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Abstract

Background Chronic kidney disease (CKD) directly affects oral health. Yet data about halitosis in young CKD patients
and the impact of dental prophylaxis is limited. Therefore, as part of this randomized clinical trial, halitosis in young
CKD patients undergoing intensive or standard oral preventive procedures was to be explored.

Methods Three volatile sulfur compounds (hydrogen sulfide, methyl mercaptan and dimethyl sulfide) were
measured in 30 young patients with CKD (mean age 14.2 years; 16 males, 14 females). Breath samples were taken after
3 and 6 months and analyzed with selective gas chromatography (OralChroma). Tongue coating (Winkel Index) and
clinical indices to determine local inflammation or oral hygiene (Papillary Bleeding Index and Quigley-Hein Index)
were assessed. Within an extended anamnesis, patients and their mothers and nurses were questioned about the
perceived halitosis. Corresponding quotes were noted verbatim. Patients were randomized to either intensive need-
related oral health care measures (oral preventative program, OPP) or a one-stage standard prevention (treatment as
usual, TAU).

Results While there were no differences in volatile sulfur compound levels between TAU and OPP at the three time
points of measurements (p > 0.05), there was a tendency towards a reduction in dimethyl sulfide and hydrogen sulfide
of affected patients within the OPP group over time. Looking at potential differences between both groups with
regard to tongue coating, significant differences were observed between baseline and 3 months after study start

in the OPP group, and between baseline and 6 months after study start in the TAU group (p <0.05). The burden of
halitosis was frequently reported by patients' mothers and nurses.

Conclusions Young CKD patients regularly suffered from halitosis and dimethyl sulfide was its main source.
Preventive measures mainly resulted in a reduction of tongue coating. Trial registration: The German Clinical Trial
Register (# DRKS00010580).
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Background

Halitosis generally affects a large proportion of humans,
either in the short or long term. The reported preva-
lence of halitosis varies greatly and lies between 8% and
45% in young patients [1-3]. The inconsistency could be
due to the lack of standardization in halitosis detection
and threshold criteria [4]. Only limited data is available
about the prevalence of halitosis in children and adoles-
cents [5], but there are reports that halitosis appears to
be particularly challenging in adult patients with chronic
kidney disease (CKD) [5].

In general, oral malodor is caused by a high local con-
centration of intraoral microbial populations, particu-
larly those on the tongue biofilm, as well as the biofilms
associated with teeth and periodontal tissue [6]. Halito-
sis is linked to poor oral hygiene, dental plaque, caries,
gingivitis, stomatitis, periodontitis, tongue coating and
oral carcinoma. Up to 90% of all cases of bad breath are
due to disorders in the oral cavity caused by anaerobes
[7]. The sulfur-containing amino acids cystine, cysteine
and methionine are degraded to the foul-smelling vola-
tile sulfur compounds (VSC) hydrogen sulfide (HS) and
methyl mercaptan (MM). While dimethyl sulfide (DMS)
seems to be only a minor component of oral malodor, it is
caused by conditions other than those already mentioned
[7]. Among the odor-intensive intraoral volatile sub-
stances, extra-oral odorous volatiles can be absorbed into
the bloodstream from any source in the body (e.g. mouth,
stomach, intestine and liver) and later transmitted to the
alveoli [8]. Pulmonary excretion of these volatiles into
the respiratory air then results in halitosis when the mal-
odorous volatiles are present in objectionable concentra-
tions in the breath [7]. A so-called extra-oral blood-borne
halitosis, comprising 5-10% of all cases of bad breath,
can generally be caused by some systemic diseases, meta-
bolic disorders (such as hepatic failure, liver cirrhosis
uremia, diabetic ketoacidosis, diabetes mellitus), medica-
tion intake or food consumption (e.g. garlic or onion) [2,
9]. Individuals with halitosis are often burdened by psy-
chosocial impairments [10, 11] and consequently a low
oral health-related quality of life [12].

