B-ENT, 2017, 13, 143-150
Salivary gland hypofunction in elderly patients with xerostomia
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Abstract. Salivary gland hypofunction in elderly patients with xerostomia. Problems/objectives: Xerostomia is usually
related to salivary gland (SG) hypofunction and is a common complaint in elderly patients. This study was conducted to
evaluate SG function in elderly patients with xerostomia and to determine whether the degree of xerostomia is correlated
with SG dysfunction. Methodology: Thirty-two xerostomia patients aged over 65 years were enrolled in this study.
Patients taking xerostomic drugs, those with a history of SG diseases or radiotherapy and those with any factor likely to
affect SG function were excluded. Subjective symptoms were assessed using a self-reported questionnaire. SG function
was quantified by determining salivary flow rates (SFR) and using scintigraphic parameters for the submandibular and
parotid glands. Any correlations between the subjective symptoms and the objective findings were investigated. Twenty-
four normal, healthy, young (mean age 29 years) subjects served as controls. Results: According to the xerostomia
questionnaire, the symptom scores of the patients were significantly higher than those of the controls (p<0.001). Salivary
flow testing showed that the patients’ unstimulated and stimulated flow rates were significantly lower than those of the
controls (p =0.005, p=0.016, respectively). Regarding the scintigraphic parameters, the uptake ratio (UR) and maximum
accumulation (MA) were smaller and the time interval from stimulation to minimum count (T.,,) was greater in patients.
The unstimulated SFR and submandibular scintigraphic parameters were found to be significantly correlated with the
degree of xerostomia. Conclusion: SFR and scintigraphic parameters may be helpful for thein the objective evaluation of
xerostomia symptoms. The study also shows that unstimulated SFR and submandibular scintigraphic parameters reflect
symptom severity in elderly xerostomia patients.

Introduction

Xerostomia, also known as dry mouth, is a
subjective symptom, and its aetiology can only
be established in a small proportion of patients.'
Known aetiologies include radiotherapy and
Sjogren’s syndrome, but in the majority of the
cases, its aetiology is presumed to be related to
age, disease or medication, or is simply regarded
as idiopathic.” However, xerostomia is a major
clinical problem among the elderly, and 25 to 60%
of people over the age of 65 have been reported to
complain of xerostomia."* Comparatively little is
known about the condition, and in fact, it remains
debatable whether xerostomia in the elderly is
related to salivary gland (SG) dysfunction. In a
previous study on animals, we investigated age-
related changes in the functional morphologies of
mouse SGs and found that aging affects both SG
parenchyma and ducts, which could be associated
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with reduced salivary flow rates (SFRs) and SG
dysfunction.*

SFR measurement provides the most widely
accepted means of objectively assessing SG
function, as it does not require any invasive
procedure and can be easily performed. Salivary
gland scintigraphy (SGS) has been proposed as a
valid means of performing functional evaluations
of the involvement of the SG in xerostomia
patients,>® and provides information on both SG
parenchyma and ducts for all major SGs. SGS is
non-invasive, easily performed, reproducible and
well tolerated by patients,’ and has thus been widely
accepted as a means of evaluating a variety of
salivary gland disorders.” In addition, scintigraphic
changes have been shown to be well correlated with
histopathological changes.®

Many studies have reported age-related
changes in salivary function, but the results are
conflicting. °*> Therefore, the objective of this study
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was to measure SG function in elderly patients with
xerostomia using SFR and SSG measurements,
to compare the results obtained with those of
healthy young volunteers and to determine whether
the degree of xerostomia is correlated with SG
dysfunction.

Materials and methods

Patients and Controls

Thirty-two xerostomia patients aged over 65
years who visited our clinic from January 2013 to
December 2013 were included. Patients taking any
drug that could affect the secretion of saliva (e.g.,
anticholinergics, antidepressants, antihypertensives,
antispasmodics, antihistamines and antidiabetic
drugs) and those with a tumour, stone or SG
inflammation were excluded, as were patients with
an autoimmune or severely debilitating disease, a
dental problem or a history of radiotherapy. Twenty-
four normal, healthy young volunteers (mean age
29 years) with no pathologic SG conditions and a
normal result in a physical examination of the oral
cavity and SGs were included as a control group.
The study protocol was approved by the Research
and Ethics Committee of Inha University Hospital
(IUH-IRB 12-2712). Written informed consent was
obtained from all patients and normal volunteers.
The patients comprised seven men and 25 women
with a mean age of 72.5 years (range 65 to 87), and
the control group comprised 10 men and 14 women
with a mean age of 29 years (range 23 to 29).

