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Drug-related Halitosis: A Systematic Review

Hamed Mortazavia / Behrad Rahbani Nobarb/ Shervin Shafieic

Purpose: Halitosis is an unpleasant breath odor which can be bothersome to individuals. Extra-oral halitosis is a type
of halitosis caused by systemic conditions, bloodborne diseases, or pharmaceutical therapy. It is not related to local 
factors in the oral cavity. This systematic review aimed to identify the medications that can cause extra-oral halitosis. 

Materials and Methods: This study was conducted in accordance with the preferred reporting items for systematic 
reviews and meta-analyses (PRISMA). We searched online databases and also included hand searching to find rele-
vant articles. Two authors independently performed the screening, data extraction and quality assessment of the 
included articles using the Cochrane Collaboration assessment tool.

Results: Thirty-four studies met the eligibility criteria. The medications which can cause extra-oral halitosis were cat-
egorised into 10 groups: acid reducers, aminothiols, anticholinergics, antidepressants, antifungals, antihistamines
and steroids, antispasmodics, chemotherapeutic agents, dietary supplements, and organosulfur substances.

Conclusion: Pharmaceutical therapy is a potential source of extra-oral halitosis. This finding can help clinicians de-
tect the probable causes of halitosis. Further studies are needed to definitely determine the role of various medica-
tions in causing extra-oral halitosis.
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Adverse drug events are unintended injuries resulting
from medication intake.5,27 The inevitable side effects

of medications are among adverse drug events inherent to 
their specific properties. Medications can cause side ef-ff
fects in different parts of the human body. One such part is
the oral cavity, in which several well-documented side ef-ff
fects can occur, e.g. those related to mucosa, salivary 
glands, periodontium, jawbones, teeth, sensory function, 
and taste.31 Dry mouth has been reported as the most fre-
quent adverse drug event in the oral cavity55 and can con-
tribute to halitosis.

Genuine halitosis is defined as an unpleasant breath
odor which can have adverse psychological effects and hin-
der social communication.22,32 It may also indicate the
presence of an underlying systemic condition such as dia-
betes mellitus or hepatic failure.19 A study concluded that
an estimated 31.8% of adolescents and adults may have
halitosis.50 Such a high prevalence rate can partly be ex-xx
plained by the fact that halitosis has several intraoral and
extra-oral causes. The extra-oral causes are related to sys-
temic and bloodborne conditions not related to the oral cav-
ity itself.41 Drug-related side effects are an example of such 
etiologies, and are a common cause of treatment discon-
tinuation by patients.30,34 Therefore, knowledge about drug-
related side effects, e.g. halitosis, can help practitioners to
devise measures to prevent their occurrence. This may, in 
turn, improve patients’ cooperation and quality of life.

Various studies have addressed halitosis and its patho-
genesis. However, a detailed description of drugs that can 
cause halitosis has yet to be offered. A recent literature 
review52 identified nine medications and compounds that 
can cause halitosis. Routine drug therapy has also been
shown to induce halitosis.36,37,56 However, to the best of 
the authors’ knowledge, no systematic review has at-
tempted to identify the medications causing extra-oral hali-
tosis. Prior knowledge about these medications can help 
clinicians in their decision making when prescribing medica-
tion or help them detect the probable causes of halitosis.
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This study sought to identify the medications that can 
cause halitosis through a systematic review of the litera-
ture. In this process, it aimed to answer the following ques-
tions:
1. Which drugs can cause or contribute to extra-oral halito-

sis?
2. What dosage of prescribed medications can cause hali-

tosis? 
3. What are the routes of administration of such medica-

tions?
4. How prevalent is extra-oral halitosis in patients taking

such medications? 

MATERIALS AND METHODS

The methodology of this study conformed to the preferred
reporting items for systematic reviews and meta-analysis 
(PRISMA) guidelines.33 The study was registered in the
PROSPERO database under the registration number 
CRD42019129337.

Eligibility Criteria

The PICOS elements were: population – patients in need of 
medications or healthy individuals; intervention – medica-
tions, pharmaceutical agents or dietary supplements; com-
parison – not using medications, pharmaceutical agents or 
dietary supplements, or using medications with a different 
dosage or a placebo; outcome – halitosis (bad breath). 

Inclusion Criteria

1. Clinical trials or cohorts
2. Patients must not have had halitosis at the onset of 

study
3. Patients must have received at least one medication

during the study
4. Halitosis must have been reported as an individual side 

effect in numbers or percentages
5. If pseudohalitosis or halitophobia were present, genuine 

halitosis records must have been segregated from 
these entities

6. Halitosis that had originated from the systemic effects 
of the medication 

7. Articles in English
8. Human studies

Exclusion Criteria

1. Studies with a cross-sectional design, review, or pooled
safety results design

2. Studies which had interventions that did not include 
drug therapy

3. Studies which had reported halitosis obscurely or in 
combination with other adverse events

4. Studies that did not mention the drug dosage
5. Studies that had combined the records of genuine hali-

tosis, pseudo-halitosis, and halitophobia
6. Halitosis that had not originated from the systemic ef-ff

fect of the medication

7. Halitosis which could be directly linked to the effect of 
medication on the oral environment 

8. Articles not in English
9. Animal studies

Search Strategy

Five online databases – including PubMed, Scopus, Scien-
ceDirect, Ovid, and Cochrane library – were searched for 
relevant published articles up to the end of February 2019.
The search queries for PubMed were as follows: (drug* or 
drug* toxicity or drug* toxicities or adverse event* or ad-
verse effect* or adverse reaction* or side effect* or side
reaction* or medication*) AND (halitosis or oral malodor or 
oral malodour or bad breath or foul breath or fetid breath or 
odor* or smell*) AND humans [MeSH]. The search queries 
were changed accordingly when exploring other databases. 
We also searched relevant articles suggested by the online
databases and the reference lists of the selected or rele-
vant articles for additional data.  

