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J . A . S H I P * , J . A . M C C U T C H E O N †, S . S P I V A K O V S K Y † & A . R . K E R R *

*Department of Oral &

Maxillofacial Pathology, Radiology, and Medicine and †Department of Basic Sciences, New York University College of Dentistry and the
Bluestone Center for Clinical Research, New York, NY, USA

SUMMARY Polypharmacy is a common cause of salivary hypofunction, producing symptoms of dry
mouth or xerostomia, especially among older populations. As the number of older people continues to
increase, polypharmacy-induced salivary hypofunction is becoming an increasing problem. Many overthe-counter products are available for relieving
symptoms of dry mouth, but few have been tested
in controlled clinical investigations. The purpose of
this investigation was to evaluate the safety and
efficacy of a group of topical dry mouth products
(toothpaste, mouth rinse, mouth spray and gel)
containing olive oil, betaine and xylitol. Forty adults
were entered into this single-blinded, open-label,
cross-over clinical study and 39 completed all the
visits. Subjects were randomly assigned at baseline
to using the novel topical dry mouth products daily

Introduction
Saliva is an essential component for the maintenance of
normal oral health (1, 2). Decreased saliva production
results in difficulties in speech, mastication, swallowing, changes in taste, new and recurrent dental caries,
impaired use of removable prostheses, microbial infections, unpleasant breath, deterioration of soft tissues
and a compromised quality of life (3–6). While it was
previously thought that decreased salivary function was
a normal part of the ageing process, recent evidence
demonstrates that most salivary loss is due to local and
systemic diseases, immunologic disorders, external
beam radiation, and multiple prescription and nonprescription medications (3, 7–10). The most common
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for 1 week, or to maintain their normal dry mouth
routine care. After 1 week, they were crossed over
to the other dry mouth regimen. The results demonstrated that the use of the novel topical dry
mouth products increased significantly unstimulated whole salivary flow rates, reduced complaints of
xerostomia and improved xerostomia-associated
quality of life. No clinically significant adverse
events were observed. These data suggest that the
daily use of topical dry mouth products containing
olive oil, betaine and xylitol is safe and effective in
relieving symptoms of dry mouth in a population
with polypharmacy-induced xerostomia.
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cause of salivary hypofunction and xerostomia (subjective complaint of a dry mouth), particularly in older
aged populations, is polypharmacy-induced salivary
hypofunction (11–14).
It is difficult to determine the global estimates of
xerostomia and salivary gland dysfunction because of
limited epidemiological studies, yet it is probable that
30% of the population aged 65+ years experiences
these disorders (15). Furthermore, because of the
growing population of older adults, many of whom
are susceptible to salivary gland disorders, xerostomia
and its concomitant oral-pharyngeal sequelae will
become increasingly more prevalent (15, 16).
Treatment of salivary hypofunction and xerostomia
can be accomplished by multiple approaches,
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depending upon the aetiology of the disorder (17).
Chewing gum (18–20), sugarfree lozenges (21), salivary
substitutes and moisturizers (20, 22–24), toothpastes
(25), intra-oral stimulatory devices (26), acupuncture
(27) and cholinergic agonists (28) have all demonstrated some ability to improve xerostomia and promote
salivary function, depending upon the underlying
aetiology and the degree of salivary dysfunction. However, each technique has its drawbacks (29). Cholinergic agonists have side effects and are contraindicated for
certain concomitant medical disorders; salivary glands
may be severely atrophic and non-responsive to stimulants. It is not always feasible to continually sip water
during the day, and not everyone enjoys chewing gum
(15). Furthermore many medicaments have limited
access for purchase (30).
Salivary-promoting oral moisturizers represent a
strategy for reduction of xerostomic complaints in a
wide variety of dry mouth patients. Three topical oral
medicaments have been formulated together to develop
a novel mouth rinse to reduce xerostomia. Olive oil has
oral lubricating properties (31), betaine (a naturallyoccurring amino acid and wetting agent) has been
associated with improving symptoms of dry mouth
(25, 32–34), and xylitol is a valuable asset in combating
dental caries (35). The purpose of this investigation was
to examine the safety and efficacy of topical dry mouth
products containing olive oil, betaine and xylitol in a
population of adults experiencing polypharmacyinduced salivary hypofunction and xerostomia. The
null hypothesis was that there would be no difference
in dry mouth symptoms in subjects using the novel
topical dry mouth products (Xerostom* products)
compared with subjects’ regular dry mouth routine.

Materials and methods

subjects were screened according to the inclusion/
exclusion criteria described below; subjects who
matched were given an IRB-approved consent form to
review and sign by a study-dedicated clinical research
coordinator. Subjects were randomly divided into two
groups; one group (n ¼ 20) continued their current dry
mouth routine for 7 days, while the other group
(n ¼ 20) received topical dry mouth products containing olive oil, betaine and xylitol (Xerostom* products)
to be used for 7 days.

