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Abstract

Introduction Several case studies have reported an asso-

ciation between antifungal drug use and psoriasis risk.

Objective The objective of this study was to investigate the

association between terbinafine/itraconazole exposure and

psoriasis incidence.

Methods Among patients with onychomycosis in the Tai-

wan National Health Insurance Research Database, 3831

incident psoriasis cases were identified during 2004–2010

and compared with 3831 age- and sex-matched controls

with the same look-back period. Multivariate conditional

logistic regression was used for the analysis.

Results The psoriasis cases were significantly more likely

than matched controls to have used terbinafine or itra-

conazole (59.85 vs. 42.70%, respectively; p\ 0.0001).

After adjusting for potential confounders and cumulative

duration of antifungal drug prescription, terbinafine/itra-

conazole use was associated with an increased psoriasis

risk (adjusted odds ratio 1.33, 95% confidence interval

1.15–1.54). The association was stronger for more recent

drug exposure (adjusted odds ratio 2.96, 95% confidence

interval 2.25–3.90 for B 90 days before the sampling date;

adjusted odds ratio 1.04, 95% confidence interval

0.89–1.22 for [ 360 days). In a comparison of patients

receiving terbinafine or itraconazole only, psoriasis risk

was higher for itraconazole (adjusted odds ratio 1.21, 95%

confidence interval 1.05–1.40).

Conclusion This large population-based case-control

analysis showed that exposure to terbinafine or itraconazole

is associated with an increased risk of incident psoriasis.

The finding of an increased psoriasis risk for antifungal drug

users, particularly for itraconazole, deserves attention in

clinical practice although further prospective studies are

necessary to confirm our findings and clarify the biological

mechanisms that underlie these associations.
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Key Points

Exposure to terbinafine or itraconazole is associated

with an increased risk of incident psoriasis.

The risk of psoriasis development is higher for

itraconazole users than terbinafine users.

The association between antifungal drug use and

psoriasis deserves attention in future studies.

1 Background

Psoriasis is a chronic, relapsing, immune-mediated

inflammatory skin disorder characterized by erythematous

well-defined plaques with thick silvery scales [1–3]. Sev-

eral drugs have been implicated in the initiation and

exacerbation of psoriasis [4–9]. Existing evidence suggests

that antifungal drug use is associated with the development

and exacerbation of plaque-type psoriasis, pustular psori-

asis, and psoriasiform eruptions [10–12]. Some studies

indicate that antifungal drugs have proinflammatory and

immunomodulatory effects [13–15], which could exacer-

bate psoriasis-like skin inflammation [16] and induce

psoriasis development.

Terbinafine and itraconazole are the oral antifungal agents

most frequently used to treat onychomycosis. Terbinafine

was reported to cause immune-mediated dermatoses, suba-

cute cutaneous lupus erythematosus, and dermatomyositis,

which suggests that it has an effect on T-cell immune

responses [17–19]. Moreover, one study found that anti-

fungal drugs, including terbinafine or itraconazole, induced

an immune response favoring a T helper-1-polarized cyto-

kine milieu [20], which has been implicated in psoriasis

pathogenesis [19–22]. Information regarding the effects of

terbinafine and itraconazole on psoriasis development is

mainly from case studies and suggests that psoriasis is more

frequent among terbinafine users than among itraconazole

users. Thus, we conducted a population-based, 1:1-matched,

case-control study to investigate and compare the associa-

tions of terbinafine and itraconazole use with the risk of

subsequent psoriasis among patients with onychomycosis.

2 Methods

2.1 Data Source

The Taiwan National Health Insurance Research Database

(NHIRD) was launched in 1995 and contains comprehen-

sive information on medical service utilization of the

nearly 23 million people (99.9% of Taiwan’s population)

who participate in the nationwide, compulsory health

insurance program in Taiwan. Anonymized inpatient, out-

patient, and emergency claims data, including hospital and

physician diagnostic codes, procedures, surgeries, and drug

prescriptions, are thoroughly documented in the NHIRD.

The NHIRD also includes registration files for beneficia-

ries, medical personnel, and contracted medical facilities.

Two large NHIRD datasets were used to identify the

study population. Patients with psoriasis were identified in

the first dataset (PSORIASIS), which comprised all claims

records for the entire population with psoriasis in Taiwan.