In patients with advanced CKD, an ‘uremic fetor’ can
frequently be detected, which is mainly attributed to the
exhalation of ammonia, dimethylamine and trimeth-
ylamine. In this context, intraoral conditions such as
gingivitis are also regularly observed. Although many
cross-sectional studies have been performed to dem-
onstrate that higher VSC values are present before gin-
givitis treatment than after, randomized clinical trials
are needed [13]. Due to limited data in young patients
[14], especially in diseased children and adolescents, it
remains questionable whether elevated concentrations
of HS, MM and DMS are detectable and whether these
gases can be reduced by the treatment and need-based

Page 2 of 10

prophylaxis of gingivitis. Furthermore, the clinical signif-
icance of possible halitosis has to be determined in terms
of self- and proxy-reported potential impairments due to
noticeable bad breath.

In this secondary analysis of a longitudinal study, in
which a need-based prophylaxis program for gingivitis
management in young CKD patients was applied, the aim
was to determine whether increased VSC values were
present in young CKD patients. In addition, associations
between gingivitis, gingivitis-relevant indices, tongue
coating and halitosis VSC values were investigated. The
influence of a prophylaxis program on VSC scores was
longitudinally evaluated, with a particular focus on the
Winkel Index after tongue cleaning [15].

Thus, the purpose of this part of this randomized clini-
cal trial was to evaluate the existence of halitosis in young
CKD patients and determine the significance of individ-
ual VSC components before and after an oral health pre-
vention program.

Methods

Study design

This secondary analysis was part of a clinical trial which
was performed as a prospective, single-center, random-
ized controlled clinical trial (see CONSORT checklist).
The effects of an intensive oral prophylaxis program
(=OPP) were compared with standard statutory health
insurance prophylaxis (treatment as usual=TAU) on hal-
itosis among young patients with renal insufficiency. OPP
included instructions related to tongue cleaning, among
others. The trial was approved by the Ethics Committee
of the Faculty of Medicine at the University Hospital of
Cologne (#15-264) and recorded at The German Clinical
Trials Register (#DRKS00010580).

Patient recruitment and randomization

Patients were initially screened for study enrollment by
pediatric nephrologists and then pediatric dentists, and
randomly assigned to the intervention or control group
via a computer-guided program, TENALEA (ALEA,
Abcoude, NL). Patients attending the Department of
Pediatric Nephrology at the University Hospital who
fulfilled the following inclusion criteria were enrolled
in the study: patients with CKD grade 1-5 according
to the ‘Kidney Disease: Improving Global Outcomes’-
(KDIGO)- classification [criteria for advanced CKD
according to the glomerular filtration rate and albumin-
uria [16]], patients undergoing conservative treatment,
and those already transplanted or dialyzed; patients with
gingivitis. Any signs of acute infection and/or fever or
antibiotic treatment in the 14 days prior to participa-
tion were defined as exclusion criteria. This decision was
made by the treating pediatric nephrologists based on
clinical parameters and blood tests. Figure 1 shows the
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[ Enroliment ] Assessed for eligibility (n= 34)
Excluded (n=4)
+ Declined to participate (n= 4)
Randomized (n= 30)
. [ Allocation ] A4
Allocated to intervention (n=15) Allocated to control (n=15)
+ OPP group with need-related prophylaxis + TAU group
appointments
Y [ Follow-Up }
Lost to follow-up (personal reasons) (n=1) Lost to follow-up
(medical reasons for transplantation) (n= 1)
l [ Analysis |

Analyzed regarding baseline values (n= 15)

Analyzed regarding recall values (n=13/14)

Fig. 1 CONSORT flow chart

CONSORT flow chart and Fig. 2 highlights the timeline
of this study.

Study measures

The main parameters studied were the VSCs HS, DMS
and MM, measured by gas chromatography (Oral-
Chroma™ CHM-1) and the Winkel Tongue Coating Index
[15] as well as the Quigley Hein Index (QHI) and the Pap-
illary Bleeding Index (PBI) at three time points: baseline,
3 months after dental prophylaxis, 6 months after base-
line. At baseline, an intraoral dental examination, includ-
ing dmft/DMFT caries diagnostics (according to the
International Caries Detection and Assessment System)
was performed. Caries restorative measures were car-
ried out when needed. The focus of this paper lies on the
halitosis-related measurements such as VSCs and Winkel
Index. OralChroma uses an indium oxide semiconductor
gas sensor; it does not require a carrier gas like conven-
tional gas chromatographs, but instead uses room air as

