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Abstract
Objectives  Sjögren’s syndrome (SS) patients should be involved in the development of new saliva substitutes at an early 
stage. The purpose of the current study was to explore the preferences of these patients regarding various product charac-
teristics of potential new saliva substitutes.
Material and method  A questionnaire was distributed among SS patients. They could anonymously indicate their preferences 
for saliva substitute characteristics using 5-point Likert scales.
Results  Fifty-nine SS patients filled in the questionnaire. According to their opinion, the most ideal saliva substitute has a 
thin-watery consistency with a neutral flavour that should be applied as a spray. Patients demand a prolonged alleviation of 
dry mouth complaints and neutralization of harmful bacteria. The patients mainly object against the presence of artificial 
sweeteners and alcohol in saliva substitutes, but have limited objections against the presence of vegetable-based ingredients 
and natural enzymes. Major objections were against the potential side effects “bitter taste” and “discoloration of teeth”. Age 
and severity of xerostomia affected desire of flavours. Younger patients preferred menthol flavour, while respondents with 
severe xerostomia preferred the use of “neutral flavours” significantly more.
Conclusion  The most ideal saliva substitute has thin-watery consistency in spray form with a neutral flavour and providing 
long alleviation of dry mouth complaints. Besides, it should not contain artificial sweeteners or alcohol, and should not have 
a bitter taste or cause discoloration of the teeth.
Clinical relevance  Investigating the opinion of SS patients provides tailoured insights into their preference, which may 
contribute to the development of more effective saliva substitutes.
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Introduction

Sjögren’s syndrome is an autoimmune disease that causes 
a progressive damage to the exocrine glands including the 
salivary glands. As a consequence, Sjögren’s syndrome leads 
to hyposalivation and/or xerostomia [1, 2]. The resulting dry 
mouth may induce comorbidities such as difficulties with 
mastication, swallowing, speaking, and sleeping. In addi-
tion, the reduction of the protective properties of saliva may 

also increase the risk of developing dental caries and oral 
candidiasis [1, 3].

At early stages of Sjögren’s syndrome, when residual 
salivary function is still present, salivary flow can be stimu-
lated, e.g. by the use of lozenges and chewing gums, sys-
temic pharmacotherapy, or electrostimulation of the sali-
vary glands [4–6]. However, in case of an advanced disease 
process, when the salivary function is irreversibly impaired, 
saliva substitutes such as mouth sprays, gels, and mouth-
washes can be applied for the relief of oral complaints [6, 
7]. A substantial number of Sjögren’s syndrome patients is 
using or has used a saliva substitute in the past. In a recent 
study, this percentage varied between 42.9 and 45.5% for 
the use of a mouth gel, while for the use of a mouth spray it 
varied between 25 and 27.4% [7, 8].

The currently available saliva substitutes contain animal- 
and vegetable-based lubricants and thickeners like porcine 
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gastric mucins, hydroxyethyl cellulose, or aloe vera [9]. 
However, these ingredients have limited ability to retain 
water and/or require specific environmental conditions to 
be effective. For example, porcine gastric mucins are only 
effective at an acidic pH and in a low ionic strength envi-
ronment [9]. Besides, some compounds are easily removed 
from the oral cavity by swallowing or drinking, leading to 
limited duration of moistening and lubrication. Addition-
ally, a number of substitutes have flavours such as “apple”, 
“lemon”, and “strawberry”. A reason for manufacturers to 
use these flavours is that they potentially can stimulate the 
salivary secretion due to their gustatory effect [10]. How-
ever, more than the half of Sjögren’s syndrome patients 
reported that they discontinued the use of saliva substitutes 
after a short period of time. An unpleasant taste and sticky 
consistency were main reasons for discontinuation of the use 
of saliva substitutes [11, 12]. The sticky consistency may 
compromise masticatory function [13]. Also, the presence 
animal-based products in salivary substitutes could induce 
objections in people from certain religious, cultural, and 
social backgrounds because these products may be against 
their beliefs [14].

However, to the best of our knowledge, no studies have 
been conducted to investigate patients’ preference for char-
acteristics of saliva substitutes, such as taste, consistency, 
and objections for specific ingredients. In our view, investi-
gating the opinion of the users at an early stage of the devel-
opment of new saliva substitutes might provide tailoured 
insights into preference criteria which may contribute to the 
development of more effective saliva substitutes. For this 
reason, the purpose of the current study was to explore the 
preferences of Sjögren’s syndrome patients regarding vari-
ous product characteristics of potential new saliva substi-
tutes, especially important functions of possible substitutes, 
objections against certain ingredients, desired flavours for 
the substitutes, objections against potential side effects of 
saliva substitutes, and the preferred method of administra-
tion. The unpleasant taste of saliva substitutes is a major 
reason for discontinuation of use of these products [11, 12]. 
Therefore, we explored the preferences of a wide range of 
possible flavours. As the amount of saliva present in the 
oral cavity may affect taste, we hypothesized that Sjögren’s 
syndrome patients with less severe dry-mouth experience 
will prefer other flavours than patients with more severe dry-
ness. In addition, we hypothesized that Sjögren’s patients 
will have more objections against the presence of specific 
animal-based ingredients than non-animal–based products.

Material and methods

A cross-sectional study was performed among Sjögren’s 
syndrome patients who visited the website of the Dutch 
Sjögren Patients Federation (Dutch: Nederlandse Verenig-
ing van Sjögren Patiënten). Volunteers could anonymously 
fill in the questionnaire described below during a period of 
7 weeks. Only volunteers with diagnosed Sjogren’s syn-
drome were eligible to fill in the questionnaire.

The local Ethics Review Committee of the Academic 
Centre for Dentistry Amsterdam (ACTA) confirmed that 
the Medical Research Involving Human Subjects Act 
(WMO) did not apply to this study (protocol number 
2017001). The reporting of this study conforms to the 
Strengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) statement [15].