Study Records 

After removing duplicates, two authors (BRN and SS) inde-
pendently performed title and abstract screening. Full-text 
screening was reserved for articles which could not be 
screened promptly by their titles or abstracts. The same 
authors extracted the following data from the selected arti-
cles if present: author(s) name(s), year of publication, med-
ication name, pharmaceutical group, subgroup, dosage,
sample size, number and percentage of patients with hali-
tosis, significance level/p-value, type of adverse effect as-
sessment, and the present disease. Cohen’s kappa was 
used to determine the level of agreement between the two 
authors at this stage. The two authors discussed their dis-
agreements concerning the study selection and data extrac-
tion with the third author (HM) and resolved them entirely.

Quality Assessment

Two authors (BRN and SS) independently evaluated the risk
of bias (RoB) of the selected studies individually using the 
Cochrane Collaboration assessment tool. The bias domains 
were evaluated and the overall RoB for each study was
specified. The third author (HM) resolved the disagree-
ments between the first and second authors regarding RoB.

RESULTS

Figure 1 shows the flowchart of the search strategy and 
selection process of articles. After searching the databases
and removing the duplicates, 2943 records were identified.
After title and abstract screening, we assessed 208 articles 
by evaluating their full texts according to the eligibility cri-
teria. Finally, 34 articles were included in this systematic 
review. The level of agreement between the two authors in 
the study selection and data extraction phase was 0.94. 

Eighteen studies had low RoB, ten were unclear and six 
were found to have a high RoB. Table 1 shows the RoB of 
the included studies in terms of each bias domain. Studies
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included in this review evaluated a total of 30,736 patients,
and a total number of 1932 (6.2%) cases of drug-related
halitosis were reported in the trials. The administration 
routes of the medications widely varied and included oral
intake, eye drops, topical application, subcutaneous injec-
tion, intradermal injection, intravenous injection, and intra-
nasal administration. Some studies employed more than
one route to administer the medication(s). Halitosis was
assessed either by objective methods such as organoleptic 
testing and molecular evaluation of the exhaled air or sub-
jectively according to patient complaints of bad breath. One
study combined both methods,49 11 studies used objective
measures and 21 assessed halitosis subjectively. The rest
of the studies did not explicitly state their assessment 
method. In Table 2, the studies are listed by alphabetical
order of pharmaceutical group, presenting study summaries
and overall RoB, as follows: 
 Acid reducers: These medications are used to treat gastric 

upset caused by excessive acid production. One study with
unclear RoB showed that treatment with 150 mg/day ra-
nitidine resulted in halitosis in one out of 110 patients.12

 Aminothiols: Cysteamine is used for the treatment of 
patients diagnosed with cystinosis or Huntington’s dis-
ease. In the surveyed studies, cysteamine doses of 15 
mg/kg and higher8,17 or 0.9 g/m2 to 1.2 g/m2 caused 
halitosis in up to 100% of the patients.1,9 Two of the 
studies had low RoB,1,8 and two other studies had an
unclear RoB.9,17

 Anticholinergics: Oxybutynin and glycopyrrolate are used 
to regulate or inhibit the parasympathetic system. Doses 
of 5 to 15 mg/day and 40 to 175 μg/day for the respec-
tive medications caused halitosis in 15.5% and 4.5% of 
the subjects, respectively.16,51 The RoB for these arti-
cles was unclear and high, respectively. 

 Antidepressants: Imipramine, which belongs to the sub-
class of tricyclic antidepressants, caused halitosis in 1% 
of the subjects in a reviewed study. However, the RoB of 
this study was unclear.54

 Antifungals: The results of one study showed that anti-
fungal treatment with voriconazole and indinavir resulted 
in halitosis in one out of nine patients. The RoB of this 
study was unclear.42

 Antihistamines and steroids: Antihistamines and ste-
roids are well-known anti-inflammatory drugs. The results 
of an open crossover study utilising astemizole and be-
clomethasone dipropionate demonstrated that halitosis 
occurred in 14% and 18% of the group population, re-
spectively. The RoB of this study was unclear.49

 Antispasmodics: Antispasmodics are used to relax mus-
cles and inhibit muscle spasms. A variety of regions can
be targeted with these medications in the human body, 
including the muscles of the gastrointestinal system. 
Peppermint oil (187 mg/capsule) administered three
times daily caused halitosis in 13.1% of the patients di-
agnosed with irritable bowel syndrome.35 The RoB of this
study was low.

 Chemotherapeutic agents: PX-12 is a tumour growth in-
hibitor used for the treatment of cancer patients mainly 

through infusion. Doses of 9 to 600 mg/m2were admin-
istered in the reviewed studies and halitosis was ob-
served in 5.5% to 100% of patient populations.4,43-45

Three of these studies had a low RoB,4,43,45 while one
had an unclear RoB.44

 Silybin-phytosome: Silibinin is another agent that inhib-
its tumour growth. Oral administration of one of its com-
plexes, silybin-phytosome, at a dosage of 2 to 13 g daily 
resulted in halitosis in 15% of the trial’s population.23

The RoB of this study was low.

