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Abstract

To investigate whether tongue cleaning as a component
of oral care affects the fasting plasma desacyl ghrelin
concentrations in elderly people with the peak
expiratory flow (PEF) as the measure of coughing
ability. This randomized controlled trial was conducted
in Kitakyushu, Japan from July 2017 to November
2018. We randomly assigned 52 enrolled Japanese
subjects from three nursing care facilities to a routine
oral care group (control group) and an oral care with

twice-daily tongue cleaning group (intervention group).
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Before and after 6 weeks of each version of oral care,
the PEF of each subject was measured and blood was
collected. A final total of 48 subjects (39 females, 9
males, mean £+ SD age 88.4+7.5 years) was analyzed.
The PEF increased significantly in the intervention
group (1.62+0.89 L/s to 2.07+1.09 L/s) but not in the
control group (1.76 £1.05 L/s to 1.53+0.67 L/s). The
fasting plasma desacyl ghrelin concentrations in the
intervention group did not
(181+£102 fmol/mL to 175+98 fmol/mL) whereas

those in the control group decreased significantly

change significantly
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(168 =114 fmol/mL to 142+ 72 fmol/mL). The change
of the plasma desacyl ghrelin concentration was
significantly correlated with the change in albumin
(correlation coefficient =0.292, p<0.05), but not with
that in PEF. Tongue cleaning accompanied by improved
coughing ability seemed to help prevent the decrease in
the fasting plasma desacyl ghrelin concentration in very

elderly individuals.

Keywords: Dental care; Ghrelin; Appetite regulation;
Elderly 80 and over

1. Introduction

With the increasing interest in oral care, the prevalence
of tongue cleaning is expanding [1]. Tongue cleaning is
usually performed to remove tongue coating, and it is
thus thought to contribute to oral bacterial control and
halitosis management. It was recently reported that
tongue cleaning exerts several other positive effects on
an individual's oral status and even body condition, i.e.,
increasing the perceived intensity of salty taste [2],
combating gingival inflammation [3], and improving
digestive power [4]. In 2016, lzumi et al. reported that
tongue cleaning added to routine oral care improved the
peak expiratory flow (PEF), an index of coughing
ability that is known to be involved in the onset of
aspiration pneumonia [5]. Regarding the mechanism
underlying the increase in the PEF by tongue cleaning,
they noted that coughing and the tongue are both
controlled by the glossopharyngeal and vagus nerves.
Their study was the first to demonstrate that stimulation
of the tongue may affect the body's respiratory function
through the nerve system. Ghrelin is an endogenous
ligand for the growth hormone secretagogue receptor,
and it stimulates the release of growth hormone [6]. It is
a 28-amino-acid peptide hormone secreted mainly from
the stomach, and the secretion of ghrelin increases the
body's appetite for food; circulating ghrelin levels rise
before meals and rapidly decline after eating or a
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gastrointestinal infusion of nutrients. In rats, an

intracerebroventricular injection of ghrelin  was
confirmed to strongly stimulate feeding and to increase
the rats' body weight gain. Ghrelin was also shown to
have numerous central and peripheral actions, including
the stimulation of gut motility and gastric acid secretion;
the modulation of sleep, taste sensations and reward-
seeking behavior; the regulation of glucose metabolism,
the suppression of brown fat thermogenesis, the
modulation of stress and anxiety, protection against
muscle atrophy, and the improvement of cardiovascular
functions such as vasodilatation and cardiac contractility
[6]. Of ghrelin's many effects, protection against muscle
atrophy would be beneficial for elderly people, in whom
frailty and sarcopenia are serious concerns. In a study
using mice, ghrelin impaired muscle atrophy [7] and in
humans, treatment with an oral ghrelin mimetic, MK-
677 (ibutamoren) resulted in a significantly higher
increase in the fat free mass compared to a placebo [8].
Two major forms of ghrelin exist in blood: n-octanoyl-
modified ghrelin (acyl ghrelin) and desacyl ghrelin. The
acylated form is essential for the above-mentioned
biological activities of ghrelin. Desacyl ghrelin has been
considered the degradation product of acyl ghrelin
without biological activities [9], but it was recently
reported to prevent muscle atrophy in mice, as did acyl
ghrelin  [7].