Inclusion criteria
1 Subjects with a complaint of dry mouth as assessed by
a response of 30 mm or greater on at least one of eight
Dry Mouth Visual Analogue Scale (VAS) questions
(37).
2 Subjects with an unstimulated whole salivary flow
rate of £0Æ2 mL min)1 (38).
3 Subjects between 50 and 90 years of age.
4 Subjects taking a minimum of three drugs associated
with causing salivary hypofunction or xerostomia (e.g.
anxiolytics, anorexiants, anti-asthmatics, anti-cholinergics, anti-depressants, anti-emetics, anti-histamines,
anti-hypertensives, anti-parkinsonians, anti-psychotics,
decongestants, diuretics and sedatives) (39).
5 Subjects taking these medications (no. 4 above) for at
least 1 week prior to study initiation and expected to be
taking them for the duration of the study.
6 Subjects willing to use only the novel topical dry
mouth products for dry mouth symptoms during that
phase of the study.
7 Subjects willing to return for all study-associated
visits.
8 Subjects able to read, understand and sign the IRBapproved informed consent form.

Subjects

Exclusion criteria

The study was reviewed and approved by the Institutional Review Board (IRB) in accordance with the Code
of Ethics of the Declaration of Helsinki (36). A total of
40 participants (25 female and 15 male) were recruited
and enrolled from the general population aged
50–67 years [60Æ6  6Æ7 years; mean  standard deviation (s.d.)]. All subjects reported a history of dry
mouth symptoms because of polypharmacy. All

1 Subjects who had received radiation therapy to the
head and neck region.
2 Subjects with Sjögren’s syndrome (40).
3 Subjects with insufficient manual dexterity to use the
products appropriately.
4 Subjects unable to read and understand the consent
form.
5 Subjects using any prescription medication for their
dry mouth condition (pilocarpine, cevimeline) within
7 days prior to entrance into the study.
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6 Subjects requiring dental-alveolar surgery or extensive dental treatment during the course of the study.
7 Subjects requiring hospitalization for any medical
problem during the course of the study.
8 Subjects with uncontrolled medical conditions that
could interfere with study outcomes.
9 Subjects with an uncontrolled medical condition that
required changes in medications during the course of
the study.

Baseline measurements
Unstimulated whole saliva was collected by a previously described protocol (41) and a comprehensive
standardized oral tissue exam was performed. All
subjects were seen between 8 AM and noon after a 2 h
fast during which eating, drinking, performing oral
hygiene, smoking, chewing gum and using mints were
prohibited. An eight item 100 mm dry mouth VAS
questionnaire (37) and a xerostomia-related quality of
life questionnaire were administered (42) by a single,
study-dedicated research coordinator.

Study products
Topical dry mouth products (tooth paste, mouth rinse,
spray and gel) containing three active ingredients
(olive oil, betaine and xylitol) were used in this
investigation (Xerostom* products). Xerostom*
ingredients are formulated at a neutral pH, have a
mild lemon aroma, and include olive oil, betaine,
xylitol, fluoride, vitamin E and vitamin B5. Olive oil
helps ameliorate oral conditions commonly found in
dry mouth patients. It has anti-inflammatory (43),
anti-microbial (44) and oral lubricating properties
(31). Olive oil has inhibitory effects on cariogenic
bacterial growth (45), assists in controlling oral malodour (46) and can reduce tooth demineralization
(47). Its greatest value may be due to olive polyphenols that contribute to the modulation of the oxidative
balance and are considered safe at high levels (48).
Xylitol has proven anti-caries activity (35, 49), and
vitamin E may help reduce mucosal irritation (50).
Betaine (trimethylglycine) is a naturally-occurring
amino acid in humans (51, 52). It has been demonstrated to reduce skin-irritating effects typically found
in mouth products using sodium-lauryl-sulphate, and
has been associated with improving symptoms of dry
mouth (25, 32–34).

Study design
Subjects were randomized to receiving Xerostom*
products first, or to continue in their normal daily
regimen for dry mouth. The Xerostom* regimen
consisted of: (i) use of the tooth paste/mouth rinse
three times daily after main meals, (ii) use of the spray
and gel between meals and as often as desired, but a
minimum of eight times daily. Subjects on the Xerostom* regimen kept a product use diary and compliance was determined to be >80% of the recommended
daily use. Subjects in the normal daily regimen group
were instructed to continue their everyday typical
practices for the treatment of dry mouth, excluding
any use of pharmacological stimulants. A product use
diary was also kept by these subjects. On day 8, all
subjects returned to the research centre, baseline
measurements were repeated and records of any
adverse events were taken.
Cross-over subjects in the normal dry mouth regimen
group were then placed on the Xerostom* regimen,
while subjects in the Xerostom* regimen were given
instructions to discontinue the use of the Xerostom*
products and instructed not to use any dry mouth
products (washout period). On day 15, all subjects
returned to the research centre, baseline measurements
were repeated and records of any adverse events were
taken. Subjects who were initially in the no treatment
group were dismissed from the study. Subjects who
completed that washout week were instructed to
resume their normal daily regimen and initiate their
everyday typical practices for the treatment of dry
mouth, excluding any use of pharmacological stimulants. A product use diary was also kept by these
subjects. On day 22, this group returned to the research
centre, baseline measurements were repeated and
records of any adverse events were taken. Afterwards
these subjects were also dismissed from the study.

