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a new wetness tester for diagnosis of dry mouth
and reported its usefulness in the elderly requir-
ing care as measurement of the amount of saliva
in these individuals is difficult. In such patients,
saliva is found on the sublingual mucosa but the
top surface of the tongue is dry. Factors for this
dryness have not yet been clarified.

Materials and methods

Subjects were 224 elderly who lived in a nursing
home and required individual care. Moisture of
the dorsum of the tongue and sublingual mucosa
was measured using a wetness tester (L-SALIVO)
with a measurement time of 10 s. Measurement
was performed in 2h following a meal from
10:00 to 12:00 in the morning with no eating or
drinking in the interim. Dryness was assessed
only if the moisture level of the dorsum of the
tongue was 0 mm and the level for the mucosa
under the tongue was over 3 mm. Personal
information (age, disease, regular medication, le-
vel of ADL (Activities of Daily Living) and degree
of disability) was obtained from the patient’s
primary physician. The patient’s general condi-
tion, regular medication, and type of disease were
selected as explanatory variables in a chi-square
test or Yates's continuity correction. Multiple lo-
gistic regression analysis was used to determine
significant factors associated with drying only
from the dorsum of the tongue. The objective
and methods of the study were explained to the
patient. when competent, or to a patient repre-
sentative, in the event of severe dementia, and
consent to participate in the study was obtained.
Ethical considerations for this study were based
on ethical guidelines for clinical studies from the
Ministry of Health, Labour and Welfare. The
human rights of the subjects were respected, and
the study was performed appropriately after the
patients or their close kith (the charge person
who consents) had been informed on the nature
of the study and had given their consent.

Results

The mean age of subjects was 83.6 years (SD: 7.4,
age range: 65-101 years). Of the subjects, 22.3%
were able to act independently at home. 62.9%
were able to sit up and 14.7% were bedridden. In
terms of systemic disease, 72.8% of the subjecis
had dementia, 59.8% had cerebrovascular disease,
33.9% had hypertension, 28.6% had hean disease,
10.7% had diabetes mellitus, 10.3% had urinary
disease, 6.3% had Parkinson’s disease, 5.8% had

cancer and 4% had respiratory illness. Only dry-
ness of the dorsum of the tongue was assessed in 20
persons (8.9%]).

Of 224 patients, 202 took regular medication;
there was an average of 4.2 + 2.8 medications per
person. Fifty-four types of regular medication
were not significantly associated with dryness of
the mouth, as were diseases (Table 1). A signifi-
cant difference in dryness of the dorsum of the
tongue was noted with regard to the patient's
general condition in terms of the degree of
incapacity, level of consciousness, eating (oral
ingestion or tube-feeding) and conversation
(Table 2).

Multiple logistic regression identified the degree
of incapacity (p = 0.041, odds ratio (OR) = 3.2,
95% CL = 1.049-9.766) as a significant factor for
dryness. The odds ratio for eating was 11.226
(p = 0.063, 95% CL = 0.880-143.275) while that
for conversation was 3.534 (p=0.,107, 95%
CL = 0.761-16.420) (Table 3).

Discussion

In the elderly who have dementia and require care,
measurement of the amount of saliva with the
Saxon test, Gum test, or paraffin’® and measure-
ment of the amount of resting saliva have tradi-
tionally proved difficult. Lopez-Jornet et al.'* and

Table 1 Number of patients with disease and prevalence
of dryness only of the dorsum of the tongue.

Prevalence of
dryness only

No. of  of the dorsum

Disease Patients  of the tongue (%)
Hypertension 76 10.5
Cerebrovascular disorder 134 97
Hean disorder 64 10.9
Diabetes mellitus 24 8.3
Renal insufficiency 4 0
Hepatic disorder 3 0
Respiratory illness 9 22.2
Rheumatism 5 0
Parkinson’s disease 14 7.1
Urinary disease 23 8.7
Dementia 163 8.6
Depression 8 0
Schizophrenia 5 0
Fracture 38 5.3
Seeing and hearing disorder 11 9.1
Hyperlipaemia 13 7.7
Carcinoma 13 7.7
Osteoporosis 18 5.6
Anaemia 11 18.2
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Table 2 Relationship between

the patient’s general condition and Drying only
drying only of the dorsum of the ar the ton-
tongue. gue dorsum
liem Category Yes No p-value
Age (years) 65-74 2 24 0.188
75-84 5 90
85+ 13 90
Sex Male 8 56 0.236
Female 12 148
Degree of act independently 3 47  0.00006
incapacity at home
Able to sit up 8 133
Bedridden 9 24
Upper jaw Dentulous 6 66  0.83
Edentate 14 138
Lower jaw Dentulous 9 91 0.973
Edentate 11 113
Upper and lower jaw  Dentulous 9 105 0.581
Edentate 11 99
Level of Alent 13 186 0.0001
consciousness Awaking without 3 13
stimulation
no consciousness 4 5
Eating Ingestion 17 203 3E-06
Tube feeding 3 1
Conversation Talking often 2 79 0.007
Talking when necessary 8 82
Talking little 6 30
not talking RS 13

Table 3 Multiple logistic regression analysis of factors
affecting dryness only of the dorsum of the tongue.

Item Odds ratio  95% CL p-value

Degree of 3.200 1.049 9.766 0.041
incapacity

Eating 11.226 0.880 143275 0.063

Conversation 3,534 0.761 16420 0.107

Level of 2.767 0.499 15.329 0.244
consciousness

Chen et al.'*reported that the Schirmer test paper
was useful in assessing dry mouth. Nevertheless,
this procedure requires a measurement time of 1-
3 min, and elderly who have dementia and require
care present with particular difficulties. Kakin-
oki'*'® developed a new tester using the Schirmer
test and reported its usefulness with a measure-
ment time of 10 s'*'®. This absorbs water when
moisture is present in the area being measured and
was developed to become werat 1 mm in 1 s when
immersed in water'. The tester remains completely
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dry when moisture is not present in the area being
measured (the surface). The new tester is therefore
more appropriate for assessment of dryness of the
oral mucosa in the elderly requiring care.

