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Background: Toenail onychomycosis affects approximately 6.7% of Canadians. Symptoms include nail discolouration/disfiguration 
and pain; psychosocial impacts contribute to reduced health-related quality-of-life. Comorbid diabetes increases the risk of complica
tions and exacerbates burden. Treatment may include topical therapy and/or oral agents.
Purpose: To understand toenail onychomycosis treatment preferences, and to quantify the impact of toenail onychomycosis, with or 
without diabetes, on patient well-being.
Methods: Adults living in Canada with self-reported, physician-diagnosed, toenail onychomycosis were recruited online. A discrete 
choice experiment was used to quantify treatment preferences. Scenarios were randomized; data were analyzed using conditional logit 
regression. Health state utilities were estimated using the Health Utilities Index Mark 3®. Results were stratified by diabetes status and 
toenail onychomycosis severity; the Wilcoxon Rank Sum test was used to assess between-group utility differences.
Results: Three-hundred thirteen participants with toenail onychomycosis were included (161 had comorbid diabetes; 61.3%, severe 
onychomycosis). The mean age was 57.7 years; 55.9% were male. Treatment attributes with statistically significant impacts on patient 
preferences were efficacy (odds ratio [OR],1.04; 95% confidence interval [CI], 1.02–1.05 per 1% increased treatment success), 
administration method (one pill versus topical nail lacquer reference, 1.14; 1.04–1.26; topical solution applicator versus reference: 
1.15; 1.03–1.29), severe adverse events (0.85; 0.80–0.90 per 1% increased risk), and risk of potential pharmacodynamic (0.80; 0.76– 
0.85) and alcohol (0.93; 0.88–0.98) interactions; preferences were more pronounced for efficacy and avoiding severe adverse events 
among toenail onychomycosis patients with comorbid diabetes. The mean (95% CI) utility value was 0.73 (0.70–0.75) overall, and 
statistically significantly lower (p=0.02) for toenail onychomycosis patients with diabetes (0.70; CI, 0.66–0.73) than those without 
(0.76; CI, 0.72–0.79).
Conclusion: Among patients with toenail onychomycosis, the presence of diabetes was associated with differing treatment-related 
preferences. Utility values for patients with toenail onychomycosis represent a significant decline from full health that is exacerbated 
by comorbid diabetes.
Keywords: health-related-quality-of-life, utilities, discrete choice experiment, fungus

Introduction
Toenail onychomycosis has an estimated prevalence of 6.7% in Canada.1 Prevalence increases with age, while 
comorbidities (eg, diabetes mellitus, human immunodeficiency virus) and lifestyle factors (eg, smoking, participation 
in some sports) increase susceptibility.2–8 Approximately 33% of people living with type I/II diabetes mellitus are 
afflicted with toenail onychomycosis.9 Furthermore, those with diabetes are at increased risk of developing complications 
secondary to onychomycosis including foot ulcer, cellulitis, and peripheral artery disease which may lead to lower limb 
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amputation and death.3,10–15 Physical and social consequences of onychomycosis can include pain, paresthesia, difficul
ties performing activities of daily life, and impaired social interaction.4,5 Although not life threatening, high prevalence 
and significant clinical, social, and financial impact contribute to toenail onychomycosis burden.3

Adherence to toenail onychomycosis oral and topical treatments is known to be suboptimal.3 Treatment modalities are 
associated with prolonged treatment regimens and slow toenail growth, leading to poor management and frequent 
recurrence.2,3 Treatment selection is multifactorial; considerations include severity of nail involvement, mode of 
administration, efficacy, side effects, and costs.2,3 Selection between topical or oral systemic agents depends on disease 
severity, organism responsible, risk of adverse events, comorbidities, and treatment success history.3 While both topical 
and systemic agents can effectively treat toenail onychomycosis, oral antifungals are often recognized as more 
efficacious.16 However, systemic agents are associated with more severe adverse events than topicals, including head
aches, gastrointestinal symptoms, rash, increased drug-drug interactions, and risk of hepatotoxicity.3,17,18 Health Canada- 
approved prescription products for onychomycosis include: ciclopirox (Penlac®; topical nail lacquer); efinaconazole 
(Jublia®; topical solution brush applicator); terbinafine (Lamisil® and generics; oral); and itraconazole (Sporanox® and 
generics; oral). Over-the-counter products are also available. Less common therapeutic interventions include fluconazole 
(off-label use), laser therapy, photodynamic therapy, and surgical nail removal.

