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Abstract: Inhaled corticosteroids are increasingly recommended at all stages of asthma in all age groups as a first-line treatment for 

controlling symptoms and minimizing oral corticosteroid dependence in chronic asthma owing to their anti-inflammatory and 

immunosuppressive effects. Despite the fact that they are highly effective, their use can be accompanied by systemic and local adverse 

effects. Systemic adverse effects are infrequent, but oral candidiasis, the most common oral fungal infection, is a frequently observed 

local adverse effect of inhaled corticosteroid use. This adverse effect may lead to discomfort and cause reduced patient compliance. In 

this review, clinical findings of oral candidiasis, potential pathogenity mechanisms following such therapy along with the specific 

prophylactic measures that should be undertaken to minimize this adverse effect are discussed extensively. Understanding the factors 

leading to increased risk can give the opportunity of focusing on the patients who need timely intervention. 
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1. Introduction 
Corticosteroids are the most effective and decent agents 

among anti-inflammatory drugs and play a crucial role in 

the effective management of asthma since they are able 

to interfere with several pathways implicated in the 

process of inflammation (Derendorf et al., 2006; 

Rachelefsky et al., 2007; Ullah et al., 2016; Ming et al., 

2019). This fact causes use of inhaled corticosteroids 

(ICs) at high doses and for long time periods to a great 

extent (Maxwell, 1990; Hanania et al., 1995; Lipworth, 

1995; Roland et al., 2004; Irwin and Richardson, 2006). 

Corticosteroids bind to regulators that are responsible 

for controlling the transcription of various pro-

inflammatory gene products in the cell nucleus and are 

therefore efficient in asthma control via suppressing the 

inflammation carried out by these several mediators. 

Their action mechanism is considered to start with 

diffusion across the cell membrane followed by binding 

to glucocorticoid receptors located in the cytoplasm of 

the target cells (Barnes and Adcock, 2003). This binding 

contributes to an activated complex of glucocorticoid-

receptor-corticosteroid which afterwards translocates 

across the nuclear membrane and binds to specific DNA 

sequences (Yudt and Cidlowski, 2002). Consequently, 

transcription of genes and synthesis of proteins are 

changed. Reduction in airway inflammation and 

hyperresponsiveness is achieved through corticosteroid 

usage, and a clinically considerable refinement in 

symptoms of asthma is ensured by change in the 

production of inflammatory cell-associated mediators 

namely macrophages, eosinophils, lymphocytes, mast 

cells, and dendritic cells in the airways (Maxwell, 1990; 

Barnes and Adcock, 2003; Fukushima et al., 2003; Roland 

et al., 2004; Derendorf et al., 2006; Rachelefsky et al., 

2007; Dekhuijzen et al., 2016; Hossny et al., 2016; 

Erdoğan et al., 2019). 

Inhalation is the favoured administration route of 

corticosteroids in the management of asthma and 

provides delivery of the agent to the lungs directly. The 

local action in the lungs minimizes or eliminates the 

systemic adverse effects related to oral or parenteral 

route (Spector et al., 1982; Hanania et al., 1995; 

Derendorf et al., 2006). Many steroid inhaler 

preparations, including beclomethasone dipropionate, 

fluticasone propionate, budesonide, triamcinolone 

acetonide, ciclesonide, betamethasone valerate, and 

mometasone furoate, are commercially available 

(Ellepola and Samaranayake, 2001; Baptist and Reddy, 

2009). Low-dose ICs are prescribed as first-line 

treatment in management of mild persistent asthma, 

whereas medium-dose ICs or combination therapy using 

long-acting β2-agonists is the favoured management for 

moderate asthma. In addition, combination therapy using 

high-dose ICs is suggested only in severe persistent 

asthma cases which are poorly controlled by 

combination therapy using medium-dose ICs (Dahl, 
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2006; Derendorf et al., 2006; Ullah et al., 2016). 

In this review; mechanisms of pathogenicity, clinical 

presentation, treatment, and preventive strategies of oral 

candidiasis, which is one of the potential local adverse 

effects of ICs, are discussed. 