There are reports that dry mouth was diagnosed
by assessing dryness of the dorsum of the ton-
gue' 131 and that areas below and at the dorsum
of the tongue were the wettest portions of oral
mucosa'’. Drying of the tongue causes difficulty
and pain when chewing, so determining the dry-
ness should generally prove useful in assessing dry
mouth. About 70% of saliva is secreted by sub-
mandibular and sublingual glands and flows from
sublingual caruncles'®. Measurement of dryness of
the sublingual region is appropriate for assessment
of the presence or absence and extent of salivation
in individuals in whom the amount of saliva
secretion cannot be measured. Among the elderly
requiring care, some individuals have a dry surface
to the tongue despite having saliva under the ton-
gue'?, so assessment of the moisture level is crucial,
Moreover, case-control studies examining healthy
individuals and elderly without motor impairment
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are needed. As a consequence, characteristics of
dryness only at dorsum of the tongue should be-
come more definitive.

Multiple logistic regression analysis in the cur-
rent study indicated that the degree of incapacity,
tube-feeding, and not talking were important
explanatory variables. The ratio of bedridden
elderly who had dryness only of the dorsum of the
tongue was 3.2 times higher than patients who
were not bedridden: the ratio of patients on tube-
feeding was 11.2 times higher than patients orally
ingesting food. In Japan, the bedridden elderly
have less daily activity, meet few other people and
tend not to talk. In addition, elderly who suffer
dementia and require care, lose interest in doing
things and lack spontaneity; they stop talking and
laughing. A bedridden person is in a resting state,
causing what is known as disuse atrophy, or a
drop in physical strength, appearance of various
physical symptoms and worsening of psychiatric
manifestations.

Saliva is secreted mainly from the sublingual ca-
runcles, sublingual folds and openings of the parotid
ducts. Drying of only the dorsum of the tongue in the
bedridden elderly is thought to be caused by saliva
failing to moisten the tongue when it reaches the
mouth as the tongue, jaw and lips rarely move. In a
bedridden individual, dryness of the tongue appears
to be because decreased functional activity in the
mouth results in saliva not moving to the tongue
region; instead, it merely accumulates at the bottom
of the oral cavity. Elderly requiring care who are
tube-fed do not chew, so lack of movement by the
jaw and lips is thought to be a lactor. In addition, a
bedridden individual who is also tube-fed cannot
talk. so the dorsum of the tongue tends to be even
drier. Drying of the tongue causes difficulty with
bolus formation, swallowing and talking as well as
halitosis, thus diminishing QOL (Quality of Life)*".

Based on the current results, having the elderly
not remain in bed, actively communicate talk and
laugh are critical to preventing drying of the ton-
gue,. In addition, forms of rehabilitation such as oral
exercises, swallowing training, and tongue exer-
cises are useful forms of eating/swallowing activi-
ties in the elderly and may moisten areas in the oral
cavity. Tongue exercises such as sticking the tongue
out and moving it side 10 side carry no risk and are
simple to perform.

Such efforts are not possible for the unconscious
elderly requiring care; instead. an oral spray or
artificial saliva and a moisturiser must be used
frequently to prevent drying of the tongue. This
could inhibit the increase in bacteria and can help
prevent respiratory infection.

If a patient is in an institution and able 10 com-
municate, he or she should be transported by
wheelchair or other means to places where people
congregate, e.g. day rooms; talking with others and
communicating involves use of the tongue and
could reduce dryness. These benefits greatly out-
weigh the time and effort needed for a caregiver to
convey the patient to a common area.

In their report'®, Lopez-Jornet et al. assessed dry
mouth using the level of saliva moisture at the
bottom of the oral cavity. Kakinoki®" recom-
mended assessing the moisture of both the dorsum
of the tongue and the sublingual region to diagnose
dry mouth in elderly requiring care. Unlike dry
mouth because of decreased saliva secretion, drying
only of the dorsum of the tongue involves different
clinical findings’; so measuring the level of mois-
ture in this area and oral cavity is critical to cor-
rectly diagnosing dry mouth. This allows appro-
priate care for the patient’s clinical condition.

Conclusion

This study showed that in the elderly requiring
care, dry mouth only of the dorsum of the tongue
was associated with the degree of incapacity, tube
feeding and level of conversation.
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Salivary levels of cortisol and chromogranin A in patients with
dry mouth compared with age-matched controls
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Objective. To evaluate the salivary levels of cortisol and chromogranin A (CgA) in patients with dry mouth (perceived
xerostomia and hyposalivation) compared with age-matched controls.

Study design. We studied 174 subjects, including those with dry mouth, classified into 2 subgroups based on
perceived xerostomia and salivation, and those without (control subjects). The control subjects were patients at the
same hospital and healthy volunteers. Cortisal and CgA levels in stimulated whole saliva were measured using ELISA

kits.

Results. All subjects with dry mouth had significantly higher cortisol and CgA levels than the control subjects, The
statistical associations remained significant when they were divided into the 2 subgroups, although somewhat weaker
associations were observed. The influences of xerogenic drugs were found to be minimal on salivary flow rate and

levels of cortisol and CgA.

Conclusions. We found significant associations between salivary cortisol and CgA levels and symptoms of oral dryness
and reduced salivary flow. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;106:833-839)

The sense of oral dryness or xerostomia is a major
complaint of a number of elderly individuals. Sreebny
and Valdini' reporied that 29% of their subjects stated
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that they were regularly troubled by the feeling of oral
dryness in questionnaires, and Osterberg et al.? reported
that 16% of men and 25% of women complained of oral
dryness in their investigation. In addition, Nagler and
Hershkovich? found that elderly people have signifi-
cantly reduced salivary secretion with altered compo-
sition compared with younger people, and 50% of an
elderly population had oral sensorial complaints regard-
ing xerostomia, taste, or burning mouth sensation.
Changes in the salivary glands are assumed to occur
with aging in many individuals. However, stimulated
salivary flow rates in healthy elderly subjects revealed
no significant age-related decrease.* In a great majority
of cases, the causes of salivary gland changes are
assumed to be related to various sysltemic diseases,
medication, and psychologic and idiopathic factors, and
only a small percentage of xerostomia cases have a
known etiology such as radiotherapy or Sjdgren syn-
drome.*

Hyposalivation is the most common etiologic fac-
tor in xerostomia,® though some investigators have

833
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reported that xerostomia is not necessarily related 1o
decreased salivary flow rate” and that the association
between xerostomia and hyposalivation is rather
weak.® Therefore, the sensation of dry mouth, i.e.,
perceived xerostomia, is not necessarily associated
with decreased whole salivary flow, and other assess-
ments in addition to conventional salivary flow rate
should be used to better diagnose the presence of dry
mouth, i.e., perceived xerostomia and hyposaliva-
tion. On the other hand, xerostomia occurs with a
particularly high frequency in menopausal wom-
en™'? and is often associated with mental depression
and anxiety.'!"1?

