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Abstract 
Objectives Xerostomia is a subjective sensation of dry mouth associated with many medications and increases the risk of tooth decay and 
other oral complications. The aim of this study was to identify unreported medications associated with dry mouth from the Australian Database 
of Adverse Event Notifications (ADAEN) from the Therapeutic Goods Administration (TGA) in Australia. 
Methods This was a descriptive retrospective study. A request was made to the TGA to provide all reports associated with dry mouth. 
De-identified reports were provided from the commencement of the database in 1971 until June 2020. Drugs were divided into established 
drugs that are associated with xerostomia in the primary literature and secondary drugs not reported in the primary literature.
Key findings There were 1927 individual case reports for dry mouth associated with medications. Of these, there were 1379 reports of es-
tablished (primary) drugs and 1481 reports of secondary drugs associated with xerostomia. Dry mouth was found to be associated with many 
medication classes; analgesics, cardiovascular and gastrointestinal drugs had the greatest number of secondary drugs reported.
Conclusions A comprehensive list of suspected medications associated with xerostomia has been established. This adds to the growing cata-
logue of medications associated with dry mouth, where several medications have not previously been identified in the primary literature.
Keywords: adverse effect; dental; oral adverse effect; xerostomia.

Introduction
Xerostomia is a subjective symptom and sensation of oral 
dryness that may or may not be correlated with reduced sal-
ivary flow or production.[1, 2] The antibacterial and antiviral 
properties in saliva are essential for maintaining oral micro-
bial balance and preventing infections.[3, 4] Other functions of 
saliva include the lubrication, binding and solubilisation of  
food.[5] Individuals with dry mouth have an increased risk  
of dental caries and tooth decay.[1, 6]

Dry mouth can have negative social and emotional 
impacts on affected individuals, which may reduce 
their quality of life.[7] Oral health-related quality of life 
(OHRQoL) considers the impact of oral health on var-
ious life dimensions,[8] and xerostomia is negatively associ-
ated with OHRQoL as people often experience symptoms 
such as dryness of mouth, burning sensation in the mouth, 
difficulties in chewing, swallowing, speaking and wearing of 
dentures.[7–9] Oral health is responsible for the general state 
of a person’s well-being as it is a vital component of overall 
health.[10] A systematic review by van de Rijt et al.[8] showed 
individuals who experience problems with chewing have 
reduced OHRQoL scores due to less food consumption and 
a more restricted diet.[8]

The prevalence of xerostomia in the Australian population 
above the age of 15 years is 13.2%.[11] A greater proportion 
of individuals who experience xerostomia are the elderly 
and individuals who live in socio-demographically disad-
vantaged areas.[11] While head and neck radiation therapy 
and medical conditions are major causes of xerostomia, the 
most common cause is medication use.[12] Certain medica-
tion classes such as anticholinergics, sympathomimetics and 
antihypertensives elevate the risk of dry mouth as a phar-
macodynamic adverse effect.[12] A study also suggested that 
stimulated whole salivary flow rate is more likely to be af-
fected by factors such as medications when compared with 
age-related changes.[13]

Different pharmacological mechanisms can cause xerostomia 
induced by drugs, with the main underlying mechanism being 
the anticholinergic effects of medications.[14] Anticholinergics, 
antimuscarinic agents and increased adrenergic activity have an 
effect on the muscarinic gland receptors, resulting in decreased 
salivary secretion.[15] However, many drugs are associated with 
xerostomia with the pharmacological mechanism unknown.[16] 
The aim of this study is to identify unreported medications 
associated with dry mouth, from the Australian Database of 
Adverse Event Notifications (ADAEN).[17]
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Methods
This study was a retrospective analysis of cases reported 
to the Australian Database of Adverse Event Notifications, 
whereby a description between drug exposure and xerostomia 
was documented. The Therapeutic Goods Administration 
(TGA) receives reports regarding adverse effects after 
taking suspected medications, and these publicly available 
reports are recorded in the ADAEN.[17] The TGA uses the 
ADAEN to monitor and identify potential medication safety 
concerns.[17–19] These adverse reaction reports are submitted 
voluntarily by members of the public, general practitioners 
or other healthcare professionals and are publicly available. 
We included all cases recorded in the ADAEN reported to 
the TGA that had reports associated with xerostomia from 
the time of voluntary reporting of pharmacovigilance data. 
The primary outcome was to report the drugs associated with 
xerostomia as recorded by the TGA. The secondary outcomes 
were to determine whether these drugs in the ADAEN were 
already associated with xerostomia as reported in the primary 
literature, or if there were any new medications associated 
with xerostomia that had not been previously identified. This 
was to be able to add to the literature evidence for these new 
drugs an association with this adverse effect.