Analyzed regarding baseline values (n= 15)

Analyzed regarding recall values (n=13/14)

a carrier for the chromatography column. To ensure the
validation of VSC measurements, the OralChroma device
was calibrated by the manufacturers (Abilit Corporation,
Japan) before the study began according to their guide-
lines. OralChroma has been described as one of the
most appropriate methods to detect halitosis of differ-
ent origins (intra- and extra-oral halitosis) [17]. Patients
were instructed to refrain from foods containing garlic,
onion and spices 24 h prior to measurements. Further-
more, tooth brushing, mouth rinsing or chewing gum
were only permitted up to 1 h prior to measurements.
All measurements were supposed to take place in the
mornings and were carried out by the same examiners
(KH and IG). For sample collection, a disposable syringe
(0.5 mL) was inserted two-thirds into the patient’s oral
cavity for 30 s. The plunger was slowly pulled out and
pushed back in twice more, before the definitive sample
was taken and injected into the analyzer. After processing
was completed, the concentration of VSC was visualized
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Randomized n=30

Baseline dental Screening
and Randomization

Allocated to intervention group

1strecall (~ 3 months)

Intensive prophylaxis group (OPP)
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2 recall
(3 months after 1strecall
~ 6 months after baseline)

Intensive prophylaxis group (OPP)

(n=15, OPP group) + Istrecall appointment e 2"recall appointment
* 1-4 weekly need-related prophylaxis appointments (lost to follow up n=1, due to personal reasons) * Evaluation of oral health (PBI and
+ FEach session included: oral hygiene instructions » Oral hygiene instructions (including bass QHlI), standardised motivation and

(including bass technique and demonstration of
interdental cleaning) followed by professional
mechanical plaque removal (PMPR) with rubber cup
and polishing paste, evaluation of oral health (PBI and
QHI) and fluoridation

Allocated to control group (n=15,TAU group)

* 1 appointment (according to the services of the .
statutory health system) .

* Evaluation of oral health (PBI and QHI), standardised
motivation and instruction (Bass technique,
interdental cleaning), fluoridation

¢ Oral

Fig. 2 Timeline of the study

in parts per billion (ppb) by the OralChroma Data Man-
ager software package. As the cognitive threshold values
are reported differently in the literature, relevant limits of
detection were chosen as 95 ppb for HS, 12 ppb for MM
and 24 ppb for DMS, in accordance with Tangermann
und Winkel [18].

In addition, the Tongue Coating Index according to
Winkel was measured. For this Winkel Index, the tongue
was imaginarily divided in six areas- three anterior and
three posterior parts. Tongue coating was then scored as
0=no coating, 1=light coating or 2=severe coating; in
general, a score between 0 and 12 is the result [13].

Furthermore, short, narrative interviews were con-
ducted with all patients and their mothers mainly
regarding self-perceived oral malodor in the course of
an extended anamnesis in order to determine potential
impairments due to possible halitosis. In addition, five
nurses were asked about their perceptions of halitosis
in young CKD patients during study-related visits at the
CKD unit. Quotes from these discussions were recorded
verbatim. The qualitative content analysis was performed
by two experienced researchers (KH and IG) according to
Mayring [19] and revolved around the (perceived) pres-
ence of halitosis.

The dental examinations were conducted by two cali-
brated specialized pediatric dentists. Within the first
part of the study, the test group (oral preventative pro-
gram=O0OPP) received one to four need-based prophy-
laxis sessions until gingivitis improved (according to
PBI, no bleeding) while the control group (treatment as
usual=TAU) received one dental prophylaxis session

technique and demonstration of interdental
cleaning) followed by PMPR with rubber cup and
polishing paste, evaluation of oral health (PBI
and QHI) and fluoridation

Treatment as usual group (TAU)
1strecall appointment .
One single intensive prophylaxis appointment

(waiting group design)
hygiene
technique and demonstration of interdental .
cleaning) followed by PMPR with rubber cup and

polishing paste, evaluation of oral health (PBI

and QHlI) and fluoridation

instruction (Bass technique,
interdental cleaning), fluoridation

Treatment as usual group (TAU)

