Table 2: Characteristics of the studies included in the systematic review of studies addressing the relationship between mastication, salivation and xerostomia.
	Reference
	Participants
	
	Intervention
	
	
	
	Results

	
	
	
	Design
	Intervention
	Outcome measures
	
	

	Allida et al. (2021) [15]
	71 patients with chronic heart failure.
	
	A prospective, randomised, open label, design with two treatments: 1) chewing gum (n=36), and 2) no chewing gum (n=35).

	Participants instructed to chew the gum gently, for at least 10 minutes, six times a day and as desired throughout the day when the mouth felt dry or when they were thirsty. The intervention period was two weeks.
	Thirst: measured in the short-term (Days 1-4 days) and longer-term (at Days 7, 14 & 28) using a Visual Analogue Scale (VAS), and a numeric rating scale (NRS) for the questions: 1) ‘How is your thirst now?’, 2) ‘How has your thirst been in the last 24 hours on average?’ and 3) ‘What is the worst your thirst has been in the last 24 hours?’.
	
	Short-term thirst: (Day 4): Chewing gum significantly $ levels of thirst compared to control on Day 4 (*) and Day 14 (*).
Longer-term thirst: (Days 7, 14 and 28): Thirst in the last 24 hours was $ compared to control on Day 7 (** & * for VAS and NRS respectively). Instantaneous thirst was $ compared to control on Day 14 (* & * for VAS and NRS respectively). Thirst in the last 24 hours was $ compared to control on Day 28 (*** & * for VAS and NRS respectively).

	Kim et al. (2021) [16]
	96 participants aged 65 years or older.
	
	A prospective, randomised, design with three treatments: 1) simple oral exercise (SOE, v=41), 2) simple oral exercise + chewing gum group (GOE, n=40), and 3) control group (CON, n=21).
	SOE comprised lip, tongue, and cheek stretching, as well as a masticatory and swallowing exercises.  GOE participants were additionally instructed to chew the gum in a habitual manner twice a day for 10 min. CON participants were not instructed to perform any oral exercises. The intervention period was 8 weeks followed by a 3-week maintenance period. 
	Saliva flow rate: Unstimulated saliva was collected by asking participants to expectorate saliva into a test tube once every minute for 5 minutes.



Symptoms of dry mouth: Self-reported discomfort during mastication, aspiration during swallowing, and symptoms of dry mouth were assessed using a questionnaire (nominal scale after Torres et al., 2002 and Fox et al., 1987).
	
	Saliva flow rate: SOE significantly# unstimulated salivary flow rate compared with baseline during the intervention period (***). At 8 weeks, mean differences in unstimulated saliva flow rate with baseline were 3.6-times # for SOE and 2.2 times #for GOE compared with CON (*).

Symptoms of dry mouth: No significant differences in self-reported measures were detected (NS).

	Ozen et al. (2021) [17]
	44 patients undergoing haemodialysis.
	
	A prospective randomised, controlled, single-blind, study with two treatments: 1) chewing gum (n=22), and 2) no chewing gum (n=22).

	Commercially available gum was chewed for 10 minutes six times a day, and when the patients felt mouth dryness or were thirsty. The intervention period was 3 months.
	Xerostomia: Measured using Visual Analogue Scale (VAS)


Saliva flow rate: Measured at the first, 12th, and 36th haemodialysis session at baseline, week 4, and week 12.
	
	Xerostomia: Chewing gum significantly $ levels of xerostomia compared to control in the 2nd (**) and 3rd month (***).

Saliva flow rate: Chewing gum significantly # salivary flow rate compared to control in the 3rd month (***).

	Kaee et al. (2020) [18]
	91 participants, more than six months following radiotherapy for head and neck cancer.
	
