[17] 124+0.77 33.51+£2458
Hajian-Tilaki M-T: 10.06 + 7.30/6.56 DMF-T: 1547 +7.85 Pl: 203 +0.95, poor PDI: 409+ 132 Dry mouth: 51.7%,
et al. 2014 [18] +6.51 depending on oral hygiene: 66.3% taste change: 35.2%,
DM, edentulous: 34.5%, halitosis: 40%
dentures: 44.8%
Pakpour et al. M-T: 11.71 £ 7.68 D-T: 091 +1.93, F-T: Gl: 1.59+0.97, CPl:234+1.12 n/a
2015 [19] 7.37 £8.02, DMF-T: Pl 1924128
2006+ 11.16
Schmalz et al. HD: M-T: 9.28 + 6.49 HD: DMF-T: 2043 +5.85, n/a HD: Periodontitis: 96.6% n/a
2016 [20] KTx: M-T: 7.15 £ 6.21 D-T: 229+ 413, F-T: KTx: Periodontitis: 87.2%
886+ 530
KTx: DMF-T: 1741 £5.51,
D-T 0.74 £043, F-T: 951
+423
Lopez-Pintor et al. denture wearing: 34% n/a n/a n/a UWS: 0.16 £ 0.17, SWS:
2017 [21] 1.12 + 0.64, xerostomia
VAS: 3830 + 15.07
Lira E Silva et al.  dentures: 39.8% DMF-T: 22.68 + 837 n/a n/a No dental visit for
2017 28] 3years: 44.7%,
toothache in previous
6 months: 18.1%,
mucosa alterations:
45.6%
Rodakowska et al. 18% edentulous, number  dental treatment need: Pl > 1: 76.3%, Gl > 1: n/a Chewing ability: 30.6%,

2018 [22]

Camacho-Alonso
et al. 2018 [23]

of teeth < 20: 76.4%

number of teeth:
1825+9.32

51.4%

n/a

54.2%, OHI-S > 1.2:
60.9%

dry mouth: 58.3%

Schmalz et al. remaining teeth: DMF-T: 2045 + 6.8,

2018 [24] 1690+ 8.8 dental treatment need:
56%
Ruokonen et al. number of teeth: n/a
2019 [25] 21.7+68
Kahar et al. edentulous: 17.19%, M-T: D-T: 1.5+209, F-T:
2019 [26] 11.3+10.7, number of 30+45
teeth < 20: 39.1%, number
of teeth: 19.7 £11.04
Oliveira et al. number of teeth < 20: untreated caries: 17.2%
2019 [27] 40.6%

Pl > 15%: 74.4%,
GBI > 15%: 33.9%

n/a bleeding index: 33.98 + UWS: 6.11£6.11
33.28, CPITN: 143 +1.48, ml/15 min
PPD: 1.86+1.12, CAL:
1.62 +0.85, number of
pockets 24 mm: 0.58 +2.02,
number of pockets 26 mm:
0.50 + 1.73, moderate-severe
periodontitis: 36.3%
n/a PPD: 3.86 +0.95, periodontal n/a
treatment need: 88.8%
n/a n/a xerostomia 40%, UWS
0.32 ml/min, SWS:
0.95 ml/min
n/a CP:19£10 saliva pH: 69+ 1.0

dental care no visit:
30.5%, xerostomia: 35%

periodontitis: 86.7%
moderate-severe

HD haemodialysis, KTx kidney transplantation, M-T missing teeth, D-T decayed teeth, F-T filled teeth, DMF-T decayed-, missing- and filled teeth index, PI plaque
index, GBI gingiva bleeding index, G/ gingival index, CP community periodontal index, PPD periodontal probing depth, UWS unstimulated whole saliva, SWS

stimulated whole saliva, n/a: not applicable, OHI oral health index

The internal reliability (Cronbach’s a) varied between
0.73 and 0.96 for OHIP 14 and 0.64 and 091 for
GOHAL Only three studies examined the relationship
between OHRQoL and general HRQoL, whereby two
studies were able to confirm this relationship. The

majority of studies (10/12) found associations/correla-
tions between OHRQoL and different oral health param-
eters. The most frequently detected parameters in this
context were periodontal and/or oral hygiene parame-
ters. Furthermore, several relationships between
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OHRQoL and disease related parameters, including dia-
betes, age, dialysis duration, body-mass-index (BMI) and
laboratory values were found. The results of the OHR-
QoL of the included studies are presented in Table 3.