Recall after single intensive
appointment (lost to follow

up n=1, due to medical reason

for transplantation)

Evaluation of oral health (PBI and
QHI), standardised motivation and
instruction (Bass  technique,
interdental cleaning), fluoridation

instructions  (including  bass

that was adapted to the guidelines of the statutory health
insurances with the means of motivational instruction in
a professional dental setting. All patients received indi-
vidualized oral hygiene instructions including the bass
technique and a demonstration of interdental cleaning. 3
months after the study onset, all included patients were
re-examined and the control group received a single, sup-
plementary, single intensive prophylaxis session (includ-
ing professional mechanical plaque removal). The final
examination of all study patients took place 6 months
after the trial had started (Fig. 2). For the secondary anal-
ysis focusing on halitosis, the test group (OPP) was regu-
larly instructed to perform mechanical tongue cleaning,
which was regularly examined using the Winkel index.
The control group (TAU) also received the instruction for
mechanical tongue cleaning after 3 months.

Sample size calculation

The present study focused on halitosis as a secondary
endpoint; the sample size was calculated for the primary
endpoint gingivitis (PBI), using the statistical software
package (G* Power, University Diisseldorf). The following
a priori parameters were used: expected reduction in gin-
givitis [20] of 1 PBI value with a standard deviation (SD)
0.7 and non-normally distributed values (non-parametric
tests), two-sided analysis, probability of error of 5% and
a power of 80%, and a high dropout rate. The calculation
resulted in a total of 24 patients, with an additional six
assumed drop-outs, which resulted in a two-armed study
with 15 patients per group.
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Statistical analyses

All statistical analyses were performed using IBM SPSS
Statistics 28 (IBM Corp. Released 2021, IBM SPSS Statis-
tics for Windows, Version 28.0. Armonk, NY: IBM Corp).
Patient and treatment characteristics were compared by
the Mann-Whitney U test for continuous variables and
Pearson’s chi-square tests for categorical variables where
appropriate. Differences in DMS, HS, MM and Winkel
Index between the test and the control group at baseline,
3 and 6 months were analyzed using the Mann-Whit-
ney U test. Wilcoxon rank-sum tests were performed to

Table 1 Baseline demographic and clinical characteristics

Total OPP TAU p-
(n=30) (n=15) (n=15) value
Sex 0.143¢
male 16(533) 10(66.7) 6 (40)
female 14 (46.7)  5(33.3) 9 (60)
Age in years 0.539°
mean+SD 142+52 135+£49 149455
range 6-26 6-21 7-26
Dentition 0456
mixed 12 (40) 7(46.7) 5(33.3)
permanent 18 (60) 8(53.3) 10 (66.7)
DMFT/dmft 0.935°
mean +SD 06£10 0610 07+£10
PBI
baseline 1.1+0.7 1.0+£06 1.1+08  0935°
after 3 months 05+0.7 0.1+0.1 1.0+0.7
after 6 months 03+02 02+0.1 04+03
QHI
baseline 25409 26+10 23409 0233°
after 3 months 14+10 07£05 21408
after 6 months 10+06 08+£06 1.2+06
Primary disease 0.085¢
CAKUT 11(36.7)  8(53.3) 3120]
Glomerulopathy 9[30] 2(133) 7 (46.7)
Ciliopathy 7(233) 3[20] 4(26.7)
Systemic disease 1(3.3) 0(0) 16.7)
Renovascular 0(0) 0(0) 0(0)
Others 2(6.7) 2(133) 0(0)
Therapy 0.606 ¢
Conservative 7(23.3) 2(133) 5(333)
Dialysis 3[10] 2(13.3) 1(6.7)
Post-transplant 20 (60) 11(66.7)  9(53.3)
Medication
Immuno-suppression 22(733) 11(733) 11(73.3)
Cyclosporin 5(16.7) 3[20] 2(133)
Amlodipine 17 (56.7)  8(53.3) 9 (60)
Ramipril 11(36.7) 6 (40) 5(334)
Amlodipine + ramipril 4(13.3) 2(133) 2(133)