bloodstream at much higher concentrations than acyl

Desacyl ghrelin circulates in the
ghrelin, due to the shorter half-life of acyl ghrelin and
plasma ghrelin diacylation [10]. The desacyl ghrelin
concentration is thus speculated to be an indicator of
acyl ghrelin secretory function [9,11]. Appropriate oral
care is known to contribute to elderly people's health as
it helps prevent aspiration pneumonia and maintain the
nutritional status [12,13]. It was reported that functional
oral care improved the plasma active ghrelin dynamics
in elderly people [14]. The finding that tongue cleaning
PEF through  the
glossopharyngeal and vagus nerves; [5]) suggests that

increased  the (possibly
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tongue cleaning may influence the secretion of ghrelin
from the stomach. In addition, an increase in digestive
power after tongue cleaning revealed by a questionnaire
suggested the possible involvement of ghrelin's effects
[4]. In light of these findings, we hypothesized that
compared to routine oral care alone, tongue cleaning as
a component of oral care could have more favorable
effects on the acyl ghrelin secretion in elderly people.
We conducted the present study to compare the change
in plasma desacyl ghrelin concentrations (as an
indicator of the acyl ghrelin secretion in very elderly
individuals) after 6 weeks of oral care that included
tongue cleaning with the change provided by 6 weeks of

routine oral care alone.

2. Materials and Methods

2.1 Study design and population

This randomized controlled trial (parallel design) was
conducted in accordance with the CONSORT statement
for randomized trials of non-pharmacologic treatments
at two nursing homes and one long-term-care hospital in
Kitakyushu City, Fukuoka prefecture, Japan [15]. The
primary outcome was the difference in the plasma
desacyl ghrelin concentration in the intervention and
control groups between the baseline and the end of the
intervention period. The secondary outcome was the
differences in the values of variables including PEF in
both groups between the baseline and the end of the
intervention period. The sample size, n=54, was
calculated using the G*Power 3.1 software program,
based on an a error of 0.05, 1-p of 0.8, and the effect
size of 0.8. As the eligibility criteria, individuals who
were bedridden or unable to maintain a sitting position,
those with difficulty communicating, and those in poor
health were excluded from the study in consideration of
the measurement of PEF and blood collection. An
independent researcher who was not involved in the
outcome assessments assigned the subjects randomly to

each group. Both the examiner conducting the outcome
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assessments and the subjects were blinded to the group
allocation. Prior to the study, all of the subjects were
given a full explanation of the study (both verbal and
written), and all subjects provided informed consent to
participate.
difficulty

If a subject was considered to have

communicating, a legally acceptable
representative such as a family member was given a full
explanation of the study, and he/she provided informed
consent. The study was conducted with the approval of
the Ethics Committee at Kyushu Dental University (No.

17-1).

2.2 Tongue cleaning procedure

The tongue cleaning was performed by a staff member
of the nursing home or hospital, with a mucosal brush
(DENT. ERAC 510; Lion Dental Products, Tokyo)
along with routine oral care as described by Izumi et al.
[5]. These staff members were instructed by a trained
dental hygienist to gently brush the subject's tongue
from the base to the apex 10 times with sufficient
pressure to bend the bristles of the mucosal brush, once
in the morning and once in the evening during the

subject's regular oral care.