A priori sample size calculation was performed using 
G*Power software, version 3.1.9.4 (Heinrich-Heine-Uni-
versität Düsseldorf, Düsseldorf, Germany); with a medium 
effect size (0.5) and a power of 80%, 148 participants were 
needed.

Study variables

The questionnaire, developed for this study, consisted of 
eight parts. First, several general questions with regard 
to age, sex, and year when Sjögren’s syndrome had been 
diagnosed by a physician.

The second part was the internationally accepted and 
validated Xerostomia Inventory (XI), consisting of 11 
items on a 5-point Likert scale ranging from 1 = “Never” 
to 5 = “Very often”. The items concern patients’ oral dry-
ness and mouthfeel. Per item, patients indicate how often 
they experience problems regarding mouthfeel and oral 
dryness. The scores of the 11 items are summed to produce 
a total XI score that ranges between 11 (no xerostomia) 
and 55 (extreme xerostomia) [16]. XI had showed adequate 
content and concurrent validity [16].

The remaining parts of the questionnaire contained 
questions regarding various product characteristics of 
hypothetical new saliva substitutes.

The third part explored the importance of different 
functions of saliva substitutes. The patients could indi-
cate the importance of each function by using a 5-point 
Likert scale, ranging from 1 = “Unimportant” to 5 = “Very 
important”. All investigated possible functions of salivary 
substitutes are presented in Table 1.

The fourth part consisted of a question about the pre-
ferred consistency of saliva substitutes; thin-watery or 
thick-liquid-like or gel-like.
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The fifth part explored how much the patients object 
the presence of certain ingredients in saliva substitutes 
using 5-point Likert scales, ranging from 1 = “No objec-
tion” to 5 = “Insurmountable objections”. Table 2 presents 
all potential ingredients investigated.

The sixth part consisted of an item regarding the desired 
flavour of saliva substitutes. A 5-point Likert scale was used 
to indicate the importance of the availability of each flavour, 
ranging from 1 = “Unimportant” to 5 = “Very important”. 
The desired flavours investigated are presented in Table 3.

The seventh part of questionnaire was about potential side 
effects of saliva substitutes. For each side effect, the patient 
could indicate if they would experience it as unpleasant by 
using a 5-point Likert scale ranging from 1 = “Not unpleas-
ant” to 5 = "Very unpleasant”. Table 4 presents the investi-
gated potential side effects of salivary substitutes.

Finally, a question was included about the preferred method 
of administration of the saliva substitutes, whereby patient could 
choose a mouth gel, a mouth spray, an oral rinse, or a tablet.

Data analysis

The data were statistically analysed with SPSS, version 28.0 
(IBM Corp SPSS statistics, Armonk, NY, USA). The Sha-
piro–Wilk test was used to assess the normality of the data. 
As not all variables were normally distributed, the data are 
presented as medians and their interquartile range (IQR). To 
clarify relatively small differences, the mean and standard 
deviation (SD) are also reported.

The respondents were dichotomized based on their age 
and the severity of their xerostomia. The two xerostomia 

groups were used to test the hypothesis whether Sjögren’s 
syndrome patients with less severe dry-mouth experience 
prefer other flavours than patients with more severe dryness. 
The median of these two parameters was used to divide them 
into two groups: birth year ≤ 1958 versus birth year ≥ 1959 
and mouth dryness with a XI-score ≤ 46 versus mouth dry-
ness with a XI-score ≥ 47. A Mann–Whitney U test was used 
to explore whether the subgroups of respondents varied 
based on their respective answers.

All significance levels (α) were set at 0.05.

Results

At the time the questionnaire was distributed to the 
patients, the patients’ association had 2115 members. In 
the period when the questionnaire was available online, 
the association’s website was visited by 1485 people. 
During this period, 59 Sjögren’s syndrome patients com-
pleted the questionnaire. Almost all respondents were 
women (N = 58, 98%). The mean age of the respondents 
was 55.7 ± 12.0 years, ranging from 25 to 79 years. The 
respondents reported that the Sjögren’s syndrome had been 
diagnosed between 1 and 36 years ago. The total XI-score 
of all patients had a median of 47.0 with IQR of 43.0–51.0.

Table 1 describes the opinion of Sjögren’s syndrome 
patients regarding the importance of different functions 
of saliva substitutes. Most of the possible functions were 
considered important (score ≥ 4), while functions such 
as “provides fast alleviation of dry mouth”, “gives pro-
longed alleviation of dry mouth”, “protects the mucosa”, 
“facilitates speaking”, “neutralizes harmful bacteria”, and 

Table 1   Sjögren’s syndrome 
patients’ opinon regarding the 
importance of the potential 
functions of saliva substitutes, 
using a Likert scale (from 
1 = “Unimportant” to 5 = “Very 
important”). Data are expressed 
as as mean score with standard 
deviation (SD) and median 
scores with the corresponding 
interquartile range (IQR). 
N indicates the number of 
participants in each group