9 Pearson’s chi-squared test; ©° Mann-Whitney U test. CAKUT, congenital
anomalies of the kidney and urinary tract; OPP, oral preventive program; PBI,
papillary bleeding index; QHI, Quigley-Hein plaque index; TAU, treatment
as usual. Characteristics for categorical variables are presented as n (%),
continuous variables as mean*standard deviation (SD)
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detect significant changes in DMS, HS, MM and Winkel
Index within groups at different time points. Further-
more, correlation analyses were performed to identify
correlations between the parameters of interest. Statisti-
cal significance was set at p<0.05.

Results

Patients

30 patients were enrolled (#=15 per group). The mean
age was 13.5 years in the OPP group (10 males, five
females) and 14.9 years in the TAU group (six males,
nine females) (Table 1). No statistically significant dif-
ferences were detected between females and males at
any of the three time points with regard to VSC gases or
tongue coating (p>0.05). The most frequent chronic kid-
ney diseases among the included patients were congeni-
tal anomalies of the kidney and urinary tract (CAKUT)
(OPP group n=8; TAU n=3), glomerulopathies (OPP
n=2; TAU n=7) and ciliopathies (OPP n=3; TAU n=4).

Volatile sulfur compounds

After analysis of all patient data, a mean HS level of 102.1
ppb (SD 303.9; range 0-1633.5; mean levels of 50.0 ppb in
OPP and 154.1 ppb in TAU group) was observed for both
groups at baseline. The HS level was 175.4 ppb (SD 676.0;
range 0-3475.5) after 3 months and 62.6 ppb (SD 132.7;
range 0-505.0) after 6 months.

At baseline, the mean MM level was 31.7 ppb (SD
106.5; range 0-581.5; mean levels of 17.1 ppb in OPP and
46.2 ppb in TAU group) within both groups at baseline,
22.6 ppb (SD 57.2; range 0-246.0) after 3 months and 22.3
ppb (SD 43.1; range 0-203.5) after 6 months.

For DMS, a mean of 47.3 ppb (SD 42.4; range 0-148.5;
mean levels of 46.2 ppb in OPP and 48.4 ppb in TAU
group) was observed at baseline. After 3 months and 6
months, the mean DMS levels were 74.6 ppb (SD 118.6;
range 0-499.0) and 63.3 ppb (SD 134.9; range 0-679.0),
respectively.

Table 2 shows all measured VSCs in both groups for
the three relevant points of time.

Table 3 shows the distribution of “affected” and “not
affected” patients with regard to the previously described
thresholds of clinically noticeable halitosis, grouped for
the three VSCs of interest in the OPP and TAU groups.
While no statistically significant differences in VSC lev-
els were found between TAU and OPP at the three time
points, there was a tendency towards a reduction in DMS
and HS in affected patients within the OPP group over
time (for DMS: 67% affected at baseline, 46% at 3 months
and 29% at 6 months; for HS: 13% affected at baseline, 8%
at 3 months and 7% at 6 months). No reduction in ppb
counts were detected for MM in either group (Table 3).
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Table 2 OralChroma™ VSC measurements at baseline, 3 and 6 months in young CKD patients

Patient Dimethyl sulfide (ppb) Hydrogen sulfide (ppb) Methyl mercaptan (ppb)
ID/group  Baseline 3 months 6 months Baseline 3 months 6 months Baseline 3 months 6 months
OPP

9(% 0 197 110 0 0 4 0 0 39
19 0 0 0 0 31 2 0 0 0
28 12 m.v. m.v. 232 m.v. m.v. 53 m.v. m.v.
10 21 m.v. 0 14 m.v. 0 0 m.v. 0
23 21 342 0 0 0 0 0 165 18
21 40 73 0 1M 43 0 0 43 5

2 48 0 21 4 46 0 0 0 0
33 48 0 0 0 23 266 0 0 204
1 49 0 36 Il 4 0 5 0 10
16 49 499 28 0 138 14 0 246 0
13 61 12 0 35 10 2 0 0 0
24 64 96 446 19 15 95 0 0