Topical therapies may be a safer choice for patients for whom systemic therapies are not an option (eg, where there is 
a risk of drug-drug interactions). However, patient preferences for different treatment modalities, and how these 
preferences vary across key subpopulations with predisposing conditions for onychomycosis, are not well understood. 
This is of particular relevance for patients with diabetes given considerations around comorbidities, polypharmacy, and 
increased risk of onychomycosis.19,20

Utility values, a key input of economic evaluations comparing different treatments, quantify the physical and social 
impacts of a disease allowing overall disease impact to be measured. One common method for estimating utilities is the 
Health Utilities Index 15-item questionnaire (HUI-15Q®).21 Utility values range from less than 0 (worse than being dead, 
or “0”) to 1 (equivalent to full health).22 Health-state utility estimates are lacking for those with toenail onychomycosis. 
To date, utility values stratified by toenail onychomycosis severity or presence of comorbidities are lacking, and only one 
mean estimate of health state utility for onychomycosis is published.23 Given the small sample size (n=6) from which 
that estimate was obtained, and that the utility value estimate for persons living with onychomycosis was higher than that 
for the general Canadian population, estimation of a more robust utility value is warranted.

The objectives of this study were to (1) understand patient preferences regarding oral and topical toenail onycho
mycosis treatment features, and (2) estimate utility values associated with toenail onychomycosis, and how these varied 
according to diabetes status and toenail onychomycosis severity.

Materials and Methods
A cross-sectional survey evaluating treatment preferences using a discrete choice experiment (DCE), and utility 
estimation of adult patients with toenail onychomycosis living in Canada was conducted.

Qualitative Phase Methods
To help inform the DCE, a series of qualitative, semi-structured interviews were conducted among individuals with self- 
reported toenail onychomycosis. Participants were asked to describe the following: disease history and severity; 
comorbidities; impact on daily activities and health-related quality-of-life (HRQoL); treatment experience; and percep
tions regarding treatment attributes. Participants were asked if each of a set of treatment attributes were important to them 
(efficacy, extra doctor visits, extra lab tests, frequency and duration, interactions with other medications, oral versus 
topical, side effects, and costs), then asked to rank the attributes. Differences in the perceived importance of attributes 
between those with, and without, diabetes and treatment history were explored. Ethics approval for the qualitative phase 
of this study was provided by Veritas institutional review board (IRB) on June 9, 2020 (#16575-15:38:275–06-2020). 
This research study involved human subjects; as such, the ethical principles outlined in the World Medical Association 
(WMA)’s Declaration of Helsinki were followed.24
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Quantitative Phase Methods
Participants with self-reported, physician-diagnosed, toenail onychomycosis were recruited through Facebook or email 
advertisements and redirected to the survey landing page and screening questionnaire.

For study inclusion, participants were required to (1) live in Canada; (2) be aged 18 years or older; (3) have a self- 
reported diagnosis of onychomycosis of the toenail (active infection or cured within the three months before screening); 
(4) be able to read English fluently; and (5) be willing to provide written informed consent.

The survey was administered via an internet-based portal and comprised three distinct sections to assess: (1) patient 
and disease characteristics; (2) treatment preferences via a DCE; and (3) utility estimates using the HUI-15Q®.21

Sample size considerations were based on the primary objective (DCE) and calculated using standard methods.25 

A minimum of n=63 per strata was required. Ethics approval for the quantitative phase was provided by Veritas IRB on 
July 27, 2020 (#16592-12:06:1924–07-2020), with an amendment to the protocol approved on February 15, 2022 (# 
2022–2743-9764-1). The amendment outlined the use of different recruiting methods to obtain the required sample size. 
Ethical principles outlined in the WMA’s Declaration of Helsinki were followed.24

Toenail onychomycosis disease severity was assessed based on the extent of disease of the most affected toenail using 
a severity visual aid developed with clinical expert input (Figure 1). Clinical and demographic characteristics were summarized 
using patient counts and percentages, mean (standard deviation [SD]), or median (interquartile range [IQR]) where relevant.