2.3 Measures

We obtained the subjects' demographic characteristics
and physical health status including activities of daily
living (ADLs; Barthel
(MMSE; Mini-Mental State Examination), nutritional
status (MNA-SF; Mini-Nutritional Assessment-Short

index), cognitive function

Form) and comorbidity condition (the Charlson
comorbidity index) from a standard questionnaire and
the medical records of the two nursing homes and the
long-term-care hospital. Each subject's oral health
status, including the number of teeth, posterior teeth
occlusion (total number of functional tooth units), and
plague index was examined by a trained dentist before
(as the baseline) the oral care [16]. Each subject's
swallowing function (MWST; modified water swallow
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test), tongue pressure (TPM-01; JMS Co., Tokyo), and
PEF (CHESTGRAPH HI-105; CHEST M.l., Tokyo)
were measured by a single dental hygienist before (as
the baseline) and after the 6 weeks of either version of
the oral care. Blood samples for analyses including the
plasma desacyl ghrelin measurement were collected
before breakfast at approx. 7:00 a.m. before and after
the 6-week intervention period. For the measurement of
the subjects' plasma desacyl ghrelin concentrations, total
blood collected with aprotinin in an EDTA-containing
tube that was centrifuged immediately, and the
separated plasma was immediately added with 1N HCI
(10% volume of plasma volume). The obtained plasma
was stored at —80°C until measurement. The plasma
desacyl ghrelin concentrations were measured by a
Desacyl-Ghrelin ELISA kit (Mitsubishi Kagaku latron,

Tokyo).

2.4 Statistical analyses

For the subjects' clinical characteristics, we evaluated
the significance of the difference by y2-test for
categorical valuables. The Mann-Whitney U-test was
used for the comparison of continuous variables
between the two groups. The changes in the measured
values between before and after the 6-week oral care
period were compared using Wilcoxon's signed rank
sum test. The linear correlation between the change in
the plasma desacyl ghrelin concentration (AGhrelin =
desacyl ghrelin after oral care — desacyl ghrelin before
oral care) and the change in other measured variables
such as the PEF values (i.e., APEF = PEF after oral care
— PEF before oral care) was tested by Pearson's
correlation coefficient. Levene's test was applied for a
homogeneous analysis of variance in the two groups.
We performed a multivariate linear regression analysis
to determine which of the variables measured after the 6
weeks of oral care (tongue pressure, body mass index
[BMI], PEF, white blood cells [WBC], red blood cells
[RBC], platelets,

albumin, aspartate transaminase
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[AST], creatinine, total cholesterol, and HbAlc) and the
subjects' clinical characteristics at the baseline (sex, age,
Barthel index, number of teeth) influenced the post-oral-
care plasma desacyl ghrelin concentration as the
dependent variable by the backward selection method.
All data are presented as the mean + SD. Results were

considered significant when the p-value was <0.05
(SPSS 17.0, SAS, Cary, NC).

3. Results

Figure 1 illustrates the flow of this parallel design study
and the number of participants at each stage. Fifty-two
subjects (40 females, 12 males, mean+SD age
88.6 £ 7.3 years) were randomly assigned to the routine
oral care-alone group (the control group, n=26) and the
oral care including twice-daily tongue cleaning group
(the intervention group, n=26) during the period from
July 2017 to May 2018. Four of the 52 subjects were
excluded from the follow-up and statistical analysis
because blood samples had not been collected at the
baseline survey. A final total of 48 subjects (39 females,
9 males, mean + SD age 88.4 £ 7.5 years) had completed
each intervention as of November 2018, and their

resultant data was analyzed.

Table 1 summarizes the characteristics of the subjects in
the control group and intervention group at the baseline
before the start of the 6-week oral care protocol and the
changes in the values of variables from before to after 6
weeks of each version of oral care. The mean age of the
subjects in both groups was >85; i.e., the subjects were
considered ‘'oldest-old,’ and the ages were not
significantly different between the two groups. The
MMSE scores of the intervention group were slightly
higher than those of the control group, but the difference
was not significant. There was no significant between-
group difference in the male-to-female ratio, Barthel
index, MNA-SF score, of teeth,

pressure, BMI, or PEF values. Of the blood test data, the

number tongue
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fasting plasma desacyl ghrelin concentrations were
equal in the two groups, but the values of RBC,