8 69 149 83 0 0 0 0 0 0
29(%) 84 0 12 0 0 0 43 0 0
32 130 12 0 0 0 61 62 0 107
TAU

5 0 24 0 158 101 58 10 24 10
7 0 73 21 74 78 4 0 18 0
18 0 21 42 0 13 2 0 10 10
20 0 0 0 13 0 18 0 0 0
22 0 36 115 11 71 356 0 0 58
17 12 0 33 0 0 0 0 0 19
12 21 84 120 111 264 21 27 65 31
26 42 0 100 133 0 347 31 0 0
34 42 178 679 1634 3476 505 582 0 43
25 64 40 0 19 129 0 0 18 0

3 77 28 42 15 105 58 41 0 5

31 95 m.v. 303 35 m.v. 0 0 m.v. 47
M 100 m.v. 95 16 m.v. 23 5 m.v. 23
30 127 0 0 23 12 0 0 0 0
14 149 79 0 71 0 0 0 0 0

Measurements above threshold according to Tangermann and Winkel highlighted in bold * Chlorhexidine mouthwash after baseline within the TAU group; m.v.

missing value

Winkel index

The mean Winkel Index scores within both groups were
5.5 (SD 2.2) at baseline, 3.3 (SD 2.5) after 3 months and
2.9 (SD 1.8) after 6 months.

When looking at potential differences between both
groups, a significant reduction in the mean Winkel Index
score was observed between baseline and 3 months after
study start for the OPP group, and between baseline and
six months after study start for the TAU group (Fig. 3).

At baseline, HS and MM levels correlated with Win-
kel Index scores (Pearson’s r 0.544, p=0.003 and 0.553,
p=0.002, respectively), meaning that higher HS and MM
levels were associated with higher Winkel Index scores;
a strong correlation was also found between HS and
MM (Pearson’s r 0.977, p<0.001). Furthermore, HS lev-
els correlated with Winkel Index scores after 3 months
(Pearson’s r 0.425, p=0.043). DMS showed no noticeable

correlation with Winkel Index scores or the other two
VSCs at any time point.

At baseline, Winkel Index scores correlated with mean
PBI scores (Pearson’s r 0.395, p=0.038). This correlation
proved to be more profound 3 months after study start
(Pearson’s r 0.676, p<0.001). After 3 months; there was
also a correlation between Winkel Index scores and mean
QHI scores (Pearson’s r 0.797, p<0.001). Six months after
study start, QHI scores correlated with Winkel Index
scores (Pearson’s r 0.648, p<0.001).

Patient- and proxy-reported halitosis and impairments

Reports from patients and mothers about perceived hali-
tosis and its possible impairments differed greatly. None
of the included CKD patients reported self-perceived hal-
itosis, in contrast to most of their mothers (n=25). Moth-
ers reported bad breath at different points during the day,
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Table 3 Patients affected by clinical noticeable halitosis vs. DMS, HS and MM status
OPP Total OPP  TAU affected Total TAU Total affected Total p-value:

affected OPP vs. TAU
Dimethyl sulfide  Baseline Count 10 15 8 15 18 30 0.710
(threshold: 24 % within group 67 53 60
PPb) After 3 months ~ Count 6 13 8 13 14 2% 0695
% within group 46 62 54
After 6 months  Count 4 14 9 15 13 29 0.139
% within group 29 60 45
Hydrogen sulfide  Baseline Count 2 15 4 15 6 30 0.651
(threshold: 95 % within group 13 27 20
PPb) After 3 months  Count 1 13 5 13 6 26 0.160
% within group 8 39 23
After 6 months  Count 1 14 3 14 4 28 0.596
% within group 7 21 14
Methyl mercaptan Baseline Count 4 15 4 15 8 30 1.0
(threshold: 12 % within group 27 27 27
PPb) After 3 months  Count 3 13 4 13 7 % 10
% within group 23 31 27
After 6 months  Count 4 14 6 14 10 28 0.695
% within group 29 43 36

p-value according to Fisher’s Exact Test between OPP and TAU, significance at 5%. DMS, dimethyl sulfide; HS, hydrogen sulfide; MM, methyl mercaptan; OPP, oral
preventive program; TAU, treatment as usual