Six DCE treatment attributes (one with four, and five with two levels) were constructed: 1) mode of adminis
tration, frequency, and duration of treatment. These were amalgamated into one attribute and were constructed to 
represent treatments available in Canada: ciclopirox as topical nail lacquer once a day for 48 weeks with weekly 
home filing/trimming and monthly removal of the unattached/infected nail (by a health care professional; however, 
this was not specified in the DCE attribute description); efinaconazole as topical solution once a day for 48 weeks; 
terbinafine as one pill once a day for 12 weeks; and itraconazole as 2 pills twice a day for 1 week on and 3 weeks 
off over 12–16 weeks. Other attributes were 2) mild adverse effects; 3) severe adverse effects; 4) efficacy; 5) 
interaction with alcohol consumption (included based on clinical expert opinion); and 6) interaction with other 
medications (Figure 2).

The DCE comprised 16 choice scenarios developed using the Hahn Shapiro catalogue.26 Both choice questions and 
attribute order within choices were randomized to minimize impact of respondent fatigue. The data obtained from the 
DCE were analyzed according to best practice guidelines.27 Data were modelled using conditional fixed-effects logit 
regression models.28 All DCE models were fit using the mclogit (version 0.9.6) package in R (version 4.2.1).29 Results 
were presented as odds ratios (ORs) with 95% confidence intervals (CIs) and p-values, stratified by diabetes status and 
toenail onychomycosis disease severity.

Utility values are anchored at 1 (equivalent to a state of full health) and 0 (equivalent to being dead), while states 
worse than dead are represented by negative values. Utility values were estimated from HUI-15Q® scores using the HUI 
Mark 3 (HUI3®) health status classification system and presented as means with 95% CIs.30 Utility values were presented 
for all participants and stratified by diabetes status and disease severity.

All continuous variables were evaluated for normality using the Shapiro–Wilk test. Between group differences were 
assessed using standard two sample t-tests for normally distributed variables, and the non-parametric Wilcoxon Rank 
Sum test for non-normally distributed data. Differences between categorical data were assessed using Chi-squared tests. 
P-values less than 0.05 were considered statistically significant.

Figure 1 Toenail onychomycosis severity visual aid.
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Results
Qualitative Results
Fourteen interviews were conducted among individuals with self-reported toenail onychomycosis from across Canada, 
seven with comorbid diabetes and 11 with prior or current prescription treatment experience.

Participants described varying types of pain, emotions centered around feeling self-conscious about exposed toes, and 
frustration with treatments that did not appear to work. Participants noted that being able to go swimming, to the beach, 
get a pedicure, and wear sandals were aspects of daily life that were affected. Participants reported that their physicians 
appeared hesitant to prescribe oral onychomycosis therapies, regardless of underlying comorbidities.

Side effects (35.7%) and interactions with other medications (21.4%) were most frequently identified as the most 
important attributes during the ranking exercise. After stratification by diabetes status, participants without comorbid 
diabetes chose potential side effects as the most important attribute 57.1% of the time. Those with diabetes chose 
interactions with other medications and efficacy as the most important attribute equally (28.6%; Figure 3).

Quantitative Results
Three hundred and thirteen adults with toenail onychomycosis were included, 161 (51.4%) with comorbid diabetes (type 
I or II), 192 (61.3%) with severe onychomycosis, and 113 (36.1%) with both comorbid diabetes and severe toenail 
onychomycosis. The mean (SD) age was 57.7 (14.7) years, and a slightly higher proportion of participants were male 
(55.9%; Table 1).