Subjects without psoriasis were selected from the second

dataset [Longitudinal Health Insurance Database (LHID)

2010], which consisted of 1,000,000 individuals randomly

selected from the registry of National Health Insurance

beneficiaries during the period of 1 January, 2010 to 31

December, 2010. Annual medical utilization records of

these subjects were traced back to 1997. There were no

statistically significant differences in distributions for age,

sex, or average insured payroll-related amount between the

LHID 2010 cohort and original National Health Insurance

enrollees (http://nhird.nhri.org.tw/en/Data_Subsets.html).

The subjects in the PSORIASIS dataset and LHID 2010 both

originated from the same Taiwan national-based residents

enrolled in the National Health Insurance program. Using

the PSORIASIS dataset instead of the LHID 2010 allowed

this study to enroll more patients with psoriasis who had

onychomycosis and therefore increase the statistical power

because of the low incidence of psoriasis in the Taiwanese

population [23, 24] and a limited data period of LHID 2010.

Owing to the limitation of the datasets, a cumulative

sampling was adopted in this case-control study [25].

Accordingly, patients with onychomycosis who were

newly diagnosed with psoriasis during 2004–2010 were

identified as cases. The control subjects were selected from

the year 2010 and did not have any psoriasis diagnosis

throughout the study period.

2.2 Study Population

We selected patients with an onychomycosis diagnosis as

our target population because the long-term use of oral

antifungal drugs is most frequent in this population. An

onychomycosis diagnosis was defined as a dermatologist-

recorded diagnosis of the International Classification of

Diseases, Ninth Revision, Clinical Modification (ICD-9

CM) code 110.1 in inpatient or outpatient claims data.

2.3 Case Selection

Using inpatient and outpatient claims data from the

PSORIASIS dataset, we defined persons with an
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onychomycosis diagnosis before a psoriasis diagnosis as

cases. Patients were included as cases if they had a first-

ever diagnosis of psoriasis (ICD-9 CM codes 696.0, 696.1,

696.8) recorded by a dermatologist or rheumatologist

during 2004–2010. Patients were excluded if they had

missing data on age or sex or if they had received a pso-

riasis diagnosis before an onychomycosis diagnosis or

before antifungal drug use. The date of first psoriasis

diagnosis was used as the sampling date. The look-back

period was defined as the interval from the sampling date to

the date of the first onychomycosis diagnosis (Fig. 1).

In daily practice in Taiwan, a psoriasis or onychomy-

cosis diagnosis is diagnosed on the integrated information

of medical history, physical examination, and laboratory

evaluations (such as potassium hydroxide, nail clipping of

nail plate with histological examination and periodic acid–

Schiff staining, biopsy, and tissue pathology). The psoriasis

or onychomycosis diagnostic codes are then entered in the

National Health Insurance system by physicians.

2.4 Selection of Controls

Using inpatient and outpatient claims data from LHID

2010, we defined persons without psoriasis who had

received an onychomycosis diagnosis before the sampling

date as controls. The sampling date for the controls was 31

December, 2010, when psoriasis cases were assembled.

The look-back period was defined as the interval from the

sampling date to the date of the first onychomycosis

diagnosis. Subjects with missing data on age or sex and

those who received a first diagnosis of onychomycosis after

the sampling date were excluded from subsequent analysis.

One control was randomly selected for each case matched

by age, sex, and duration of the look-back period

(± 7 days).

2.5 Exposure to Drugs

The exposure of interest was terbinafine/itraconazole use

during the look-back period. Terbinafine and itraconazole

were chosen because they are the most commonly used oral

antifungal drugs reimbursed by the Taiwan National Health

Insurance Program for onychomycosis treatment. Phar-

macy claims data from the PSORIASIS and the LHID

2010, including the drug name, dose, dispensing date, and

prescribed duration, were used to assess drug exposure.

Drug exposure was defined as ever use of the investi-

gated drugs. Exposure timing was defined as the interval

from the most recent prescription date to the sampling date

and was used to classify drug users into five categories,

namely, B 90, 90–180, 180–270, 270–360, and

[ 360 days. Exposure duration was defined as the cumu-

lative duration of prescription, in days, during the look-

back period.