In the present study, we investigated whether the
pathophysiologic status of dry mouth is associated with
changes in endocrinologic hormones related to depres-
sion and anxiety, which are included in disorders asso-
ciated with dysregulation of the stress system. In gen-
eral, the stress system consists of brain elements, of
which the main components are corticotropin-releasing
hormone (CRH) and the locus ceruleus-norepinephrine/
autonomic systems, as well as their peripheral effectors,
the hypothalamic-pituitary-adrenal (HPA) axis and
sympathoadrenomedullary (SAM) system.'® Salivary
cortisol level reliably reflects HPA activity and has long
been used in human psychobiologic studies as a bio-
logic marker of stress, depression, and anxiety.'* Hy-
percortisolism has also been reported Lo be associated
with major depression and was suggested that as many
as 60% of cases of major depression are associated with
hypercortisolism,' although some reports have found
that hypocortisolism is present in some forms of stress-
related disorders, such as atypical depression and sea-
sonal depression.'* On the other hand, chromogranin A
(CgA), an acidic glycoprotein that is stored and core-
leased by exocytosis with catecholamines from the
adrenal medulla and sympathetic nerve endings,'®!7 is
reported to be released into galiva from salivary glands,
including the submandibular gland.'® In addition,
Dimsdale et al,'® found that plasma CgA levels were
correlated with noradrenaline release rate, and CgA
levels have also been used as a quantitative index for
the SAM system in other studies.'”

We recently presented a preliminary report showing
that the level of salivary CgA was significantly higher
in community-dwelling elderly subjects with xerosto-
mia.”® The purpose of the present study was to inves-
tigate the salivary levels of cortisol and CgA in subjects
with dry mouth, including xerostomia and hyposaliva-
tion, and compare them with control subjects without
dry mouth. We also investigated whether administra-
tion of xerogenic drugs was linked 1o changes in the
levels of these hormones.

December 2008

SUBJECTS AND METHODS

Ethics committee approval and informed consent
The study was approved by the Ethics Committee of

Kyushu Dental College (no. 04071007). Written in-

formed consent was obtained from each subject after

the aims and methodology of the study were explained.

Subject recruitment

We enlisted outpatients being treated for dry mouth
at Kyushu Dental College Hospital in Fukuoka Prefec-
ture, Japan. A total of 174 subjects, including dry
mouth paticnts and control subjects, participated in the
study. The dry mouth group was composed of 116
patients (mean age 64.7 yrs) whose chief complaint was
dry mouth and who were further classified into 2 sub-
groups: 1) subjects with perceived xerostomia and nor-
mosalivation (dry mouth 1; n = 54); and 2) subjects
with perceived xerostorma and hyposalivation (dry
mouth 2; n = 62). Those with an unstimulated salivary
flow rate of <0.1 mL/min were considered to have
hyposalivation, according to previously reported crite-
ria."?! Answers regarding perceived xerostomia were
elicited by the question, “Does your mouth usually feel
dry?,” which is often used in surveys of subjective oral
dryness,”> The symptoms were then queried and the
following responses noted: “always,” “sometimes,” and
“never.” Subjects with perceived xerostomia were de-
fined as having subjective oral dryness (“always” and
“sometimes”). In the control group, 2 types of subjects
(mean age 63.7 yrs) participated in this study: 1)
healthy volunteers receiving regular health checks in
the Kitakyushu city area (control I; n = 37); and 2)
patients with oral complaints other than perceived xe-
rostomia, such as burning sensation in the mouth and
tasting disturbance (control 2; n = 21). The dry mouth
and control groups were matched for age. Subjects
were excluded from the study if they had Sjégren
syndrome, any other connective tissue discase, or a
history of radiotherapy or chemotherapy. Each subject
was asked to respond to a survey consisting of ques-
tions related to general medical condition, medication
usage, and current smoking status. In addition, self-
rated overall health status was determined by their
answer to the question, “How do you feel about your
recent general health condition?,” with the following
responses noted: “good,” “fair,” and “poor.” Xerogenic
drugs were considered to include antihypertensive
agents, antihistamines, analgesics, diuretics, hypnotics,
antidepressants, and antianxiety drugs.

Saliva sampling

Saliva samples were collected from all subjects be-
tween 9 a. m. and 11 a. m. 10 minimize any circadian
thythm effects, after they had refrained from oral in-
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Table I. Descriptive characteristics of all subjects

Cantrols Dry mouth P value

Perceived xerostomia No Yes
Number of subjects 58 116
Female 45 (78) 96 (83) A137
Age 63.7(1.3)  647(0.2) 2Nt
Number of teeth 236(10) 221007 1681
Xerogenic drug* 0{0) 56 (48) <0011
Current smoking status 7(12) 10(9) AT
Hypertension (drug-treated) 0 {0) 26 (22) <0011
Diabetes (drug-treated) 0(0) 5(4) A1
Self-rated health status

Good 24 (41) 27(23) 010%

Fair 29 (60) 61 (3)

Poor 5(9) 28 (24)

Data indicate the number of subjects (%) or mean (SE) (for age and
number of teeth),

*Antihypertensive agents, antihisamines, analgesics, duretics, hyp-
nolics, antidepressants, and antianxiety drugs were included.
tDetermined using chi-squared test.

tDetermined using Mann-Whitney [/ test.

take, tooth brushing, and smoking for at least 2 h before
saliva collection. Subjects with complete or removable
partial dentures kept them in their mouth during saliva
collection. Each subject was first asked to swallow all
saliva in the mouth, then unstimulated saliva was col-
lected except for those in the control 1 group. Next, the
subjects were asked to chew a tasteless piece of paraffin
(1 g) for 5 min at a constant pace of 60 times per
minute. which was monitored with an electric metro-
nome, afler which they were asked lo expeclorate
whole saliva into a sterilized plastic wbe. Collected
samples were placed on ice immediately and the sali-
vary flow rate (mL/min) was estimated by measuring
the volume of saliva collected in the tube. Thereafter,
the saliva samples were frozen at —30°C until further
analysis.