Dietary Supplements

Fish oil
Fish oil contains omega-3 polyunsaturated fatty acids which
can prevent cardiovascular diseases and other inflamma-
tory conditions. Five reviewed studies administered doses 
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nine) and vitamin E individually and in combination with 
each other. The authors concluded that while halitosis oc-
curred in all the 3 groups, drug-induced halitosis in the 
selenium+vitamin E group was statistically significant (6.1%
of the group). Other studies regarding selenium (as seleno-
methionine and sodium selenite) reported halitosis in 60% 
to 90% of patients, respectively.2,21 These three studies
had low RoBs.

Organosulfur substances
Dimethyl sulfoxide (DMSO) is used for a variety of condi-
tions such as amyloidosis and osteoarthritis. It is used ei-
ther solely or as a carrier for various medications or mater-rr
ials such as diclofenac and cultured cells.3,6,10,38,40,46,47,53

Five of these studies had low RoBs,3,10,46,47,53 two had
high RoBs,38,40 and one had an unclear RoB.6 The maxi-
mum and minimum rates of drug-induced halitosis in the
studies were 100% and 0.6%, respectively. Interestingly, a

of 1.84 to 12 g/day which resulted in halitosis in 3.1% to 
60% of the study populations.7,13,15,20,24 The dosage of 
fish oil directly correlated with the incidence of halitosis.
One of these studies had a low RoB,20 two had unclear 
RoBs,15,24 and two others had high RoBs.7,13

Rosehip powder
Rosehips have been traditionally used for their anti-inflamma-
tory properties. A study conducted on 150 patients diagnosed 
with osteoarthritis of the knee reported that oral administra-
tion of 2250 to 4500 mg/day rosehip powder in combination 
with 80 mg/day vitamin C resulted in halitosis in 14% of the 
trial’s population.14 This study had a low risk of bias.

Selenium
Selenium’s anticancer properties are well documented in
the literature. A study by Dunn and Taylor18 evaluated the
cancer prevention effects of selenium (as l-selenomethio-

Table 1  Risk of bias of the included studies

Author and year
Selection
bias

Performance
bias

Detection 
bias Attrition bias

Reporting
bias Other bias Overall bias

Businger et al 1989 unclear low low low low NA unclear

Dubinsky, Gray 2006 unclear unclear unclear low low NA unclear

Besouw et al 2012 unclear unclear unclear low low NA unclear

Besouw et al 2007 low low low low low NA low

Ahlenstiel-Grunow et al 2016 low low low low low NA low

Corcos et al 2006 low low low low low NA low

Stern 1997 high high high low low NA high

Hurley et al 2006 unclear unclear high low low NA high

Volz et al 1997 unclear low low unclear low NA unclear

Purkins et al 2003 low low unclear low low NA unclear

Sibbald et al 1986 unclear unclear unclear low low NA unclear

Mosaffa-Jahromi et al 2016 low low low low low NA low

Baker et al 2014 low low low low low NA low

Ramanathan et al 2011 low low low low low NA low

Ramanathan et al 2010 low low low low low NA low

Ramanathan et al 2007 unclear unclear unclear low low NA unclear

Flaig et al 2006 low low low low low NA low

Christensen et al 2014 low low low low low NA low

Elwakeel and Hazaa.2015 low low low low low NA low

Cohen et al 2014 low unclear unclear low low NA unclear

Freeman and Sinha 2007 low low unclear low low NA unclear

Belluzi et al 1994 unclear high unclear unclear unclear NA high

Caniato et al 2006 unclear high unclear low low NA high

Dunn and Taylor 2011 low low low low low NA low

Asfour et al 2008 low low low low low NA low

Faikh et al 2006 low low low low low NA low

Ozkaya-Bayazit et al 1998 high high high low low NA high

Paul 1967 high high high unclear unclear NA high

Bookman et al 2004 low low low low low NA low

Shainhouse et al 2010 low low low low low NA low

Roth and Shainhouse 2004 low low low low low NA low

Tugwell et al 2004 low low low low low NA low

Baer et al 2005 low low low low low NA low

Barrou et al 2004 unclear unclear unclear low Low NA unclear



Vol 18, No 3, 2020 403

Mortazavi et al

study conducted by Tugwell et al53 found no significant dif-ff
ference in drug-induced halitosis between the two groups 
that applied different concentrations of DMSO to the skin.

It is worth mentioning that the use of substances such
as garlic, onion, and alcohol can also result in extra-oral
halitosis. However, because these substances were not
used as a medication in the reviewed studies, we did not
include them in our systematic review. 

DISCUSSION

This systematic review sought to quantitatively assess the 
adverse effects of various medications on the breath by 
measuring the sample size and the incidence of halitosis in
the treatment groups. Thirty-four articles were evaluated 
and various pharmaceutical groups and treatment modal-
ities were identified.

Although we identified various pharmaceutical groups as 
potential sources of drug-related halitosis, the results of 
these studies must be interpreted with caution because
their designs, RoB, and confounding factors affect halitosis 
assessment. One confounding factor is the oral cavity it-tt
self. A number of intraoral and extra-oral factors can cause
halitosis.41 The studies included in this review were mainly 
medical studies intended to assess the efficacy of medica-
tions to improve the patients’ medical conditions, which
were sometimes life-threatening. Thus, it can be assumed 
that oral hygiene measures might not have been empha-
sised to the extent they should have been, so that inade-
quate oral hygiene may also have contributed to halitosis in
some cases. Furthermore, the possible intraoral effects of 
some of these drugs, such as ranitidine,28 oxybutynin,26

glycopyrrolate,39 duloxetine,48 imipramine,25 PX-1243, 
which can facilitate intraoral halitosis through dry mouth,
must not be overlooked.