OHRQoL subscales

Different subscales of OHRQoL measurements, includ-
ing OHIP 14 and GOHAI, were presented in the in-
cluded studies. However, only half of the investigations
presented sum scores for the subscales of applied ques-
tionnaires. Table 4 shows the findings of these studies,
which presented the mean value, median, or percentage
of the subscales. Although comparability is limited, psy-
chological/psychosocial impairment and pain were the
predominantly affected subscales. The impairment of
functional limitations was also present but was more
heterogeneous and comparably lower than other
subscales.

Discussion

The definition of the FDI World Dental Federation in-
terprets oral health as the synthesis of physical, func-
tional and psychosocial parameters [29]. This current

systematic review focused on the OHRQoL of patients
with end-stage renal disease undergoing RRT (HD and
KTx) to assess these parameters. Therefore, OHRQoL
reflects the subjectively perceived impact of oral health
on different dimensions of quality of life [7, 9, 30]. Dif-
ferent measurements for the assessment of OHRQoL are
available and are normally based on questionnaires ask-
ing for functional and psychosocial impacts that patients
perceive with respect to their teeth, mouth or dentures
[30]. The assessment of OHRQoL allows a shift from
traditional physical dental criteria to individual social,
emotional and physical functioning of a patient [30].
The OHIP 14, which was mainly used in the included
studies, assesses 14 questions about different potential
impacts related to oral health on a scale between 0
(“never”) and 4 (“always”). Therefore, higher OHIP 14
scores represent worse OHRQoL (Supplementary
Table 1).

Although OHRQoL was the main focus of this review,
the physical oral health findings were considered and must
be interpreted in the context of their potential clinical
relevance for patients. While it is known that patients with
RRT suffer from insufficient oral health [10, 31], the
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impact of oral disease on the mortality of patients is con-
troversial [32-34]. Therefore, different systemic conse-
quences of oral health can be recognized. For instance,
periodontal disease can increase the risk of infections,
such as pneumonia, in patients with RRT [35]. Especially
in the elderly population, tooth loss and being edentulous
can be related to malnutrition and mortality [36, 37]. This
might be of importance for patients under RRT, because
they are predisposed for malnutrition with an increased
risk of mortality [38]. Accordingly, increased attention to
oral care and sufficient interdisciplinary dental care con-
cepts appear necessary [10, 15].

In general, the included studies showed heterogeneous
oral health findings for different parameters. The studies
that examined periodontal parameters showed a remark-
able periodontal burden or periodontal treatment need
[17-20, 23-27]. This finding is relevant because peri-
odontal inflammation can be related to an increased risk
of bacteraemia and thus systemic infections [39] or

pneumonia caused by aspiration of periodontal bacteria
[35]. Therefore, a sufficient, inflammation-free periodon-
tal situation of patients under RRT should be a clinical
goal. Only five studies confirmed an impact of periodon-
tal parameters on the OHRQoL of patients under RRT
[18, 19, 24, 25, 27]. These results suggest that some pa-
tients did not perceive their insufficient periodontal situ-
ation as a problem.

Similarly, tooth loss and denture wearing were fre-
quently detected oral health issues. The clinical rele-
vance of these parameters is somewhat limited, because
they provide no information regarding what teeth are
missing and whether the chewing function is affected.
Accordingly, the potential impact on malnutrition would
just be speculative in this case. Only the minority of
studies found missing/remaining teeth as an influential
factor on OHRQoL [17, 26]. This is surprising because
tooth loss can be seen as an important parameter related
to reduced OHRQoL in systemically healthy individuals
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Author, year