The TGA was contacted on 7 September 2020, and a re-
quest was made by email for all reports containing the words 
‘dry mouth’, ‘dry mucosa’, ‘tongue dry’, ‘xerostomia’ and 
‘hyposalivation’ from the time voluntary reporting began 
in 1971. These reports are publicly available through both 
the TGA website and also on request. The reports were re-
ceived on 11 September 2020, and the data were provided 
in an excel spreadsheet of abbreviated, de-identified reports 
received until 10 June 2020. The first reported case of dry 
mouth was in 1973.

The de-identified data provided by TGA included a case 
number individualised for each patient, gender, age, onset 
date of dry mouth, reported date, if the adverse effect of dry 
mouth was resolved/ongoing/unknown, a list of suspected 
medication(s) and concurrent medications.

The TGA allocated drugs that they thought were the 
cause of dry mouth as ‘suspected’ drugs and the remaining 
other medications taken by the patient were listed under 
‘concomitant’ medications. In a comprehensive systematic 
review, Wolff et al.[16] determined a list of medications as-
sociated with dry mouth. The authors classified drugs into 
three categories, namely strong, moderate and weak levels 
of association with dry mouth, based on the quality of ev-
idence reported in the primary literature.[16] This systematic 
review[16] was used as a reference in this study to identify 
drugs from the ADAEN that already have evidence for an 
association with xerostomia, and drugs reported to be as-
sociated with dry mouth with no current evidence from the 
primary literature. With reference to this systematic review, 
suspected medications assigned by the TGA which have ev-
idence of causing dry mouth in the Wolff et al.[16] review 
are listed under primary drugs in Table 1. The suspected 
medications that were not listed in the Wolff et al.[16] review 
are listed in Table 1 as ‘secondary’ medications. That is, sec-
ondary medications were those associated with dry mouth 
reported in the ADAEN database but were not identified in 
the systematic review, as these medications have not been as-
sociated with dry mouth in the primary literature. Secondary 
drugs with less than five reported cases are presented in 

Table 1 Reports from the DAEN of implicated drugs in xerostomia 
(excluding secondary drugs with <5 reports) 

Drug class Primary drugs1 Secondary drugs2

Analgesics

  NSAIDs 41

  Non-opioid analgesic 19

  Opioids 78 21

Anti-infectives

  Antibacterials

    Penicillins 5

    Tetracyclines 11

    Nitroimidazole 11

    Other antibacterials 20

  Anti-fungals

    Other anti-fungals 7

  Anti-malarial

    Quinolones 1 6

  Anti-virals

    Guanine analogues 6

    Other anti-virals 10

  Anti-retrovirals

    Nucleoside reverse tran-
scriptase inhibitors (NRTIs)