VAS questionnaire
A validated VAS questionnaire was used which contains eight items regarding oral dryness (37). Subjects
were asked to mark a vertical line through a 100 mm
horizontal line to indicate their level of dryness. Two of
the items (nos 2, 3) have been correlated with objective
findings of salivary gland hypofunction (53). Three of
the items (nos 6,7 and 8) have been previously used in
the investigations of dry mouth (53, 54), and dryness of
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lips (no. 6) successfully predicted salivary gland hypofunction (55). The eight items were:
1 Rate the difficulty you experience in speaking
because of dryness.
2 Rate the difficulty you experience in swallowing
because of dryness.
3 Rate how much saliva is in your mouth.
4 Rate the dryness of your mouth.
5 Rate the dryness of your throat.
6 Rate the dryness of your lips.
7 Rate the dryness of your tongue.
8 Rate the level of your thirst.

Xerostomia-related quality of life questionnaire
The validated xerostomia-related quality of life questionnaire (42) includes 15 questions regarding how dry
mouth affects a person’s quality of life, with subdivisions for the four major domains of quality of life:
physical function, personal function, social function
and pain. The questions were:
1 My mouth/throat dryness limits the kinds or amounts
of food I eat.
2 My mouth/throat dryness causes discomfort.
3 My mouth/throat dryness causes a lot of worry or
concern
4 My mouth/throat dryness keeps me from socializing
(going out).
5 My mouth/throat dryness makes me uncomfortable
when eating in front of other people.
6 My mouth/throat dryness makes me uncomfortable
speaking in front of other people.
7 My mouth/throat dryness makes me nervous.
8 My mouth/throat dryness makes me concerned about
the looks of my teeth and mouth.
9 My mouth/throat dryness keeps me from enjoying life.
10 My mouth/throat dryness interferes with my daily
activities.
11 My mouth/throat dryness interferes with my intimate relationships.
12 My mouth/throat dryness has a bad effect on tasting
food.
13 My mouth/throat dryness reduces my general
happiness with life.
14 My mouth/throat dryness affects all aspects of my
life.
15 If you were to spend the rest of your life with your
mouth/throat dryness just the way it is now, how
would you feel about this?

Five response categories are used for items 1–14: (i)
not at all, (ii) a little, (iii) somewhat, (iv) quite a bit and
(v) very much. For item 15, five different responses
were used: (i) delighted, (ii) mostly satisfied, (iii) mixed
satisfied/dissatisfied, (iv) mostly dissatisfied and (v)
terrible.

Statistical analyses
Data were entered and checked into a password protected data base. Baseline demographic characteristics were
computed, and comparisons conducted between the
two groups randomized at baseline with Student’s
t-tests. Paired t-test analyses were performed for salivary
flow rates and responses to the two questionnaire
measurements for the group using Xerostom* products compared with the group using their normal dry
mouth routine. As the study was a cross-over design
during which one group received the Xerostom*
products during week 1, while the other group received
the Xerostom* products during week 2, some programming was necessary to select responses during
Xerostom* products use at weeks 1 and 2 and combine
them as one field to test the hypothesis. Analyses were
carried out using SAS version 9†. A P-value was
accepted for statistical significance at P £ 0Æ05.

Results
Forty subjects were randomized upon entry into the
study and 39 subjects completed all visits. The one subject
did not return for his last visit resulting in 14 males and 25
females who completed the study. At baseline the two
groups (Xerostom* products, normal dry mouth
routine) had similar mean ages (58Æ9 and 62Æ3 years,
respectively; P > 0Æ05). There were 19 Caucasians, 18
African-Americans and three Hispanics. Subjects were
taking between 3 and 21 prescription medications and
between 3 and 13 medications associated with salivary
hypofunction or xerostomia. The numbers of xerostomic
medications used at baseline by those who began the
Xerostom* regime (5Æ1  2Æ5, mean  s.d.) were
similar to those who continued their normal dry mouth
routine (4Æ4  1Æ4, mean  s.d.; P > 0Æ05).
Initially the baseline unstimulated whole salivary
flow rates were compared between the two groups to
assure that the randomization did not result in initial
†
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Fig. 1. Change in unstimulated whole salivary flow rates over
1 week in subjects who used novel topical dry mouth products
(Xerostom*) compared with the same subjects who used their
normal daily dry mouth products. Results expressed as
mean  standard deviation. Differences between groups are
statistically significant at P ¼ 0Æ033.