DOI: 10.26502/droh.0040
hemoglobin, and AST in the intervention group were
slightly lower than those in the control group.

| Enroliment I

Assessed for eligibility (n=54)

Excluded (n=2)
(sudden deterioration)

Randomized (n=52)

A

Allocated to intervention (n=26)
(Intervention group: routine oral
care with tongue cleaning)

Lost to follow-up (n=1)
(no blood sample at baseline)

Analyzed (n=25)

5 Allocation

(6 weeks)

l l

Allocated to intervention (n=26)
(Control group: routine oral care)

\L Follow-up J/

Lost to follow-up (n=3)
(no blood sample at baseline)

Analyzed (n=23)

Figure 1: The flow of the parallel design study and the number of participants at each stage.

Over the 6 weeks of each version of oral care, the mean
value of tongue pressure in both groups declined, but
not significantly. In the control group, the PEF did not
change significantly (1.76+1.05 L/s to 1.53+0.67 L/s,
n.s.), but in the intervention group, the PEF increased
significantly from the baseline to the end of the 6-week
intervention (1.62+0.89 L/s to 2.07+ 1.09 L/s, p<0.05)
as lzumi et al. reported in 2016. The control group's
fasting plasma desacyl ghrelin concentrations decreased
significantly (168 + 114 fmol/mL to 142+ 72 fmol/mL,
p<0.05), but in the group,

concentrations did not change significantly (181+ 102
Dental Research and Oral Health

intervention these

fmol/mL to 175+98 fimol/mL, n.s.). The values of
WBC, hemoglobin, and albumin in the control group
and those of RBC and hemoglobin in the intervention

group all declined slightly but significantly.

Table 2 provides the correlation relationship between
the change in the fasting plasma desacyl ghrelin
concentrations (AGhrelin) and the change in other
AGhrelin and AAlbumin were
significantly positively correlated (Pearson correlation
coefficient, R=0.292, p=0.047), but there was no

measured variables.

significant correlation between AGhrelin and the change
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in other measured variables. We next compared the
variance of AGhrelin in both groups by performing
Levene's test for a homogeneous analysis. The variance

of AGhrelin in the intervention group was smaller than

DOI: 10.26502/droh.0040
that in the control group (506.8 vs. 2804.8), and the
variance of AGhrelin in the two groups was

significantly unequal (F value = 7.366, p<0.05).

Intervention group Control group
Before After Before After
Men/women 5/20 - 4/19 -
Age, yrs 88.4+6.7 - 88.4+8.4 -
Barthel index 39.2+21.2 - 38.7+17.9 -
MMSE score 17.5+5.9 - 13.748.9 -
MNA-SF score 10.1+1.9 - 10.2+1.8 -
Teeth number 7.8+£9.7 - 4.916.4 -
MWST score 4.2+0.9 4.2+1.0 3.9+1.1 4.1+0.9
Tongue pressure, kPa 17.5+10.2 15.7+12.5 16.8+£10.9 12.04£8.8
BMI, kg/m® 20.1+3.9 21.0+4.3 20.7+4.9 23.3+4.6
PEF, L/s 1.62+0.89 2.07+1.09 1.76+1.05 1.53+0.67
Desacyl ghrelin, fmol/mL 181+102 175198 168+114 142472
WBC, /uL 5640+1979 5014+1031 5687+1432 5058+£1189 1
RBC, x10*/uL 371+60* 353453 412457 392455
Hemoglobin, g/dL 11.1+1.6* 10.5+1.6 F 12.3+1.6 11.7+1.6 F
Platelet, x10*/uL 22.3+6.4 21.9+9.5 22.845.4 22.9+4.1
Albumin, g/dL 3.6+0.4 3.5+0.3 3.8+0.4 3.6+0.3 T
AST, U/L 18.4+5.4* 18.5+6.0 22.7+11.6 19.9+3.6
Creatinine, mg/dL 0.91+0.47 0.94+0.52 0.78+0.40 0.79+0.38
Total cholesterol, mg/dL 173+39 171439 189+46 182+43
HbAlc, % (NGSP) 5.7+0.8 5.7+0.8 5.8+0.6 5.8+0.6