	A prospective, non-blinded, randomised, design with two treatments: 1) daily chewing gum (n=55), and 2) standard care (n=36).
	Sugar-free gum was chewed five times daily for at least five minutes. Standard care included aid with water, saliva substitutes or stimulants already part of daily routines. The intervention period was 4 weeks.
	Xerostomia-related QOL: Measured using both the single-item ‘Dry Mouth’ in the EORTC QLQ-H&N35 questionnaire, and the Groningen Radiation-Induced Xerostomia (GRIX) questionnaire.
Rate of salivation Unstimulated and stimulated saliva was collected by asking participants to expectorate saliva into a test tube for 5 minutes.
	
	Xerostomia: Chewing gum was associated with a significant $ in dry mouth (EORTC QLQ-H&N35) (**), and a significant $ in xerostomia during the day (EORTC QLQ-H&N35) (***).


Rate of salivation: Salivary flow # following 5 minutes of stimulation within both arms (*** respectively). However no significant differences were detected between arms (NS).

	Garcia et al. (2019) [19]
	102 patients with thirst intensity greater than or equal to three (as assessed by the Numeral Verbal Scale).
	
	A randomised controlled clinical trial, with parallel treatments: 1) menthol chewing gum (n=51), and 2) control group (n=51).
	TRIDENT mentholated gum was chewed for 10 minutes in a natural rhythm. The intervention period was the preoperative
period.
	Thirst intensity: Measured using the Numeral Verbal Scale 
Thirst discomfort: Measured using the Perioperative Thirst Discomfort Scale.
	
	Thirst intensity: Chewing significantly $ the variation in thirst intensity (***).
Thirst discomfort: Chewing significantly $ the variation in thirst intensity (***).

	Nakagawa et al. (2017) [20]
	12 participants with a mean
age of 77.8 ± 4.6 years.
	
	A within subjects design with two gum chewing exercise treatments: 1) with soft gum (GCE-S, n=12) and 2) with hard gum (GCE-H, n=35).
	Participants chewed the soft gum twice daily for 5 minutes over a 2-week period. There was a 2-week wash-out period, and then participants chewed the hard gum twice daily for 5 minutes over a 2-week period. In both cases, the participants were instructed to chew at the defined rhythm for the first 2 min and then chew freely for the remaining 3 min.
	Mucosal moisture: Measured on the tongue surface using an oral moisture checking device.



Saliva flow rate: measured using a cotton swab which was placed on to floor of the mouth for 30 seconds and weighed before and after.
	
	Mucosal moisture: No significant differences in mucosal moisture were detected before and after GCE-S (NS). Mucosal moisture level of after GCE-H was significantly #than that of before GCE-S (*) and before GCE-H (*)
Saliva flow rate: Resting saliva secretion after GCE-S was significantly #than that before GCE-S (*). After a 2-week rest period, however, resting saliva secretion before GCE-H was significantly lower than after GCE-S (*). Resting saliva secretion after GCE-H was  significantly #than before GCE-S (*) and before GCE-H (*).

	Duruk & Eser (2016) [21]
	61 patients undergoing haemodialysis.
	
	A randomised, controlled, single-blind, crossover study with two treatments: 1) gum chewing (n=61), and ) no gum chewing (n=61). 
	Participants chewed gum hourly for 15 minutes in hours 1-4 of dialysis). The gum was Vivident Xylitol sugar-free sweetened gum. The intervention period was a 4-hour dialysis session. There was a 15-day wash-out between sessions.
	Xerostomia: Measured using a form for assessing the symptoms of dry mouth (11 x VAS).











Saliva flow rate: Saliva was collected at the 0, 1, 2, 3 and 4 hour time points by spitting into a tube.
	
	Xerostomia: On days where gum was chewed, dry mouth symptom scores significantly $ between 0 and 4h for all dimensions in both treatments (all ***), except for the scores for the ‘‘amount of saliva’’ and ‘‘burning sensation in the mouth’’. Similarly, on days where gum was not chewed, dry mouth symptoms scores significantly $ between 0 and 4h for all dimensions in both treatments (* to ***), except for the scores for the ‘‘amount of saliva’’ and ‘‘burning sensation in the mouth’.
Saliva flow rate: In both treatments salivary flow rates # between the 0 hour and 4 hour measurements, however, no significant treatment differences were detected (NS) . On the day when gum was not chewed, no significant differences in salivary flow rates were detected during the first hour (NS). On the day when gum was chewed, salivary flow rates # significantly during the first, second, third, and fourth hours when compared with the 0-hour time point (*).