 

2. Potential Local Adverse Effects of Inhaled 

Corticosteroids and Related Factors 
Long-term use of ICs at high doses raises concerns about 

local and systemic adverse effects (Table 1). Potential 

adverse effects associated with IC therapy may be 

systemic as a result of entrance of the drug into the 

circulation across the lungs and the gastrointestinal tract, 

or local due to the deposition of the drug which is 

actively inhaled during administration in the oral cavity 

and oropharynx (Toogood et al., 1980; Maxwell, 1990; 

Selroos et al., 1994; Hanania et al., 1995; Roland et al., 

2004; Buhl, 2006; Dahl, 2006; Derendorf et al., 2006; 

Irwin and Richardson, 2006; Rachelefsky et al., 2007; 

Godara et al., 2011; van Boven et al., 2013; Hejazi et al., 

2016; Patil et al., 2016; Ullah et al., 2016; Erdoğan et al., 

2019; Ming et al., 2019). 

 

Table 1. Possible local and systemic adverse effects of inhaled corticosteroids (Data taken and modified from Toogood 

et al., 1980; Maxwell, 1990; Selroos et al., 1994; Hanania et al., 1995; Roland et al., 2004; Buhl, 2006; Dahl, 2006; 

Derendorf et al., 2006; Irwin and Richardson, 2006; Rachelefsky et al., 2007; Godara et al., 2011; van Boven et al., 2013; 

Hejazi et al., 2016; Ullah et al., 2016; Erdoğan et al., 2019; Ming et al., 2019). 
 

Local adverse effects Systemic adverse effects 

Bronchospasm Adrenal insufficiency and crisis (suppressed basal cortisol, ACTH, and CRH) 

Dysphonia Posterior subcapsular cataracts 

Oral candidiasis Glaucoma 

Pharyngitis Decreased length of lower leg in children 

Reflex cough Suppressed velocity of growth in children 

Sore throat Reduction in bone density 

Hoarseness of voice Osteoporosis 

Xerostomia Bone fractures 

Gingivitis and periodontitis Thinning and bruising of skin 

Altered taste perception  

Halitosis  

Dental caries/erosion  

Tongue 

burning/abrasion/hypertrophy 
 

Perioral dermatitis  

ACTH= adrenocorticotropic hormone, CRH= corticotropin-releasing hormone 

 

When inhaled, a substantial part of the dose accumulates 

in the mouth and pharynx, where it has a high potential 

for local adverse effects. This deposited dose may be 

swallowed and afterwards absorbed through the 

gastrointestinal tract, if not rinsed off the mouth. 

Following its absorption from the gastrointestinal tract, 

the drug escapes from inactivation through the first-pass 

metabolism of the liver, enters the systemic circulation 

without any change, and potential extra-pulmonary 

adverse effects are encountered. Although the part of the 

IC dose reaching the lungs shows the expected 

pharmacological effect, most of the inhaled dose reaching 

the airways may enter the general circulation via the 

pulmonary vasculature, thereby causing systemic 

adverse effects (Derendorf, 1997; Pedersen and O’Byrne, 

1997). 

It is considered that the local adverse effects of ICs cause 

rare and minor problems, but have clinical significance, 

in comparison to systemic adverse effects. The local 

adverse effects of the ICs do not result in significant 

morbidity but they may compromise compliance with the 

therapy, causing uncontrolled asthma and a decrease in 

patient’s life quality (Hanania et al., 1995; Roland et al., 

2004; van Boven et al., 2013; Hejazi et al., 2016; Ullah et 

al., 2016). 

The type and dose of IC used, the frequency of intake, the 

pharmacokinetic and pharmacodynamic properties, the 

type of inhaler device, and the compliance of the patient 

with the instructions for administration are regarded as 

the factors that determine the frequency of commonly 

observed local adverse effects of ICs (Toogood et al., 

1980; Hanania et al., 1995; Derendorf, 1997; Kennedy et 

al., 2000; Fukushima et al., 2003; Komiyama et al., 2004; 

Roland et al., 2004; Buhl et al., 2006; Derendorf et al., 

2006; Rachelefsky et al., 2007; van Boven et al., 2013; 

Dekhuijzen et al., 2016; Hejazi et al., 2016; Erdoğan et al., 

2019; Ming et al., 2019). 

2.1. Daily Dose, Frequency of Intake, and Treatment 

Duration 

Increased daily dose, frequency of intake, and treatment 

duration are known to be positively associated with the 

emergence of potential adverse effects of ICs (Maxwell, 
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1990; Kennedy et al., 2000; Fukushima et al., 2003; 

Rachelefsky et al., 2007; Thomas et al., 2010; van Boven 

et al., 2013; Sharma et al., 2018; Ming et al., 2019). 