Possible functions Total mean ± SD (N) Total median ± IQR

Helps to prevent tooth decay 4.03 ± 1.36 (N = 59) 5.0 ± 3.0–5.0
Helps painful swallowing 4.15 ± 1.20 (N = 59) 5.0 ± 4.0–5.0
Provides fast alleviation of dry mouth 4.49 ± 1.01 (N = 59) 5.0 ± 4.0–5.0
Gives prolonged alleviation of dry mouth 4.64 ± 0.74 (N = 59) 5.0 ± 4.0–5.0
Protects the mucosa 4.49 ± 0.88 (N = 59) 5.0 ± 4.0–5.0
Treats bleeding gingiva 3.54 ± 1.29 (N = 59) 4.0 ± 3.0–5.0
Facilitates speaking 4.48 ± 1.02 (N = 59) 5.0 ± 4.0–5.0
Improves the taste 3.95 ± 1.15 (N = 58) 4.0 ± 3.0–5.0
Available in different flavours 3.09 ± 1.38 (N = 59) 3.0 ± 2.0–4.0
Stimulates saliva secretion 4.41 ± 0.97 (N = 59) 5.0 ± 4.0–5.0
Neutralizes harmful bacteria 4.63 ± 0.79 (N = 59) 5.0 ± 4.0–5.0
Optimizes the mouth flora 4.60 ± 0.77 (N = 58) 5.0 ± 4.0–5.0
Contains natural saliva enzymes 4.17 ± 1.09 (N = 58) 5.0 ± 3.8–5.0
Gives a balanced pH 4.29 ± 0.86 (N = 58) 4.5 ± 4.0–5.0
Is practical and handy in use 4.46 ± 0.95 (N = 57) 5.0 ± 4.0–5.0
Can be used with little effort 4.40 ± 0.90 (N = 58) 5.0 ± 4.0–5.0
Can be used unnoticed 2.98 ± 1.54 (N = 59) 3.0 ± 2.0–4.0
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“optimizes the mouth flora” were considered very important 
(score ≥ 4.5). On the other hand, functions such as “avail-
able in different flavours” and “can be used unnoticed” were 
considered relatively less important. The two age groups did 
not show any significant differences regarding possible func-
tions of saliva substitutes (Mann–Whitney U test p > 0.05). 
Respondents with a more severe xerostomia, indicated by a 
higher XI-score, considered the function “gives a prolonged 
alleviation of dry mouth” more important than the lower XI-
group (mean = 4.73 ± 0.83, median = 5.0 ± 5.0–5.0, N = 30, 
versus mean = 4.55 ± 0.63, median = 5.0 ± 4.0–5.0, N = 29, 
Mann–Whitney U test p < 0.05). All other functions did not 
show any significant difference for the two XI-groups.

As for the consistency of salivary substitutes, most of 
the respondents preferred thin-watery consistency (52.5%) 
followed by gel-like consistency (33.9%). Only 8.5% of 
respondents preferred a thick-liquid consistency. Age or XI-
groups did not influence the preference of the consistency.

In Table 2, the objections of the respondents against the 
presence of certain ingredients are reported. The respondents 
mainly objected against the presence of “artificial sweeten-
ers”, “alcohol”, “foaming agents”, and “preservatives”. They 
objected less against the presence of “vegetable-based ingre-
dients”, “natural enzymes”, and “fluoride”. The two XI-
groups only showed a significant difference with regard to the 
objections against vegetable-based ingredients (Mann–Whit-
ney U test p < 0.05). Respondents with relatively low xeros-
tomia (mean = 1.31 ± 0.89, median = 1.0 ± 1.0–1.0, N = 29) 
had less objections against the presence of vegetable based 

ingredients than the respondent with more severe xerostomia 
(mean = 1.86 ± 1.27, median = 1.0 ± 1.0–3.0, N = 28).

The opinion of the respondents regarding the desired fla-
vours of salivary substitutes is reported in Table 3. Highly 
preferred flavours were a “neutral flavour”, “no flavour”, and 
“menthol/spearmint flavour”, whereas the flavours “cola”, 
“liquorice”, and “strawberry” were the least popular. There 
was a significant difference between the two age groups 
with regard to preferences of flavours (Mann–Whitney U 
test p < 0.05); the younger respondents preferred “menthol/
spearmint” flavour more than the older age group. The two 
groups with different levels of xerostomia also showed sig-
nificant differences (Mann–Whitney U test p < 0.05). The 
respondents with relatively low xerostomia (XI-score ≤ 46) 
preferred the use of flavour “blueberry” more than the 
respondents with more severe xerostomia (XI-score ≥ 47). 
On the other hand, respondents in the XI ≥ 47 group pre-
ferred the use of “neutral flavours” in salivary substitutes 
significantly more than respondents with a relatively low 
xerostomia.

Table 4 depicts the opinion of respondents regarding 
potential side effects of the use of saliva substitutes. Major 
objections were against saliva substitutes “causing discol-
oration of the teeth” and ones “having a bitter taste”. The 
least objections were about using saliva substitutes multi-
ple times a day. The two age groups only differed signifi-
cantly with regard to “causing discoloration of the teeth” 
(Mann–Whitney U test p < 0.05), whereby the younger 
age group (mean = 4.74 ± 0.89, median = 5.0 ± 5.0–5.0, 
N = 31) had more objections than the older age group 
(mean = 4.25 ± 1.40, median = 5.0 ± 4.0–5.0, N = 28).

Finally, Table 5 presents the preferred method of admin-
istration. The respondents preferred a mouth spray followed 
by a mouth gel or an oral rinse. A minority of the respond-
ents preferred a tablet. These preferences did not differ 
significantly for the two age groups and the two XI-groups 
(Mann–Whitney U test p > 0.05).

Discussion

The present study was designed to explore criteria for new 
saliva substitutes according to the preferences of Sjögren’s 
syndrome patients. The most ideal saliva substitute has thin-
watery consistency in spray form, with a neutral flavour and 
providing a prolonged alleviation of dry mouth. Besides, it 
preferably should not contain artificial sweeteners or alco-
hol, and should not have a bitter taste and not cause discol-
oration of the teeth.