	Gueimonde et al. (2016) [22]
	54 adult volunteers with hypo-salivation.
	
	A double blind, randomised, placebo controlled design with three parallel treatments: a) a placebo chewing gum (n=19), b) gum containing Bifidobacterium animalis spp lactis (n=17), and c) gum containing Lactobacillus rhamnosus plus Bifidobacterium longum 46 and Bifidobacterium longum 2C (n=18)
	Participants chewed one gum pastille for 30 minutes twice daily, in the morning and the evening. The intervention period was 12 weeks.
	Saliva flow rate: Unstimulated saliva was collected using the drainage technique where saliva was allowed to flow into a sterile container for 5 minutes after which the accumulated saliva was spat into the container. Stimulated saliva was collected using the same method following administration of fresh lemon to the major salivary glands. 
Symptoms of dry mouth: Self-reported symptoms related to dry mouth on a scale of 0 to 4.
	
	Saliva flow rate: No statistically significant differences were detected between treatments (NS). Chewing gum (with or without probiotics) significantly # unstimulated saliva flow rate (*).









Symptoms of dry mouth: Chewing gum (with or without probiotics) $ self-reported dry mouth sensation.

	Kaae et al. (2016) [23]
	31 patients treated for oral or oropharyngeal cancer with slight, moderate, or severe xerostomia.
	
	Non-randomised cohort study.
	Participants chewed a tasteless sugar-free chewing gum for 5 min supported by a metronome (60 beats/min). The study chewing gum was distributed for use at home in-between visits, and patients were instructed to use it three to five times a day including before regular meals. The intervention period was two weeks.
	Saliva flow rate: Unstimulated saliva was collected for 5-mins using a spitting method. Stimulated saliva was collected for 5-mins following the chewing gum intervention.
Xerostomia: Oral well-being was estimated using the abbreviated EORTC H&N35 questionnaire.
	
	Saliva flow rate: Before and after the intervention period, chewing gum significantly # saliva flow rate. However, no significant difference unstimulated saliva flow rate was detected across the intervention period.
Xerostomia: Chewing gum significantly # the subjective feeling of total amount of saliva in the mouth (**). In a total of 19 patients, 95% reported a subjective increase in saliva flow after intervention with the chewing gum.

	Fan et al. (2013) [24]
	11 patients undergoing haemodialysis. 
	
	Cross-over design with two treatments: a) chewing gum (n=11), and b) chewing a plastic straw (n=11).
	The participants were instructed to chew one piece of gum gently, for at least 10 minutes, six times a day and as desired throughout the day when the mouth felt dry or when they were thirsty, from 6-10 pieces approximately. The intervention period was two weeks with a 2-week wash-out between periods.
	Thirst: assessed by 100-mm visual analogue scales (VAS) and dialysis thirst inventory (DTI).
Xerostomia: was assessed by VAS and xerostomia inventory (XI).


Saliva flow rate: Unstimulated whole saliva and paraffin chewing stimulated whole saliva collected for 5 mins using a spitting technique.
	
	Thirst: Chewing gum significantly $ both VAS and DTI measures of thirst (*** and * respectively).

Xerostomia: Chewing gum significantly $ both VAS and XI measures of xerostomia (*** and *** respectively).
Saliva flow rate: No significant differences in saliva flow rates were detected (NS).


	Said & Mohammed (2013) [25]
	60 patients undergoing dialysis.
	
	A quasi-experimental design with two groups: 1) sugar-free chewing gum (n=30), or 2) a control not using gum (n=30).
	Participants chewed low- tack, menthol-containing, sugar-free chewing gum for > 10 min, 6 times a day and as desired throughout the day when the mouth felt dry or when they were thirsty.
	Xerostomia: was assessed by VAS and xerostomia inventory (XI).