The cohort with diabetes included a slightly higher proportion of males (p-value for difference, 0.14) and was slightly 
older (p=0.07). Among toenail onychomycosis severity and diabetes subgroups, demographic characteristics (eg, marital 
status and household income) were similar. More patients with diabetes were currently using prescription medication 

Figure 2 Discrete choice experiment: toenail onychomycosis treatment attributes and levels.
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(either topical or oral) for their toenail fungus (44.1%) than those without (27.6%; p<0.01). Severe toenail fungus was 
more common among those with diabetes (70.2%) than those without (52.0%; p<0.01).

The DCE analysis set comprised 309 participants who completed all 16 choice scenarios. Treatment preferences 
overall and stratified by diabetes status and toenail onychomycosis severity are presented in Table 2. Several treatment 
attributes had statistically significant impacts on patient preferences.

Overall, a 1% increase in efficacy increased the odds of the treatment being preferred by 4% (OR, 1.04; 95% CI, 1.02 
to 1.05; p<0.01). Compared to using topical nail lacquer daily for 48 weeks that requires weekly nail filing and monthly 
nail filing/removal, taking one pill daily for 12 weeks increased the odds of an individual preferring a treatment by 14% 
(OR, 1.14; CI, 1.04 to 1.26; p=0.01), and using a topical solution (brush applicator) daily for 48 weeks by 15% (OR, 
1.15; CI, 1.03 to 1.29; p=0.01). Participants were 15% less likely to prefer a treatment with a 1% risk of severe adverse 
events (liver, kidney, or heart damage resulting in hospitalization; OR, 0.85; CI, 0.80 to 0.90; p<0.01). The risk of 
interaction with other medications decreased the odds of treatment preference by 20% (OR, 0.80; CI, 0.76 to 0.85; 
p<0.01), and interaction with alcohol by 7% (OR, 0.93; CI; 0.88 to 0.98; 0.01).

Among those without diabetes, compared to using a topical nail lacquer daily for 48 weeks with its related nail filing/ 
removal, participants were more likely to prefer taking one pill daily over 12 weeks (OR, 1.16; CI 1.01 to 1.34; p=0.03) 
or using a topical solution (brush applicator) daily for 48 weeks (OR, 1.28; CI, 1.09 to 1.50; p<0.01). Odds of treatment 
preference decreased by 12% with a 1% risk of severe adverse events relative to no risk (OR, 0.88; CI, 0.81 to 0.95; 
p<0.01), and by 14% if the treatment could interact with other medications (OR, 0.86; CI, 0.79 to 0.93; p<0.01).

Among participants with comorbid diabetes, a 1% increase in treatment efficacy resulted in 6% higher odds of 
treatment preference (OR, 1.06; CI, 1.04 to 1.08; p<0.01). The odds of preferring a treatment decreased by 18% with 
a 1% increase in risk of severe adverse events (OR, 0.82; CI, 0.76 to 0.89; p<0.01), by 24% with the risk of medical 

Figure 3 Attribute rankings among toenail onychomycosis (A) overall, (B) without diabetes, and (C) with diabetes.
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Table 1 Baseline Patient Demographic and Clinical Characteristics, Overall and by Diabetes Status, Toenail Onychomycosis Severity, 
and Prescription Onychomycosis Treatment Experience

Overall Diabetes Status Toenail Onychomycosis Severity

No Yes Difference 

(p-value)

Mild/ 

Moderate

Severe Difference 

(p-value)

n=313 n=152 n=161 n=121 n=192

Demographic characteristics

Male sex, n (%) 175 (55.9) 78 (51.3) 97 (60.2) 0.14 67 (55.4) 108 (56.2) 0.97

Age (years)

Mean, SD 57.7 (14.7) 56.1 (16.6) 59.1 (12.5) 0.07 56.4 (16.5) 58.5 (13.4) 0.23

Median, IQR 59.0  

(50.0, 67.0)

59.0  

(44.8, 67.2)

60.0  

(52.0, 67.0)

58.0  

(46.0, 66.0)

60.0  

(51.0, 68.0)

Marital status, n (%)