20·0
Xerostom
Normal Care

15·0
Change from baseline
(mm; mean ± sem)

differences before the start of therapy. The analysis of
variance indicated that at baseline (day 0), there were
no statistically significant differences in mean unstimulated whole salivary flow rates for the subjects who
began using the Xerostom* regime (0Æ046 mL min)1)
versus those who continued their normal dry mouth
routine (0Æ047 mL min)1).
Paired t-test analyses were then used to test the
hypothesis. Results showed that the use of Xerostom*
products for 1 week resulted in a significantly greater
increase in unstimulated whole salivary flow rates than
subjects’ normal dry mouth routine for 1 week
(P ¼ 0Æ033). In the Xerostom* products group, flow
rates increased from a baseline of 0Æ05  0Æ05 mL min)1
(mean  s.d.) to 0Æ140  0Æ26 mL min)1 (mean  s.d.)
during the week when they used Xerostom* products
(Fig. 1), while flow rates in those subjects using normal
dry mouth routine products remained the same over
the 7-day period (0Æ047  0Æ05 mL min)1 vs. 0Æ05 
0Æ05 mL min)1; mean  s.d.).
Dry mouth symptoms were assessed by an eight-item
VAS questionnaire, and the results demonstrated that
use of the Xerostom* products produced greater
(P ¼ 0Æ011) overall improvement compared with subjects’ normal dry mouth routine for the same period of
time (Fig. 2). All eight individual VAS items demonstrated improvement in both groups, but there was
greater improvement in the Xerostom* product
group. Three of the eight items (overall dryness of
the mouth, tongue dryness and level of thirst) demonstrated significantly greater improvements in the

Change in flow rate
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Fig. 2. Change in xerostomic complaints [eight Visual Analogue
Scale (VAS) items] over 1 week in subjects who used novel topical
dry mouth products (Xerostom*) compared with the same
subjects who used their normal daily dry mouth products. Positive
changes in VAS results denoted greater xerostomic complaints,
negative changes denoted decreased xerostomic complaints, and
zero changes denoted no changes in xerostomic complaints.
Results expressed as mean  standard error of the mean. Statistically-significant differences between groups were detected for
overall dryness of the mouth (no. 4), tongue dryness (no. 7) and
level of thirst (no. 8).

Xerostom* products group: overall dryness of the
mouth (P ¼ 0Æ038), overall dryness of the tongue
(P ¼ 0Æ002) and level of thirst (P ¼ 0Æ0001).
To determine if baseline total medications or total
xerostomic medications influenced changes in VAS
scores, the analysis of covariance was conducted on
each of the above analyses while controlling for total
number of baseline xerostomic medications. The results
demonstrated that statistics for all eight VAS items
reported above did not change as the covariate was not
significant (P > 0Æ05). The same analysis of covariance
was conducted on each of the above analyses while
controlling for total number of baseline medications.
The results indicated that the total number of medications was not related to any of the VAS change scores
(P > 0Æ05).
The effect of xerostomia on a subject’s quality of life
was assessed with a 15-item survey, and overall, results
demonstrated a greater improvement in the group that
used the Xerostom* products regimen compared with
their normal dry mouth routine (Fig. 3). The overall
changes for 15 items combined did not demonstrate
significant differences between the two groups
(P ¼ 0Æ17), yet 14 of 15 items favoured the Xerostom*
product groups, with four items showing statistical
significance (P < 0Æ05) and two items showing borderline significance (P < 0Æ10). A subsequent analysis
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Fig. 3. Change in xerostomia-related quality of life over 1 week
in subjects who used novel topical dry mouth products (Xerostom*) compared with the same subjects who used their normal
daily dry mouth products. Results expressed as mean  standard
deviation. Statistically-significant differences between groups
were detected for physical function (P ¼ 0Æ03), pain (P ¼ 0Æ03)
and personal function (P ¼ 0Æ01), but not for social function
(P ¼ 0Æ2).

categorized the 15 items into the four primary quality of
life areas (42). Three of the areas demonstrated significantly greater improvement after the use of Xerostom* products compared with normal dry mouth
routine: physical function (items: 1, 6, 10 and 12;
P ¼ 0Æ03), pain (items: 2, 3, 7 and 9; P ¼ 0Æ03),
personal function (items: 8, 13, 14 and 15; P ¼ 0Æ01)
(Fig. 3). Social function changes were indistinguishable
between the two groups (items: 4, 5 and 11; P ¼ 0Æ2),
which accounted for the lack of overall statistical
differences for all four areas between the two groups.
Finally, a safety analysis was conducted for all
subjects enrolled in the study. There were a very small
number of adverse events reported by subjects that
were not considered to be related to any of the products
used, and no differences were detected in adverse
events between the subjects when using Xerostom*
products or when using their normal dry mouth
routine.