Biomarker analyses

The concentration of cortisol in saliva (nmol/L) was
determined using a salivary cortisol enzyme immuno-
assay kit (Salimetrics, State College, PA), with a lower
sensitivity limit of 0.19 nmol/L, and that of CgA (pmol/
mL) was determined using a YK070 Chromogranin A
(Human) electroimmunoassay kit (Yanathara Institute,
Fujinomiya, Japan)., with a lower sensitivity limit of
0.01 pmol/mL. Both biomarkers were also measured as
absolute amounts, i.c., the amount secreted into the oral
cavity per minute, to determine output. To obtain the
output value, the mean flow rate and concentration
values were multiplied.

Statistical analysis
Power analysis and sample size estimation were per-
formed using the software G-power, ver. 2.0. The sta-
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tistical power of this study was found to be R7% (with
sample sizes: nl: 538; n2: 116), an effect size of 0.5, and
« value of .05 (2-tailed 7 test with accuracy mode),
which showed reasonable power. To assess differences
between groups, 2 x° test was used for categorized
variables and a Kruskal-Wallis test for continuous vari-
ables, because a normal distribution was not present
according to the results of a Kolomogorov-Smirnov
test. A Schetfe test and Steel-Dwass test of multiple
groups were applied after the Kruskal-Wallis test. All
statistical analyses were performed using the statistical
software package SPSS (version 11.0 for Windows;
SPSS Japan, Tokyo, lapan). The level of statistical
significance was set at .05 for all of the analyses.

RESULTS

The demographic characteristics for the 116 dry
mouth subjects and 58 control subjects are presented in
Table I. There were significant differences between the
groups regarding xerogenic drug use, hypertension
(drug-treated), and self-rated health status, and the dif-
ferences were nol significant regarding gender, age,
number of teeth, current smoking status, and diabetes,

We compared salivary flow rate (stimulated), and
salivary levels of cortisol and CgA between the dry
mouth and control groups, as shown in Table II. The
salivary flow rate was significantly lower in the dry
mouth group compared with the controls, and the levels
of cortisol and CgA also were significantly higher in the
dry mouth group regarding both concentration and out-
put.

Table TTT shows comparisons between the 2 control
subgroups and 2 dry mouth subgroups for the salivary
levels of cortisol and CgA. As expecled, the subjects
with a stimulated salivary flow rate of < 1.0 mL/min in
dry mouth 2 comprised approximately 80%, indicating
that both the unstimulated and the stimulated salivary
flow rates were reduced in most of the subjects in that
subgroup. Also, the stimulated salivary flow rate in dry
mouth 2 was the lowest among all of the subgroups,
with significant differences observed between that sub-
group and both control subgroups. Furthermore, the
levels of and output values for cortisol were signifi-
cantly higher in the 2 dry mouth subgroups compared
with both control subgroups (P = .064 in Scheffe test),
although there was a marginally significant difference
between control 1 and dry mouth 2 regarding output (P
= .086 in Steel-Dwass test). On the other hand, the
level of CgA was significantly higher mm dry mouth 2
compared with both control subgroups, and there was
also a significant difference between control 2 and dry
mouth 1, but none between control 1 and dry mouth 1.
There were also significant differences between both
control subgroups and dry mouth 1 for the output of
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Table Il. Salivary flow rate and levels of cortisol and CgA
Controls Dry mouth P value*
Number of subjects 58 116
Sumulated salivary flow rate (mI/min) Median 1.13 0.70 .001
25th, 75th percentile 083, 1.41 0.40, 1.30
Concentration
Conisol (nmol/L.) Mezadian 4.56 20.00 <.001
25th, 75th percentile 275,665 6.90, 45.45
CpA (pmol/mL) Median 222 419 <.001
25th, 75th percentile 1.15,4.56 226,779
Output
Cortisol (pmol/min) Median 422 15.51 <.001
25th, 75th 257,743 3.75.43.66
percentile
CgA (pmaol/min) Median 20 i 020
25th, 75th percentile 1,09, 3.87 1.64,524
CgA, Chromogranin A,
*Determined using Mann-Whitney U test,
Table IlI. Salivary flow rate and levels of cortisol and CgA divided by subgroup
Control | Control 2 Dry mouth 1 Dry mouth 2
fn = 37) (n=21) n= 54) (n = 62) P value
Percentage with stimulated 51 24 41 79
salivary flow rate <1.0
mlJmin
Stimulated salivary flow Median 0.97 1.30 1.20 0.50%,1,%* 1 <.001
rate {mL/min)
25th, 75th percentile 0.67,1.23 1.00, 1.60 0.60, 1.63 030, 083
Concentration
Cortisol (nmal/L) Median 484 303 L94= 1.t 24.69% 1,1t <.001
25th, 75th percentile 127622 1.79, B83 8.28,442) 6.00,51.04
CgA (pmol/mL) Median 2.55 1.46 3681, 5.30%.1.*=.1t <.0Mm
25th, 75th percentile 1.42.4.56 0.66, 437 209, 594 2.76, 9.85
Output
Contisol (pmol/min) Median 436 4.22 19.70%,1.%%.t1 9.17 <001
25th, 75th percentile 2607.11 241,123 7.20,46.72 2233602
CgA (pmol/min) Medi 223 155 3.36% 14 162 012
25th, 75th percentile 1.043.94 1.09, 3.67 211, 596 1.20, 439
Control 1; bhealthy vol I 2: | patients perceived xerostomia (—)%; dry mouth 1: perceived xerostomia (+), unstimulated

salivary flow rate =0.1 mL/min; dry mouth 2: perceived ia (+), imulated salivary flow rate <0.1 ml fimin.
CgA, Chromogranin A. Kruscal-Wallis test.

*Versus control 1, as determined using Scheffe test for multiple comparisons (P < 05).

tVersus contral 2, as determined using Schaffe test for multiple comparisons (P < .05).

**Versus control 1, as determined using Steel-Dwass test for multiple companisons (P <2 05).

t1Versus control 2, as determined using Stee-Dwass test for multiple comparisons (P < .05).