2.6 Covariates During the Look-Back Period

The covariates in the analysis were pre-specified potential

confounding factors and risk factors for psoriasis, including

medical conditions [26, 27] and medications used [5, 28]

during the look-back period. Medical conditions were

identified by ICD-9-CM diagnosis codes [see Table 1 in

the Electronic Supplementary Material (ESM)] in inpatient

and outpatient claims, and included coronary artery dis-

ease, cerebrovascular disease, hypertension, diabetes mel-

litus, hyperlipidemia, tonsillitis, rheumatoid arthritis,

ankylosing spondylitis, systemic lupus erythematosus,

human immunodeficiency virus, hepatitis B, hepatitis C,

bipolar disorder, obesity, tobacco use disorder, and alcohol

dependence. Pharmacy claims data were used to identify

medication use, including non-steroidal anti-inflammatory

drugs, antihypertensive drugs, hydroxychloroquine, and

lithium.

2.7 Statistical Analysis

Paired t tests, McNemar tests, and Wilcoxon sign rank tests

were first used to examine whether demographic charac-

teristics, medical conditions, and medication use differed

between the psoriasis cases and matched controls in the

univariate analyses. Multivariate conditional logistic

regressions adjusted for variables with a significant level of

Fig. 1 Study design. LHID

Longitudinal Health Insurance

Database, PSORIASIS Taiwan

national psoriasis cohort
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p\ 0.05 in the univariate analyses were performed to

estimate the association between the drug exposure of

interest and subsequent risk of incident psoriasis. The

variables denoting antifungal drug use and duration during

the look-back period were retained in the model irrespec-

tive of its statistical significance. Results of multivariate

conditional logistic regressions are presented as odds ratios

(ORs) and 95% confidence intervals (CIs). In addition, we

estimated the ORs for specific drug exposure timing in

statistical models, and the risks of subsequent psoriasis

development among terbinafine and itraconazole users

were analyzed and compared.

2.8 Sensitivity Analysis

Three sensitivity analyses were performed to assess the

robustness of results. The first analysis was performed to

investigate the association between itraconazole use and a

subsequent diagnosis of psoriasis in patients using itra-

conazole for the treatment of vaginal candidiasis to exclude

the potential confounding effects of onychomycosis. We

chose vaginal candidiasis for further analysis because

vaginal candidiasis is the most common disease indication

of itraconazole, which is reimbursable from the Taiwan

National Health Insurance in addition to onychomycosis.

Because terbinafine is not reimbursed for vaginal candidi-

asis treatment in Taiwan, its association with a subsequent

diagnosis of psoriasis could not be assessed.

We conducted a second sensitivity analysis to lower the

potential effect of a lag exposure period, as it might take at

least 4–7 days to develop psoriasis after taking terbinafine

or itraconazole [29, 30]. In this analysis, drug exposure was

re-defined as ever use of terbinafine or itraconazole more

than 7 days prior to the sampling date during the look-back

period; otherwise, the use within 7 days before the sam-

pling date or no use of the study drugs was considered as

no exposure. The third sensitivity analysis was performed

to reduce the potential bias caused by the different

enrollment periods of psoriasis cases and matched controls,

in which we compared the drug exposure between the

psoriasis cases enrolled in 2010 with their matched con-

trols. A two-tailed p value of \ 0.05 was considered to

indicate statistical significance. All data processing and

statistical analyses were performed using SAS, Version 9.4

(SAS Institute Inc., Cary, NC, USA).

3 Results

3.1 Descriptive Analysis

Among patients with onychomycosis, we identified 3831

patients with psoriasis and an identical number of matched

controls (Fig. 2). The proportions of patients with

rheumatoid arthritis, ankylosing spondylitis, systemic lupus

erythematosus, hepatitis C, and alcohol dependence during

the look-back period were higher for the psoriasis cases

than for the matched controls. Furthermore, during the

same period, the proportions of patients who used non-

steroidal anti-inflammatory drugs, antihypertensive drugs,

and hydroxychloroquine were higher for the psoriasis cases

than for the matched controls (Table 1).

Terbinafine/itraconazole exposure was more common

among psoriasis cases than among matched controls (59.85

vs. 42.70%, respectively), and the mean interval from the

last prescription date to the sampling date was 599.6 and

809.3 days, respectively. The cumulative duration of pre-

scription of antifungal drugs was longer for the psoriasis

cases than for the matched controls (68.0 vs. 55.2 days)

(Table 2).