Symptom Questionnaires (SQ)

The xerostomia-related symptom questionnaires
were administered to all patients and normal
volunteers. Self-reported symptoms were recorded
using a detailed questionnaire that addressed
21 items regarding symptoms. All of the study
subjects were asked to score each item from one
to five according to symptom severity, where five
indicated the greatest severity."

Salivary Flow Rate (SFR)

Unstimulated and stimulated saliva samples were
collected from all of the study subjects between 8:00
and 12:00 a.m. The subjects were instructed not to
eat, drink or smoke for 90 minutes prior to sample
collection. For the unstimulated saliva collection,
saliva was collected in pre-weighed plastic tubes
for a duration of five minutes, and for stimulated

J.-S. Choi et al.

saliva collection, the subjects were given a 500 mg
ascorbic acid tablet, which they were asked to chew
for four minutes. Saliva was subsequently collected
in pre-weighed plastic tubes for a duration of five
minutes. The samples obtained through these
procedures were weighed on an electronic scale and
SFRs were calculated using the following formula."
SFR (ml/min) = (post-weight measure — pre-weight
measure) / collection period. The sample weights
(gram) were equated to volumes (mL), since the
specific gravity of saliva is 1.0."

Salivary Gland Scintigraphy (SGS)

The subjects were fasted for a minimum of two
hours and then dynamic SGS was performed after
an intravenous bolus injection of 370MBq *"Tc
pertechnetate. A single-headed gamma camera
with a parallel hole, a low energy, high resolution
collimator and a data analysis system (Orbiter;
Siemens Inc., Erlangen, Germany) was used.
The scan duration was 30 minutes. Anterior SG
images were acquired sequentially at one frame
every 15 seconds. When obtaining the anterior
images, the neck was slightly extended in order to
prevent the superimposition of the oral cavity and
submandibular gland images. After 20 minutes from
the “"Tc-pertechnate injection, the glands were
stimulated with a sachet of concentrated ascorbic
acid (Lemona; Kyung Nam Pharm, Euiryung-gun,
Kyungsangnamdo, Korea).

Time-activity curves for glandular activity,
representing the uptake and secretion of *"Tc
pertechnetate, were obtained (Figure 1) as described
previously.” Point A indicates SG activity when
dynamic imaging was started one minute after the
intravenous injection of *™Tc pertechnetate; point
B indicates the point of maximum activity; point
C indicates the activity when the glands were
stimulated and point D indicates minimal activity.
Indexes, such as uptake ratio, time between points
C and D (T,), maximum accumulation (MA) and
maximum secretion (MS), were calculated. The
uptake ratio (UR) and maximum accumulation
(MA) were used as indices of salivary uptake, and
maximum secretion (MS) and T, were used as
indices of salivary excretion.

Statistical analysis

The analysis was performed using the Graph Pad
Prism 5 package (GraphPad Software Inc., La Jolla,
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Figure 1
Measurement of salivary gland function using salivary
scintigraphy. A: Activity of salivary gland when dynamic
imaging was started one minute after the intravenous injection
of ®Tc pertechnetate, B: 20 minutes after *"Tc pertechnetate
injection when maximum activity was observed, C: Activity at
the point when stimulation was initiated, D: Minimal activity.
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California). The significance of the differences was
determined using the Student’s t-test and correlation
coefficients were determined by linear regression
analysis. P-values of <0.05 were -considered
statistically significant.

Results

Comparison of questionnaire results

The scores of the 21 items in the xerostomia
questionnaire were added up and analysed. The
mean patient score was 51.09 = 3.47, and that of the
normal volunteers was 25.83 + 0.53; this difference
was statistically significant (p<0.0001) (Figure 2,
Table 1).

Comparison of SFRs

The salivary flow test was performed before and
after stimulation to analyse differences in SG
function. Without stimulation, the mean flow rate
was 0.20 £ 0.03 ml/min for the patients and 0.37 +
0.05 ml/min for the controls, and was significantly
lower in patients (Figure 3A, p = 0.005). After

Comparisons of xerostomia symptom scores, salivary flow rates gr[f:grflulated and stimulated) and salivary scintigraphy parameters.
Group
Parameter Old Age (n=32)| YoungAge (n=24) P Comment
Symptom 51.09 +£3.47 25.83+0.53 <0.0001 HkE
Score
Unstimulated Salivary 0.20+0.03 0.37+£0.05 0.0053 wx
Flow (ml/min)
Stimulated Salivary Flow 0.75 +0.07 1.14+0.17 0.0156 *
(ml/min)
UR Parotid 422 +0.20 5.56+0.42 0.0023 **
Submandibular 4.47+£0.36 5.90+0.62 0.0341 *
MA (%) Parotid 63.59+3.39 73.74+2.22 0.0361 *
Submandibular 48.83 +2.50 51.37+4.27 0.6141 ns
MS (%) Parotid 65.11 £2.04 61.2+3.00 0.3072 ns
Submandibular 48.24 £2.19 45.55+3.68 0.5284 ns
Toin Parotid 3.49+0.41 1.99 £0.31 0.0466 *
(minutes) Submandibular 3.89+0.42 1.86 £0.34 0.0077 wx