Thirst: Measured using the dialysis thirst inventory (DTI).

Salivary flow rate: Unstimulated and stimulated saliva volumes were measured gravimetrically.
	
	Xerostomia: Over six sessions, chewing gum $ xerostomia, whereas xerostomia #in the control group (*** and * respectively).
Thirst: Over six sessions chewing gum $ thirst, whereas thirst #in the control group (*** and *** respectively).
Salivary flow rate: Over six sessions chewing gum # salivary flow rate, whereas salivary flow rate $ in the control group (*** and *** respectively).

	Al-Haboubi et al. (2012) [26]
	186 participants aged 60 years or older.
	
	A single blind, randomised, controlled trial with two treatments: 1) chewing xylitol-containing gum (n = 95), or 2) a control group with no gum (n = 91).
	Participants chewed sugar-free gum twice a day, for 15 minutes. The control group, on the other hand, were not given chewing gum. The intervention period was 6-months.
	Saliva flow rate: Unstimulated saliva was collected for 5-mins using a spitting method. Stimulated saliva was collected for 5-mins following chewing a piece of paraffin wax.
	
	Saliva flow rate: No significant difference in the saliva flow rate of the gum chewing group was detected (NS), whereas the saliva flow of the control group # significantly over the intervention period (***). 

	Jagodzińska et al. (2011) [27]
	38 patients undergoing haemodialysis.
	
	A prospective pre/post (3 + 1 month[s]) study.
	Participants slowly chewed gum, three times each day, after the consumption of the main meals for a minimum of 20 minutes, and throughout the day only when they were thirsty or perceived xerostomia.
	Xerostomia and thirst: Measured using a questionnaire containing  19 multiple choice questions to assess the effectiveness, preferences, and potential side-effects of the treatments.
	
	Xerostomia and thirst: No significant differences were detected (NS).

	Bots et al. (2005b) [28]
	65 patients undergoing haemodialysis.
	
	A randomised crossover design with repeated measures and two-treatments: 1) chewing gum (n=65), and 2) a saliva substitute (n=65).
	Participants were instructed to chew one or two pieces of gum gently, six times a day for at least 10 minutes and as desired throughout the day when their mouth felt dry.  The intervention period was 2 weeks with a 2-week wash-out period between treatments.
	Xerostomia: Measured using the xerostomia inventory (XI). 
Thirst: A shortened version of the dialysis thirst inventory (DTI).
Saliva flow rate: Unstimulated whole saliva and paraffin chewing stimulated whole saliva were both collected before dialysis.
	
	Xerostomia: Chewing gum significantly $ (improved) XI scores from baseline (*).
Thirst: Both chewing gum and saliva substitute significantly $ DTI scores (*).
Saliva flow rate: No significant differences due to treatment were detected (NS).

	Bots et al. (2005a) [29]
	65 patients undergoing haemodialysis.
	
	A randomised crossover study with two treatments: 1) sugar-free chewing gum (n=65), and 2) a xanthan gum-based artificial saliva (n=65).
	Participants were instructed to chew one or two pieces of gum gently, six times a day for at least 10 minutes and as desired throughout the day when their mouth felt dry.  The intervention period was 6 weeks with a 2-week wash-out period between treatments.
	Xerostomia: Measured using the xerostomia inventory (XI). This is a validated questionnaire with 11 items, each with a 5-point Likert scale. The scores are summed to provide an individual XI score ranging from 11 (no dry mouth) to 55 (extremely dry mouth).
	
	Xerostomia: Participants rated chewing gum as significantly # effective at relieving thirst (***) and dry mouth (***) than the artificial saliva.

	Simons et al. (2002) [30]
	53 participants aged 65 years or older.
	
	A randomised, double-blind, placebo-controlled with two treatments: 1) chlorhexidine / xylitol chewing gum (n=26), and 2) xylitol chewing gum (n=27).
	Participants chewed two gum pellets for 10 min after breakfast and after the evening meal. The intervention period was 14 days.
	Saliva flow rate: Unstimulated whole saliva and paraffin chewing stimulated whole saliva were both collected.
	