A study on the frequency of intake reported that the 

incidence of these adverse effects decreased with twice a 

day regimen compared to four times a day (Toogood and 

Jennings, 1980). Another study regarding the duration of 

treatment revealed that, in the first 3 months of IC use 

the relative risk was highest and remained increased up 

to 1 year after the IC onset (van Boven et al., 2013). The 

IC dose should be adjusted periodically to maintain 

asthma control with the lowest frequent dosing (Hanania 

et al., 1995; Rachelefsky et al., 2007). 

2.2. Pharmacokinetic and Pharmacodynamic 

Properties 

Various pharmacokinetic and pharmacodynamic 

parameters such as small particle size, high 

glucocorticoid-receptor-binding, high protein-binding, 

on-site activation in the lung, rapid systemic clearance, 

negligible oral bioavailability, long pulmonary residence 

time, high lipophilicity, high lipid conjugation, and low 

oropharyngeal exposure may enhance the efficacy and 

safety profile of an IC in asthma treatment. The anti-

inflammatory effects of ICs may be increased or 

prolonged by these aforementioned properties (Hanania 

et al., 1995; Derendorf, 1997; Dahl, 2006; Derendorf et 

al., 2006). 

2.2.1. Particle size 

Particle size is a significant factor that determines the 

rate at which ICs are deposited in the lower airways or 

the oropharyngeal cavity. The internal perimeter of the 

smallest airway is ≤2 µm. Particles of <5 µm are mostly 

deposited in bronchi and bronchioles, particles of 5-10 

µm in the trachea and large bronchi, whereas particles of 

>5 µm mainly in the oropharyngeal cavity which may 

cause oral candidiasis and hoarseness as local adverse 

effects (Toogood et al., 1980; Maxwell, 1990; Hanania et 

al., 1995; Roland et al., 2004; Derendorf et al., 2006; 

Rachelefsky et al., 2007; Baptist and Reddy, 2009; Hossny 

et al., 2016). Therapeutic aerosols are generally 

manufactured to produce particles having a diameter of 1 

to 5 µm (Roland et al., 2004; Baptist and Reddy, 2009; 

Hossny et al., 2016). 

2.2.2. Receptor-binding affinity 

Due to the fact that some commonly expressed receptors 

mediate both the positive effects in the lung and the local 

and systemic adverse effects, receptor-binding affinity 

has a determining importance in the clinical safety profile 

of ICs. It means that high receptor-binding affinity not 

only increases the therapeutic ratio and the clinical 

effectiveness of the ICs, but also enhances their anti-

inflammatory activity in the lung and undesirable 

adverse effects by initiation of increased gene 

transcription, decreased gene transactivation or trans-

expression in all tissues (Derendorf et al., 2006). 

2.2.3. Protein-binding 

The protein-binding degree, the extent of which ranges 

between 71-99% for currently available ICs, is associated 

with controlling amount of free systemic IC and controls 

systemic adverse effects because only the free drug 

exhibits pharmacologic activity. Accordingly, as the 

protein-binding capacity of an IC increases, the potential 

for systemic adverse effects decreases (Derendorf et al., 

2006; Irwin and Richardson, 2006; Baptist and Reddy, 

2009). 

2.2.4. On-site activation in the lung 

On-site activation, which limits the presence of the active 

drug outside the target tissue, is a critical parameter that 

reduces the potential local adverse reactions. Many ICs 

such as fluticasone propionate and budesonide are 

inhaled in their pharmacologically active forms. Other ICs 

which include ciclesonide and beclomethasone 17-

monopropionate are activated by esterases in the lungs 

after inhalation as inactive compounds (Derendorf et al., 

2006; Hejazi et al., 2016; Erdoğan et al., 2019). 

2.2.5. Systemic clearance 

Following inhalation, the swallowed ICs are absorbed in 

the gut and the circulating drug amount is reduced 

considerably by the hepatic first-pass metabolism (Irwin 

and Richardson, 2006). In addition, the removal rate of a 

drug from the body is important, because if the 

metabolism is faster the concentration of the drug 

decreases and the systemic adverse effect risk is reduced 

(Baptist and Reddy, 2009). The safety profile of an IC 

with a long half-life at low concentrations is likely to be 

better compared to an IC with a short half-life at high 

concentrations. Furthermore, following the systemic 

absorption, ICs are immediately cleared by many organs, 

especially the liver (Derendorf, 1997; Derendorf et al., 

2006). 