3

  Nucleoside analogues 6

Cardiovascular drugs

  Anti-arrhythmics 19

  Antihypertensives

    ACE Inhibitors 64 50

    Beta-blockers 66 55

    Angiotensin Receptor 
Blockers

33

    Other antihypertensives 69 20

  Antiplatelets 9

  Calcium channel blockers

    Dihydropyridine 32

    Non-dihydropyridine 35

  Diuretics

    Loop diuretics 40

    Thiazide diuretics 27

    Potassium sparing diuretics 30 5

  Drugs for dyslipidaemia

    Statins 39

  Nitrates 5

  Phosphodiesterase 5 
inhibitors

8

Endocrine drugs

  Bisphosphonates 12 12

  Drugs for osteoporosis

    Other drugs for  
osteoporosis

9

Gastrointestinal drugs

  Anti-diarrhoeals

    Opioid anti-diarrhoeals 5

  Anti-emetics

    Dopamine antagonists 19
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Supplementary Table S2. Drugs that interact with suspected 
drugs to cause dry mouth were categorised as ‘interacting’ 
within the ADAEN and were categorised as primary or sec-
ondary drugs accordingly. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) check-
list was used to report the study.[20]

As these data were publicly available, ethical approval for 
this study was not required.

Results
The ADAEN identified a total of 1927 reported cases of 
dry mouth associated with medications. The drug classes 
and corresponding number of case reports are presented in 
Table 1. The demographic characteristics of reported cases 
include 1250 females, 616 males and 61 individuals of un-
specified gender. The age range included patients under the 
age of 1 and 97 years. Of the 1927 individuals who experi-
enced dry mouth, there were 1379 reported cases associated 
with primary drugs, 753 cases classified under high evidence 
level, 356 cases under moderate evidence level and 270 
cases as low evidence. Most primary drugs associated with 
dry mouth included neurological and psychotropic drugs[16] 
(Supplementary Table S1). There were 1481 secondary drug 
classifications, with the results described below, and in Table 
1 and Supplementary Tables S1 and S2 (<5 reports). Most 
patients were taking multiple medications, and dry mouth 
may have been due to the suspected drugs and reported drug 
interactions. It is unknown whether drug interactions or dis-
ease states led to dry mouth from the data provided.

Analgesics accounted for 7.5% (111/1481) of secondary 
drugs reported. Non-steroidal anti-inflammatory drugs 
(NSAIDs) accounted for majority of the reported cases (64 

Drug class Primary drugs1 Secondary drugs2

    5HT3 antagonists 1

    Other anti-emetics 26 36

  Drugs for dyspepsia, reflux 
and peptic ulcers

    H2 receptor antagonist 10

    Proton pump inhibitors 50

  Gastrointestinal lipase 
inhibitors

2

  Drugs for inflammatory 
bowel disease

    TNF-alpha antagonists 15

Immunomodulators & antineoplastics

  Platinum compounds 2

  Drugs for gout

    Xanthine oxidase inhibitors 5

  Immunosuppressants 6

  Interferons 5

Neurological drugs

  Anti-epileptics 84 19

  Anticholinergics 95 29

  Drugs for parkinsonism 
disease

    Dopamine agonist 5

  Drugs for migraine

    Triptans 5

  Drugs for other neurological 
conditions

8

  Drugs for multiple sclerosis 9

Psychotropic drugs

  Anti-anxiety

    Benzodiazepines 1 19

  Antidepressants

    Tricyclic antidepressants 155

    Other antidepressants 63

    Selective serotonin reuptake 
inhibitors (SSRIs)

175 7

    Serotonin norepinephrine 
reuptake inhibitors (SNRIs)

68

    MAO Inhibitors 6

    MAO type B Inhibitors 1

  Anti-bipolars 14

  Antipsychotics

    Phenothiazine 
antipsychotics

37

    Other antipsychotics 65

  Drugs for ADHD

    Psychostimulants 8

    Non-amphetamine 
psychostimulants

2

    Other drugs for Attention 
Deficit Hyperactivity Disorder

4

  Drugs for alcohol  
dependence

4

  Drugs for nicotine  
dependence

70 24

Table 1. Continued

Drug class Primary drugs1 Secondary drugs2

  Hypnotics 13

Respiratory drugs

  Anti-asthmatic

    Beta 2 agonist 5

  Corticosteroids 24

  Opioid cough suppressants 3 5

Others

  Alpha 2 agonist 9

  Antihistamines 14 24

  Appetite suppressants 27 5

  Contraceptives 6

  Decongestants 14

  Enzymes 7

  Plants 7

  Stimulants 26

  Supplements/vitamins 25

  Vaccines 55

  Vasopressin receptor antag-
onist

1

1Primary drugs: established drugs association with xerostomia from Wolff 
et al.[16]

2Secondary drugs: reported drugs associated with xerostomia from the 
DAEN reports. 