Discussion
Salivary output and constituents are critically important components of oral health. Clinically significant
detriments in salivary function reduce the health of the
oral cavity and pharynx, and can impair a person’s
quality of life (6, 8). The most common cause of salivary
hypofunction, particularly amongst older populations,

is medications (3, 7, 39, 56). As the elderly are the most
rapidly growing segment of the population, and most
older individuals are taking at least one drug, polypharmacy-induced salivary hypofunction and xerostomia are predicted to become more prevalent in the
future (13, 15, 57). Therefore, it is important to have a
wide variety of products that can help modify the
xerostomic effects of multiple medications (28). Importantly, these products should be convenient to use, safe,
with minimal side effects, and tested for safety and
efficacy in controlled clinical trials.
The results of this investigation demonstrate that
topical dry mouth products containing olive oil, betaine
and xylitol, designed to reduce symptoms of xerostomia, are safe to use in a group of adults experiencing
polypharmacy-induced dry mouth. There were no
adverse events observed during the clinical investigation demonstrating a good safety profile in the subjects
who used these dry mouth products for a week. Olive
oil has many properties helpful in ameliorating oral
conditions commonly found in dry mouth patients,
including anti-microbial, lubrication, anti-inflammatory and anti-caries activities (31, 43–46, 48). Betaine
is a naturally occurring amino acid derivative, obtained
from sugar beet molasses during sugar production (58,
59). Betaine is also called trimethylglycine, but betaines
can be any of the trimethyl amino acids. Betaine is
found at different concentrations in all living organisms. In humans, as it has surface active properties,
betaine participates in many functions, including lubrication. Betaine has osmoprotectant capabilities (59,
60), is also able to bind humidity from the air, so that it
has an osmoprotecting effect on the skin and oral
mucosa against chemical and mechanical irritation
(61). Betaine-containing detergent-free toothpaste
was found to cause no epithelial desquamation compared with a sodium-lauryl-sulphate containing toothpaste (62). Currently, it is used in skin, cosmetic and
hair care products as well as in toothpastes as a
preventative, soothing and osmoprotective component (61). Betaine has also been demonstrated to
provide relief against oral irritants (25, 32). Accordingly, it has been suggested that it could assist in the
reduction of dry mouth complaints because of its
osmoprotective qualities (25, 32, 34). Xylitol, a widely
used natural carbohydrate sweetener of the pentitol
type, has proven anti-caries activities (35, 49) and has
been used effectively in older patients to help stimulate
saliva (63).
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The purpose of this cross-over clinical investigation
was also to determine the efficacy of a week-long
regimen of topical dry mouth products containing olive
oil, betaine and xylitol compared with a person’s
normal dry mouth regimen for polypharmacy-induced
xerostomia. The results suggest that daily use of these
novel topical dry mouth products increased significantly unstimulated whole saliva during the week of
product use compared with the saliva produced when
subjects continued their normal dry mouth routine.
Subjects also showed improvements in xerostomia and
quality of life issues as assessed by VAS and xerostomiaassociated quality of life questionnaires. The VAS
showed statistically significant improvements in the
dryness of the mouth and tongue and a decrease in
thirst when using Xerostom* products as compared
with their normal dry mouth routine. Subjects showed
improvement in the other five VAS items, although
with less significance. There was a statistically significant improvement in the quality of life issues relating to
physical, personal function and pain when using
Xerostom* products compared with their normal dry
mouth routine. Interestingly, Xerostom* products did
not significantly improve social functions versus subjects’ normal dry mouth routine (P ¼ 0Æ2) which could
have been partially because of normal dry mouth
routines that include chewing gum or sipping liquids.
These findings are consistent with many other studies
that have demonstrated that topical dry mouth products can improve symptoms of dry mouth in a variety of
patient populations (20–24, 64–73). However, the vast
majority of these clinical investigations were conducted
in patients with radiotherapy-induced salivary hypofunction or Sjögren’s syndrome. There are limited
clinical trial data for adults with polypharmacy-induced
dry mouth, despite the prevalence of drug-induced dry
mouth symptoms amongst older adults (13, 74).
Therefore, the results from this study could help
subjects experiencing dry mouth symptoms as a result
of concomitant medication use.

Acknowledgments
This study was partially funded by Biocosmetics Laboratories. The authors thank the expert research coordinators of the Bluestone Center for Clinical Research
(New York University College of Dentistry) and the
research subjects, all whom helped make this study
possible.