Most of the respondents of the present study were female 
(98%) with average age of 55.7 ± 12.0 years and with severe 
dry-mouth complaints, as indicated by the high average XI-
score (47.0 ± 43.0–51.0). This overrepresentation is in line 

Table 2   Sjögren’s syndrome patients’ objections against certain 
ingredients in saliva substitutes, using a 5-point Likert scale (from 
1 = “No objection” to 5 = “Insurmountable objections”). Data are 
expressed as mean score with standard deviation (SD) and as median 
scores with the corresponding interquartile range (IQR). N indicates 
the number of participants in each group

Potential ingredients Total mean ± SD (N) Total median ± IQR

Alcohol 3.39 ± 1.46 (N = 57) 3.0 ± 2.0–5.0
Preservatives 3.14 ± 1.38 (N = 57) 3.0 ± 2.0–4.5
Fluoride 3.03 ± 1.47 (N = 57) 1.0 ± 1.0–3.0
Urea 2.82 ± 1.17 (N = 57) 3.0 ± 2.0–3.0
Foaming agents 3.30 ± 1.35 (N = 57) 3.0 ± 2.5–4.0
Artificial sweeteners 3.40 ± 1.52 (N = 57) 4.0 ± 2.0–5.0
Gluten 2.67 ± 1.57 (N = 57) 3.0 ± 1.0–4.0
Natural enzymes 1.72 ± 1.22 (N = 57) 1.0 ± 1.0–2.5
Vegetable-based ingre-

dients
1.58 ± 1.12 (N = 57) 1.0 ± 1.0–2.0

Ingredients from chicken 
eggs

2.32 ± 1.38 (N = 57) 2.0 ± 1.0–3.0

Ingredients from cattle 2.58 ± 1.40 (N = 57) 3.0 ± 1.0–3.5
Ingredients from pigs 3.04 ± 1.49 (N = 57) 3.0 ± 1.5–4.5
Ingredients from fish 2.82 ± 1.42 (N = 56) 3.0 ± 1.0–4.0
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with the female to male ratio of Sjögren’s syndrome, which 
varies between 20:1 and 9:1 [17]. The average age and the 
severity of oral dryness in the current study are also compa-
rable with other studies that included Sjögren’s syndrome 
patients with dry-mouth complaints [7, 18]. The average 
age in these previous studies varied between 61.7 ± 14.0 
and 64 ± 10 years. As for the severity of xerostomia, the 
mean XI-scores in these previous studies were between 
44.0 ± 37.0–49.8 and 45.0 ± 38.0–48.5 [7, 18]. In summary, 
this suggests that the respondents in the current study form 
a good representation of Sjögren’s syndrome patients in the 
Dutch population.

Several systematic reviews have reported that the effec-
tiveness of currently available saliva substitutes for the relief 
of dry mouth seems to be limited [4, 6, 19]. For this reason in 
the present study, the Sjögren’s syndrome patients indicated 
that prolonged alleviation of dry mouth is the most essen-
tial function of saliva substitutes. Unfortunately, most of the 
available saliva substitutes now provide only a temporary 
relief [9]; as the lubrication time of a typical saliva substi-
tute, such as Dentaid Xeros, is around 0.5 min [9]. However, 
recently a promising new supercharged polypeptide-based 
salivary lubrication enhancer has been reported which could 
prolong the lubrication time up to 21 ± 7.3 min [9].

Table 3   Sjögren’s syndrome patients’ opinion regarding the desired 
flavours of saliva substitutes, using a Likert scale (from 1 = “Unim-
portant” to 5 = “Very important”). Patients were stratified in sub-
groups based on their age and severity of xerostomia. For the total 
study population, the data are expressed as mean score with standard 

deviation (SD) and as median scores with the corresponding inter-
quartile range (IQR). For both age groups and XI-groups, the mean 
scores with SD were reported. N indicates the number of participants 
in each group

* p-value of the Mann–Whitney U test

Possible fla-
vours

Total 
mean ± SD (N)

Total 
median ± IQR

Birth year 
 ≤ 1958
(N)

Birth year 
 ≥ 1959
(N)

p-value* XI-score ≤ 46
(N)

XI-score ≥ 47
(N)

p-value*

Strawberry 1.81 ± 1.27 
(N = 57)

1.0 ± 1.0–3.0 1.77 ± 1.24 
(N = 26)

1.84 ± 1.32 
(N = 31)

0.55 1.79 ± 1.18 
(N = 29)

1.82 ± 1.39 
(N = 28)

0.54

Apple 2.03 ± 1.36 
(N = 58)

1.0 ± 1.0–3.0 1.89 ± 1.31 
(N = 27)

2.16 ± 1.42 
(N = 31)

0.29 2.17 ± 1.47 
(N = 29)

1.90 ± 1.26 
(N = 29)

0.40

Banana 1.82 ± 1.31 
(N = 57)

1.0 ± 1.0–3.0 1.77 ± 1.24 
(N = 26)

1.87 ± 1.38 
(N = 31)

0.49 1.86 ± 1.27 
(N = 29)

1.79 ± 1.37 
(N = 28)

0.38

Blueberry 2.09 ± 1.43 
(N = 56)

1.0 ± 1.0–3.0 2.08 ± 1.50 
(N = 26)

2.10 ± 1.40
(N = 30)

0.64 2.41 ± 1.57 
(N = 29)

1.74 ± 1.20 
(N = 27)

0.03

Lemon 2.31 ± 1.50 
(N = 58)

1.5 ± 1.0–4.0 2.33 ± 1.59 
(N = 27)

2.29 ± 1.44 
(N = 31)

0.83 2.69 ± 1.54 
(N = 29)

1.93 ± 1.39 
(N = 29)

0.05

Cola 1.49 ± 1.12 
(N = 57)

1.0 ± 1.0–1.0 1.54 ± 1.21 
(N = 26)

1.45 ± 1.06 
(N = 31)

0.56 1.59 ± 1.24 
(N = 29)

1.39 ± 0.99 
(N = 28)

0.34

Liquorice 1.81 ± 1.37 
(N = 57)

1.0 ± 1.0–2.5 1.81 ± 1.36 
(N = 26)

1.81 ± 1.40 
(N = 31)

0.75 1.79 ± 1.37 
(N = 29)

1.82 ± 1.39 
(N = 28)

0.66

Menthol/spear-
mint

3.57 ± 1.55 
(N = 58)

4.0 ± 3.0–5.0 2.96 ± 1.53 
(N = 27)

4.10 ± 1.38 
(N = 31)

0.003 3.66 ± 1.50 
(N = 29)

3.48 ± 1.62 
(N = 29)

0.58

No flavour 3.91 ± 1.58 
(N = 57)

5.0 ± 3.0–5.0 3.88 ± 1.68 
(N = 26)