Single 76 (24.3) 35 (23.0) 41 (25.5) 0.13 33 (27.3) 43 (22.4) 0.17

Married/Common law 185 (59.1) 100 (65.8) 85 (52.8) 68 (56.2) 117 (60.9)

Widowed/Divorced 51 (16.3) 17 (11.2) 34 (21.1) 20 (16.5) 31 (16.1)

Gross household income ($ CAD)

$0 - $40,000 88 (28.1) 31 (20.4) 57 (35.4) <0.01 28 (23.1) 60 (31.2) 0.20

$40,000 - $60,000 62 (19.8) 32 (21.1) 30 (18.6) 24 (19.8) 38 (19.8)

$60,000 - $80,000 47 (15.0) 22 (14.5) 25 (15.5) 15 (12.4) 32 (16.7)

$80,000 + 95 (30.4) 60 (39.5) 35 (21.7) 43 (35.5) 52 (27.1)

Prefer not to answer 21 (6.7) 7 (4.6) 14 (8.7) 11 (9.1) 10 (5.2)

Clinical characteristics

Comorbid diabetes mellitus type I/II, n (%) 161 (51.4) 0 (0.0) 161 (100.0) <0.01 48 (39.7) 113 (58.9) <0.01

Currently taking medication for diabetes 152 (48.6) 0 (0.0) 152 (94.4) 44 (36.4) 108 (56.2)

Currently using toenail fungus prescription 

medication, n (%)

113 (36.1) 42 (27.6) 71 (44.1) <0.01 38 (31.4) 75 (39.1) 0.21

Prescribed by family doctor 97 (85.8) 34 (81.0) 63 (88.7) 30 (78.9) 67 (89.3)

Oral prescription 26 (26.8) 1 (2.9) 25 (39.7) 3 (10.0) 23 (34.3)

Topical prescription 86 (88.7) 33 (97.1) 53 (84.1) 28 (93.3) 58 (86.6)

Prescribed by dermatologist 8 (7.1) 3 (7.1) 5 (7.0) 4 (10.5) 4 (5.3)

Oral prescription 1 (12.5) 0 (0.0) 1 (20.0) 0 (0.0) 1 (25.0)

Topical prescription 8 (100.0) 3 (100.0) 5 (100.0) 4 (100.0) 4 (100.0)

Prescribed by other 8 (7.1) 5 (11.9) 3 (4.2) 4 (10.5) 4 (5.3)

Oral prescription 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Topical prescription 8 (100.0) 5 (100.0) 3 (100.0) 4 (100.0) 4 (100.0)

Used toenail fungus prescription 

medication in the past, n (%)

76 (24.3) 46 (30.3) 30 (18.6) 0.02 30 (24.8) 46 (24.0) 0.97

Prior use of oral prescription 33 (43.4) 23 (50.0) 10 (33.3) 7 (23.3) 26 (56.5)

Prior use of topical prescription 56 (73.7) 33 (71.7) 23 (76.7) 23 (76.7) 33 (71.7)

(Continued)
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Table 1 (Continued). 

Overall Diabetes Status Toenail Onychomycosis Severity

No Yes Difference 

(p-value)

Mild/ 

Moderate

Severe Difference 

(p-value)

n=313 n=152 n=161 n=121 n=192

Time since diagnosis (years), mean (SD) 11.0 (12.3) 12.5 (13.7) 9.5 (10.6) 0.03 11.9 (14.8) 10.5 (10.4) 0.36

Number of toenails affected, mean (SD) 3.6 (2.6) 3.4 (2.4) 3.8 (2.7) 0.14 2.9 (2.2) 4.1 (2.7) <0.01

At least one big toenail affected, n (%) 277 (88.5) 129 (84.9) 148 (91.9) 0.07 106 (87.6) 171 (89.1) 0.83

Big toenail most affected, n (%) 264 (84.3) 118 (77.6) 146 (90.7) <0.01 100 (82.6) 164 (85.4) 0.62

Severity based on most affected toenail, 

n (%)

Mild (0 to 20%) 7 (2.2) 5 (3.3) 2 (1.2) <0.01 7 (5.8) 0 (0.0) <0.01

Moderate (21% to 60%) 114 (36.4) 68 (44.7) 46 (28.6) 114 (94.2) 0 (0.0)

Severe (61%+) 192 (61.3) 79 (52.0) 113 (70.2) 0 (0.0) 192 (100.0)

Note: Statistically significant p-values (<0.05) are bold. 
Abbreviations: CAD, Canadian dollar; IQR, interquartile range; SD, standard deviation.