CgA, whereas no significant differences were found
between the 2 control subgroups and dry mouth 2.
Next, we analyzed the effects of xerogenic drugs on
the dry mouth 1 and 2 subgroups. as shown in Table TV.
In dry mouth 1, subjects with a sumulated salivary flow
rate of <1.0 ml/min ranged from 37% o 42%,
whercas the range was from 75% to 80% in dry mouth
2. When the drug-administered subjects were compared
with the nonadministered subjects, no significant dif-
ferences were found between them regarding stimu-

lated and unstimulated salivary flow rats or concentra-
tions and output values of cortisol and CgA, although
the levels of cortisol tended to be higher in the drug-
administered subjects.

DISCUSSION

In the present study, we investigated HPA and SAM
responses as well as dry mouth status in outpatients and
found that elevated levels of cortisol and CgA were

— 237 —



O0O00E

Volume 106, Number 6

Shigeyama et al. 837

Table IV. Comparison of salivary flow rate and cortisol and CgA levels between dry mouth subjects administered
xarogenic drugs and those not administered

Dry mouth 1 Dry mouth 2
Drug (—) Drug (+) P vahie* Drug (—) Drug (+) P value®
Number of subjects 30 24 30 2
Percent with stimulated 37 42 80 75
salivary flow rate
< 1.0 mL/min
Stimulated salivary Median 1.35 1.05 NS5 0.55 042 AD0
flow rate (mL/min) 25th, 75th percentile 0.70, 185 0.50, 1.38 0.36, 0.83 030, 0.88
Unstimulated salivary Median 0.20 0.18 539 0.04 0.03 514
flow rate (mL/min) 25th, 75ih percentile 0.16, 033 0.14, 0.28 0.00, 0.06 0.00, 0.04
Concentration
Cortisol (nmolL) Median 17.52 22,62 A6S 22.76 2773 719
25th, T5th pereentile 7.93,42.07 10.83,48.35 T47,51.04 5.18,58.63
CgA (pmol/mL) Median ile 4.06 254 5.95 382 307
25th, 75th percentile 1.48, 5.37 2.40, 6.71 341, 985 1.50,10.65
Output
Corusol (pmolimin) Median 27.49 19.28 702 10,70 890 568
25th, 75th percentile 5976116 11.84,40.28 2693587 192,38.27
CgA (pmol/min) Median 3.09 3.73 1.000 i1 ] 1.83 an
25th, 75th percentile 2.11, 7.57 1.98, 5.65 169, 566 1.03, 3.74

Dry mouth 1: perceived xerostomia (+), unstimulated salivary flow rate =0.1 mL/min; dry mouth 2: perceived xerostomia (+). unstimulated

salivary flow rate <0.1 ml/min. CgA, chromogrann A.
*Mann-Whitney U test

associated with symptoms of oral dryness and reduced
salivary flow.

Cortisol and CgA are well known biologic markers
of the stress system, and a number of reports have
shown that salivary cortisol is associaled with depres-
sion and anxiety,’*?* although activalion or inacti-
vation of the stress system is dependent upon the de-
pression subtype.’® On the other hand, salivary CgA
has been reported to rapidly and sensitively respond to
psychosomatic stressors.!”** Several studies of the as-
sociations between CgA and psychiatric disorders such
as depression have been conducted. For example, Noto
el al.*® investigated the association between levels of
cortisol and CgA in saliva and answers lo a question-
naire that used a state-trait anxiety inventory. Mi-
yakawa et al.*” also smdied the relationship between
noise sensitivity based on salivary CgA levels and
responses 1o a 28-item general health guestionnaire,
However, no clear associations between salivary CgA
and depression or anxiely were demonstrated in those
reports. Only 2 known studies have documenied asso-
ciations between the pathophysiology of dry mouth
(xerostomia) and stress-related hormones. In one,
Rivera Gémez et al.** compared the levels of salivary
cortisol and the presence of xerostomia in menopausal
women and found no significant association, although
clear diagnostic criteria for xerostomia were not de-
scribed. Their findings were different from the present
results, which showed significant differences between

the dry mouth and control groups, which might be
attributable to the smaller sample size (n = 30), demo-
graphic characteristics of the subjects (gender and age
group), and unclear criteria for the diagnosis of dry
mouth in their study. In a previous study, we studied the
associations among cortisol, CgA, and xerostomia in
community-dwelling elderly subjects, and found signif-
icant associations with the level of CgA in saliva and
xerostomia, drug use, and decreased salivary flow
rate.’” In the present siudy, the levels of cortisol and
CgA in the dry mouth subjects were increased com-
pared with the both control subgroups, ie., control
patients and community-based volunteers. Along with
our former results, the present findings provide evi-
dence that dry mouth symptoms are related to the
activities of the HPA and SAM syslems,

Stronger associations were found between the dry
mouth subjects and control subjects regarding concen-
tration compared with output. This may have been
because flow rate is reduced far more than the concur-
rent increase in biomarker concentrations, which was
particularly seen in the dry mouth 2 subgroup. There-
fore, a more accurate evaluation of these biomarkers
might be possible if the values are expressed as con-
centrations. In the present study, the dry mouth 2 group
had higher concentrations of cortisol and CgA. If a
patient with perceived xerostomia and hyposalivation is
considered to have a serious dry mouth condition, ele-
valed levels of both biomarkers might confirm a serious
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pathophysiologic status. Furthermore, our analyses
showed that the effects of xerogenic drugs on salivary
flow rate (unstimulated and stimulated) as well as levels
of cortisol and CgA were not statistically significant
with the dry mouth subjects (Table IV), It is interesting
that the effects of xerogenic drugs on dry mouth symp-
toms were minimal in light of earlier reports that many
cases of dry mouth are associated with medication.®

The measurement of biomarkers in saliva has many
advantages, because it is stress free and noninvasive,
and allows for frequent and rapid sampling, whereas
diurnal thythm, artificial changes due to food or drink-
ing substances, and blood contamination are some of
the disadvantages.

The present study has some limitations. First, saliva
sampling should have been performed earlier in the mom-
ing for more accurate determination of the underlying
physiologic condition. Consequently, it is possible that
our results reflect to some extent the condition of the
subjects in a clinic, who are affected by a varicty of stress
factors such as travel on the day of testing. Second, data
regarding salivary levels of stress-related hormones were
obtained only from subjects able o produce an adequate
quantity of measurable saliva with stimulation. However,
because the salivary hormone assay kits used in the
present study are capable of measuring saliva quantities as
low as 50 L, measurements of the salivary biomarkers
should be possible in most subjects, even those with
severe hyposalivation. Because the composition of stim-
ulated and unstimulated saliva may differ,’ we intend to
investigate whether different results are obtained when
unstimulated saliva is analyzed. Third, whether the
present biomarkers are useful as predictors for dry mouth
remains unclear, because the design of the present study
was cross-sectional. Further, since we did not assess the
changes in CRH and the adrenocorticotropic hormone in
the HPA axis system, the causes and effects of salivary
biomarkers remain unclarified by the present results.