Although the studies reported halitosis as a potential
side effect of the medication, most of their assessments
were based on subjective measures (patient reports, ques-
tionnaire). Although subjective assessment of potential side 
effects is important in maintaining the patients’ quality of 
life, such evaluations should be complemented by a thor-
ough objective assessment. However, only one study per-
formed both a subjective and objective evaluation.

Systemic diseases can also cause halitosis through sys-
temic pathways. One example is gastrointestinal diseases,
which can result in events such as bloating, belching, or 
vomiting and therefore contribute to halitosis.29 Statistical
methods used in these studies to analyse the adverse ef-ff
fects are another point of concern; most studies did not
report the p-values for pairwise comparisons of halitosis.
Thus, statistical significance could not be assessed and a 
meta-analysis was not feasible. See below for a more de-
tailed description of the studies.

Two of the studies16,51 evaluated the effect of oxybu-
tynin and glycopyrrolate anticholinergic medications. They 
reported halitosis as an adverse effect of these medica-
tions. Although a possible explanation for this was not pro-

vided, it can be assumed that the antisialogogic properties 
of these medications could have contributed to halitosis.
Considering the RoB of these studies, their results must be
interpreted with caution.

The results of some other studies were more reliable.
Mosaffa-Jahromi et al35 found that the use of peppermint
oil (Colpermin) in a group of patients with irritable bowel
syndrome resulted in halitosis, with a statistically signifi-
cant difference was found between those taking and not 
taking the medication. However, no explanation was pre-
sented for the potential cause of this side effect.

It is well documented that PX-12, a chemotherapeutic
agent, can cause halitosis,4,43-45 so much so that PX-12 
infusion can cause halitosis within minutes of infusion.44

Although the infusion took place in negative air-pressure 
rooms equipped with filters, a garlic-like odor was noted on
patients’ breath.45 This odor was caused by exhalation of 
2-butanethiol secondary to PX-12 metabolism.45

DMSO is an odorless compound used either solely or as 
a carrier for other medications such as diclofenac. A study 
by Ozakaya-Bayazit et al38 found that topical application of 
DMSO caused halitosis in all patients. This finding was at-
tributed to the exhaled dimethyl sulfide, one of the metabo-
lites of DMSO. Other studies found that the use of DMSO 
as a carrier for diclofenac can also cause halitosis, in both 
the treatment and the placebo carrier groups.3,6,46,53 How-
ever, it seems unlikely that diclofenac’s metabolism pro-
duces an odor similar to that of DMSO.

Fish-oil supplements are another possible source of hali-
tosis. A study by Elwakeel et al20 found that oral adminis-
tration of fish oil resulted in patients reporting fish-scented 
bad breath. However, this halitosis was mild and the treat-
ment was continued in spite of it. Comparing the methodol-
ogy and the results of the reviewed studies, it is hypothe-
sised that the dosage of the administered fish oil can be
correlated with the induced halitosis. Further studies are
needed to clarify this matter.

Selenium is another potential source of halitosis. In the 
reviewed studies,2,18,21 selenium was used in the form of 
two complexes, i.e. selenomethionine and sodium selenite. 
A study conducted by Asfour et al2 showed that halitosis
occurred in 90% of the trial’s patients. However, halitosis
may have been enhanced by the fact that these patients
were receiving concurrent chemotherapy. Another study by 
Faikh et al21 reported halitosis in 60% of cancer patients
after administering selenomethionine. Interestingly, the
study by Dunn and Taylor18 found that combined seleno-
methionine and vitamin E administration resulted in more
halitosis cases compared with administering them singly. 
This finding was statistically significant and warrants further 
studies about the possible effects of vitamin E on halitosis.

The classification of medications which were included in
this systematic review is intended to help clinicians detect 
halitosis and distinguishing between its types. Interestingly,
when the metabolism of a medication alters the breath
odor, it may also change the patient’s body odor.10,11 How-
ever, this phenomenon cannot be generalised to all medica-
tions, and several factors can hinder the clinician’s judg-
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ment including the effect of other medications on body 
odor. Thus, the reliability of this method needs to be inves-
tigated in future studies.

Clinicians should take note of the medications that can 
cause extra-oral halitosis and, if pragmatic, prescribe medi-

cations that do not cause halitosis or cause it to a lesser 
extent. This, in turn, can lead to improved quality of life 
outcomes. This knowledge can also help dentists and phy-yy
sicians determine the cause of newly emerged halitosis and 
save time and costs, leading to better patient cooperation. 