Table 2 Treatment Preference results from the DCE, Overall and Stratified by Diabetes Status and Toenail Onychomycosis Severity

Overall p-value Diabetes Status Toenail Onychomycosis Severity

No Yes Mild/ Moderate Severe

n=309 n=149 n=160 n=111 n=188

OR  

(95% CI)

OR  

(95% CI)

p-value OR  

(95% CI)

p-value OR  

(95% CI)

p-value OR  

(95% CI)

p-value

Efficacy

Efficacy* 1.04  

(1.02, 1.05)

<0.01 1.01  

(0.99, 1.03)

0.37 1.06  

(1.04, 1.08)

<0.01 1.02  

(0.99, 1.05)

0.13 1.05  

(1.02, 1.07)

<0.01

Treatments

One pill** 1.14  

(1.04, 1.26)

0.01 1.16  

(1.01, 1.34)

0.03 1.12  

(0.98, 1.29)

0.10 1.16  

(0.99, 1.35)

0.07 1.13  

(1.00, 1.28)

0.05

Topical applicator** 1.15  

(1.03, 1.29)

0.01 1.28  

(1.09, 1.50)

<0.01 1.05  

(0.90, 1.23)

0.55 1.12  

(0.94, 1.35)

0.20 1.17  

(1.02, 1.36)

0.03

Two pills** 1.03  

(0.94, 1.14)

0.51 1.08  

(0.94, 1.24)

0.27 0.99  

(0.86, 1.14)

0.88 0.93  

(0.80, 1.09)

0.37 1.11  

(0.98, 1.26)

0.11

Adverse events

Mild adverse events* 1.00  

(0.99, 1.00)

0.13 1.00  

(1.00, 1.00)

0.80 1.00  

(0.99, 1.00)

0.06 1.00  

(0.99, 1.00)

0.36 1.00  

(0.99, 1.00)

0.22

Severe adverse events* 0.85  

(0.80, 0.90)

<0.01 0.88  

(0.81, 0.95)

<0.01 0.82  

(0.76, 0.89)

<0.01 0.87  

(0.79, 0.95)

<0.01 0.84  

(0.78, 0.90)

<0.01

Interactions

Medication interactions 0.80  

(0.76, 0.85)

<0.01 0.86  

(0.79, 0.93)

<0.01 0.76  

(0.70, 0.82)

<0.01 0.78  

(0.72, 0.86)

<0.01 0.82  

(0.76, 0.88)

<0.01

Alcohol interactions 0.93 (0.88, 0.98) 0.01 1.04 (0.96, 1.13) 0.36 0.83 (0.77, 0.90) <0.01 0.92 (0.84, 1.01) 0.08 0.93  

(0.86, 1.00)

0.04

Notes: *Per 1% increase; **Topical nail lacquer was selected as the reference treatment, ie, the treatment against which other treatments were compared; statistically 
significant p-values (<0.05) are bold. 
Abbreviations: CI, confidence interval; OR, odds ratio.
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interactions (OR, 0.76; CI, 0.70 to 0.82; p<0.01), and 17% with the risk of interactions with alcohol (OR, 0.83; CI, 0.77 
to 0.90; p<0.01; Table 2; Figure 4).

Among participants with mild/moderate toenail onychomycosis, the odds of preferring a treatment decreased by 13% 
with a 1% increase in risk of severe adverse events (OR, 0.87; CI, 0.79 to 0.95; p<0.01), and by 22% with the risk of 
medical interactions (OR, 0.78; CI, 0.72 to 0.86; p<0.01).