3.94 ± 1.53 
(N = 31)

0.65 3.79 ± 1.66 
(N = 29)

4.04 ± 1.53
(N = 28)

0.89

Neutral flavour 3.98 ± 1.47 
(N = 58)

5.0 ± 3.0–5.0 3.93 ± 1.57 
(N = 27)

4.03 ± 1.40 
(N = 31)

0.74 3.52 ± 1.64 
(N = 29)

4.45 ± 1.12 
(N = 29)

0.02

Table 4   Sjögren’s syndrome patients’ opinion regarding potential 
side effects of saliva substitutes, using a 5-point Likert scale (1 = “Not 
unpleasant” to 5 = “Very unpleasant”). Data are expressed as mean 

score with standard deviation (SD) and as median scores with the cor-
responding interquartile range (IQR). N indicates the number of par-
ticipants in each group

Potential negative effects and side effects Total mean ± SD (N) Total median ± IQR

Causing discoloration of the teeth 4.59 ± 1.03 (N = 58) 5.0 ± 5.0–5.0
Causing discoloration of the oral mucosa 4.14 ± 1.12 (N = 58) 5.0 ± 3.0–5.0
Having a bitter taste 4.47 ± 0.90 (N = 58) 5.0 ± 4.0–5.0
Having an aftertaste 4.22 ± 0.94 (N = 58) 4.5 ± 4.0–5.0
Using the product multiple times a day 2.45 ± 1.33 (N = 58) 3.0 ± 1.0–3.0
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When developing a new saliva substitute, it is also impor-
tant to try to mimic the complex biological properties of natu-
ral saliva, including neutralizing harmful bacteria and optimiz-
ing the mouth flora. Many Sjögren’s syndrome patients with 
a reduced salivary flow have alterations in the composition 
of the oral bacterial plaque despite good oral hygiene meas-
ures [20, 21], which causes an increased risk of caries and 
candidiasis [20, 21]. Moreover, the salivary pH, bicarbonate 
concentration, and buffer capacity were significantly lower in 
the Sjögren’s syndrome patients compared to healthy controls 
[21]. Besides an increased high caries risk, these patients have 
also a higher risk of tooth demineralisation, as they experi-
ence a greater decline in salivary pH after exposure to acidic 
challenges. These factors might explain the urge of Sjögren’s 
syndrome patients for a salivary substitute that “neutralizes 
harmful bacteria” and “optimizes the mouth flora”.

Saliva plays a major role in taste perception, as the 
hypotonicity of unstimulated saliva allows the taste buds 
to perceive different tastes without being masked by nor-
mal plasma sodium levels [22]. Moreover, saliva is very 
important for the solubilization of flavours in saliva, for 
the chemical interaction between flavours and salivary 
ingredients, and for the dilution and/or the diffusion of 
flavours in saliva [23]. Based on these factors, it is con-
ceivable that taste sensitivity is easily affected by changes 
in saliva [23], especially in Sjögren’s syndrome patients 
with a reduced unstimulated salivary flow rate [24–30] 
and altered rheological properties of saliva [31]. This 
altered taste sensitivity may explain why these patients 
had objections against the presence of “artificial sweet-
eners” and “alcohol” and why they preferred a “neutral 
flavour” or “no flavour” at all. Previous studies showed 
that an unpleasant taste is a major reason for Sjögren’s 
syndrome patients to discontinue the use of saliva sub-
stitutes [12]. Sjögren’s syndrome patients having sicca 
syndrome are recommended to avoid alcohol [32], which 
may explain why patients prefer saliva substitutes without 
alcohol. Given these reasons, it is important to develop 
new saliva substitutes with a “neutral flavour” without 
“artificial sweeteners” nor “alcohol”. In contrast to our 
expectation described in the “Introduction”, the presence 
of specific animal-based ingredients seems of very limited 
importance, compared to other ingredients such as “artifi-
cial sweeteners” or “alcohol”.

Sjögren’s syndrome patients reported major objections 
against discoloration of the teeth or the oral mucosa as 
potential side effects of the use of saliva substitutes. Discol-
oration was not mentioned in a study reporting side effects 
of some saliva substitutes [33]. Possibly, these objections 
against discoloration might be related that white teeth are 
important for people in general, as demonstrated by others 
[34].

In the current study, the flavours of the available saliva 
substitutes such as “apple”, “lemon”, and “strawberry” were 
the least preferred, although a previous study has showed 
that a malic acid (“apple acid”) containing spray signifi-
cantly stimulated salivary flow rate in patients using antihy-
pertensive medication and improved their xerostomia [35]. 
However, this positive effect on oral dryness will be less or 
completely absent in Sjögren’s syndrome patients with an 
advanced disease process.

As mentioned in the “Introduction”, the severity of the 
dry-mouth feeling, as measured with XI, may influence the 
preference of desired flavours. Patients with low xerosto-
mia preferred the use of the flavour “blueberry” more than 
the respondents with more severe xerostomia. On the other 
hand, respondents’ severe xerostomia preferred the use of 
“neutral flavours” in salivary substitutes more. This confirms 
the hypothesis that severity of oral dryness may play a major 
role in the preferred saliva substitute flavours.

A possible limitation of the current study is that the 
reported preferences for saliva substitutes are only based 
on the opinion of Sjögren’s syndrome patients. However, 
saliva substitutes are also used by patients suffering from 
oral dryness due to other conditions, including patients 
using xerogenic medications or polypharmacy, and patients 
irradiated in the head and neck region [2, 36–38]. Further 
research should investigate whether the preferences of these 
other dry-mouth patients are similar to those of Sjögren’s 
syndrome patients.

Another possible limitation of the current study is that 
the Sjögren’s syndrome patients, who filled in this ques-
tionnaire, may be more interested in oral health than other 
Sjögren’s syndrome patients, or suffer from more severe 
xerostomia. This may have resulted in an above-average 
oral dryness which may have affected the preferences 
of new saliva substitutes. Besides, it is unknown which 
diagnosis criteria have been used by the patients’ phy-
sician to establish the diagnosis of Sjögren’s syndrome, 
and whether they suffered from primary or secondary 
Sjögren’s disease.