Table 2  Summaries of the included studies
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Acid reducers Businger et al 1989 H2 histamine receptor antagonist Ranitidine 150 mg q.d Ora

Aminothiols Dubinsky, Gray 2006 Cysteamine (Cystagon) 10 mg/kg per day
(increasing doses by 10 mg/kg per day weekly until
40 mg/kg per day)

Ora

Besouw et al 2012 Enteric coated cysteamine bitartrate
(RP103)

1.2-1.5 g/m2 Ora

Besouw et al 2007 Cysteamine 15 mg/kg once Ora

Ahlenstiel-Grunow et al 2016 Immediate release cysteamine, extended
release cysteamine

1.2 g/m2 per day, 0.9 g/m2 per day Ora

Anticholinergics Corcos et al 2006 Muscarinic antagonists Oxybutynin 5, 10, 15 mg/day Ora

Stern 1997 Glycopyrrolate 40-175 μg/day q.d Ora

Antidepressants Hurley et al 2006 SSRI Duloxetine 20-80 Ora

Volz et al 1997 TCA Imipramine 50-75 mg b.i.d (total dose of 100-150 mg/day) Ora

Antifungals Purkins et al 2003 Triazole + protease inhibitor Voriconazole + Indinavir 200 mg BID (17 days) -800 mg TID (last 10 days) Ora

Antihistamines, 
steroids

Sibbald et al 1986 Beclomethasone diproprionate (BDP), or 
astemizole (AST)

2-4 puffs/nostril b.i.d, 10-30 mg daily Int

Anti-spasmodics Mosaffa-Jahromi et al 2016 Colpermin (peppermint oil) 187 mg/capsule t.i.d Ora

Chemotherapeutic
agents

Baker et al 2014 Tumor growth inhibitor PX-12 150-450 mg/m2 diluted with 5% dextrose solution 24

Ramanathan et al 2011 PX-12 300-400-500-600 mg/m2 72

Ramanathan et al 2010 PX-12 54,128 mg/m2 3-h
5 c

Ramanathan et al 2007 PX-12 9-300 mg/m2 1-3
5 c

Flaig et al 2006 Silybin phytosome 2.5-20 g daily in three divided doses (increasing doses
until maximum tolerable dose was found: 13 g/day

Ora

Dietary 
supplements

Christensen et al 2014 Rosehip powder + vitamin C 4500, 4500, 2250 mg/day in 6 capsules +80 mg
one daily

Ora

Elwakeel and Hazaa 2015 Fish oil ω3 PUFA + Aspirin 1 g t.i.d + 75 mg q.d Ora

Cohen et al 2014 Fish oil + vitamin Omega-3 PUFA + vitamin E in one capsule
placebo: olive oil + vitamin E

615 mg + 15 IU
t.i.d
15 IU t.i.d

Ora

Freeman and Sinha.2007 Fish oil Omega-3 PUFA
placebo: corn oil + 1% fish oil

1.84 g/day Ora
4 d

Belluzi et al 1994 Fish oil derivative purepa (40% EPA + 20%
DHA), conventional fish oil

500 mg, 1 g capsules × 12 times daily (6 weeks) Ora
twe
for

Caniato et al 2006 Fish oil eicosopentaenoic acid +
docosahexaenoic acid

3 g (1.8+1.2) Ora
do
ca

Dunn and Taylor 2011 Selenium + vitamin Vitamin E,  l-Selenomethionine, vitamin E
+ l-Selenomethionine

Vitamin E: 400 mg/day, l-selenomethionine:
200 μg/day

Ora

Asfour et al 2008 Selenium Sodium selenite 0.2 mg/kg per day q.d Ora

Faikh et al 2006 Selenomethionine amongst other 
anticancer and corticosteroid drugs which
were not related to the outcome 

2.2 mg/day Ora
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Definite conclusions about the dosage or administration
routes could not be drawn because of the diverse methods
these studies used and a lack of studies comparing different
doses and administration routes. The limitations of this sys-
tematic review were the lack of quantitative analysis and 

exclusion of studies which did not provide quantitative data 
regarding halitosis cases. This could have excluded some
medications which can cause halitosis. Nevertheless, the 
authors of this review suggest that future trials utilise stan-
dardised protocols designed to evaluate adverse effects of 
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Oral 110 1 (0.9%) Subjective (patient report) Duodenal ulcer relapse prevention Unclear 

Oral 8 8 (100%) (20 mg/kg per day or 
higher)

Objective (hydrogen sulfide oral odor) Huntington’s disease Unclear 

Oral 4 4 (100%) Objective (dimethyl sulfide and
methanethiol breath measurements)

Cystinosis Unclear 

Oral 8 8 (100%) Objective (dimethyl sulfide and
methanethiol breath measurements)

Cystinosis Low

Oral and eye drop 12 6 (50%)
2 (16.6%)

Subjective (self-breath assessment) Cystinosis Low

Oral 77-77-83 respectively 
(total=237)

6 (8%)-10 (13%)-8 (10%)
respectively

Subjective (patient report) Urge urinary incontinence (UUI) Low

Oral 22 1 (4.5%) Subjective (patient report ) Drooling High

Oral 958 5 (0.5%) 0.062 Not mentioned Women with stress urinary 
incontinence

High

Oral 96 1 (1%) Subjective (patient report) Major depression Unclear 

Oral 9 1 (11%)
(subject dropped out at day 10)

Objective (examination) Healthy subjects Unclear 

Intranasal, oral 50 9 (18%), 7 (14%) Objective and subjective Perennial rhinitis Unclear 

Oral 38 5 (13.1%) 0.03 Subjective (patient questionnaire) Irritable bowel syndrome Low

24-h infusion 18 1 (5.5%) Objective (pungent breath odor detection) Gastrointestinal malignancies Low

72-h infusion 14 7 (50%) Objective (garlic like breath odor 
detection)

Advanced or metastatic
cancers, lymphoma, refractory tumors

Low

3-h infusion daily for 
5 consecutive days

16 28%, 56% Objective (expired air metabolite
assessment)