2.2.6. Oral bioavailability 

Oral bioavailability is determined by the amount of the 

dose reaching the systemic circulation and displays both 

the absorbed fraction and the amount that escapes the 

first-pass metabolism, while pulmonary bioavailability is 

the part that is transmitted to the lungs and finally 

absorbed. As well as being essential for efficacy, high 

pulmonary bioavailability increases both the systemic 

absorption and the potential for undesirable adverse 

effects. In addition, if the oral bioavailability of an IC is 

high, the systemic absorption and potential for adverse 

effects are increased which is an undesirable outcome in 

terms of safety (Derendorf, 1997; Dahl, 2006; Derendorf 

et al., 2006; Baptist and Reddy, 2009). 

2.2.7. Pulmonary residence time, lipophilicity, and 

lipid conjugation 

The pulmonary residence time of an IC is defined as the 

average time necessary for the absorption of a molecule 

of the drug into the systemic circulation. Lipophilicity 

and lipid conjugation are two different parameters that 

have effect on the absorption rate of an IC through 

pulmonary membranes and pulmonary residence time. 

The lipophilicity enables the transition of the IC through 

the phospholipid bilayer of the cell membranes and 

shows a positive correlation with pulmonary retention. 

Lipid conjugation or esterification of fatty acid takes 
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place with the establishment of a reversible chemical 

bond between the IC and fatty acids in pulmonary cells 

and prolongs the pulmonary residence time providing a 

slow-release IC reservoir in the target tissue (Derendorf 

et al., 2006; Baptist and Reddy, 2009). 

2.3. Type of Inhaler Device 

Inhaler devices and their contents have an impact on the 

extent of IC exposure. Ideally, an inhaler device is 

expected to transfer a predetermined drug dose to the 

lungs with minimal oropharyngeal drug deposition and 

maximum drug proportion reaching the lung reducing 

the potential for oropharyngeal adverse effects, be easy 

to use especially in the elderly or physically/cognitively 

disabled patients, portable, reproducible, and cost 

effective (Roland et al., 2004; Irwin and Richardson, 

2006; Rachelefsky et al., 2007; Hossny et al., 2016). 

Pressurised metered-dose inhalers (pMDIs) with a 

spacer device, metered dose inhalers (MDIs) 

with/without a spacer device, dry powder inhalers 

(DPIs), and nebulizers in jet/ultrasonic types are among 

the devices currently available for the delivery of ICs 

(Roland et al., 2004; Baptist and Reddy, 2009; Hossny et 

al., 2016). No ideal device is available for the 

administration of inhaled drugs at the present time. 

Depending on the application technique of the patient, 

the amount of drug delivered varies between 7 and 20% 

for pMDIs and 80% of the dose remains in the 

oropharynx (Newman et al., 1991; Lipworth, 1995). On 

the other hand, for DPIs ≤60% of the administered dose 

is deposited in the oropharynx (Selroos et al., 1994; 

Lipworth, 1995). The distance that the dispersed drug 

has to pass before being inhaled is increased by spacer 

(extension) devices. The use of these devices allows the 

aerosol to be slowed down, the size of the aerosol 

droplets to be reduced, the large non-respirable particles 

to be trapped, and thus the oropharyngeal effect of the 

drug is reduced. 

There are studies on the effect of inhaler device type and 

local adverse effects of ICs. A meta-analysis revealed a 5 

and 3 times greater risk for oral candidiasis compared to 

the placebo group when steroids were inhaled using MDI 

and DPI devices, respectively (Rachelefsky et al., 2007). 

In addition, nebulizers were asserted to be not less 

effective than MDIs with large-volume spacers for IC 

delivery in a systematic review (Cates et al., 2006). 

2.4. Patient’s Compliance with the Instructions for 

Administration 

Incorrect inhalation technique is an important factor that 

causes inadequate delivery of the drug to the lungs, and 

oropharyngeal complications may limit the effectiveness 

of ICs due to the large amount of aerosol accumulated in 

the mouth (Kwah and Peters, 2019). 