Finally, another limitation is that the actual number of 
participants in the current study is lower than the number 
calculated a priori. This indicates that the power of the cur-
rent study is relatively low, and so all results in which no 
significant differences were found between the two age or 
XI-groups should be interpreted with caution.

Table 5   Sjögren’s syndrome 
patients’ opinion regarding 
the preferred method of 
administration. Data are 
presented as percentages

Method of admin-
istration

Percentage

Mouth spray 45.5
Mouth gel 23.6
Oral rinse 23.6
Tablet 7.3
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Main conclusion

The current study has identified preferences criteria of 
Sjögren’s syndrome patients regarding various product char-
acteristics for new saliva substitutes. The most ideal saliva, 
according to Sjögren’s syndrome patients, has thin-watery 
consistency in spray form with a neutral flavour and pro-
viding long alleviation of dry mouth complaints. Besides, 
it should not contain artificial sweeteners or alcohol, and 
should not have a bitter taste or cause discoloration of the 
teeth.

Acknowledgements  We thank the Dutch Sjögren Patients Federation 
(Dutch: Nederlandse Vereniging van Sjögren Patiënten) for their assis-
tance in distributing the questionnaire among their members.

Author contribution  All the authors contributed to the conception and 
design of the study.

Material preparation, data collection, and analysis were performed 
by Z. Assy, E. Mashhour, and M. Asadi.

The first draft of the manuscript was written by Z. Assy, and all the 
authors commented on successive versions of the manuscript.

All the authors read and approved the definitive manuscript.

Funding  Z. Assy has received an unrestricted research grant from the 
Nederlands Tijdschrift voor Tandheelkunde (NTVT) with grant number 
OZB2018.01.

Declarations 

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee (Ethics Review Committee 
of the Academic Centre for Dentistry Amsterdam, protocol number 
2017001) and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Conflict of interest  Z. Assy has received an unrestricted research 
grant from the Nederlands Tijdschrift voor Tandheelkunde (NTVT). 
F.J. Bikker declares that he has no conflict of interest, E. Mashhour 
declares that she has no conflict of interest, M. Asadi declares that 
she has no conflict of interest, and H.S. Brand declares that he has no 
conflict of interest.

Informed consent  For this type of study, formal consent is not required.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Roblegg E, Coughran A, Sirjani D (2019) Saliva: an all-rounder 
of our body. Eur J Pharm Biopharm 142:133–141. https://​doi.​org/​
10.​1016/j.​ejpb.​2019.​06.​016

	 2.	 Saleh J, Figueiredo MA, Cherubini K, Salum FG (2015) Salivary 
hypofunction: an update on aetiology, diagnosis and therapeutics. 
Arch Oral Biol 60(2):242–255. https://​doi.​org/​10.​1016/j.​archo​ral-
bio.​2014.​10.​004

	 3.	 Tincani A, Andreoli L, Cavazzana I, Doria A, Favero M, Fenini 
MG et al (2013) Novel aspects of Sjögren’s syndrome in 2012. 
BMC Med 11:93. https://​doi.​org/​10.​1186/​1741-​7015-​11-​93

	 4.	 Al Hamad A, Lodi G, Porter S, Fedele S, Mercadante V (2019) 
Interventions for dry mouth and hyposalivation in Sjögren’s 
syndrome: a systematic review and meta-analysis. Oral Dis 
25(4):1027–1047. https://​doi.​org/​10.​1111/​odi.​12952

	 5.	 Furness S, Bryan G, McMillan R, Worthington HV (2013) Inter-
ventions for the management of dry mouth: non-pharmacological 
interventions. Cochrane Database Syst Rev 8:Cd009603. https://​
doi.​org/​10.​1002/​14651​858.​CD009​603.​pub2

	 6.	 Furness S, Worthington HV, Bryan G, Birchenough S, McMillan 
R (2011) Interventions for the management of dry mouth: topical 
therapies. Cochrane Database Syst Rev 12:Cd008934. https://​doi.​
org/​10.​1002/​14651​858.​CD008​934.​pub2

	 7.	 Assy Z, Bikker FJ, Picauly O, Brand HS (2021) The associa-
tion between oral dryness and use of dry-mouth interventions in 
Sjögren’s syndrome patients. Clin Oral Investig. https://​doi.​org/​
10.​1007/​s00784-​021-​04120-2

	 8.	 Assy Z, Bots CP, Arisoy HZ, Gülveren SS, Bikker FJ, Brand 
HS (2021) Differences in perceived intra-oral dryness in vari-
ous dry-mouth patients as determined using the Regional Oral 
Dryness Inventory. Clin Oral Invest. https://​doi.​org/​10.​1007/​
s00784-​020-​03734-2

	 9.	 Wan H, Ma C, Vinke J, Vissink A, Herrmann A, Sharma PK 
(2020) Next generation salivary lubrication enhancer derived from 
recombinant supercharged polypeptides for xerostomia. ACS Appl 
Mater Interfaces 12(31):34524–34535. https://​doi.​org/​10.​1021/​
acsami.​0c061​59

	10.	 Pedersen AM, Bardow A, Jensen SB, Nauntofte B (2002) Saliva 
and gastrointestinal functions of taste, mastication, swallowing 
and digestion. Oral Dis 8(3):117–129. https://​doi.​org/​10.​1034/j.​
1601-​0825.​2002.​02851.x

	11.	 Brand HS, Ouzzine R, Bots CP (2013) Saliva substitutes not very 
popular in patients with Sjogren syndrome. Ned Tijdschr Tand-
heelkd 120(1):4

	12.	 Brand HS, Ouzzine R, Bots CP (2013) Sticky saliva products. Br 
Dent J 214(3):95. https://​doi.​org/​10.​1038/​sj.​bdj.​2013.​118