Table 1: Characteristics of the participants and the changes in parameters from before to after 6 weeks of oral care.
*p<0.05 vs. Control group, Tp<0.05 vs. Before. AST: aspartate transaminase, BMI: body mass index, MMSE: Mini-
Mental State Examination, MNA-SF: Mini-Nutritional Assessment-Short Form, PEF: peak expiratory flow, RBC:

red blood cells, WBC: white blood cells.

Correlation coefficient p-value
ATongue pressure, N 0.029 0.846
ABMI, kg/m” —0.002 0.992
APEF, L/s —0.006 0.966
AWBC, /uL 0.092 0.537
ARBC, x10%/uL —0.075 0.671
AHemoglobin, g/dL —0.040 0.791
APlatelet, x10%/uL 0.149 0.319
AAlbumin, g/dL 0.292 0.047
AAST, U/L 0.126 0.399
ACreatinine, mg/dL 0.152 0.307
ATotal cholesterol, mg/dL 0.195 0.190
AHbAlc, % (NGSP) —0.226 0.126

WBC: white blood cells, RBC: red blood cells.

Table 2: Correlation relationship between AGhrelin (fmol/mL) and the change in other measured variables.

Dental Research and Oral Health
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Table 3 lists the variables from among those in Table 1
that were revealed to significantly affect the post-oral-
care plasma desacyl ghrelin concentration as a
dependent variable calculated by the multivariate linear

regression analysis. According to the unstandardized
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coefficients, male gender, the number of teeth, BMI,
and the AST positively influenced the plasma desacyl
ghrelin concentration, but the subjects’ age, WBC
count, and total cholesterol negatively influenced the

concentration.

. Unstandardized coefficients p 95%Cl for B
Variable

B SE Lower Upper
Men/women 151.559 27.835 0 90.294 212.823

Age, yrs —3.743 1.447 0.025 —6.927 —0.559

Teeth no. 4.78 0.97 0 2.646 6.915

BMI, kg/m2 9.48 2.463 0.003 4.058 14.902
WBC, /uL —-0.024 0.008 0.009 —0.042 —0.007

AST, U/L 10.807 2.388 0.001 5.551 16.063

Total cholesterol, mg/dL -1.292 0.282 0.001 -1.913 —0.671

The multivariate linear regression was performed by the backward selection method. AST: aspartate transaminase,

BMI: body mass index, WBC: white blood cells.

Table 3: Multivariate linear regression model for the plasma desacyl ghrelin concentration after 6 weeks of oral

care.

4. Discussion

We measured plasma desacyl ghrelin as an indicator of
acyl ghrelin secretory function, and we thus interpret
our findings as indicating that the acyl ghrelin secretory
function in very elderly people decreases rapidly, but
the tongue-cleaning intervention maintains this function
[9,11]. As shown in Table 3, we observed that our
subjects' ages affected the plasma desacyl ghrelin
concentrations negatively. In the 362-subject subsample
(mean age 45 years) of The Framingham Third Cohort,
the fasting plasma ghrelin concentrations were reported
to be inversely associated with age [17]. Nevertheless,
in the present study it was surprising that the fasting
plasma desacyl ghrelin concentrations decreased
significantly within such a short period, i.e., 6 weeks.
One possible reason for this significant decrease could
be the advanced ages of the subjects in our control
group (mean age 88.8 years); we also speculate that

there might be age-related gastric mucosa atrophy,
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although our cohort did not include any subject with a
gastric disease such as chronic gastritis or gastric cancer

in their history.