Group: OPP Group: TAU
Winkel Index Winkel Index Winkel Index Winkel Index Winkel Index Winkel Index
baseline 3 months 6 months baseline 3 months 6 months
4 Mean Rank =2.89 Mean Rank = 1.32 Mean Rank = 1.79 4 Mean Rank =2.81 Mean Rank =2.00 Mean Rank =1.19
3 3
2 2
g 5
x 2 x 2
1 1
024628101202 4 6 8101202 4 6 810 12 01234560123456012 3 456
Frequency Frequency Frequency Freq y Freq y Frequency

Fig. 3 Winkel Index at baseline and after 3 and 6 months for both groups. P-value according to Friedman's two-way analysis of variance by ranks, signifi-
cance at 5%

Yes, my son often smells unpleasantly out of his

but were not able to differentiate specific malodors such mouth. He seems to not notice it himself and when I
as uremic breath. Some of the questioned mothers found recognize it, [ mean, the bad breath, I often tell him
that tooth brushing reduced halitosis in their children. to brush his teeth more frequently. He doesn’t want
None of the mothers who thought that their child suf- to hear this, of course, because he has so much to
fered from halitosis reported psychosocial impairments think and care about due to his illness. But healthy
due to bad breath. teeth and a pleasant breath are so important, too!

On the other hand, I don’t have the feeling that he’s
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being isolated or else because of this smelling-issue
by his friends. So, sometimes, I just let him be and
don’t bother him even more; the poor kid.

All of the nurses who were asked in the course of CKD
unit visits found that halitosis was frequently present in
young CKD patients in general, as well as in the included
patients. All of them found that the bad breath possibly
accounted for a reduced quality of life.

These kids suffer from bad breath frequently. I am
not sure where it comes from, but I think it's way
more often than in kids without CKD. I just think
that the CKD and its therapy takes up their whole
life and so they do not really bother about smelling
out of their mouths. Then again, I sometimes have
the feeling, that especially young girls are not happy
with their bad breath and maybe, their shyness and
seclusion results from this condition.

One nurse talked about specific CKD patients who not
only suffered from halitosis, but also from unpleasantly
perspiring feet without noticing. Interestingly, another
nurse reported, that in some patients, the longer their
dialysis had been in the past, the more they suffered from
halitosis.

Discussion

According to this subanalysis of a randomized clinical
trial, young CKD patients are affected by halitosis. In
adult patients with CKD, halitosis is already a well-doc-
umented problem compared to healthy individuals [5],
which apparently occurs in children and adolescents at
the onset of the disease. In this secondary analysis of the
present study, OralChroma measurements were focused
on. Patients with CKD showed halitosis at baseline. Yet
no differences in VSC levels were found between inter-
vention and control group during the course of the study.
Due to randomization, the initial mean VSC scores for
HS and MM were unintentionally higher in the TAU
group than in the OPP group. Table 2 demonstrates how
few statistical outliers lead to such differences, which
were not clinically relevant (Table 3). Among all VSCs,
DMS seemed to be the main source of halitosis within
the study participants. As high DMS levels are usually
present in the context of extra-oral, blood-borne hali-
tosis, it was not surprising that these ppb levels did not
significantly improve after intense dental prophylaxis
measures.

Yet there was a tendency towards a reduction in DMS
and HS in affected patients with values representing
clinically-noticeable oral malodor within the OPP group
over time. When looking at potential differences between
both groups with regard to tongue coating, significant
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differences were observed between baseline and 3 months
after study start for the OPP group, and between base-
line and 6 months after study start for the TAU group.
Thus, an adequate oral hygiene prophylaxis program — as
in the OPP group — seemed to contribute to decreased
VSC levels. Although not tested within this study group,
recent results of a meta-analysis by Szalai et al. showed
that the additional use of chlorine dioxide mouthwashes
play an important role in the supportive treatment of
halitosis, especially for patients with elevated HS lev-
els [21]. Additionally, and in line with previous research
[22], results from the current study indicated high tongue
coating levels at baseline that correlated significantly with
high PBI and/or QHI scores [23].