	13.	 Kho HS (2014) Understanding of xerostomia and strategies for the 
development of artificial saliva. Chin J Dent Res: Off J Sci Sect 
Chin Stomatol Assoc (CSA) 17(2):75–83

	14.	 Ali K, Gupta P, Turay E, Burns L, Brookes Z, Raja M (2022) Den-
tistry in a multicultural society: the impact of animal-based prod-
ucts on person-centred care. Br Dent J 232(4):269–272. https://​
doi.​org/​10.​1038/​s41415-​022-​3982-7

	15.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, 
Vandenbroucke JP (2014) The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) State-
ment: guidelines for reporting observational studies. Int J Surg 
12(12):1495–1499. https://​doi.​org/​10.​1016/j.​ijsu.​2014.​07.​013

	16.	 Thomson WM, Chalmers JM, Spencer AJ, Williams SM (1999) 
The Xerostomia Inventory: a multi-item approach to measuring 
dry mouth. Community Dent Health 16(1):12–17

	17.	 Harris VM, Sharma R, Cavett J, Kurien BT, Liu K, Koelsch KA 
et al (2016) Klinefelter’s syndrome (47, XXY) is in excess among 

6251Clinical Oral Investigations (2022) 26:6245–6252

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejpb.2019.06.016
https://doi.org/10.1016/j.ejpb.2019.06.016
https://doi.org/10.1016/j.archoralbio.2014.10.004
https://doi.org/10.1016/j.archoralbio.2014.10.004
https://doi.org/10.1186/1741-7015-11-93
https://doi.org/10.1111/odi.12952
https://doi.org/10.1002/14651858.CD009603.pub2
https://doi.org/10.1002/14651858.CD009603.pub2
https://doi.org/10.1002/14651858.CD008934.pub2
https://doi.org/10.1002/14651858.CD008934.pub2
https://doi.org/10.1007/s00784-021-04120-2
https://doi.org/10.1007/s00784-021-04120-2
https://doi.org/10.1007/s00784-020-03734-2
https://doi.org/10.1007/s00784-020-03734-2
https://doi.org/10.1021/acsami.0c06159
https://doi.org/10.1021/acsami.0c06159
https://doi.org/10.1034/j.1601-0825.2002.02851.x
https://doi.org/10.1034/j.1601-0825.2002.02851.x
https://doi.org/10.1038/sj.bdj.2013.118
https://doi.org/10.1038/s41415-022-3982-7
https://doi.org/10.1038/s41415-022-3982-7
https://doi.org/10.1016/j.ijsu.2014.07.013


1 3

men with Sjögren’s syndrome. Clin Immunol 168:25–29. https://​
doi.​org/​10.​1016/j.​clim.​2016.​04.​002

	18.	 Assy Z, Bots CP, Arisoy HZ, Gülveren SS, Bikker FJ, Brand HS 
(2021) Differences in perceived intra-oral dryness in various dry-
mouth patients as determined using the Regional Oral Dryness 
Inventory. Clin Oral Investig 25(6):4031–4043. https://​doi.​org/​
10.​1007/​s00784-​020-​03734-2

	19.	 Brito-Zerón P, Retamozo S, Kostov B, Baldini C, Bootsma H, 
De Vita S et al (2019) Efficacy and safety of topical and sys-
temic medications: a systematic literature review informing the 
EULAR recommendations for the management of Sjögren’s syn-
drome. RMD Open 5(2):e001064. https://​doi.​org/​10.​1136/​rmdop​
en-​2019-​001064

	20.	 López-Pintor RM, Fernández Castro M, Hernández G (2015) Oral 
involvement in patients with primary Sjögren’s syndrome. Multi-
disciplinary care by dentists and rheumatologists. Reumatol Clin 
11(6):387–94. https://​doi.​org/​10.​1016/j.​reuma.​2015.​03.​010

	21.	 Pedersen AM, Bardow A, Nauntofte B (2005) Salivary changes 
and dental caries as potential oral markers of autoimmune sali-
vary gland dysfunction in primary Sjogren’s syndrome. BMC Clin 
Pathol 5(1):4. https://​doi.​org/​10.​1186/​1472-​6890-5-4

	22.	 Humphrey SP, Williamson RT (2001) A review of saliva: normal 
composition, flow, and function. J Prosthet Dent 85(2):162–169. 
https://​doi.​org/​10.​1067/​mpr.​2001.​113778

	23.	 Mese H, Matsuo R (2007) Salivary secretion, taste and hyposali-
vation. J Oral Rehabil 34(10):711–723. https://​doi.​org/​10.​1111/j.​
1365-​2842.​2007.​01794.x

	24.	 Kalk WW, Vissink A, Spijkervet FK, Bootsma H, Kallenberg 
CG, Nieuw Amerongen AV (2001) Sialometry and sialochem-
istry: diagnostic tools for Sjogren’s syndrome. Ann Rheum Dis 
60(12):1110–1116. https://​doi.​org/​10.​1136/​ard.​60.​12.​1110

	25.	 Marton K, Boros I, Fejerdy P, Madlena M (2004) Evaluation of 
unstimulated flow rates of whole and palatal saliva in healthy 
patients wearing complete dentures and in patients with Sjogren’s 
syndrome. J Prosthet Dent 91(6):577–581. https://​doi.​org/​10.​
1016/j.​prosd​ent.​2004.​03.​031

	26.	 Marton K, Boros I, Varga G, Zelles T, Fejerdy P, Zeher M et al 
(2006) Evaluation of palatal saliva flow rate and oral manifesta-
tions in patients with Sjogren’s syndrome. Oral Dis 12(5):480–
486. https://​doi.​org/​10.​1111/j.​1601-​0825.​2005.​01224.x