*: statistically significant (*, p<0.05; **, p<0.01; ***, p<0.001)
ns: statistically not significant (>0.05)

Data are presented as the mean + standard deviation.

UR: Uptake ratio

MA: Maximum accumulation

MS: Maximum secretion

Tmin: Time interval from stimulation to minimum count
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Figure 2
Subjective evaluation of xerostomia-related symptoms. The
symptom scores were significantly higher for the elderly
patients with xerostomia than for the young, healthy controls.
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0.614). The mean MS values of the parotid gland
and SMG were similar in the two groups (Figures
5A and B, p = 0.307 and p = 0.528, respectively).
The mean T, of the parotid gland and SMG were
significantly greater in the patients (Figures 5C and
D, p=10.047 and p = 0.008, respectively).

Correlation of xerostomia symptom scores with
sfrs and scintigraphic parameters

Correlations were sought between the xerostomia
scores and the unstimulated and stimulated SFRs
and SSG functional parameters. The xerostomia
scores were significantly and positively correlated
with the unstimulated SFRs (Figure 6A, p<0.05,
correlation coefficient 0.452), but the xerostomia
scores were not correlated with the stimulated SFRs
(Figure 6B, p>0.05). A significant linear correlation
was also found between the xerostomia scores and
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Figure 3

Objective differences in salivary gland function as determined by (A) unstimulated salivary flow rates and (B) stimulated salivary flow
rates. Saliva production rates (ml/min) were significantly lower in the elderly patients with xerostomia.

stimulation, the mean flow rate was 0.75 + 0.07 ml/
min for the patients and 1.14 + 0.17 ml/min for the
controls, and these values were also significantly
different (Figure 3B, Table. 4, p = 0.016).

Comparison of scintigraphic parameters

A summary of the comparison of the scintigraphic
parameters of the patients and controls is provided
in Table 4. The UR values of the parotid and
submandibular glands were significantly lower
in the patients (Figures 4A and B, p = 0.002 and
p = 0.034, respectively). The mean MA of the
parotid gland was significantly lower in the patients
(Figure 4C, p = 0.036), and although the MA of
the submandibular gland (SMG) was lower in the
patients, this was not significant (Figure 4D, p =

the T, MA, and MS of SMGs (Figures 7A to C,
all p<0.05, correlation coefficients 0.6211, 0.5131
and 0.5051, respectively). However, no correlation
was observed between the xerostomia scores and
the parotid scintigraphic parameters (data not
shown, all p>0.05).

Discussion

Saliva is essential for the maintenance and
preservation of oral health. Normally, 1 to 1.5
litres of saliva are secreted daily, mainly by the
parotid gland and SMG. Saliva is required not only
for digestion and speech, but it also protects and
maintains the oral mucous membrane and dental
health.! Xerostomia is associated with oral health-
related quality of life in elderly people.'®”
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Figure 4
Objective uptake parameters as determined by salivary scintigraphy. (A) Uptake ratio (UR), parotid; (B) Uptake ratio (UR),
submandibular gland; (C) Maximum accumulation (MA), parotid; (D) Maximum accumulation (MA), submandibular gland. The
uptake parameters showed a decreasing tendency in the elderly patients with xerostomia as opposed to the young, healthy controls.

The objective techniques available for quantifying
saliva production and glandular function include
the collection of glandular secretions and sequential
SGS. Major gland saliva collection remains
the most widely accepted method for assessing
secretory function.' In the present study, we used
ascorbic acid as a sialogogue, as ascorbic acid
tablets are readily available in many hospitals and
can be precisely and quantitatively administered.