Despite the existing gingivitis of the study patients,
MM was not the main volatile component. Although the
reduction in DMS was not significant, it appears reason-
able to pursue dental prevention to reduce both gingivitis
and oral gases. Successful prevention of gingivitis with
a needs-related program can prevent or delay onset of
periodontitis as another possible cause of VSC source,
especially for this vulnerable group of patients. The typi-
cal “uremic fetor” is frequently associated with advanced
CKD, mostly due to exhalation of ammonia, dimethyl-
amine and trimethylamine [24]. As kidney dysfunctions
lead to impaired removal of waste products from the
blood, urea and creatinine (among others) are metabo-
lized to ammonia. Excess ammonia, as well as nitrogen-
containing volatile compounds like methylamines, can
diffuse into the lungs and are shown in higher concentra-
tions in the breath of end-stage CKD patients compared
to healthy controls [25, 26]. Whereas in the vast majority
of adult CKD patients, ageing and/or lifestyle-associated
comorbidities have to be considered and may bias the
results, these issues are less relevant in pediatric CKD
patients [27].

Another focus of the present study was to investi-
gate the self-perceived oral malodor in the course of an
extended anamnesis of the included patients and their
mothers at the dental clinic. Listening to patient per-
spectives and experiences, especially those of children,
seems to be a highly necessary aspect of patient-cen-
tered care of chronic diseases [28]. While halitosis was
regularly reported by mothers and confirmed by pro-
fessionals (e.g. nurses), the patients themselves did not
speak about potential halitosis and did not regard it as
a problem. Missing self-perception could be a result of
adopted social desirability in an effort to achieve social
acceptance [29]. It is a known phenomenon that care-
givers may rate their children’s quality of life lower than
the children with CKD themselves, since caregivers may
expect an uncertain and difficult future for these chil-
dren. Children with CKD, on the other hand, may view
their life situation more positively than their caregivers
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due to their temporal orientation to the present [30]. In
addition, young CKD patients often suffer from multiple
symptoms due to their illness, and are not able to differ-
entiate or specify one particular healthcare problem like
halitosis [28, 31-33]. Most often, the main caregivers are
the mothers of affected children, as in the current study,
and are very sensitive at detecting distress in their chil-
dren [30].

This study has some limitations. Because this was a sec-
ondary analysis within this interdisciplinary randomized,
controlled trial, the sample size calculation did not focus
on halitosis or, in specific, VSC measurements. Yet, mea-
surements (in ppb) are presumably even more precise
and selective than clinical indices as PBI. Furthermore,
the difficulty of controlling highly individual VSCs can
be critically discussed. This was accounted for through
instructing all study participants regarding food and oral
hygiene prior to study measurements. Yet, it cannot be
completely ruled out, that potentially hidden spice/herb
additions to snacks or convenience foods might have still
influenced VSCs to some extent. Additionally, it would
have been beneficial to explore not only tongue coating
and VSCs, but also organoleptic measurements as they
have been described to be highly sensitive [34]. Since
halitosis was a secondary endpoint we refrained from
integrating even more study-related expenses for study
participants, holding the fact, that young patients with
CKD already undergo numerous medical examinations
due to their disease.

The results of this subanalysis of a randomized clinical
trial highlight the significance of halitosis in young CKD
patients. It is highly important to deal with the type of
disease and treatment in this vulnerable patient group.
Furthermore, optimal daily oral hygiene and an adequate
oral hygiene prophylaxis program might contribute to
decreased VSC levels in young CKD patients, reducing
the burden of the multifactorial medical condition of
these patients.

Conclusions

Children, adolescents and young adults with CKD regu-
larly suffer from halitosis. The burden of increased hali-
tosis is perceived by parents and staff of affected patients.
Dimethyl sulfide is the main source of this extra-oral
blood-borne halitosis resulting from CKD, which could
not be significantly reduced in the present study, even
after intense dental prophylaxis measures. The main
effect of preventive measures resulted in a reduction of
tongue coating and consequently in a tendency towards
reduced hydrogen sulfide concentrations but methyl
mercaptan concentrations were unaffected.

Abbreviations
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CKD Chronic kidney disease
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