3.2 Main Results

Terbinafine/itraconazole use was associated with an

increased psoriasis risk [adjusted OR (aOR) 1.33, 95% CI

1.15–1.54], and the association was stronger for more

recent drug exposure (aOR 2.96, 95% CI 2.25–3.90 for

exposure B 90 days before the sampling date; aOR 2.37,

95% CI 1.68–3.34 for 90–180 days; aOR 1.77, 95% CI

1.24–2.51 for 180–270 days; aOR 1.77, 95% CI 1.22–2.59

for 270–360 days; and aOR 1.04, 95% CI 0.89–1.22 for

[ 360 days). After adjustment for the confounders, both

terbinafine and itraconazole were associated with a higher

risk of psoriasis development (aOR 1.49, 95% CI

1.27–1.73 for terbinafine; aOR 1.68, 95% CI 1.42–2.00 for

itraconazole; Fig. 3).

To determine whether terbinafine and itraconazole use

conferred different risks of developing psoriasis, we com-

pared the demographic characteristics and ORs for psoriasis

in terbinafine and itraconazole users. Among all study sub-

jects, 27.46 and 17.95% were treated with terbinafine or

itraconazole only, respectively. The rates of hypertension,

diabetes mellitus, and angiotensin-converting enzyme inhi-

bitor use were significantly higher for terbinafine users than

for itraconazole users (Table 2 in the ESM). Nevertheless,

after adjusting for the aforementioned covariates, the risk of

incident psoriasis was higher for itraconazole users (aOR

1.21, 95% CI 1.05–1.40) than for terbinafine users.

3.3 Sensitivity Analysis

Sensitivity analysis revealed a similar association between

antifungal drug use and the development of subsequent

psoriasis among patients using itraconazole for the treat-

ment of vaginal candidiasis. Patients with psoriasis had a

higher probability of itraconazole exposure during the

H.-Y. Chiu et al.



look-back period than did matched controls (2.28 vs.

0.68%, respectively; OR 3.48; 95% CI 2.14–5.65). Fur-

thermore, the terbinafine/itraconazole exposure was still

associated with an increased psoriasis risk, after excluding

the terbinafine/itraconazole exposure within the 7 days

before the sampling date (aOR 1.27, 95% CI 1.09–1.47) or

including the psoriasis cases and controls with same

enrollment year (aOR 1.51, 95% CI 1.14–2.00).

Fig. 2 Selection of the study

population. LHID Longitudinal

Health Insurance Database,

PSORIASIS Taiwan national

psoriasis cohort

Table 1 Characteristics of psoriasis cases and matched controls

No. of psoriasis cases (n = 3831) No. of matched controls (n = 3831) p value

n % n %

Mean age in 2010, years (SD) 52.76 15.07 52.76 15.07 NA

Female 1455 37.98 1455 37.98 NA

Duration of the look-back period, days, median (Q1–Q3) 643 235–1275 643 235–1277 0.3964