In conclusion, we found that subjects with dry mouth
had increased salivary levels of cortisol and CgA com-
pared with those without dry mouth, which suggests an
association with the markers studied and symptoms of
oral dryness and lower salivary flow. Additional studies
of salivary biomarkers may lead to the development of
a method of monitoring the levels of anxiety and de-
pression in subjects suffering from dry mouth in the
near future.

The authors thank Professor Kivoloshi Inenaga, Division of
Physiology, Kyushu Dental College, for helpful suggestions.
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ABSTRACT

Little is known regarding the association between the level of hyaluronic acid (HA) in saliva and
dry mouth status. The aim of this study was to evaluate the salivary levels of HA in female pa-
tients with dry mouth (perceived xerostomia and hyposalivation) and compare them with age-
matched controls, We studied 46 females, and classified them into two groups based on perceived
xerostomia and salivary flow rate, as well as a control group without symptoms. HA concentra-
tions in unstimulated whole saliva were determined and a significant difference was found be-
tween the groups. The statistical association was stronger in patients (perceived xerostomia,
normosalivation) administrated xerogenic drugs, while the HA levels in that group were signifi-
cantly lower than those in the controls when converted to absolute amount of saliva per min.
Within the limitations of the present study, patients with dry mouth had lower HA levels in saliva,

which may serve as a marker of local dryvness or oral mucosa lubrication.

The sense of oral dryness or xerostomia is a major
complaint of a number of elderly individuals. Sreeb-
ny and Valdini reported that 29% of their subjects
stated that they were regularly troubled by the feel-
ing of oral dryness in questionnaires (10), and
Osterberg et al. reported that 16% of men and 25%
of women complained of oral dryness in their inves-
tigation (6). As etiologic factors of oral dryness, in
general, age, sex, various systemic diseases, and
medication have been reported (5).

Hyaluronic acid (HA) is a glycosaminoglycan that
1s a constituent of the ground substance of the sub-
cutaneous tissues and functions as a mediator of cell
proliferation and wound healing, while it also plays
a prominent part in tumorigenesis and embryogene-
sis. Its presence and possible role in saliva has been

Address correspondence to: Dr. Toshihiro Ansai
Division of Community Oral Health Science, Department
of Health Promotion, Kyushu Dental College, 2-6-1
Manazuru, Kokurakita-ku, Kitakyushu, 803-8580, Japan
Tel: +81-93-582-1131 (ext. 2103), Fax: +81-93-591-7736
E-mail: ansai@kyu-dent,ac.jp

scarcely investigated, with only a few reports pre-
sented. For example, Pogel er al. measured HA lev-
els in saliva from 10 healthy adult volunteers, and
found that it may contribute to the healing proper-
ties of saliva, by assisting in protecting oral mucosa
and adding to the lubricating properties of saliva (7).
Also, Tishler er al. investigated HA levels in saliva
of patients with Sjégren syndrome (SS) and suggest-
ed that salivary HA concentration may be of value
in its diagnosis (11). However, to our knowledge,
little is known regarding HA levels in non-SS pa-
tients with dry mouth, though it is often found in a
high percentage of xerostomia cases.

The purpose of the present study was to measure
the salivary levels of HA in female subjects with
dry mouth, including those with xerostomia and hy-
posalivation, and compare the results with control
subjects. We also investigated the effects of xero-
genic drug administration on HA levels.
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MATERIALS AND METHODS

Ethics committee approval and informed consent,
This study was approved by the Ethics Committee
of Kyushu Dental College (No.04071007). Written
informed consent was obtained from each subject
after the aims and methodology of the study were
explained.

Subject recruitment. We enlisted outpatients being
treated for dry mouth at Kyushu Dental College
Hospital in Fukuoka Prefecture, Japan. A total of 88
female subjects, including dry mouth patients and
control subjects, participated in the study. In order
to rule out the effects of sex as a confounder, all
participants in our study were females. The exclu-
sion criteria utilized were as follows: 1) presence of
SS, any other connective tissue disease, or a history
of radiotherapy or chemotherapy; and 2) lower than
normal level of saliva flow rate or HA level too low
to measure. As a result, we analyzed 46 female sub-
jects (mean age, 55.5 years).

The Dry mouth group was composed of 32 pa-
tients whose chief complaint was dry mouth and
those were further classified into two subgroups: 1)
subjects with perceived xerostomia and hyposaliva-
tion (Dry mouth 1: n=16); and 2) perceived xero-
stomia with normosalivation (Dry mouth 2; n = 16).
Those with an unstimulated salivary flow rate of
less than 0.25 mL/min were considered to have hy-
posalivation, according to previously reported crite-
ria (2, 9). Answers regarding perceived xerostomia
were elicited by the question “Does your mouth
usually feel dry?”, which is often utilized in surveys
of subjective oral dryness (4). The symptoms were
then queried and the following responses noted: “al-
ways”, “sometimes”, and “never”. Subjects with
perceived xerostomia were defined as having subjec-
tive oral dryness (“always” and “sometimes” an-
swers). Patients with oral complaints other than
perceived xerostomia, such as a burning sensation in
the mouth and tasting disturbance (mean age, 59.5
years, n= 14) were placed into the Control group.
The Dry mouth and Control groups were matched
for age. Each subject was asked to respond to a
survey consisting of questions related to general
medical condition, medication usage, and current
smoking status. Xerogenic drugs were considered to
include antihypertensive agents, antihistamines, an-
algesics, diuretics, hypnotics, antidepressants, and
anti-anxiety drugs.