Assessment of OHRQoL

Internal reliability OHRQol worse Association/

Association/

Association and/or

of OHRQoL than control correlation correlation between  correlation between
measurement between OHRQoL ~ OHRQoL and oral OHRQoL and disease
Cronbach’s a and general HRQoL health related parameters
Guzeldemir et al.  OHIP 14: 1940+ 7.74 OHIP 14: 0.73, n/a n/a OHIP 14 and GOHAI:  OHIP 14: creatinine
2009 [17] (8-29)* GOHAI: 0.82 M-T, OHIP 14: PI
GOHAI: 15.72 + 8.68
(3-31)
Hajian-Tilaki et al. OHIP 14:31.32+12.53 OHIP 14: 0.96, n/a n/a OHIP 14: OHI-S, dry ~ OHIP 14: diabetes
2014 (18] (14-68)* GOHAI: 0.85 mouth, taste change,
GOHAI: 29.07 + 85 halitosis, PI, PDI,
(14-50) DMF-T
GOHAI: OHI-S, dry
mouth, taste change,
PI, PDI, DMF-T
Pakpour et al. OHIP 14: 19.10 +10.21 n/a yes PCS and MCS of DMEF-T, PI, CPI, Gl, age, BMI, diabetes,
2015 [19] SF-36 with OHIP 14 oral behaviour Kt/v
(regular tooth
brushing)
Schmalz et al. OHIP 14: HD: 246 £4.68, n/a no n/a no HD: diabetes
2016 [20] KTx: 2.54 + 3.68
Lopez-Pintor et al. OHIP 14: 24.38 + 11.98% n/a n/a n/a xerostomia VAS, no
2017 [21] xerostomia
Lira E Silva et al. ~ OHIP 14: no total mean n/a n/a n/a history of toothache age
2017 [28] value provided. Low
impact: 40.7%, medium
impact: 32.7%, high
impact: 26.5%
Rodakowska et al. OHIP 14: 8.87 +10.95 OHIP 14: 0918, n/a n/a OHIP 14: dental no
2018 [22] (4, 1-13) GOHAI: 0.637 treatment need,
GOHAL: 1471 £7.21 chewing ability
(13; 9-19) GOHAI: chewing
ability
Camacho-Alonso  OHIP 14: 10.34 +£9.09 n/a yes no (HADS) no no
et al. 2018 [23]
Schmalz et al. OHIP 14: 4.1 (0, 0-5) n/a n/a n/a PPD dialysis duration
2018 [24]
Ruokonen et al. oral health quality score n/a n/a 15D questionnaire  PPD, PIBI, TDI n/a
2019 [25] (OHQS) 75.1% maximum
score
Kahar et al. OHIP 14: 64 (54.8-68), OHIP 14: 0.92, n/a n/a OHIP: remaining GOHAI: age, gender,
2019 [26] GOHAI-12: 52 (39.8-56.3)**  GOHAI: 0.91 teeth, dentate vs. dialysis duration
edentulous
GOHAI: remaining
teeth
Oliveira et al. OHIP 14: 725+ 7.69 n/a n/a n/a PI, periodontitis no
2019 [27] severity

n/a not applicable, OHIP oral health impact profile, GOHAI general oral health assessment index, PCS physical compound summary, MCS mental compound
summary, SF-36 short form 36 questionnaire, HADS Hospital Anxiety and Depression Scale, HD haemodialysis, KTx kidney transplantation, M-T missing teeth, DMF-T
decayed-, missing- and filled teeth index, P/ plaque index, GBI gingiva bleeding index, G/ gingival index, CPI community periodontal index, PPD periodontal
probing depth, UWS unstimulated whole saliva, SWS stimulated whole saliva, OHI oral health index, BMI body mass index, PIBI periodontal inflammatory burden
index, TDI total dental index, *OHIP 14 scale of 1-5 instead of 0-4 points, **OHIP 14 scale of 1-5 instead of 0-4 and inverse rating

[40]. Xerostomia is prevalent in patients under RRT [41]
and is also an influential factor on OHRQoL [42, 43].
This parameter has also been rarely assessed, and it was
only found to be associated with OHRQoL in two stud-
ies [18, 21]. The significance of these findings appears
limited, because the examined parameters were quite

heterogeneous between studies (see Table 2).