For the old chlorofluorocarbon (CFC)-driven pMDI 

devices which have the active drug included as a 

micronized suspension, the lack of shaking the device 

prior to use or between consecutive doses might cause 

the suspension to disperse inconveniently in the 

propellant and result in up to 50% reduction in the 

delivery of β2-agonists and corticosteroids. On the other 

hand, shaking is not necessary for the modern 

hydrofluoroalkane (HFA)-driven pMDIs since the active 

drug is in true solution. There is no need to shake or 

invert the DPI devices following priming, and patients 

should be informed by prescribers to be aware of this 

(Buttini et al., 2014; Levy et al., 2016). 

Holding the breath following inhaling from a pMDI or DPI 

has been found to be beneficial as it may enhance the 

inhaled drug deposition in the lungs. Therefore, following 

inhalation holding their breath for a minimum of 5 

seconds is recommended to the patients (Thorsson, 

1998; Levy et al., 2016). 

Patients should avoid exhaling or blowing into DPI 

devices, as it will cause condensation and humidity and a 

decrease in the amount of fine-particles of the inhaled 

drug. Since humidity decreases their dispersal 

properties, DPI devices should be stored in a moisture-

free environment (Thorsson, 1998; Holmes et al., 2015; 

Levy et al., 2016). 

Amongst the inhaler devices, nebulizers require minimal 

patient technique and active cooperation, so their use 

may be preferred in children. MDIs combined with 

holding chambers and masks, as well as DPIs, are suitable 

for use in older children and adolescents that are 

cooperative (Cates et al., 2006; Baptist and Reddy, 2009; 

Hossny et al., 2016). 

 

3. Oral Candidiasis Related to Inhaled 

Corticosteroids 
The most commonly encountered oral fungal infection in 

humans is candidiasis and is manifested in various 

variants clinically varying from pseudomembranous, 

erythematous and hyperplastic, to median rhomboid 

glossitis, angular cheilitis and Candida-associated 

denture stomatitis (Ellepola et al., 2001; Fukushima et al., 

2001; Komiyama et al., 2004; Gumru Tarcin, 2011; Patil 

et al., 2016). 

The presence of a large number of predisposing factors 

that facilitate the transformation of commensal Candida 

into parasitic status is regarded as the main reason for 

the high oral candidiasis incidence. Among the reasons 

for the development of oral candidiasis as a relatively 

common disease are the emergence of Human 

Immunodeficiency Virus (HIV) infection, the increase in 

the prevalence of compromised patient groups in the 

public, common endocrine disorders such as diabetes 

mellitus, and the presence of nutritional deficiencies. 

Besides these factors, oral candidiasis may develop as an 

adverse effect following the use of agents such as broad-

spectrum antibiotics, cytotoxics, and corticosteroids 

(Toogood et al., 1980; Hanania et al., 1996; Kennedy et 

al., 2000; Ellepola et al., 2001; Roland et al., 2004; Gumru 

Tarcin, 2011; van Boven et al., 2013; Hossny et al., 2016; 

Patil et al., 2016; Erdoğan et al., 2019). 

It has been reported that the incidence of Candida 

albicans (C. albicans) in the oral cavity 45-65% in 
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newborns and healthy children, and 30-45% in healthy 

adults. Higher incidence rates have been reported for 

patients wearing removable dentures (50-65%), residing 

in acute and long-term care facilities (65-88%), with 

acute leukemia undergoing chemotherapy (90%), and 

with HIV infection (95%) (Hanania et al., 1995; 

Samaranayake and Samaranayake, 2001; Komiyama et 

al., 2004; Patil et al., 2016). 

Clinically significant incidence rate of oral candidiasis is 

probably lower in adults (4-13%) and in children (1-3%) 

(Maxwell, 1990; Ming et al., 2019). With regular use of 

ICs in asthmatic patients, the rate of oropharyngeal 

candidiasis development as a potential adverse effect 

varies from 0 to 77%, and the reason for this wide range 

is probably the differences in detection methodologies 

(Toogood et al., 1980; Spector et al., 1982; Maxwell, 

1990; Toogood, 1990; Kennedy et al., 2000; Fukushima et 

al., 2001; Komiyama et al., 2004; Roland et al., 2004; 

Buhl, 2006; Irwin and Richardson, 2006; Thomas et al., 

2010; van Boven et al., 2013; Dekhuijzen et al., 2016; 

Hejazi et al., 2016; Cheng et al., 2017; Sharma et al., 2018; 

Erdoğan et al., 2019; Ming et al., 2019). 