Medical conditions during the look-back period

Coronary artery disease 489 12.76 487 12.71 0.9422

Cerebrovascular disease 253 6.60 274 7.15 0.3173

Hypertension 1080 28.19 1167 30.46 0.0126

Diabetes mellitus 593 15.48 608 15.87 0.6222

Hyperlipidemia 849 22.16 907 23.68 0.0858

Tonsillitis 944 24.64 904 23.60 0.2474

Rheumatoid arthritis 116 3.03 58 1.51 \ 0.0001

Ankylosing spondylitis 53 1.38 17 0.44 \ 0.0001

Systemic lupus erythematosus 32 0.84 6 0.16 \ 0.0001

Human immunodeficiency virus 4 0.10 4 0.10 1.0000

Hepatitis B 76 1.98 106 2.77 0.0222

Hepatitis C 69 1.80 43 1.12 0.0124

Bipolar disorder 9 0.23 8 0.21 0.8084

Obesity 53 1.38 38 0.99 0.1078

Tobacco use disorder 55 1.44 39 1.02 0.0953

Alcohol dependence 24 0.63 10 0.26 0.0164

Medication use during the look-back period

Non-steroidal anti-inflammatory drugs 3636 94.91 2747 71.70 \ 0.0001

Angiotensin-converting enzyme inhibitors 686 17.91 332 8.67 \ 0.0001

Angiotensin receptor blockers 845 22.06 615 16.05 \ 0.0001

Beta-blockers 1377 35.94 847 22.11 \ 0.0001

Calcium channel blockers 1311 34.22 863 22.53 \ 0.0001

Hydroxychloroquine 148 3.86 26 0.68 \ 0.0001

Lithium 3 0.08 2 0.05 0.6547

NA not available, Q1 first quartile, Q3 third quartile, SD standard deviation

Psoriasis Risk after Terbinafine/Itraconazole Treatment



3.4 Other Risk Factors of Psoriasis

Other factors associated with incident psoriasis in our

multivariate, conditional logistic regression models inclu-

ded cumulative duration of antifungal drug prescription

during the look-back period (aOR with every 10-unit

change in days 1.06, 95% CI 1.05–1.08), hypertension

(aOR 0.31, 95% CI 0.26–0.38), ankylosing spondylitis

(aOR 2.77, 95% CI 1.49–5.16), systemic lupus erythe-

matosus (aOR 3.76, 95% CI 1.30–10.87), use of non-ster-

oidal anti-inflammatory drugs (aOR 7.24, 95% CI

5.90–8.88), angiotensin-converting enzyme inhibitors

(aOR 2.03, 95% CI 1.67–2.47), angiotensin receptor

blockers (aOR 1.37, 95% CI 1.14–1.65), beta-blockers

(aOR 1.89, 95% CI 1.63–2.19), calcium channel blockers

(aOR 1.97, 95% CI 1.64–2.36), and hydroxychloroquine

(aOR 3.61, 95% CI 2.20–5.92).

4 Discussion

We found an association between the use of terbinafine/

itraconazole and an increased risk of psoriasis. The asso-

ciation was stronger for more recent drug exposure. Fur-

thermore, the risk for developing psoriasis was higher for

patients receiving itraconazole than terbinafine. It remains

unclear how itraconazole and terbinafine with different

mechanisms may cause psoriasis.

Accumulating evidence suggests that the mechanism of

psoriasis pathogenesis involves a complex interplay among

genetic, immunological, and environmental risk factors.

Data from some previous studies suggest that genetic

factors are important in psoriasis susceptibility [31–34];

however, a case-control study of psoriasis-discordant twin

pairs found that concordance for psoriasis was only 35% in

monozygotic twins and 12% in dizygotic twins [35], which

suggests that non-genetic factors contribute to psoriasis

development in susceptible individuals. Potential environ-

mental risks and triggering factors include smoking,

trauma, infections, endocrine factors, stressful life events,

alcohol consumption, and exposure to certain drugs

[7, 36, 37]. Moreover, strong evidence links the use of

certain drugs, including b-blockers, lithium, anti-malarial

drugs, and interferons, with psoriasis flare [6, 38]. Many

other drugs, such as angiotensin-converting enzyme inhi-

bitors, angiotensin receptor blockers, non-steroidal anti-

inflammatory drugs, calcium channel blockers, and tumor

necrosis factor (TNF) inhibitors, have been reported to

induce or aggravate psoriasis, but the evidence for such

effects is weaker [6, 38].

The mechanism by which a drug might induce or

exacerbate psoriasis is poorly understood, but such a

mechanism could involve immunological or non-im-

munological pathways. The immunological effects of

recombinant interferon-a exacerbate psoriasis [39]. Inter-

feron-a might induce activation/maturation of myeloid

dendritic cells, which leads to expansion of autoimmune T

cells and, ultimately, psoriasis development [39, 40].