Saliva sampling. Measurements of biomarkers in sa-

Y. Higuchi er al.

liva have many advantages, as the method used is
stress-free and non-invasive, and allows for frequent
and rapid sampling. In contrast, diurnal rhythm, ar-
tificial changes due to food or drinking substances,
and blood-contamination are some of the disadvan-
tages. Saliva samples were collected from all sub-
jects between 9 a. m. and 11 a. m. to minimize any
circadian rhythm effects, after they had refrained
from oral intake, tooth brushing, and smoking for at
least 2 h prior to saliva collection. Subjects with
complete or removable partial dentures kept them in
their mouth during saliva collection. Each subject
was first asked to swallow all saliva in the mouth,
then unstimulated saliva was collected. Next, the
subjects were asked to chew a tasteless piece of par-
affin (1 g) for 5 min at a constant pace of 60 times
per minute, which was monitored with an electric
metronome, after which they were asked to expecto-
rate whole saliva into a sterilized plastic tube. Col-
lected samples were placed on ice immediately and
the salivary flow rate (mL/min) was estimated by
measuring the volume of saliva collected in the
tube. Thereafier, the saliva samples were frozen at
—30°C until further analysis.

Biomarker analyses. Determination of concentra-
tions of HA in saliva (ng/mL) was performed by a
commercial laboratory (SRL Inc., Tokyo, Japan).
The test is based on the use of specific HA binding
proteins isolated from bovine cartilage, with the
lower limit of detection at 10 ng/mL. To determine
output, HA levels were also measured as absolute
amounts, i.e., the amount secreted into the oral cavi-
ty per minute, To obtain the output value, the mean
flow rate and concentration values were multiplied.

Statistical analysis. To assess differences between
groups, a ¥ test was used for categorized variables,
and a Kruskal-Wallis test for continuous variables,
because a normal distribution was not present ac-
cording to the results of a Kolomogorov-Smirnov
test. A Scheffe test and Steel-Dwass test of multiple
groups were applied following the Kruskal-Wallis
test. All statistical analyses were performed using
the statistical software package SPSS (version 11.0
for Windows; SPSS Japan, Tokyo, Japan). The level
of statistical significance was set at 0.05 for all of
the analyses.

RESULTS

The demographic characteristics for the 32 dry
mouth and 14 control subjects are presented in Ta-
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ble 1. There were no significant differences among
the groups regarding age, current smoking status,
diabetes (drug-treated), hypertension (drug-treated),
and xerogenic drug use. We compared salivary flow
rate (unstimulated and stimulated), and salivary lev-
els of HA among the dry mouth and control groups,
with the results shown in Table 2. The unstimulated
salivary flow rate was significantly lower in the Dry
mouth 1 as compared with the Control group,
whereas the stimulated salivary flow rate was not
significantly different. In addition, there was a sig-
nificant association among the 3 groups regarding
HA concentration, but not for HA output, whereas
multiple comparison analysis showed no significant
associations among the dry mouth and control
groups in both measurements.

Next, we compared the levels of HA in saliva
among the subjects in Dry mouth 1 and 2 who did

65

not receive xerogenic drugs and the Control group,
with the results shown in Table 3. The unstimulated
salivary flow rate was lower in the Dry mouth 1 as
compared with the Control group. However, accord-
ing to multiple comparison analysis, no statistical
significances was seen among the dry mouth pa-
tients and controls regarding either HA concentra-
tion or output. Table 4 shows comparisons between
Dry mouth 1 and 2 for subjects administrated xero-
genic drugs. The unstimulated salivary flow rate was
lowest in Dry mouth 1, while there was no signifi-
cant difference between Dry mouth 2 and Control
group regarding unstimulated salivary flow rate in
multiple comparison analysis. The HA concentration
in Dry mouth 2 was the lowest and multiple com-
parison analysis showed a marginally significant dif-
ference between those subjects and the controls. In
addition, HA output in Dry mouth 2 subjects that

Table 1 Demographic characteristics

Dry mouth 1 Dry mouth 2 Cantral P value
Perceived xerostomia Yes Yes No
Number of subjects 16 16 14
Age (in years) 51,0 (44.8, 60.8) 62.0 (45.8, 67.0) 60.0 (50.8, 67.0) 0427
Current smoking status 4(2%) 1(6) 2(14) 0.196°
Diabetes (drug-treated) 0(0) 00 1(7) 0.075"
Hypertension (drug-treated) 1 (20) 4(25) 0(0) 0.177*
Xerogenic drug administrated® 9 (56) 11 (69) 8 (57) 0.725°

Dry mouth 1: perceived xerostomtia (+), unstumulated salivary flow rate < 0,25 mL/min; Dry mouth 2: perceived xerostomia (+),
unstimulated salivary flow rate > (.25 mL/min, Control: patients with perceived xerostomia (—).
Data indicate the median (25%, 75" percentile) (for age) or the number of subjects (%).

*Kruskal-Wallis test, "chi-squared test.

*Antihypertensive agents, antihistamines, analgesics, duretics, hypnotics, antidepressants, and antianxiety drugs were included.

Table 2 Salivary flow rate and levels of HA (n =46)

Dry mouth 1 Dry mouth 2 Control P value*
Number of subjects 16 16 14
Unsumulated salivary flow rate oy
0.12 (0.10, 0.16 0.40 (0.34, 0.58 0.30 (0.29, 0.43 =(.001
(mil/atin) { ) ( ) ( )
Stisisted sakivary Sow:rale 0.70 (0.60, 0.95) 1.30 (0.75, 1.78) 1.20 (0.75, 1.53) 0.037
(mL/min)
Concentration
462.0 (74,0, 631.0 26.5 (15.5, 108.8) 118.5 (315, 318.0) 0.004
(ng/mL) ( ) (
Output
F 56,7 (7.9, 103.1) 13.5 (7.2, 28.3) 40.8 (129, 131.3) 0.177
(ng/min)

HA, hyaluronic seid.
Data indicate the median (25%, 75" percentile),
*Kruscal-Wallis test.