3.1. Mechanisms of Pathogenicity 

The mechanism by which C. albicans lead to development 

of oral candidasis includes the ability of mucous 

membrane adherence, pseudohyphae formation, and 

hydrolytic enzyme secretion. On the other hand, the 

defence of the oral cavity is based on non-specific 

immune mechanisms such as mucosal integrity, 

leukocytes, macrophages, and salivary components, and 

on specific immune mechanisms such as antibodies and 

cell-mediated immunity (Samaranayake and 

Samaranayake, 2001; Komiyama et al., 2004). 

The mechanisms by which ICs cause oral candidiasis 

have not been clearly established. Because only 10 to 

20% of the dose taken with the use of an inhaler reaches 

the lungs, while the rest remains in the oropharynx, the 

topical effects of ICs on the oral mucosa can be held 

responsible for this adverse effect (Maxwell, 1990; 

Newman et al., 1991; Lipworth, 1995; Pedersen and 

O’Byrne, 1997; Komiyama et al., 2004; Roland et al., 

2004; Derendorf et al., 2006; Baptist and Reddy, 2009; 

Thomas et al., 2010; Hejazi et al., 2016; Erdoğan et al., 

2019). Most of the inhaled drug remains in the oral cavity 

and oropharynx, and as a result it may affect the 

physiology of oral tissues (Godara et al., 2011). 

Immunosuppressive and anti-inflammatory effects of 

steroids are considered to have a significant effect on the 

pathogenesis of oral candidiasis (Ellepola and 

Samaranayake, 2001; Thomas et al., 2010). This local 

adverse effect may be due to a decrease in local immune 

response which involves the inhibition of defence 

functions of neutrophils, macrophages, and T-

lymphocytes at the surface of oral mucosa by IC particle 

deposition in the upper airways or related to a salivary 

glucose level increase that promote the candidal growth, 

proliferation, and adhesion to oral mucosal cells 

following IC accumulation in the oropharyngeal cavity 

(Toogood, 1990; Hanania et al., 1995; Ellepola et al., 

2001; Fukushima et al., 2003; Roland et al., 2004; Buhl, 

2006; Rachelefsky et al., 2007; van Boven et al., 2013; 

Dekhuijzen et al., 2016; Cheng et al., 2017; Erdoğan et al., 

2019; Ming et al., 2019). Several studies have shown that 

salivary IgA, histatin, defensin, and lactoferrin, which are 

contributing factors in local immunity, are associated 

with the formation of oral candidiasis (Helmerhorst et al., 

2001; Samaranayake and Samaranayake, 2001; Sawaki et 

al., 2001). ICs may decrease total salivary IgA among 

these important host factors and patients with asthma 

having lower total salivary IgA levels show a tendency of 

developing oral candidiasis (Fukushima et al., 2003; 

Sharma et al., 2018). 

Most DPIs contain 10-25 mg lactose monohydrate per 

dose as the carrier vehicle (Thomas et al., 2010). ICs have 

weak organic acidic structure and cannot be mainly 

metabolized by oral bacteria. This high lactose 

concentration results in increased salivary glucose level, 

enables higher steroid uptake in oral and laryngeal 

regions, and also promotes candidal growth, 

proliferation, and adhesion (Ellepola and Samaranayake, 

2001; Thomas et al., 2010; Patil et al., 2016; Ullah et al., 

2016; Sharma et al., 2018). Moreover, low pH levels due 

to high glucose concentration in saliva create a 

favourable environment for the secretion of potent 

extracellular enzymes such as aspartyl proteinases and 

phospholipases that contribute to the pathogenicity of 

Candida (Kargul et al., 1998; Wu and Samaranayake, 

1999; Lenander-Lumikari et al., 2000; Ellepola and 

Samaranayake, 2001; Godara et al., 2011). 

3.2. Clinical Presentation 

Since Dennis and Itkin, who reported oral candidiasis in 

20% of the asthmatic patients under treatment with 

inhalers containing dexamethasone, noted the 

relationship between ICs and oral candidiasis for the first 

time, a considerable amount of studies has emerged 

either confirming or disproving their observation 

(Dennis and Itkin, 1964). Because of the differences in 

study populations, absence of control groups, 

simultaneous use of antibiotics, previous treatment with 

steroids, and differences in sampling techniques, it is 

challenging to compare the studies in the literature 

(Ellepola and Samaranayake, 2001). However, it is widely 

agreed that oral candidal carriage and/or clinical 

infection as the pseudomembranous or erythematous 

variant is generally promoted by the use of ICs (Ellepola 

and Samaranayake, 2001). Patients who are carriers of 

Candida prior to IC use are more likely to develop oral 

candidiasis clinically (Spector et al., 1982). 