The OHRQoL of the included studies was measured
by three different methods. The majority applied OHIP
14, which can be seen as a valid questionnaire to assess
OHRQoL [44]. This questionnaire is composed of 14
questions regarding possible impacts that patients per-
ceived as related to their teeth and dentures; these ques-
tions were originally scaled between 0 (“never”) and 4
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Table 4 Subscales of OHRQoL in included studies. Because different questionnaires were used and several different options of
subscales/dimensions exist, the available results are presented if available. Results are given as the mean value + standard deviation

or otherwise as percentage

OHIP 14
Disease Functional Physical pain Psycho-social Physical disability  Psycho-logical Social Handicap
limitation discomfort disability disability
Lopez-Pintor et al. 2017* 420+ 245 404+213 3.98 £2.54 3.34£205 3.26£1.94 2.76 £1.68 280+ 1.84
[21]
Lira E Silva et al. 2017 [28]  1.18 £ 1.07 1.73+1.15 111+£1.18 1.51£1.10 0.89£1.15 023 +0.50 0.63 £0.81
Camacho-Alonso et al. 1.86+1.81 217 £231 208 £1.89 1.94 £2.14 0.88 £1.45 0.74+1.35 0.68 +1.38
2018 [23]
Oliveira et al. 2019 [27] 0.29+1.00/048+ 1.5+209/154+ 121£164/1.51+ 054+£125/056+ 063+1.10/ 042+097/ 0.17+ 082/
No/mild or moderate/ 1.00/0.72£1.16  187/216+244 210/204+244  1.16/091+£178 094+151/  055+138/  062+1.52/
severe periodontitis 135+1.90 054+132 0.78+£1.68
Functional limitation Pain and discomfort Psychological Behavioural
impact impact
Rodakowska et al. 444% 52.8% 62.5% 45.8%
2018 [22]
Oral function Psychosocial impact Pain
Schmalz et al. 2018 [24] 1.66 (0,0-3) 2.10 (0, 0-3) 043 (0, 0-1)
GOHAI
Functional limitation Pain and discomfort Psychological Behavioural
impact impact
Rodakowska et al. 88.9% 84.7% 94.4% 30.6%

2018 [22]

OHIP oral health impact profile, GOHAI general oral health assessment index, *OHIP 14 scale 1-5 instead of 0-4 points

(“very often”) [44]. The second measurement was the
GOHALI questionnaire, which was originally composed for
geriatric patients [45]. This measurement includes 12 ques-
tions with a Likert scale between 1 (“always”) and 5
(“never”) [45]. The third questionnaire was a self-composed
oral health quality score, which has been applied to patients
after KTx [25]. Four studies applied the OHIP 14 scores
but changed the original scoring [17, 18, 21, 26]. All other
studies that applied OHIP 14 referred to the original scale
between 0 and 4 points [19-24, 27, 28].

To enable comparison to the other studies, we tried to
adapt these values as described in the results section.
Figure 2 and Table 3 show the originally presented re-
sults, while the modified findings are displayed in Fig. 3.
One can see that after adaptation of the values, the ma-
jority of the results were between 2 and 15 points, while
only two Iranian studies having a sum score of approxi-
mately 20 (Fig. 3).

However, the adaptation must be seen as a limitation.
There seems to be only a slight to moderate reduction in
OHRQoL in the included studies; however, the interpret-
ation of the OHRQoL impairment is difficult. Only three
studies examined a healthy control group, of which two
studies showed worse OHRQoL in HD patients [19, 23].
International reference values for interpretation are not
yet available. The studies were performed in different
countries, and cultural differences as well as a large

influence of age, gender and presence of teeth/prostho-
dontic treatment on OHRQoL outcome are conceivable
[30, 46]. For instance, the general German dental patient
population should exhibit a sum OHIP 14 score of 0-4
points depending on full or partial dentition [46]. Only
one study [20] found an OHIP 14 within these reference
values, while the OHIP 14 scores in the other studies were
higher and might be interpreted as an impaired OHRQoL.
A reduction in OHRQoL can be the result of different
causes, whereby oral health and general HRQoL are major
influential factors [47]. As mentioned above, the relation-
ship between OHRQoL and oral health in patients under
RRT is heterogeneous and limited by the variety of exam-
ined parameters. Accordingly, general HRQoL and
disease-related factors must be recognized.