	Saliva flow rate: No significant differences due to treatment could be detected (NS).

	Davies (2000) [31]
	43 patients receiving specialist palliative care for advanced cancer.
	
	A prospective, randomised, open, crossover study with two treatments: 1) a mucin-based artificial saliva (n=43), and 2) a low-tack, sugar-free chewing gum (n=43).
	Participants were instructed to gently chew the gum using both sides of their mouth for at least 10 minutes before breakfast, before lunch, before dinner and before bedtime and as desired throughout the day when the mouth felt dry. The intervention period was 5 days with a 2 day wash-out period between treatments.
	Xerostomia: Measured using a combination of VAS (Anchor points ‘worst imaginable dryness’ [0mm] to ‘no dryness [100mm]) and a questionnaire with scales measuring self-reported mouth dryness and the question ‘Do you think the treatment has helped your dry mouth?’.
	
	Xerostomia: No significant differences due to treatment were detected (NS).

	Stewart et al. (1998) [32]
	80 individuals with chronic xerostomia.
	
	Randomised, cross-over design with four treatments: 1) a sorbitol/xylitol-sweetened chewing gum (n=80), 2) a sorbitol-sweetened sour lemon lozenge (n=80), and 3) a sorbitol/xylitol-sweetened artificial saliva substitute spray (n=80).
	The subjects were instructed to use each product ad libitum for 2 weeks in accordance with the manufacturer’s recommendations. The intervention period was 2 weeks with a 1-week wash-out period between treatment blocks
	Saliva flow rate: Unstimulated saliva was collected using a “low force spitting” method for 10 minutes. Baseline stimulated salivary flow rates was determined using the same method with paraffin wax. Post-trial stimulated salivary flow rate was determined with the assigned product as a stimulant.
Xerostomia: Product preference for relieving symptoms related to hyposalivation was assessed at each post-trial appointment by means of a product rating questionnaire.
	
	Saliva flow rate: No significant differences due to treatment were detected (NS).










Xerostomia: No significant differences due to treatment were detected (NS).

	Simons et al. (1997) [33]
	111 participants aged 60 and older.
	
	A controlled, double-blind trial with three treatments: 1) chlorhexidine acetate/xylitol gum (ACHX, n=55), 2) xylitol gum (X, n=57), and 3) no-gum control (N, n=52).
	Participants in the gum groups chewed two pellets for 15 minutes twice daily. The intervention period was 12 months.
	Saliva flow rate: Unstimulated whole saliva and paraffin chewing stimulated whole saliva were both collected for a period of 5 minutes.
	
	Saliva flow rate: Chewing (both ACHX and X) both significantly # stimulated whole salivary flow rates increased over the 12-month test period (**). No similar effects were detected in the N group (NS).

	Risheim & Arneberg (1993) [34]
	18 rheumatic patients with dry mouth symptoms and low salivary flow rates.
	
	A cross-over design with two treatments: 1) a xylitol sweetened chewing gum (n=18), and 2) a xylitol/sorbitol-sweetened lozenge (n=18).
	The subjects were instructed to chew two sticks at a time for 30 min, twice daily from day 1 to day 4, and five times daily from day 5 to day 14. One lozenge was taken four to eight times per day. The intervention period was 2 weeks with a 2-week wash-out period between treatments.
	Saliva flow rate: Resting flow was measured before (PRESTIM) a chewing stimulated flow rate test (STIM), and also 5 min after (POSTSTIM).
	
	Saliva flow rate: No significant differences due to treatment were detected in STIM flow (NS). In the lozenge regimen, PRESTIM and POSTSTIM saliva flow rates significantly # increased before and after the intervention (** and ** respectively). In the chewing gum regimen. POSTSTIM saliva flow rates significantly # increased before and after the intervention (*). No similar PRESTIM effects were detected for the chewing gum regimen (NS).