Most studies have reported that saliva secretion
does not significantly change with age.”'* However,
some researchers have reported that saliva secretion
can increase" or decrease” with age. Our results
showed that unstimulated saliva and stimulated
salivary flow were both lower in elderly xerostomia
patients than in young volunteers. Pendersen
et al. reported significant decreases in SFR in a
comparative study on patients aged over 70 and a
control group with a mean age ofunder 40."* Percival

et al. also found there to be a significant reduction
in the secretion rates of unstimulated whole saliva
with age.” Many researchers have reported that
the parenchyma of salivary glands is gradually
replaced by fat, connective tissue and oncocytes
during the aging process.*"** A reduction of acinar
parenchyma may be one of the reasons for which
salivary flow reduces with age. In a previous study
on animals, we observed that elderly glands showed
acinar cell atrophy, cytoplasmic vacuolization with
pleomorphism, lymphocyte infiltration and higher
periductal fibrosis levels, and produced smaller
quantities of mucin.* Acinar cell atrophy is likely
to be a general age-related physiological process
resulting in the breakdown of gland parenchyma,
whereas periductal fibrosis could increase duct
stiffness and lead to secretion problems.

SGS is a non-invasive method and enables the
qualitative and quantitative evaluation of bilateral
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Figure 5
Objective excretion parameters as determined by salivary scintigraphy. (A) Maximum secretion (MS), parotid; (B) Maximum secretion
(MS), submandibular gland; (C) T, parotid; (D) T, submandibular gland. The mean T,;, of the parotid and submandibular glands

were greater in the elderly xerostomia patients.

parotids and SMGs. For more than 40 years, SGS
has been used to evaluate the functional course
of diseases that affect the SGs, and has also been
used to diagnose a variety of salivary disorders.”*
In the present study, the majority of SG uptake
parameters were significantly lower in the patients;
these results are correlated with salivary flow as
uptake impairment represents a lack of ability to
produce saliva. The excretion parameter, MS, was
not significantly lower in the patients, but the T,
was significantly greater. The MS is the relative gap
(percentage) between the point when maximum
activity was observed and the point when activity
reaches its minimal point, and could be influenced
by the extent of the uptake, which was lower in the
patients. It may be one of the reasons for which
the MS parameters of the parotid gland and SMG
were not significantly different in the two groups.
On the other hand, T.,,1s the time from stimulation

to minimal count and is related to the secretion
rate or SFR. Our results indicate that the UR, MA
and T, are likely to be helpful in detecting SG
parenchymal and ductal changes in elderly patients
with xerostomia.

In this study, the xerostomia symptom scores
were found to be correlated with the unstimulated
SFRs, but not with the stimulated SFRs. These
results suggest that the unstimulated SFR is more
important than the stimulated SFR in terms of
causing the subjective symptoms of oral dryness in
the elderly. It is has been established that most saliva
is produced by the SMG in the resting state and by
the parotid gland in the stimulated state.” Therefore,
the function of SMGs may play an important role in
regulating the symptoms of xerostomia.

Many hypotheses have been proposed to
explain why saliva reduces with age. Dehydration,
a common and under-diagnosed condition in
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Figure 6
Correlations between the xerostomia scores and salivary flow rates. (A) unstimulated salivary flow rates, (B) stimulated salivary flow
rates. The severity of the xerostomia showed a significantly positive correlation with the unstimulated salivary flow rate.
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Figure 7
Correlations between the xerostomia scores and the scintigraphic parameters of the submandibular gland. (A) Maximum accumulation
(MA), (B) Maximum secretion (MS), (C) T... MA, MS and T, were found to be linearly correlated with the severity of xerostomia.

the elderly, has been associated with salivary
hypofunction.* In addition, biting forces have been
correlated with SFRs, and as biting forces probably
diminish with age, this may also play a role in the
prevalence of xerostomia in the elderly.* Another
reason for hyposalivation, suggested by lkebe et
al.,” could be an age-associated decline in the sense
of taste.

The major limitation of this study is its relatively
low sample size. An additional, larger-scale study is
needed to validate our findings. Another limitation
is that our study involved only two groups, and
further studies are needed to investigate the
differences in subdivided groups.

This study was undertaken to determine whether
elderly patients with xerostomia have lower
SFRs and abnormal SGS parameters as compared
with young and healthy volunteers, and whether
the degree of xerostomia is correlated with the

severity of SG dysfunction, as evaluated using
SFRs and SSG parameters. Elderly patients with
xerostomia had higher questionnaire scores, lower
SFRs and aberrant scintigraphic parameters when
compared with young, normal volunteers. In
addition, the UR, MA, and T... were found to be
sensitive scintigraphic parameters with respect to
the evaluation of SG dysfunction. Furthermore, the
scintigraphic parameters of SMGs were found to
be highly correlated with the xerostomia symptom
scores in elderly patients with xerostomia.

Conclusion

These results suggest that SFRs and scintigraphic
parameters may be helpful for the subjective
evaluation of xerostomia symptoms, and that the
unstimulated SFR and SMG-related scintigraphic
parameters reflect the symptoms of xerostomia in
elderly patients.
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