A relationship between general HRQoL and OHRQoL
in patients under RRT has been evaluated in only three
studies, whereby three different measurements were ap-
plied [19, 23, 25]. Two studies confirmed an association
between general HRQoL and OHRQoL [19, 25]. This
limits the ability to draw meaningful conclusions. Con-
sidering OHRQoL to be a part of HRQoL [7, 8, 47], an
interrelationship between these parameters seems plaus-
ible in patients under RRT. It is known that general
HRQoL is reduced in patients under RRT, especially
those under HD [4-6]. Therefore, impairment of
HRQoL, and in consequence OHRQoL, is conceivable,
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although it cannot be strongly confirmed by available
studies. Furthermore, KTx can improve HRQoL, while
oral health problems still exist after KTx [48—50]. The
influence of KTx on OHRQoL remains questionable, be-
cause there are too few data available. In the included
studies, one investigation found comparable OHRQoL
between HD and KTx, and another showed a slight im-
provement of OHRQoL after KTx compared to the pre-
dialysis stage [20, 25]. Moreover, the form of dialysis
(HD or peritoneal dialysis) might have an impact on
both general HRQoL and oral health situation [51, 52].
Data regarding the OHRQoL in this context are not yet
available.

The influence of parameters of RRT as well as patient-
specific factors on OHRQoL is a further field of interest.
Two studies found dialysis duration, i.e., the overall time
of patients being under HD, to be related to OHRQoL.
This is plausible, as both oral health and HRQoL be-
come worse with prolonged dialysis duration [53, 54].
The association between diabetes mellitus and worse
OHRQoL in patients with RRT also seems plausible, be-
cause diabetes and related oral alterations are correlated
with worse OHRQoL [55]. Furthermore, diabetes could
have a negative influence on periodontal health, tooth
loss or salivary flow of patients under RRT, although this
is discussed controversially in the literature [56, 57]. Al-
though only one large-scale study found a relationship
between OHRQoL and BMI, this may further suggest an
association between oral inflammation and malnutrition
of patients under RRT [58]. This finding may be of high
practical relevance, because malnutrition is related to
mortality in dialysis patients [38]. Altogether, data re-
garding the influence of disease-related parameters in
patients with RRT with OHRQoL are rare and heteroge-
neous. Nevertheless, these factors are of potential rele-
vance in the complex evaluation of OHRQoL and for
the clinical dental care of these patients.

To obtain a deeper understanding of the OHRQoL of
patients under RRT, different subscales of OHRQoL
might give information regarding the impairment of
functional/physical and/or psychosocial/psychological
patterns. The interpretability of these findings is limited,
because only half of the studies reported subscales, and
no comparison to healthy controls was performed (see
Table 4). Accordingly, the results must be interpreted
carefully. In general, an impairment of all three major
dimensions, including oral function, psychosocial impact
and pain, seems present. Therefore, psychosocial impair-
ment appears to be the most pronounced dimension. It
is known that psychosocial factors are predictors of
HRQoL in dialysis patients [54]. The psychological bur-
den caused by dialysis therapy as well as the occurrence
of fatigue, anxiety and depression in patients under RRT
has been reported [54, 59]. Furthermore, periodontitis
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severity and tooth loss can be related to emotional well-
being and psychosocial impacts [60, 61]. Accordingly,
the effect of psychosocial impact might be explained by
a combination of RRT and oral health related issues.
This assumption is supported by the strongest associ-
ation between psychosocial impacts with dialysis dur-
ation and periodontitis severity, as presented in two
included studies [24, 27]. The OHRQoL of patients
under RRT appears to be complex and potentially influ-
enced by different disease and oral health-related param-
eters (Fig. 4); however, the majority of potential
conclusions remains speculative.