References
1. Sreebny LM. Saliva in health and disease: an appraisal and
update. Int Dent J. 2000;50:140–161.
2. Amerongen AV, Veerman EC. Saliva – the defender of the oral
cavity. Oral Dis. 2002;8:12–22.
3. Guggenheimer J, Moore PA. Xerostomia: etiology, recognition
and treatment. J Am Dent Assoc. 2003;134:61–69.
4. Atkinson JC, Baum BJ. Salivary enhancement: current status
and future therapies. J Dent Educ. 2001;65:1096–1101.
5. Cohen-Brown G, Ship JA. Diagnosis and treatment of salivary
gland disorders. Quintessence Int. 2004;35:108–123.
6. Porter SR, Scully C, Hegarty AM. An update of the etiology
and management of xerostomia. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2004;97:28–46.
7. Närhi TO, Meurman JH, Ainamo A. Xerostomia and hyposalivation: causes, consequences and treatment in the elderly.
Drugs Aging. 1999;15:103–116.
8. Ship JA. Xerostomia: aetiology, diagnosis, management and
clinical implications. In: Edgar M, Dawes C, O’Mullane D, eds.
Saliva and Oral Health, 3rd ed. London: British Dental
Association; 1999:50–70.
9. Ghezzi EM, Wagner-Lange LA, Schork MA, Metter EJ, Baum
BJ, Streckfus CF, Ship JA. Longitudinal influence of age,
menopause, hormone replacement therapy, and other medications on parotid flow rates in healthy women. J Gerontol
Med Sci. 2000;55A:M34–M42.
10. Ship JA, Baum BJ. Is reduced salivary flow normal in old
people? Lancet. 1990;336:1507.
11. Nayak L, Wolff A, Fedele S, Martin-Granizo R, Reichart PA,
Russo LL et al. The burden of xerostomia in independent
community-dwelling older adults: results from the Saliwell
Project. Oral Biosci Med. 2004;1:283–289.
12. Fox PC. Acquired salivary dysfunction. Drugs and radiation.
Ann N Y Acad Sci. 1998;842:132–137.
13. Thomson WM, Chalmers JM, Spencer AJ, Slade GD. Medication and dry mouth: findings from a cohort study of older
people. J Public Health Dent. 2000;60:12–20.
14. Bergdahl M, Bergdahl J. Low unstimulated salivary flow
and subjective oral dryness: association with medication,
anxiety, depression, and stress. J Dent Res. 2000;79:1652–
1658.
15. Ship JA, Pillemer SR, Baum BJ. Xerostomia and the geriatric
patient. J Am Geriatr Soc. 2002;50:535–543.
16. Thomson WM, Chalmers JM, Spencer AJ, Ketabi M. The
occurrence of xerostomia and salivary gland hypofunction in
a population-based sample of older South Australians. Spec
Care Dentist. 1999;19:20–23.
17. Brennan MT, Shariff G, Lockhart PB, Fox PC. Treatment of
xerostomia: a systematic review of therapeutic trials. Dent
Clin North Am. 2002;46:847–856.
18. Jensen JL, Karatsaidis A, Brodin P. Salivary secretion: stimulatory effects of chewing-gum versus paraffin tablets. Eur J
Oral Sci. 1998;106:892–896.
19. Simons D, Brailsford SR, Kidd EAM, Beighton D. The effect
of medicated chewing gums on oral health in frail older
people: a 1-year clinical trial. J Am Geriatr Soc. 2002;50:
1348–1353.

ª 2007 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 34; 724–732

TREATMENT FOR POLYPHARMACY-INDUCED DRY MOUTH
20. Davies AN. A comparison of artificial saliva and chewing gum
in the management of xerostomia in patients with advanced
cancer. Palliat Med. 2000;14:197–203.
21. Makinen KK, Isotupa KP, Kivilompolo T, Makinen PL,
Murtomaa S, Petaja J et al. The effect of polyol-combinant
saliva stimulants on S. mutans levels in plaque and saliva of
patients with mental retardation. Spec Care Dentist.
2002;22:187–193.
22. Epstein JB, Stevenson-Moore P. A clinical comparative trial of
saliva substitutes in radiation-induced salivary gland hypofunction. Spec Care Dentist. 1992;12:21–23.
23. Regelink G, Vissink A, Reintsema H, Nauta JM. Efficacy of a
synthetic polymer saliva substitute in reducing oral complaints of patients suffering from irradiation-induced xerostomia. Quintessence Int. 1998;29:383–388.
24. Rhodus NL, Bereuter J. Clinical evaluation of a commercially
available oral moisturizer in relieving signs and symptoms of
xerostomia in postirradiation head and neck cancer patients
and patients with Sjogren’s syndrome. J Otolaryngol.
2000;29:28–34.
25. Soderling E, Le Bell A, Kirstila V, Tenovuo J. Betainecontaining toothpaste relieves subjective symptoms of dry
mouth. Acta Odontol Scand. 1998;56:65–69.
26. Frost PM, Shirlaw PJ, Walter JD, Challacombe SJ. Patient
preferences in a preliminary study comparing an intra-oral
lubricating device with the usual dry mouth lubricating
methods. Br Dent J. 2002;193:403–408.
27. Johnstone PA, Niemtzow RC, Riffenburgh RH. Acupuncture
for xerostomia: clinical update. Cancer. 2002;94:1151–1156.
28. Grisius MM. Salivary gland dysfunction: a review of systemic
therapies. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2001;92:156–162.
29. Atkinson JC, Wu A. Salivary gland dysfunction: causes,
symptoms, treatment. J Am Dent Assoc. 1994;125:409–416.
30. Frost PM. Difficulties in dental prescribing of saliva substitutes
for xerostomia. Gerodontology. 2002;19:123–124.
31. Kaidonis JA, Gratiaen J, Bhatia N, Richards LC, Townsend GC.
Tooth wear prevention: a quantitative and qualitative in vitro
study. Aust Dent J. 2003;48:15–19.
32. Rantanen I, Jutila K, Nicander I, Tenovuo J, Soderling E. The
effects of two sodium lauryl sulphate-containing toothpastes
with and without betaine on human oral mucosa in vivo.
Swed Dent J. 2003;27:31–34.
33. Rantanen I, Nicander I, Jutila K, Ollmar S, Tenovuo J,
Soderling E. Betaine reduces the irritating effect of sodium
lauryl sulfate on human oral mucosa in vivo. Acta Odontol
Scand. 2002;60:306–310.
34. Rantanen I, Tenovuo J, Pienihakkinen K, Soderling E. Effects
of a betaine-containing toothpaste on subjective symptoms of
dry mouth: a randomized clinical trial. J Contemp Dent Pract
[Electronic Resource]. 2003;4:11–23.
35. Makinen KK, Makinen PL, Pape HR Jr, Peldyak J, Hujoel P,
Isotupa KP et al. Conclusion and review of the Michigan
Xylitol Programme (1986–1995) for the prevention of dental
caries. Int Dent J. 1996;46:22–34.
36. Bennett BM, Nakamura E. Ethics of human experimentation.
Br Med J. 1964;5402:135–136.