We also observed a positive correlation between
AGhrelin and AAlbumin (Table 2). The desacyl ghrelin
value in the control group but not in the intervention
group decreased, and the variance of AGhrelin in the
intervention group was significantly smaller than that in
the control group. Considering these results together, it
appears that improving the desacyl ghrelin level is
beneficial for an individual's nutritional status, and this
improvement may have helped prevent muscle atrophy
and eventually the enhancement of PEF in our
intervention group. In humans, acyl ghrelin enhances
eating and improves the nutritional status including the
serum albumin level [18]. The plasma desacyl ghrelin
concentrations observed in the present study thus seem

to reflect the secretion of acyl ghrelin into the blood.
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Regarding the mechanism underlying the increase in the
subjects' PEF by tongue cleaning, the stimulation to the
tongue may contribute to the respiratory function
through the glossopharyngeal and vagus nerves as lzumi
et al. suggested [5]. This mechanism also seems to be
applicable to the secretion of acyl ghrelin from the
stomach instead of the respiratory function. We thus
expected to observe a positive correlation between the
PEF and ghrelin values, but there was no significant
correlation between APEF and AGhrelin (Table 2). If
stimulation of the tongue affects the PEF and the ghrelin
secretion  via the wvagus efferent pathway
simultaneously, an absence of a correlation between the
PEF and ghrelin levels in the blood might be observed
because the reactivity of the respiratory organs and the
stomach caused by vagus efferent nerves might be
different. Further studies are needed to clarify the
correlation between respiratory function evaluated by
the PEF and the ghrelin secretion from the stomach. Our
study has some limitations that should be addressed.
First, the subjects were very old (mean age ~88 years),
and it is thus difficult to apply our findings to younger
populations. With much younger subjects, it is likely
that the fasting plasma desacyl ghrelin concentrations
might increase with oral care that includes tongue
cleaning as Kimura et al. reported [14]. A determination
of the relationship between an individual's oral state and
features of the systemic state such as the lung function
and ghrelin level across the entire lifespan is desired.
Another study limitation is that the number of subjects
(n=52) was not sufficient for measuring the fasting
plasma desacyl ghrelin concentrations. The coefficient
of variation (CV) of the fasting plasma desacyl ghrelin
concentrations in 48 subjects was 61.3% before oral
care and 54.8% after oral care; the CV of AGhrelin was
301.3%. In light of these findings, the variability in the
blood desacyl ghrelin levels seems to be very large and
probably depends on the subjects' systemic state at the
time of blood collection. Further studies of desacyl
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ghrelin levels should examine larger numbers of

subjects.

Third, this study did not have a group without oral care
for comparison with the two groups with oral care. Sumi
et al. reported that oral care helped to maintain the
serum albumin level in frail older people living in a
nursing home [13]. This oral care intervention was
professional oral care provided by a dentist three times a
week, and in the control group, oral cleaning was done
following the nursing home's oral care methods; the
serum albumin level of the control group decreased
significantly, as in our present control group. Regarding
the serum albumin level, our intervention group
including tongue cleaning corresponds to their oral care
intervention group, and the presence or absence of
tongue cleaning in oral care may be one of the points to
consider when designing oral care to maintain the serum
albumin level of elderly people. In future studies, it is
necessary to explore a range of oral care interventions
including tongue cleaning and to determine the optimal

interventions for elderly people’s health.

In conclusion the fasting plasma desacyl ghrelin
concentration, which we measured as an indicator of the
acyl ghrelin secretory function, was observed to be
intrinsically decreased in very elderly people, but
tongue cleaning as a component of oral care resulting in
an improvement of coughing ability had the effect of
maintaining the fasting plasma desacyl ghrelin
concentration (accompanied by the continued nutritional
status), and this intervention may be beneficial for very
elderly people who are at risk of malnutrition,
sarcopenia, and/or frailty due to muscle atrophy.
Tongue cleaning is meaningful in routine oral care, and
caregivers of elderly individuals should be aware of its
importance and instructed on how to properly provide

tongue cleaning.
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