Based on the results of included studies, several impli-
cations for the clinical dental care of patients under RRT
can be provided. The improvement of the HRQoL of
dialysis patients is an important challenge [62]. Oral
health parameters — especially tooth loss, periodontitis
severity and reduced salivary flow — should be recog-
nized by dental and medical staff. To decrease the risk
of systemic infections/complications and malnutrition,
an improvement to the oral health of patients under
RRT seems mandatory. Therefore, a multidisciplinary
care concept is needed. Therefore, in addition to pain
and physical issues, the consideration of psychosocial
factors is recommended. The dental care of patients with
RRT should not only be a physical, surgical treatment
but also part of comprehensive medical care. An appro-
priate sensibilization for the relevance of oral care is
needed, because patients have a high burden due to their
general disease/therapy and rate oral health as a field of
low importance [63]. Moreover, patients’ emotional situ-
ation and well-being should be recognized in dental care
within an interdisciplinary model.

Furthermore, several recommendations for future re-
search of the OHRQoL of patients under RRT can be
provided. The reliability of the applied questionnaires,
especially OHIP 14, was appropriate (Cronbach’s «o
0.73-0.96). This questionnaire can be recommended,
but the original scoring [44] should be applied to ensure
comparability with the literature. Moreover, clinical oral
examination should include remaining teeth, periodontal
diseases and salivary flow, which should be investigated
in relation to OHRQoL. The assessment of HRQoL and
disease related parameters is also recommended. The
analysis of OHRQoL should be performed for sum score
and subscales. Reference values for patients under RRT
would also be helpful to interpret the findings. Addition-
ally, a minimally important difference to interpret the ef-
fects on OHRQoL [64] should be determined in future.

Strengths and limitations

This systematic review followed the PRISMA statement
and was performed by two independent reviewers. Fur-
thermore, it is the first review focusing on the OHRQoL
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Disease related
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construct; the clinical interrelation is far more complex
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Fig. 4 OHRQoL of patients undergoing HD is complex. Different oral health as well as disease-related parameters affect different dimensions of
OHRQoL. Furthermore, disease-related factors affect the oral health situation of the patients and, in consequence, OHRQoL. While pain and
function is primarily affected by oral health, the psychosocial impact is affected by oral conditions and disease related parameters. Diabetes as a
disease-related parameter can cause diabetic neuropathy in the oral cavity and might influence the pattern pain. This figure is just a simplified
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of patients under RRT. Several limitations need to be ad-
dressed. The heterogeneity of included studies must be
mentioned. Different countries with different health-care
systems must be mentioned. Additionally, different
reporting of OHRQoL limits the comparability. Al-
though we attempted to adapt the results for compari-
son in this review, this study has only limited
meaningfulness. The analysis was only qualitative, and
no meta-analysis was performed. Moreover, the body of
literature is quite small. Thus, only 12 studies were in-
cluded in this systematic review. The inclusion of both
HD and KTx and the absence of findings for patients
with peritoneal dialysis limits the ability to draw conclu-
sions on the OHRQoL of patients under RRT. Because
the majority of studies examined patients under HD, the
conclusions made are primarily supported for this type
of RRT, while for the other types of RRT, more studies
would be needed. Furthermore, longitudinal data regard-
ing changes to OHRQoL during RRT and potential posi-
tive effects of dental care measures are not yet available.

Only one study followed a prospective design from pre-
dialysis to kidney transplantation [25].

Conclusions

Patients under RRT (HD and KTx) suffer from a re-
duced OHRQoL, which is potentially influenced by
oral health and disease-related parameters in a com-
plex interrelationship. Improvement in dental care is
needed, whereby an interdisciplinary model is needed,
which should consider both physical and psychosocial
issues. Within a multidisciplinary team, including
dental, medical and psychological staff, patients
should be sensibilized for oral health and receive indi-
vidualized therapy, if necessary. Future studies in the
field should use comparable methodology, should
consider oral health alongside disease-related parame-
ters and should aim to determine the reference values
and minimally important differences of OHRQoL
measurement in patients under RRT.
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