Pseudomembranous candidiasis clinically appears as 

whitish creamy plaques looking like milk curds that can 

be removed from the surface by gentle wiping leaving 

painful erythematous or bleeding mucosal surfaces 

(Godara et al., 2011; Gumru Tarcin, 2011; Patil et al., 

2016) (Figure 1). Patients often complain about regional 

discomfort such as alteration in taste sensation, 

tenderness, burning, and dysphagia since the 
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pseudomembrane gets disrupted. Localized and painful 

erythematous areas are characteristic clinical findings of 

erythematous candidiasis (Kennedy et al., 2000; Godara 

et al., 2011; Gumru Tarcin, 2011; van Boven et al., 2013; 

Hossny et al., 2016). These two distinct clinical forms of 

oral candidiasis can be seen simultaneously (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Pseudomembranous candidiasis in a 73-year-

old patient on IC therapy for asthma and insulin therapy 

for diabetes mellitus. 

 

 

 

 

 

 

 

 

Figure 2. Concurrence of pseudomembranous and 

erythematous candidiasis in a 42-year-old asthmatic 

patient using IC (a).Recovery after the use of Nystatin 

oral suspension 4 times daily for a period of two weeks 

(b). 

 

In all cases, candidiasis, the severity of which is 

commonly associated to daily dose and frequency of 

intake, is particularly limited to the oral mucosa exposed 

directly to the IC (Dennis and Itkin, 1964; Toogood et al., 

1980; Ellepola and Samaranayake, 2001; Roland et al., 

2004; Godara et al., 2011; Hossny et al., 2016) (Figure 3). 

The common sites are buccal mucosa, soft palate, 

oropharynx, and lateral aspects of tongue (Godara et al., 

2011; Hossny et al., 2016; Patil et al., 2016). 

3.3. Treatment 

In general, the majorities of oral candidal infections are 

superficial and can be treated simply by controlled 

administration of topical antifungal agents, including the 

polyene drugs such as Nystatin and Amphotericin or 

azole group drugs such as Miconazole, Clotrimazole, 

Fluconazole, and Ketoconazole (Patil et al., 2016). 

Miconazole oral gels or mouthwashes containing 

Nystatin are considered as the main treatments for oral 

candidiasis (van Boven et al., 2013). Topical treatment 

with Nystatin oral suspension is recommended due to its 

effectiveness on inhibition of candidal growth in oral 

cavity (Epstein et al., 1986; Prentice, 1989; Hanania et al., 

1995; Ellepola and Samaranayake, 2001; Fukushima et 

al., 2001; Thomas et al., 2010). Nystatin lozenges have 

been found to be as clinically and microbiologically 

effective as Nystatin suspensions (Thompson et al., 1986; 

Ellepola and Samaranayake, 2001). Antifungal vaginal 

suppositories, which are free of sugar, are recommended 

to be dissolved in the mouth in order to avoid dental 

caries (Regezi et al., 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Pseudomembranous candidiasis in a 42-year-

old patient on therapy for severe asthma, hypertension, 

and hypothyroidism. 

 

However, a few oral candidiasis cases that have not 

responded to Nystatin have been reported in the 

literature in case of combination with triamcinolone 

acetonide (Martin et al., 1982; Ellepola and 

Samaranayake, 2001). The high in vitro resistance of the 

C. albicans isolates from these patients to combination of 

Nystatin and triamcinolone acetonide has been shown as 

the reason of this failure (Barkvoll and Attramadal, 

1989). This finding is surprising because development of 

resistance to azole group is quite common in Candida, 

whereas Nystatin resistance is extremely rare (Ellepola 

and Samaranayake, 2001). The reason of Nystatin 

resistance can be explained by the inactivation of the 

antifungal agent when combined with triamcinolone 

acetonide. This mechanism is similar to how Nystatin is 

deactivated when combined with chlorhexidine (Barkvoll 

and Attramadal, 1989). 