Advanced pancreatic cancer Low

1-3 hours of infusion daily for 
5 consecutive days

38 100% Objective (organoleptic and expired air 
metabolite assessment)

Advanced solid tumors Unclear 

Oral 13 2 (15%) Subjective (patient report) Adenocarcinoma of prostate Low

Oral 150 in total
50-50-50

21 (14%) in total
3 (6%)-8 (16%)-10 (20%)

Subjective (symptoms) Osteoarthritis of the knee Low

Oral 20 13 (65%) Subjective (patient report) Chronic periodontitis and type II
diabetes mellitus

Low

Oral 173 (162 according
to the study), 160

5 (2.8%)
(3.1% according to the
study),4 (2.5%)

Subjective (patient report) Perimenopausal and postmenopausal
women

Unclear 

Oral
4 divided doses

23,36
A total of 59 patients

3 (13%), 2 (5.5%), 5 (8.4%) in
total

Subjective (patient report) Pregnant women,  postpartum women Unclear 

Oral nine times daily, oral 
twelve times daily continued 
for 6 weeks

20 (10,10) 5 (50%), 6 (60%) Not specified Crohn’s disease High

Oral divided by two daily 
doses in the form of 10
capsules daily

28 43% Subjective Schizophrenia or schizoaffective
disorder

High

Oral 8737-8752-8703 493 (5.6%) – 503 (5.7%)
– 531 (6.1%)

NA-NA-
p<0.05

Not specified Healthy men Low

Oral 20 90% Objective (garlic-like breath odor) Patients with non-Hodgkin’s
lymphoma (NHL) of intermediate and
high grade who received concurrent
chemotherapy

Low

Oral 10 6 (60%) Objective (garlic-like odor) Metastatic or unresectable solid
tumor

Low
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medications on the oral cavity, including but not limited to 
halitosis. Further studies are needed to determine the extent
of the capability of medications, systemic diseases, and 
other possible factors in inducing extra-oral halitosis and the
specific pathways responsible for this adverse event.

CONCLUSION

Clinicians should be aware that extra-oral halitosis may be 
caused by the use of medications such as cysteamine, 
ranitidine, oxybutynin, glycopyrrolate, imipramine, astemizole, 
beclomethasone diproprionate, Colpermin, PX-12, sylibin-
phytosome, fish oil, selenium, vitamin E, DMSO, and diclo-
fenac. However, due to confounding variables and high 
risks of bias across the studies, these findings must be 
viewed with caution. 

REFERENCES

1. Ahlenstiel-Grunow T, Kanzelmeyer NK, Froede K, Kreuzer M, Drube J,
Lerch C, et al. Switching from immediate-to extended-release cysteamine
in nephropathic cystinosis patients: a retrospective real-life single-center 
study. Pediatr Nephrol 2017;32:91–97.

2. Asfour IA, El-Tehewi MM, Ahmed MH, Abdel-Sattar MA, Moustafa NN,
Hegab HM, et al. High-dose sodium selenite can induce apoptosis of lym-
phoma cells in adult patients with non-Hodgkin’s lymphoma. Biol Trace
Elem Res 2009;127:200–210.

3. Baer PA, Thomas LM, Shainhouse Z. Treatment of osteoarthritis of the
knee with a topical diclofenac solution: a randomised controlled, 6-week 
trial [ISRCTN53366886]. BMC Musculoskelet Disorders 2005;6:44–49.

4. Baker AF, Adab K, Raghunand N, Chow H, Stratton SP, Squire S, et al. A
phase IB trial of 24-hour intravenous PX-12, a thioredoxin-1 inhibitor, in
patients with advanced gastrointestinal cancers. Investig New Drugs
2013;31:631–641.

5. Bakhtiari S, Sehatpour M, Mortazavi H, Bakhshi M. Orofacial manifesta-
tions of adverse drug reactions: a review study. Clujul medical (1957)
2018;91:27–36.

6. Barrou B, Benoît G, Ouldkaci M, Cussenot O, Salcedo M, Agrawal S, et
al. Vaccination of prostatectomized prostate cancer patients in biochemi-
cal relapse, with autologous dendritic cells pulsed with recombinant
human PSA. Cancer Immunol Immunother 2004;53:453–460.

7. Belluzzi A, Brignola C, Campieri M, Camporesi E, Gionchetti P, Rizzello F,
et al. Effects of new fish oil derivative on fatty acid phospholipid-mem-
brane pattern in a group of Crohn’s disease patients. Digest Dis Sci
1994;39:2589–2594.

8. Besouw M, Blom H, Tangerman A, de Graaf-Hess A, Levtchenko E. The
origin of halitosis in cystinotic patients due to cysteamine treatment.
Molec Genet Metabol 2007;91:228–233.

9. Besouw M, Tangerman A, Cornelissen E, Rioux P, Levtchenko E. Halitosis
in cystinosis patients after administration of immediate-release cyste-
amine bitartrate compared to delayed-release cysteamine bitartrate.
Molec Genet Metabol 2012;107:234–236.

10. Bookman AA, Williams KS, Shainhouse JZ. Effect of a topical diclofenac 
solution for relieving symptoms of primary osteoarthritis of the knee: a 
randomized controlled trial. Cmaj 2004;171:333–228.

11. Brien S, Prescott P, Bashir N, Lewith H, Lewith G. Systematic review of 
the nutritional supplements dimethyl sulfoxide (DMSO) and methylsulfo-
nylmethane (MSM) in the treatment of osteoarthritis. Osteoarthr Cartilage
2008;16:1277–1288.