Participants with severe toenail onychomycosis were 5% more likely to prefer a treatment that conveyed 1% higher efficacy 
(OR, 1.05; CI, 1.02 to 1.07; p<0.01). Compared to a topical nail lacquer, participants preferred to use a topical solution (OR, 1.17; 
CI, 1.02 to 1.36; p=0.03). The odds of treatment preference decreased by 16% with a 1% risk of severe adverse events (OR, 0.84; 
CI, 0.78 to 0.90; p<0.01), by 18% if the treatment could interact with other medications (OR, 0.82; CI, 0.76 to 0.88; p<0.01), and 
7% if the treatment could interact with alcohol consumption (OR, 0.93; CI, 0.86 to 1.00; p=0.04; Table 2).

Three hundred and seven participants with toenail onychomycosis completed all 15 items of the HUI3® survey and were 
thus included in the utility estimation. The mean utility estimate for the sample was 0.73 (95% CI: 0.70 to 0.75; Table 3).

After stratification by toenail onychomycosis severity, utility estimates were higher among those with mild/moderate 
toenail onychomycosis (n=119; mean, 0.74; CI, 0.70 to 0.78) compared to those with severe disease (n=188; mean, 0.72; CI, 
0.69 to 0.75); however, the difference between the groups was not statistically significant (p=0.31; Table 3; Figure 5A).

When stratified according to diabetes status (Table 3; Figure 5B), utility estimates were statistically significantly 
lower (p=0.02) among those with comorbid diabetes (n=158; mean, 0.70; CI, 0.66 to 0.73) than those without (n=149; 
mean, 0.76; CI, 0.72 to 0.79).

After stratification by both toenail onychomycosis severity and the presence or absence of diabetes (Table 3; 
Figure 5C), among those with mild/moderate toenail onychomycosis, utility estimates among those with (n=47; mean, 
0.72; CI, 0.65 to 0.79) and without diabetes (n=72; mean, 0.76; CI, 0.71 to 0.80) were similar (p=0.33). Among those 
with severe toenail onychomycosis (Table 3; Figure 5C), the difference between those with diabetes (n=111; mean, 0.69; 

Figure 4 Toenail onychomycosis treatment preferences (odds ratios with 95% Cis) overall any by diabetes status. *Topical nail lacquer was selected as the reference 
treatment, i.e, the treatment against which other treatments were compared. 
Abbreviations: AE, adverse event; CI, confidence interval.
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CI, 0.65 to 0.73) and those without diabetes (n=77; mean, 0.75; CI, 0.70 to 0.80) was statistically significant (p=0.03), 
again with lower estimates among those with comorbid diabetes than without.

Discussion
Toenail onychomycosis is highly prevalent in the general population, and notably more so among those with type I or II 
diabetes mellitus.1,9 The presence of comorbid diabetes complicates treatment-making decisions and is associated with an 
increased risk of potentially significant complications secondary to onychomycosis.9,13,31 A key finding of this study lies 
in the observation that preferences for treatment attributes differ substantially among toenail onychomycosis patients with 
and without diabetes. Furthermore, a quantifiable and important reduction in estimated utility values among those with 
toenail onychomycosis in relation to the general Canadian adult population mean utility of 0.86 was observed;32 this 
decrease was further exacerbated in the presence of comorbid diabetes mellitus.

The modality chosen to treat toenail onychomycosis in some sub-populations requires particular consideration. Oral 
medications must be used with caution in patients on concomitant medications, and those who are at heightened risk for 
adverse events.19,20,33 This study revealed that patient preferences for treatment attributes vary by underlying diabetes 
status, with those with diabetes having stronger preferences for treatment attributes related to efficacy, risk of severe 
adverse events, and potential for multi-drug or alcohol interactions, than those without. These factors could be considered 
during reimbursement decisions regarding toenail onychomycosis therapy coverage in Canada. Currently, several topical 
and oral medications are approved for use in Canada; however, only oral agents are publicly reimbursed for the 
management of toenail onychomycosis. For patients who are not suitable candidates for systemic therapy, no alternate 
topical treatments are covered by public drug plans. However, the findings from this study highlight an unmet need 
among patients with comorbid diabetes, who were more likely to prefer treatment attributes associated with topical 
therapies (no risk of adverse events, and no medication or alcohol interactions).