Local administration of Amphotericin B and 

Methylrosaniline is recommended in patients who do not 

respond to Nystatin or Miconazole (van Boven et al., 

2013). In addition, systemic antifungal administration is 

regarded as an alternative approach in patients not 

responding to local antifungal therapy. Oral Ketoconazole 

and intravenous Amphotericin B have been shown to be 

effective in such cases (Prentice, 1989; Ellepola and 

Samaranayake, 2001). 

Echinocandins, such as Caspofungin, Micafungin, and 

Anidulafungin, are a newer class of antifungal agents 

available in intravenous formulations (Lombardi and 
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Ouanounou, 2020). Due to some limitations of polyene, 

azole, and echinocandin antifungal agents such as 

toxicity, low selectivity, and emerging resistance, two 

new glucan synthesis inhibitors, Ibrexafungerp and 

Rezafungin, have been postulated as new antifungal 

agents effective especially in multidrug resistance (Lima 

et al., 2019; Lombardi and Ouanounou, 2020; Nivoix et 

al., 2020). In addition, among the novel antifungal 

treatment alternatives, such as probiotics, photodynamic 

therapy, and plant derivatives, the use of probiotics 

seems to be the most remarkable. Probiotics, used alone 

or in combination with other antifungal agents such as 

Nystatin, have been reported to have the potential to 

effectively reduce Candida levels (Li et al., 2014; Ishikawa 

et al., 2015; Matsubara et al., 2016; Lombardi and 

Ouanounou, 2020). 

Oral candidiasis is usually not severe and responds well 

to appropriate and effective treatment with good 

prognosis, but may sometimes be bothersome for the 

patients (Spector et al., 1982; Ellepola and 

Samaranayake, 2001; Patil et al., 2016). 

3.4. Preventive Strategies 

A series of precautions can be taken to minimize the risk 

of developing oral candidiasis in patients undergoing 

inhalation therapy (Toogood et al., 1980; Epstein et al., 

1986; Prentice, 1989; Maxwell, 1990; Toogood, 1990; 

Selroos et al., 1994; Hanania et al., 1995; Lipworth, 1995; 

Kargul et al., 1998; Ellepola and Samaranayake, 2001; 

Roland et al., 2004; Yokoyama et al., 2005; Irwin and 

Richardson, 2006; Yokoyama et al., 2006; Rachelefsky et 

al., 2007; Thomas et al., 2010; Godara et al., 2011; Hejazi 

et al., 2016; Patil et al., 2016; Cheng et al., 2017; Ming et 

al., 2019): 

- Education of the patients about the potential adverse 

effects of inhalation therapy. 

- Emphasizing the use of a spacer device (holding 

chamber or extension device) to minimize the 

accumulation of the ICs in the oral cavity and 

oropharynx. Using a spacer device combined with the 

inhaler can diminish the development of local adverse 

effects of ICs, such as oral candidiasis, as it reduces the 

oropharyngeal accumulation and increases the access to 

the lungs. 

- Making regular dental check-up appointments at least 

every 6 months. 

- Recommending the patients, who use high doses of ICs 

with DPIs, to rinse their mouths using water, neutral pH 

or basic mouth rinses (milk, water, sodium bicarbonate, 

neutral sodium fluoride 0.05% mouth rinses, liquid 

antacids), or antimicrobial mouth rinses immediately 

following each use of ICs especially before bedtime. This 

is to neutralize the acidic pH of the DPIs and reduce 

candidal colonization. 

- Increasing the salivary flow rate in patients with low 

salivary output may also ensure the reduction oral 

Candida. In this regard, the use of sialagogue drugs or 

sugar-free chewing gums can be recommended. 

- Controlled topical antimycotic use, such as Nystatin, has 

also been shown to prevent oral candidiasis due to 

prolonged steroid therapy damaging mucosal barriers. 

However, recurrences may occur if the antifungal is 

discontinued. Therefore, it is necessary to continue using 

Nystatin over the course of a steroid treatment regimen. 

 

4. Conclusion 
Local adverse effects of ICs are often negligible and their 

effect on the patient’s overall health is minimal. However, 

adverse effects of ICs cause fear in patients and local 

adverse effects may negatively affect the compliance with 

the therapy. The fact that some of the local adverse 

effects depend on the dose and some on the device 

reveals the necessity to choose the lowest effective dose 

and the optimum device of an IC. The relationship 

between asthma and oral health should be considered by 

the dental practitioners and measures should be taken to 

avoid adverse effects on oral tissues. 
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