*Versus Control, as determined using Scheffe test for multiple comparisons (P < 0.05),
*Versus Control, as determined using Stesl-Dwass test for multiple comparisons (P < 0.05).
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Table3 Salivary flow rate and levels of HA In subjects not administrated xerogenic drugs (n = 18)

Dry mouth | Dry mouth 2 Control P value*
Number of subjects 7 5 6
U“ls""““h“d Ralivary Siow Tuie 0.14 (0.10, 0.16/° 050 (0.38, 0.70) 028 (0.25, 0.35) 0.001
(mLimia) 4 .10, 0. .50 {0.38, 0. ; 25,0, i
Stimulated salivary flow rate . B

0.8 ; : A 75 20 (0. : 3

( o) 0 (0.70, 1.50) 1.60 (0.69, 2.75) 1.20 (0.75, 1.30) 0.388
Concentration HiE

, .0, 765. 7.0 (185, 3 1 0, 271, ¥
(ng/mL) 549.0 (305.0, 765.0) 27.0 (18.5, 280.5) 83.0 (15.0, 271.8) 0.055
Output

A 76.5 .5, X 2(9.2, . 234 (6.6, T4, 3

(ng/min) (30.5, 116.0) 13.2( 184.8) 34 ( 74.9) 0.503

HA, hyaluronic acid.
Data indicate the median (25", 75% percentile).
*Kruscal-Wallis rest.

*Versus Control, as determined using Steel-Dwass test for multiple comparisons (P < 0.05).
*Versus Control, as determined using Scheffe test for multiple comparisons (£ < 0.1).

Table4 Salivary flow rate and levels of HA in subjects administrated xerogenic drugs (n =28)

Dry mouth 1 Dry mouth 2 Control P value*
Number of subjects 9 1 8
Unstinalxind sakivery flow T8 0.10 (0.07, 0.18)** 040 (0.30, 0.50) 031 (030, 0.48) <0.001
(mL/min)
?mug“n;‘:;d salivary fow ke 0.60 (0.60, 0.70) 120 (0.70, 1.70) 1.10 (0.72, 1.58) 0.041
g:;“f:;;’“‘i““ 3780 (26.0,599.0) 260 (14.0, 510" 47.5(44.8, 476.0) 0.029
g‘;‘;‘:m 282 (22, 84.7) 13.8 (5.6, 173 475 (27.5, 154.8) 0.057

HA, hyaluronic acid.
Data indicate the median (25", 75" percentile),
*Kruscal-Wallis test,

*Versus Control, as determined using Scheffe test for multiple comparisons (P < 0.05),
*Versus Control, as determined using Steel-Dwass test for multiple compansons (P < 0.05),
“Versus Control, as determined using Scheffe test for multiple comparisons (P < 0.1).
*Versus Control, as determined using Steel-Dwass test for multiple comparisens (P < 0.1).

received xerogenic drugs was the lowest, while mul-
tiple comparison analysis showed a significant dif-
ference between those subjects and the Control
group. Thus, the differences remained significant
when the HA concentrations in Dry mouth 2 and the
Control group were adjusted using the amounts of
saliva obtained for testing. Further, HA output in
Dry mouth 1 group subjects who received xerogenic
drugs was also lower as compared with the Control
group, though the difference was not significant.

DISCUSSION

In the present study, we investigated the association
between HA levels in saliva and dry mouth status in
outpatients, and found that decreased levels of HA
were associated with symptoms of oral dryness,
with a stronger association between subjects in the
Dry mouth 2 group (ie., perceived xerostomia (+)
and normosalivation) and the Control group regard-
ing both concentration and HA output,

To date, only a single known study has been pre-
sented regarding the association between dry mouth
status and HA (11), which focused on patients with
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SS. However, since patients without that condition
are more frequently encountered in clinical practice,
we excluded patients with SS and focused on age-
matched females, in order to minimize the effects of
confounding factors in the etiology of dry mouth.
Recently, Loeb er al. investigated HA as well as
chondroitin sulfate levels in saliva sample from pa-
tients with glossodynia, or burning mouth syndrome,
and reported that the HA concentrations were simi-
lar between the patients and normal subjects, where-
as the concentration of chondroitin sulfate was
decreased in the saliva of the patients (3).

The present Dry mouth 2 group had both a lower
concentration and lower output of HA, and the asso-
ciation between those was stronger in subjects ad-
ministrated xerogenic drugs (Table 4). If a patient
with xerogenic drugs is considered to have a serious
dry mouth condition, a decreased level of HA might
reflect a serious pathophysiological status. However,
the association between the Dry mouth | and Con-
trol groups did not reach statistical significance. One
possible explanation may have been because sali-
vary flow rate was reduced to a greater degree than
the concurrent changes in HA concentration in those
groups.

The possible biological role of HA in the patho-
physiological aspects of dry mouth remains unclear.
However, when salivary film was defined as the
thickness of saliva layer calculated by dividing the
volume of saliva collected on each filter-paper strip
by the surface area of each region of the mouth (12),
the film on oral mucosa of subjects with dry mouth
was found to be thinner, for example less than
10 ym on the hard palate (12), as compared to 70—
100 pm in normal subjects (1). Considering that HA
plays a role in protecting and lubricating the oral
mucosa, it is possible that decreased HA levels in
saliva may lead to local dryness of that tissue. On
the other hand, the origin of HA in saliva remains
speculative. The HA in whole saliva may originate
from the endogenous material, including the product
of the salivary glands, as well as bacteria (7).
Though HA in parotid saliva is at predominantly
one molecular weight only, HA in whole saliva
shows two molecular weight bands. It seems likely
that the low-molecular-weight HA in whole saliva
results from cleavage by the hyaluronidase of the
bacteria (8). Further studies will be needed to clar-
fy interactions of HA and hyaluronidase in human
saliva.

The present study has some limitations. First, the
number of subjects analyzed was limited. This was
in part because data regarding salivary levels of HA

67

were obtained only from those able to produce an
adequate quantity of measurable saliva. The device
used in this study required saliva quantities of at
least 200 L, thus measurements of HA in subjects
with extremely severe hyposalivation could not be
performed. In addition, we could not analyze HA
levels lower than 10 ng/mL, the limit lower limit of
detection. Forty-two (approximately 48%) of the 88
subjects originally tested had HA levels lower than
10 ng/mL of HA, while 55% of the subjects in Dry
mouth | and 52% in Dry mouth 2 also had HA lev-
els lower than 10 ng/mL. A more sensitive assay
method is needed for more accurate analysis. Final-
ly, whether HA level is useful as a predictor of dry
mouth remains unclear, because the design of the
present study was cross-sectional,

In conclusion, subjects with dry mouth seem to
have decreased salivary levels of HA as compared
to those without dry mouth, and that association
might be attributed to an altered HA function
of protecting and lubricating the oral mucosa.
Additional studies of salivary glycosaminoglycans
including HA may lead to the development of effec-
tive method for diagnosis and treatment monitoring
of treatment for subjects suffering from dry mouth.
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