Table 1. Continued
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cases), with celecoxib (14 reports) and naproxen (9 reports) 
reporting the highest number of dry mouth case reports. 
Opioids were the second most common analgesic class to 
cause dry mouth (27 reports), with oxycodone contributing to 
the majority (14 reports) of the cases. Paracetamol accounted 
for a large majority of cases in non-opioid analgesics (19 
reports).

Anti-infectives accounted for 10.3% (152/1481 reports) 
of secondary drugs reported, with antibacterial agents ac-
counting for most cases (92 reports). However, cardiovascular 
drugs accounted for 21.1% (313/1481 reports) of secondary 
drugs reported cases, with antihypertensive medications 
contributing to more than one-third of the reported cases 
(162 reports). Angiotensin-converting enzyme inhibitors 
(ACEIs) attributed to most of the antihypertensive reports 
(57 reports), with captopril accounting for most cases (38 
reports). Angiotensin receptor blocker (ARBs) had the second 
highest case reports (37 reports) with the majority contributed 
by irbesartan (14 reports). Calcium channel blockers had 
the third highest case reports (34 reports). Within cardio-
vascular drugs, the total number of reported cases involving 
drugs for dyslipidaemia accounted for 3.6% (53/1481) of 
the secondary drugs reported cases. Statins accounted for the 
highest number of cases (46 reports), with most cases related 
to simvastatin (25 reports).

Endocrine drugs accounted for 4.6% (69/1481) of the 
secondary drug reported cases. Drugs used to treat osteo-
porosis were most associated with dry mouth (33 reports). 
Bisphosphonates accounted for half of the reported cases (17 
reports), with zoledronic acid being the main contributor (12 
reports). Denosumab also contributed to a relatively high 
number of case reports (9 reports).

Gastrointestinal drugs accounted for 11.4% (169/1481) of 
the secondary drug reported cases. Drugs used for dyspepsia, 
gastric reflux and peptic ulcers contributed the largest pro-
portion of cases (72 reports), with proton pump inhibitors 
accounting for more than two-thirds of the reported cases 
(50 reports). Anti-emetics accounted for 61 reported cases 
with the anticholinergic hyoscine hydrobromide unsurpris-
ingly attributing to more than half of the reported cases (36 
reports).

Neurological drugs accounted for 7.8% (116/1481) of 
the secondary drug reported cases. Anticholinergics had the 
highest number of reports (36 reports), with benztropine 
being the main contributor in this drug class (15 reports). 
Anti-epileptics had the second highest number of reports (25 
reports), with carbamazepine (14 reports) attributing to the 
majority of the cases.

Psychotropic drugs accounted for 4.1% (60/1481) of the 
secondary drug reported cases. Anti-anxiety drugs had the 
highest number of cases associated with dry mouth, namely 
benzodiazepines (31 reports). Diazepam (9 cases), alprazolam 
(5 reports) and temazepam (5 reports) were the medications 
commonly reported to induce dry mouth in patients.

Respiratory drugs accounted for 4.9% (72/1481) of the 
secondary drugs reported cases. Corticosteroids were the 
most common class of respiratory medications associated 
with dry mouth (34 reports). Anti-asthmatic medications had 
the second highest number of reported cases in this category 
(31 reports), with beta-2 agonist having the highest number 
of reports (18 reports).

The total number of reported cases involving the use of 
vaccines, supplements and antihistamines accounted for 

22.0% (326/1481) of the secondary drugs. Vaccines were as-
sociated with the highest number of reports (75 reports), with 
most patients experiencing dry mouth with influenza vaccine 
(30 reports) and hepatitis B vaccine (15 reports).

Given the increasing popularity of complementary 
medicines in Australia, interestingly supplement use led to 
a reported 54 cases, with Armaforce supplement associated 
with the majority of reports (19 reports). 