37. Sreebny LM, Valdini A. Xerostomia. A neglected symptom.
Arch Intern Med. 1987;147:1333–1337.
38. Navazesh M. Methods for collecting saliva. Ann N Y Acad Sci.
1993;694:72–77.
39. Pai S, Ghezzi EM, Ship JA. Development of a Visual Analogue
Scale questionnaire for subjective assessment of salivary
dysfunction. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2001;91:311–316.
40. Henson BS, Inglehart MR, Eisbruch A, Ship JA. Preserved
salivary output and xerostomia-related quality of life in head
and neck cancer patients receiving parotid-sparing radiotherapy. Oral Oncol. 2001;37:84–93.
41. Beauchamp GK, Keast RS, Morel D, Lin J, Pika J, Han Q et al.
Phytochemistry: ibuprofen-like activity in extra-virgin olive
oil. Nature. 2005;437:45–46.
42. Fleming HP, Walter WM Jr, Etchells JL. Antimicrobial
properties of oleuropein and products of its hydrolysis from
green olives. Appl Microbiol. 1973;26:777–782.
43. Pretty IA, Gallagher MJ, Martin MV, Edgar WM, Higham SM.
A study to assess the effects of a new detergent-free, olive oil
formulation dentifrice in vitro and in vivo. J Dent.
2003;31:327–332.
44. Kozlovsky A, Goldberg S, Natour I, Rogatky-Gat A, Gelernter
I, Rosenberg M. Efficacy of a 2-phase oil: water mouthrinse in
controlling oral malodor, gingivitis, and plaque. J Periodontol.
1996;67:577–582.
45. Buchalla W, Attin T, Roth P, Hellwig E. Influence of olive oil
emulsions on dentin demineralization in vitro. Caries Res.
2003;37:100–107.
46. Soni MG, Burdock GA, Christian MS, Bitler CM, Crea R.
Safety assessment of aqueous olive pulp extract as an
antioxidant or antimicrobial agent in foods. Food Chem
Toxicol. 2006;44:903–915.
47. Makinen KK, Bennett CA, Hujoel PP, Isokangas PJ, Isotupa
KP, Pape HR Jr et al. Xylitol chewing gums and caries rates: a
40-month cohort study. J Dent Res. 1995;74:1904–1913.
48. Wadleigh RG, Redman RS, Graham ML, Krasnow SH,
Anderson A, Cohen MH. Vitamin E in the treatment of
chemotherapy-induced mucositis. Am J Med. 1992;92:481–
484.
49. Lever M, Sizeland PC, Bason LM, Hayman CM, Chambers ST.
Glycine betaine and proline betaine in human blood and
urine. Biochim Biophys Acta. 1994;1200:259–264.
50. Lever M, Sizeland PC, Bason LM, Hayman CM, Robson RA,
Chambers ST. Abnormal glycine betaine content of the blood
and urine of diabetic and renal patients. Clin Chim Acta.
1994;230:69–79.
51. Fox PC, Busch KA, Baum BJ. Subjective reports of xerostomia
and objective measures of salivary gland performance. J Am
Dent Assoc. 1987;115:581–584.
52. Närhi TO. Prevalence of subjective feelings of dry mouth in
the elderly. J Dent Res. 1994;73:20–25.
53. Navazesh M, Christensen C, Brightman V. Clinical criteria for
the diagnosis of salivary gland hypofunction. J Dent Res.
1992;71:1363–1369.
54. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM,
Alexander EL, Carsons SE et al. Classification criteria for