	27.	 Osailan SM, Pramanik R, Shirlaw P, Proctor GB, Challacombe 
SJ (2012) Clinical assessment of oral dryness: development of a 
scoring system related to salivary flow and mucosal wetness. Oral 
Surg Oral Med Oral Pathol Oral Radiol 114(5):597–603. https://​
doi.​org/​10.​1016/j.​oooo.​2012.​05.​009

	28.	 Ergun S, Cekici A, Topcuoglu N, Migliari DA, Kulekci G, 
Tanyeri H et al (2010) Oral status and Candida colonization in 
patients with Sjogren’s syndrome. Med Oral Patol Oral Cir Bucal 
15(2):e310–e315. https://​doi.​org/​10.​4317/​medor​al.​15.​e310

	29.	 Rusthen S, Young A, Herlofson BB, Aqrawi LA, Rykke M, Hove 
LH et al (2017) Oral disorders, saliva secretion, and oral health-
related quality of life in patients with primary Sjogren’s syndrome. 
Eur J Oral Sci 125(4):265–271. https://​doi.​org/​10.​1111/​eos.​12358

	30.	 Culp DJ, Stewart C, Wallet SM (2019) Oral epithelial membrane-
associated mucins and transcriptional changes with Sjogren’s 
syndrome. Oral Dis 25(5):1325–1334. https://​doi.​org/​10.​1111/​
odi.​13098

	31.	 Chaudhury NM, Shirlaw P, Pramanik R, Carpenter GH, Proctor 
GB (2015) Changes in saliva rheological properties and mucin 
glycosylation in dry mouth. J Dent Res 94(12):1660–1667. https://​
doi.​org/​10.​1177/​00220​34515​609070

	32.	 Generali E, Costanzo A, Mainetti C, Selmi C (2017) Cutane-
ous and mucosal manifestations of Sjögren’s syndrome. Clin 
Rev Allergy Immunol 53(3):357–370. https://​doi.​org/​10.​1007/​
s12016-​017-​8639-y

	33.	 Samarawickrama DY (2002) Saliva substitutes: how effective and 
safe are they? Oral Dis 8(4):177–179. https://​doi.​org/​10.​1034/j.​
1601-​0825.​2002.​02848.x

	34.	 Shamel M, Al-Ankily MM, Bakr MM (2019) Influence of different 
types of whitening tooth pastes on the tooth color, enamel surface 
roughness and enamel morphology of human teeth. F1000Res 
8:1764. https://​doi.​org/​10.​12688/​f1000​resea​rch.​20811.1

	35.	 Gómez-Moreno G, Guardia J, Aguilar-Salvatierra A, Cabrera-
Ayala M, Maté-Sánchez de-Val JE, Calvo-Guirado JL, (2013) 
Effectiveness of malic acid 1% in patients with xerostomia 
induced by antihypertensive drugs. Med Oral Patol Oral Cir 
Bucal. 18(1):49–55. https://​doi.​org/​10.​4317/​medor​al.​18206

	36.	 Ying Joanna ND, Thomson WM (2015) Dry mouth - an overview. 
Singapore Dent J 36:12–17. https://​doi.​org/​10.​1016/j.​sdj.​2014.​12.​
001

	37.	 Porter SR, Scully C, Hegarty AM (2004) An update of the etiol-
ogy and management of xerostomia. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 97(1):28–46. https://​doi.​org/​10.​1016/j.​
tripl​eo.​2003.​07.​010

	38.	 Tanasiewicz M, Hildebrandt T, Obersztyn I (2016) Xerostomia of 
various etiologies: a review of the literature. Adv Clin Exp Med. 
25(1):199–206. https://​doi.​org/​10.​17219/​acem/​29375

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

6252 Clinical Oral Investigations (2022) 26:6245–6252

https://doi.org/10.1016/j.clim.2016.04.002
https://doi.org/10.1016/j.clim.2016.04.002
https://doi.org/10.1007/s00784-020-03734-2
https://doi.org/10.1007/s00784-020-03734-2
https://doi.org/10.1136/rmdopen-2019-001064
https://doi.org/10.1136/rmdopen-2019-001064
https://doi.org/10.1016/j.reuma.2015.03.010
https://doi.org/10.1186/1472-6890-5-4
https://doi.org/10.1067/mpr.2001.113778
https://doi.org/10.1111/j.1365-2842.2007.01794.x
https://doi.org/10.1111/j.1365-2842.2007.01794.x
https://doi.org/10.1136/ard.60.12.1110
https://doi.org/10.1016/j.prosdent.2004.03.031
https://doi.org/10.1016/j.prosdent.2004.03.031
https://doi.org/10.1111/j.1601-0825.2005.01224.x
https://doi.org/10.1016/j.oooo.2012.05.009
https://doi.org/10.1016/j.oooo.2012.05.009
https://doi.org/10.4317/medoral.15.e310
https://doi.org/10.1111/eos.12358
https://doi.org/10.1111/odi.13098
https://doi.org/10.1111/odi.13098
https://doi.org/10.1177/0022034515609070
https://doi.org/10.1177/0022034515609070
https://doi.org/10.1007/s12016-017-8639-y
https://doi.org/10.1007/s12016-017-8639-y
https://doi.org/10.1034/j.1601-0825.2002.02848.x
https://doi.org/10.1034/j.1601-0825.2002.02848.x
https://doi.org/10.12688/f1000research.20811.1
https://doi.org/10.4317/medoral.18206
https://doi.org/10.1016/j.sdj.2014.12.001
https://doi.org/10.1016/j.sdj.2014.12.001
https://doi.org/10.1016/j.tripleo.2003.07.010
https://doi.org/10.1016/j.tripleo.2003.07.010
https://doi.org/10.17219/acem/29375

	Preferences of Sjögren’s syndrome patients regarding potential new saliva substitutes
	Abstract
	Objectives 
	Material and method 
	Results 
	Conclusion 
	Clinical relevance 

	Introduction
	Material and methods
	Study variables
	Data analysis

	Results
	Discussion
	Main conclusion
	Acknowledgements 
	References