Utility value estimates for Canadians with toenail onychomycosis were lower than Canadian population normal 
values, and statistically significantly lower among those with comorbid diabetes mellitus type I/II. While the estimate for 
those with severe disease was slightly lower than those with mild/moderate toenail onychomycosis, the difference was 
not statistically significant.

Our findings align with several other studies reporting reduced HRQoL in onychomycosis patients, with contributing 
factors including difficulty cutting nails, limited footwear options, embarrassment, physical discomfort, and the potential 
of spread.34–39 However, to the best of our knowledge, only one study has reported a utility estimate for this population. 
This utility value of 0.99, estimated from a sample of six onychomycosis patients using the HUI3®,21,23 is higher than 

Table 3 Utility Estimates, Overall and Stratified by Diabetes Status and Toenail Onychomycosis Severity

Group n Mean Utility (95% CI) p-value for Difference

Overall 307 0.73 (0.70, 0.75) -

Mild/moderate toenail onychomycosis 119 0.74 (0.70, 0.78) 0.31

Severe toenail onychomycosis 188 0.72 (0.69, 0.75)

No diabetes 149 0.76 (0.72, 0.79) 0.02

With diabetes 158 0.70 (0.66, 0.73)

Mild/moderate toenail onychomycosis; no diabetes 72 0.76 (0.71, 0.80) 0.33

Mild/moderate toenail onychomycosis; with diabetes 47 0.72 (0.65, 0.79)

Severe toenail onychomycosis; no diabetes 77 0.75 (0.70, 0.80) 0.03

Severe toenail onychomycosis; with diabetes 111 0.69 (0.65, 0.73)

Note: Statistically significant differences (p<0.05) are bold. 
Abbreviation: CI, confidence interval.
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Canadian adult population normal mean of 0.86.32 Given the documented reduction in HRQoL among those with 
onychomycosis, and the larger sample size of 307, the value estimated from this study of 0.73 may be more robust for use 
in cost-utility analyses evaluating current and future therapies. It should be noted that the sample in the present study 
purposely oversampled those with diabetes to ensure robust estimates from this subgroup, therefore population-specific 
weighting should be applied depending on the target population under evaluation.

This is also the first study to report utility estimates stratified by the presence or absence of comorbid diabetes. 
Diabetes itself is associated with a reduced HRQoL, with Statistics Canada reporting HUI3® mean utility values for 
Canadians with diabetes of 0.77.40 The utility values presented here for toenail onychomycosis patients without (0.76) 
and with (0.70) comorbid diabetes may be useful for assessing therapies for use in these sub-populations.

Strengths of this study include a large sample size, onychomycosis- and diabetes comorbidity-specific estimates, 
and the use of an appropriate instrument validated for use in estimating health state utilities in Canadians (HUI3®). 
Limitations to this study include self, rather than physician-confirmed toenail onychomycosis and diabetes diagnosis 
and the recruitment of a convenience sample; however, effort was made to recruit patients from across Canada. 

Figure 5 Utilities estimates (mean, 95% CI), stratified by (A) toenail onychomycosis disease severity, (B) the presence or absence of diabetes, and (C) both toenail 
onychomycosis disease severity and the presence or absence of diabetes. 
Note: statistically significant differences (p<0.05) are bold.
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Lastly, as out-of-pocket costs vary from person to person in Canada based on coverage, the impact of cost was not 
explored.

Conclusion
Among patients with toenail onychomycosis from Canada, presence of diabetes was associated with differences in 
treatment-related preferences that could be useful for decision-makers when assessing treatment options. In addition, the 
utility estimates presented highlight the reduced utility estimates among those with toenail onychomycosis, with and 
without diabetes mellitus type I/II, and can be used to inform cost-utility analyses of new toenail onychomycosis 
therapies for Canadians, and that may be applicable to other jurisdictions.
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