Discussion
This is the first study to comprehensively present medications 
recorded from the ADAEN database that have been associ-
ated with dry mouth. The analysis shows that dry mouth is 
associated with many medication classes, reinforcing the fact 
that xerostomia is commonly associated with medication use 
and that the pharmacological mechanisms are not all known. 
Anti-infectives, cardiovascular and gastrointestinal drugs 
were highly reported secondary drugs, contributing 42.8% of 
all secondary drugs cases. While most associated medications 
were consistent with findings from the systematic review, 
there were many other commonly prescribed medicines from 
the ADAEN that were found to likely be associated with 
xerostomia.

Strengths and Limitations
Patients taking multiple medications in most of these reported 
cases may result in drug interactions causing dry mouth, 
and this study does not account for the synergistic or inter-
active effects of concomitant medications. Secondly, the re-
ported cases do not represent the total number of dry mouth 
cases after taking these medications as the data are volun-
tarily submitted. Thirdly, there were several reported cases 
who fall below the age of 1 year. These cases may have been 
classified into the incorrect age group given the medications 
and reactions reported. Furthermore, it is unknown whether 
confounding factors such as concurrent medical conditions 
or lifestyle choices (e.g. tobacco smoking) contributed to the 
dry mouth reports.

Finally, adverse event reporting by health professionals to 
the TGA is low.[19] Although the majority of prescribing stems 
from general practice, reports from medical practitioners 
only made up 4.6% of total reports in the July–December 
2019 period.[19] The reason for this decrease is unknown and 
may be due to a decline in adverse events in the population 
or changes in reporting behaviours. It is also more likely for 
healthcare professionals to report severe and life-threatening 
adverse events as opposed to milder and non-serious adverse 
effects.[21] With a decline in reporting, there may be more 
cases of dry mouth associated with these secondary drugs 
which have not been reported and documented. Nonetheless, 
in this study, these pharmacovigilance data provide a dif-
ferent source of adverse event reporting to that obtained from 
pharmaceutical companies during clinical trials. Clinical 
trials have strict patient inclusion and exclusion criteria, and 
reports of adverse effects may not be representative of the 
population.[22] The data from the ADAEN are derived from a 
broader demographic representation of patients and findings 
add to identified adverse event profiles obtained from phar-
maceutical companies during clinical trials.

The most commonly reported mechanism for dry mouth 
results from the anticholinergic action of the drugs.[14] 
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Muscarinic acetylcholine receptors have five different 
subtypes, and receptors in the periphery mediate cholin-
ergic signals to autonomic organs.[14] In particular, the 
M3-muscarinic receptors (M3R) mediate parasympathetic 
cholinergic neurotransmission to the salivary glands.[14] There 
are various types of other receptors for endogenous substances 
in the salivary glands, which suggest that salivary glands may 
contain target systems for many drugs.[14] Alpha 1A, beta 
1, M3, histamine 2 and some receptors induce dry mouth 
by mediating exocytosis through cAMP-protein kinase A 
pathway.[14] Medications most associated with dry mouth are 
beta-blockers, tricyclic antidepressants and antipsychotics.[14, 

23] Many other drugs have the potential to induce dry mouth; 
however, the pharmacology and mechanisms associated with 
dry mouth are either unknown or yet to be fully elucidated.[24]

Many types of antidepressants and antipsychotics reported 
to the ADAEN were listed as primary drugs. Psychotropic 
drugs are commonly reported to cause dry mouth, with 
xerostomia being the most frequently reported oral side 
effect of most antidepressants.[25] Antidepressants are re-
ported to cause salivary gland hypofunction or may change 
the threshold for perception of dry mouth.[26] Typical 
antipsychotics have a strong inhibitory action on dopamine 
D1 and D2 receptors, and affinity for muscarinic, histamine 
H1 or alpha A1 receptors, mechanisms commonly associated 
with xerostomia.[27] Atypical antipsychotics may be less as-
sociated with dry mouth due to their selective antagonistic 
activity against the dopamine D2 receptor.[14, 27] There were 
four typical antipsychotics reported with dry mouth and 
among the four medications, trifluoperazine was classified 
under secondary drugs. More reported cases were associated 
with atypical antipsychotics. This finding may be possibly 
due to a larger number of patients being prescribed atypical 
antipsychotics due to their more favourable side effect profile 
when compared with typical antipsychotics.