	Aagaard et al. (1992) [35]
	43 patients complaining of dry mouth.
	
	A placebo-controlled double-blind crossover study with three treatments: 1) V6 chewing gum (n=43) , 2) an experimental mucin containing chewing gum (n=43), and 3) a placebo chewing gum without flavours (n=43).
	Patients were instructed to use the products ad libitum. They were, however, instructed to use the products at least once daily regardless of their opinion regarding taste, consistency, or effect. The intervention period was 2 weeks, and no wash-out period was reported. 
	Saliva flow rate: Unstimulated saliva was collected using a “low force spitting” method for 10 minutes. Stimulated saliva was collected for 5 minutes using the same method with the assigned product as a stimulant.
Symptoms of dry mouth: Patients were interviewed using primarily close-ended questions regarding their symptoms related to dry mouth.
	
	Saliva flow rate: No significant effects of treatment on stimulated salivary flow rates were detected (NS).





Symptoms of dry mouth: In response to a question on “What is your general opinion of the effect of the product”, the mucin chewing gum was significantly # efficient in relieving dry mouth symptoms than the placebo product (**). whereas there was no difference between V6 and placebo chewing gum (NS).

	Olsson et al. (1991) [36]
	14 female patients with a chronic feeling of dry mouth.
	
	A single blind, randomised, cross-over design with two treatments: 1) a new chewing gum (PTC, n=14), and 2) V6 chewing gum (n=14). 
	Participants were instructed to chew the gum for 35 minutes The intervention period was a single session/dose with a wash-out period of at least 1-day between treatments.
	Saliva flow rate: Unstimulated saliva (baseline) was collected for 15 mins. Simulated saliva secretion was measured for successive periods of 5 minutes (at 0, 5, 15 and 30 minutes). 
Xerostomia: Measured using oral mucosal sliding friction measurements.

Self-reported saliva stimulating effect: Measured using a 100mm VAS.
	
	Saliva flow rate: Both chewing gums significantly # saliva flow rate at 7.5 after chewing was started (*).





Xerostomia: Chewing the PTC gum significantly # mucosal sliding friction measurements from baseline (*). 
Self-reported saliva stimulating effect: The PTC gum had significantly # ratings of saliva stimulating effect compared with V6 (*); although there was a significant treatment x period interaction with those participants who received PTC before V6 reacting differently from those who received V6 before PTC.

	Abelson et al. (1990) [37]
	20 participants with hyposalivation secondary to salivary gland disease.
	
	A single arm study with repeated measures.
	Gum was chewed during 10 minute stimulated saliva collection periods.
The intervention period was a single session.
	Saliva flow rates: Unstimulated whole mouth and parotid saliva were collected over periods of 10 minutes, each separated by a period of 10 minutes. After another 10 minute period, stimulated whole mouth and parotid saliva was collected over a period of 10 minutes using a piece of sorbitol sweetened gum.
	
	Saliva flow: The mean stimulated whole mouth and parotid salivary flow rates were significantly # than the unstimulated flow rates (*** and *** respectively).

	Björnström et al. (1990) [38]
	106 patients with low salivary flow rates and a long history of dry mouth.
	
	A multi-centre study with 8 treatments. Five were saliva stimulants: 1) Salivin, 2) V6, 3) Mucidan, 4) Ascoxal-T and 5) Nicotinamide. Three were saliva substitutes: 6) Saliment, 7) Salisynt, and 8) an ex-témpore solution. 
	Participants were instructed to use each product according to the manufacturers’ instructions. The intervention period was 14 days with a one-week wash-out between treatments.
	Saliva flow rate: The secretion rate of paraffin-stimulated whole saliva.

Symptoms of dry mouth: measured using a standardised questionnaire
	
	Saliva flow rate: No significant long-term effects of treatment on stimulated salivary flow rates were detected (NS).
Symptoms of dry mouth: All products relived the symptoms of dry mouth to some extent. The V6 chewing gum and Salivin lozenge were ranked as the best two products.