12. Businger J, Fumagalli I, Michel H, Delas N, Stocker H. Rioprostil, a new
prostaglandin E1 analogue, in the once-daily treatment for the prevention
of duodenal ulcer recurrence: a Comparison with Ranitidine. Scand J Gas-
troenterol 1989;24(suppl 164):152–160.

13. Caniato RN, Alvarenga ME, Garcia-Alcaraz MA. Effect of omega-3 fatty 
acids on the lipid profile of patients taking clozapine. Aust N Z J Psychiatr 
2006;40:691–697.

14. Christensen R, Tarp S, Altman RD, Henriksen M, Bartels EM, Klokker L,
et al. Comparing different preparations and doses of rosehip powder in
patients with osteoarthritis of the knee: an exploratory randomized active-
controlled trial. Int J Clini Rheumatol 2014;9:267–xx.

15. Cohen LS, Joffe H, Guthrie KA, Ensrud KE, Freeman M, Carpenter JS, et
al. Efficacy of omega-3 treatment for vasomotor symptoms: a randomized
controlled trial: omega-3 treatment for vasomotor symptoms. Menopause
2014;21:347–354.

16. Corcos J, Casey R, Patrick A, Andreou C, Miceli PC, Reiz JL, et al. A dou-
ble-blind randomized dose-response study comparing daily doses of 5,
10 and 15 mg controlled-release oxybutynin: balancing efficacy with se-
verity of dry mouth. BJU Int 2006;97:520–527.

17. Dubinsky R, Gray C. CYTE-I-HD: Phase I dose finding and tolerability study 
of cysteamine (Cystagon) in Huntington’s disease. Movement Disorders
2006;21:530–533.

18. Dunn BK, Taylor PR. Prostate cancer prevention and the selenium and vi-
tamin E cancer prevention trial (SELECT): a selenium perspective. In: Hat-
field DL, Berry MJ, Gladyshev VN (eds). Selenium. Hamburg: Springer,
2011:297–311.

19. Durham TM, Malloy T, Hodges ED. Halitosis: knowing when ‘bad breath’
signals systemic disease. Geriatrics 1993;48:55–59.

20. Elwakeel NM, Hazaa H. Effect of omega 3 fatty acids plus low-dose aspirin
on both clinical and biochemical profiles of patients with chronic periodon-
titis and type 2 diabetes: a randomized double blind placebo-controlled
study. J Perio Res 2015;50:721–729.

21. Fakih MG, Pendyala L, Smith PF, Creaven PJ, Reid ME, Badmaev V, et al.
A phase I and pharmacokinetic study of fixed-dose selenomethionine and 
irinotecan in solid tumors. Clin Cancer Res 2006;12:1237–1244.

22. Falcao DP, Vieira CN, de Amorim RFB. Breaking paradigms: a new defini-
tion for halitosis in the context of pseudo-halitosis and halitophobia. J
Breath Res 2012;6:017105.

23. Flaig TW, Gustafson DL, Su LJ, Zirrolli JA, Crighton F, Harrison GS, et al.
A phase I and pharmacokinetic study of silybin-phytosome in prostate
cancer patients. Invest New Drugs 2007;25:139–146.

24. Freeman MP, Sinha P. Tolerability of omega-3 fatty acid supplements in
perinatal women. Prostaglandins, Leukotrienes Essential Fatty Acids 
2007;77:203–208.

25. Hearn L, Derry S, Phillips T, Moore RA, Wiffen PJ. Imipramine for neuro-
pathic pain in adults. Cochrane Database System Rev 2014(5): 
Cd010769.

26. Hsu FC, Weeks CE, Selph SS, Blazina I, Holmes RS, McDonagh MS. Up-
dating the evidence on drugs to treat overactive bladder: a systematic re-
view. Int Urogynecol J 2019;30:1603–1617.

27. Jha AK, Kuperman GJ, Teich JM, Leape L, Shea B, Rittenberg E, et al.
Identifying adverse drug events: development of a computer-based moni-
tor and comparison with chart review and stimulated voluntary report. J 
Amer Med Informatics Assoc 1998;5:305–314.

28. Kaviani MJ, Malekzadeh R, Vahedi H, Sotoudeh M, Kamalian N, Amini M,
et al. Various durations of a standard regimen (amoxycillin, metronida-
zole, colloidal bismuth sub-citrate for 2 weeks or with additional raniti-
dine for 1 or 2 weeks) on eradication of Helicobacter pylori in Iranian 
peptic ulcer patients. A randomized controlled trial. Eur J Gastroenterol 
Hepatol 2001;13:915–919.

29. Kinberg S, Stein M, Zion N, Shaoul R. The gastrointestinal aspects of hal-
itosis. Canadian J Gastroenterol Hepatol 2010;24:552–556.

30. Little RJ, D’agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT, et
al. The prevention and treatment of missing data in clinical trials. New
Engl J Med 2012;367:1355–1360.

31. Lo Russo L, Guida L, Di Masi M, Buccelli C, Giannatempo G, Di Fede O,
et al. Adverse drug reactions in the oral cavity. Curr Pharmaceut Design
2012;18:5481–5496.

32. Madhushankari G, Yamunadevi A, Selvamani M, Kumar KM, Basandi PS.
Halitosis – an overview: Part I – Classification, etiology, and pathophysi-
ology of halitosis. J Pharm Bioallied Sci 2015;7sSuppl 2):S339–343.

33. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med 2009;6:e1000097.

34. Mortazavi H, Shafiei S, Sadr S, Safiaghdam H. Drug-related dysgeusia: a
systematic review. Oral Health Prev Dent 2018;16:499–507.

35. Mosaffa-Jahromi M, Lankarani KB, Pasalar M, Afsharypuor S, Tamaddon
A-M. Efficacy and safety of enteric coated capsules of anise oil to treat ir-rr
ritable bowel syndrome. J Ethnopharmacol 2016;194:937–946.

36. Murata T, Fujiyama Y, Yamaga T, Miyazaki H. Breath malodor in an asth-
matic patient caused by side-effects of medication: a case report and re-
view of the literature. Oral Dis 2003;9:273–276.

37. Ogunwande S. Halitosis and abuse of antibiotics. Report of a case. Ceylon 
Med J 1989;34:131–133.

38. Ozkaya-Bayazit E, Kavak A, Güngör H, Ozarmagan G. Intermittent use of 
topical dimethyl sulfoxide in macular and papular amyloidosis. Int J Der-rr
matol 1998;37:949–954.



Vol 18, No 3, 2020 407

Mortazavi et al

39. Patel SD, Habib AS, Phillips S, Carvalho B, Sultan P. The effect of glyco-
pyrrolate on the incidence of hypotension and vasopressor requirement
during spinal anesthesia for cesarean delivery: a meta-analysis. Anes-
thes Analges 2018;126:552–558.

40. Paul MM. Interval therapy with dimethyl sulfoxide. Ann New York Acad Sci
1967;141:586–598.

41. Porter S, Scully C. Oral malodour (halitosis). BMJ 2006;333(7569):
632–635.

42. Purkins L, Wood N, Kleinermans D, Love ER. No clinically significant phar-r
macokinetic interactions between voriconazole and indinavir in healthy 
volunteers. Brit J Clini Pharmacol 2003;56:62–68.

43. Ramanathan RK, Abbruzzese J, Dragovich T, Kirkpatrick L, Guillen JM, 
Baker AF, et al. A randomized phase II study of PX-12, an inhibitor of thio-
redoxin in patients with advanced cancer of the pancreas following pro-
gression after a gemcitabine-containing combination. Cancer Chemother 
Pharmacol 2011;67:503–509.

44. Ramanathan RK, Kirkpatrick DL, Belani CP, Friedland D, Green SB, Chow
HS, et al. A Phase I pharmacokinetic and pharmacodynamic study of PX-
12, a novel inhibitor of thioredoxin-1, in patients with advanced solid tu-
mors. Clini Canc Res 2007;13:2109–2114.

45. Ramanathan RK, Stephenson JJ, Weiss GJ, Pestano LA, Lowe A, Hiscox
A, et al. A phase I trial of PX-12, a small-molecule inhibitor of thiore-
doxin-1, administered as a 72-hour infusion every 21 days in patients 
with advanced cancers refractory to standard therapy. Investig New Drugs
2012;30:1591–1596.

46. Roth SH, Shainhouse JZ. Efficacy and safety of a topical diclofenac solu-
tion (Pennsaid) in the treatment of primary osteoarthritis of the knee: a 
randomized, double-blind, vehicle-controlled clinical trial. Arch Internal
Med 2004;164:2017–2023.

47. Shainhouse JZ, Grierson LM, Naseer Z. A long-term, open-label study to 
confirm the safety of topical diclofenac solution containing dimethyl sulf-ff
oxide in the treatment of the osteoarthritic knee. Amer J Therapeut
2010;17:566–576.

48. Shelton RC. Serotonin and norepinephrine reuptake inhibitors. Handbook
Experiment Pharmacol 2019;250:145–180.

49. Sibbald B, Hilton S, D’souza M. An open cross-over trial comparing two
doses of astemizole and beclomethasone dipropionate in the treatment
of perennial rhinitis. Clin Experiment Allerg 1986;16:203–211.

50. Silva MF, Leite FR, Ferreira LB, Pola NM, Scannapieco FA, Demarco FF, et
al. Estimated prevalence of halitosis: a systematic review and meta-re-
gression analysis. Clin Oral Investig 2018;22:47–55.

51. Stern L. Preliminary study of glycopyrrolate in the management of drool-
ing. J Paediatr Child Health 1997;33:52–54.

52. Torsten M, Gómez-Moreno G, Aguilar-Salvatierra A. Drug-related oral mal-
odour (halitosis): a literature review. Eur Rev Med Pharmacol Sci 2017;
21:4930–4934.

53. Tugwell PS, Wells GA, Shainhouse JZ. Equivalence study of a topical di-
clofenac solution (pennsaid) compared with oral diclofenac in symptom-
atic treatment of osteoarthritis of the knee: a randomized controlled trial. 
J Rheumatol 2004;31:2002–2012.

54. Volz H-P, Gleiter CH, Möller H-J. Brofaromine versus imipramine in in-pa-
tients with major depression – a controlled trial. J Affect Dis 1997;44:
91–99.

55. Yousefi H, Abdollahi M. An update on drug-induced oral reactions. J
Pharma Pharmaceut Sci 2018;21:171–183.

56. Zalewska A, Zatoński M, Jabłonka-Strom A, Paradowska A, Kawala B, Lit-
win A. Halitosis – a common medical and social problem. A review on pa-
thology, diagnosis and treatment. Acta Gastroenterol Belg 2012;75:
300–309.