ª 2007 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 34; 724–732

731

732

J . A . S H I P et al.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

Sjogren’s syndrome: a revised version of the European criteria
proposed by the American-European Consensus Group. Ann
Rheum Dis. 2002;61:554–558.
Sreebny LM, Schwartz SS. A reference guide to drugs and dry
mouth – 2nd edition. Gerodontology. 1997;14:33–47.
Smith RG, Burtner AP. Oral side-effects of the most frequently
prescribed drugs. Spec Care Dentist. 1994;14:96–102.
Thomson WM, Brown RH, Williams SM. Medication and
perception of dry mouth in a population of institutionalised
elderly people. N Z Med J. 1993;106:219–221.
McCue KF, Hanson AD. Salt-inducible betaine aldehyde
dehydrogenase from sugar beet: cDNA cloning and expression. Plant Mol Biol. 1992;18:1–11.
Rathinasabapathi B, McCue KF, Gage DA, Hanson AD.
Metabolic engineering of glycine betaine synthesis: plant
betaine aldehyde dehydrogenases lacking typical transit peptides are targeted to tobacco chloroplasts where they confer
betaine aldehyde resistance. Planta. 1994;193:155–162.
Peddie BA, Lever M, Hayman CM, Randall K, Chambers ST.
Relationship between osmoprotection and the structure and
intracellular accumulation of betaines by Escherichia coli.
FEMS Microbiol Lett. 1994;120:125–131.
Nicander I, Rantanen I, Rozell BL, Soderling E, Ollmar S. The
ability of betaine to reduce the irritating effects of detergents
assessed visually, histologically and by bioengineering methods. Skin Res Technol. 2003;9:50–58.
Herlofson BB, Barkvoll P. Oral mucosal desquamation caused
by two toothpaste detergents in an experimental model. Eur J
Oral Sci. 1996;104:21–26.
Makinen KK, Pemberton D, Makinen PL, Chen CY, Cole J,
Hujoel PP et al. Polyol-combinant saliva stimulants and oral
health in Veterans Affairs patients – an exploratory study.
Spec Care Dentist. 1996;16:104–115.
Alves MB, Motta AC, Messina WC, Migliari DA. Saliva
substitute in xerostomic patients with primary Sjogren’s syndrome: a single-blind trial. Quintessence Int. 2004;35:392–396.
Andersson G, Johansson G, Attstrom R, Edwardsson S, Glantz
PO, Larsson K. Comparison of the effect of the linseed extract
Salinum and a methyl cellulose preparation on the symptoms
of dry mouth. Gerodontology. 1995;12:12–17.

66. Bots CP, Brand HS, Veerman EC, Korevaar JC, Valentijn-Benz
M, Bezemer PD et al. Chewing gum and a saliva substitute
alleviate thirst and xerostomia in patients on haemodialysis.
Nephrol Dial Transplant. 2005;20:578–584.
67. Donatsky O, Johnsen T, Holmstrup P, Bertram U. Effect of
Saliment on parotid salivary gland secretion and on xerostomia caused by Sjogren’s syndrome. Scand J Dent Res.
1982;90:157–162.
68. Kam AY, McMillan AS, Pow EH, Leung KC, Luk HW.
A preliminary report on patient acceptance of a novel
intra-oral lubricating device for the management of radiotherapy-related xerostomia. Clin Oral Investig. 2005;9:148–
153.
69. Matear DW, Barbaro J. Effectiveness of saliva substitute
products in the treatment of dry mouth in the elderly: a pilot
study. J R Soc Health. 2005;125:35–41.
70. Momm F, Volegova-Neher NJ, Schulte-Monting J, Guttenberger R. Different saliva substitutes for treatment of xerostomia following radiotherapy. A prospective crossover study.
Strahlenther Onkol. 2005;181:231–236.
71. Shannon IL, McCrary BR, Starcke EN. A saliva substitute for
use by xerostomic patients undergoing radiotherapy to the
head and neck. Oral Surg Oral Med Oral Pathol. 1977;44:656–
661.
72. Temmel AF, Quint C, Schickinger-Fischer B, Hummel T. Taste
function in xerostomia before and after treatment with
a saliva substitute containing carboxymethylcellulose. J
Otolaryngol. 2005;34:116–120.
73. Visch LL, Gravenmade EJ, Schaub RM, Van Putten WL,
Vissink A. A double-blind crossover trial of CMC- and mucincontaining saliva substitutes. Int J Oral Maxillofac Surg.
1986;15:395–400.
74. Nederfors T, Isaksson R, Mornstad H, Dahlof C. Prevalence of
perceived symptoms of dry mouth in an adult Swedish
population – relation to age, sex and pharmacotherapy.
Community Dent Oral Epidemiol. 1997;25:211–216.
Correspondence: Dr Jonathan A. Ship, New York University, 421 First
Avenue, 2nd Floor, New York, NY 10010-4086, USA.
E-mail: jonathan.ship@nyu.edu

ª 2007 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 34; 724–732