Many patients reported dry mouth with the use of 
analgesics, in particular opioids and NSAIDs. Dry mouth 
is a commonly reported side effect seen in patients who 
take opioids.[16, 28] There were no NSAIDs listed in the re-
view by Wolff et al.[16]; however, there were numerous 
NSAIDs reported in the ADAEN including celecoxib, na-
proxen, piroxicam and ketoprofen associated with multiple 
cases. A literature review of randomised controlled studies 
conducted by Derry et al.[29] on the use of oral NSAIDs for 
cancer pain found that dry mouth and thirst were common 
adverse events experienced by one in seven participants.[29] 
However, the underlying mechanism is not known. Many 
NSAIDs are non-prescription medications that are easily 
accessible by consumers over the counter. Healthcare 
professionals should be aware of this possible adverse effect 
of xerostomia associated with their use when counselling 
patients.

In this study, association between dry mouth and certain 
antihypertensive drugs including ACE inhibitors, diuretics and 
beta-blockers was identified.[30] An estimated 13% of patients 
taking ACE inhibitors complain of dry mouth.[31] In a prospec-
tive observational study by Persson et al.,[13] diuretic agents 
were widely used agents that caused xerostomia.[13] Diuretics 
and medications used for mental illnesses were comparatively 
similar in reducing the mean stimulated whole salivary flow 
rate in a group of elderly subjects.[13] In this study, various 
diuretics were reported, including hydrochlorothiazide and 
indapamide.

Numerous H2 receptor antagonist and proton pump inhib-
itor drugs were associated with dry mouth and were not listed 
as primary drugs.[16] There are other reports in the literature 
that identify this association. In a randomised controlled trial 
performed by Kaviani et al.,[32] 41% of recipients who had 
a H2 receptor antagonist (ranitidine) added to the standard 
treatment combination of amoxicillin, metronidazole and 
bismuth derivative experienced dry mouth.[14, 32] Omeprazole 
was also associated with dry mouth, by reducing salivary flow 
in some patients on this medication. Ceasing omeprazole was 
shown to reverse dry mouth effects.[33]

Future Research
While this study highlights that many medications are asso-
ciated with xerostomia, it is known that xerostomia is dose-
dependent and is associated with an increasing number of 
medications.[34, 35] Further research can be undertaken to as-
certain the effects of polypharmacy and drug combinations so 
that specific patient groups who will experience xerostomia 
can be better predicted. While the incidence of polyphar-
macy is increasing internationally and is associated with 
negative health outcomes, the effects are confounded by 
co-morbidities.[36] Thus, understanding which drugs and drug 
classes are more likely to be associated with this adverse ef-
fect is also another area of future research, and this can sub-
sequently influence choices of drugs when deprescribing.[37]

Finally, the case reports do not detail the severity of 
symptoms experienced by patients. Further research assessing 
drugs that are more likely to cause severe symptoms and 
hyposalivation will be useful when reducing doses or choosing 
to deprescribe unnecessary medications.

Conclusions
Dry mouth is an adverse effect associated with a wide range 
of commonly prescribed medicines. Anti-infectives, cardio-
vascular and gastrointestinal drugs had the most reports, and 
this study adds to the growing literature regarding the drugs 
associated with xerostomia. While the pharmacodynamics 
of dry mouth sequelae is established for some drugs, it is un-
known for many others and requires further research. The list 
of medications identified may be used by clinicians to inform 
patients of this adverse effect, and the comprehensive table can 
be used as a reference when developing management plans for 
patients.

Supplementary Material
Supplementary data are available at International Journal of 
Pharmacy Practice online. 
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