Similarly, several studies reported that induction or exac-

erbation of psoriasis was associated with granulocyte col-

ony-stimulating factor and granulocyte-macrophage

colony-stimulating factor, perhaps because of an increase

in granulocyte count, induction of inflammatory cytokines,

enhancement of neutrophil function, or chemotaxis

Table 2 Terbinafine/itraconazole exposure among psoriasis cases and matched controls

Exposure No. of psoriasis cases (n =

3831)

No. of matched controls (n =

3831)

n % n %

No exposure to terbinafine/itraconazole 1538 40.15 2195 57.30

Terbinafine/itraconazole exposure 2293 59.85 1636 42.70

Interval from the last prescription to the sampling date, mean days (SD) 599.62 (636.66) 809.29 (681.17)

Cumulative prescription duration during the look-back period, mean days (SD) 68.03 (58.87) 55.18 (39.31)

No exposure to terbinafine 2337 61.00 2771 72.33

Terbinafine exposure 1494 39.00 1060 27.67

Interval from the last prescription to the sampling date, mean days (SD) 574.77 (626.17) 815.12 (680.72)

Cumulative prescription duration during the look-back period, mean days (SD) 72.30 (64.41) 54.59 (41.61)

No exposure to itraconazole 2671 69.72 3166 82.64

Itraconazole exposure 1160 30.28 665 17.36

Interval from the last prescription to the sampling date, mean days (SD) 555.32 (613.94) 812.77 (676.77)

Cumulative prescription duration during the look-back period, mean days (SD) 83.01 (69.10) 63.14 (45.60)

SD standard deviation
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[41–43]. Paradoxically, TNF inhibitors were reported to

induce psoriasis, despite their well-documented efficacy in

psoriasis treatment [44]. The authors of that study

hypothesized that blocking the action of TNF activates

autoreactive T cells. This leads to tissue damage or acti-

vation of a cutaneous lymphocyte antigen-expressing

T-cell subset and increased expression of chemokine

receptors such as CXCR3, which both promote infiltration

of the skin by autoreactive T cells [45, 46]. In addition to

this immunological mechanism, lithium may induce pso-

riasis by a non-immunological pathway. Namely, suscep-

tibility to psoriasis might be increased by lithium-induced

keratinocyte proliferation via suppression of glycogen

synthase kinase 3 and increased transcriptional activation

of nuclear factor of activated T cells [47].

Although the pathophysiological mechanisms by which

antifungal drugs trigger psoriasis development are not

known, a recent study found that terbinafine stimulated

monocytes and increased release of proinflammatory

cytokines such as interleukin-8 and TNF-a, which have

important roles in psoriasis pathogenesis [1, 13, 48, 49].

Moreover, azole antifungal drugs exerted an

immunomodulatory effect by inducing expression of Toll-

like receptor 2, Toll-like receptor 4, and TNF-a, and NF-

kappaB activation in monocytic cells [14], which would

stimulate innate and adaptive immunity. A previous study

reported that itraconazole and terbinafine triggered T

helper-1-skewed responses in skin and that the effect was

stronger for azole (itraconazole) than for non-azole (terbi-

nafine) antifungal drugs. The immunomodulatory effects of

antifungal drugs might predispose patients to psoriasis

development or exacerbation [50, 51]. This finding is

consistent with our present result showing a higher aOR for

psoriasis after itraconazole exposure than after terbinafine

exposure. Moreover, our findings show a higher risk of

psoriasis development among current users of terbinafine/

itraconazole than among past users, which suggests a close

temporal association between the timing of terbinafine or

itraconazole use and increased susceptibility to psoriasis. A

previous study reported that itraconazole and terbinafine

hydrochloride induced production of human b-defensin-3
in human keratinocytes, which would activate Langerhans

cells and exacerbate psoriasis-like skin inflammation

[15, 16]. This finding is consistent with the hypothesis that

psoriasis is associated with a chronic inflammatory state

and suggests that inflammation is involved in psoriasis

development after terbinafine or itraconazole exposure.

Although our study indicated that drugs used for ony-

chomycosis treatment are associated with an increased risk

of developing psoriasis, the potential link between ony-

chomycosis and psoriasis is complex and not fully eluci-

dated. Patients with psoriasis have a 56% greater chance of

developing onychomycosis as compared with non-psoriatic

patients [52]. The relatively high prevalence of ony-

chomycosis in patients with psoriasis could be owing to the

loss of compact orthokeratotic nail plate and nail plate

detachment caused by the disease, allowing fungal colo-

nization on the nail bed [53]. However, some opinions are

opposite. The opponents proposed that patients with pso-

riasis may display extra protection against fungal infections

as evident by the high turnover and elimination of their

distal nail plate, inhibitory effects of glycoprotein material

found in psoriatic spots, and the upregulation of antimi-

crobial peptides [53]. Nevertheless, fungal nail infection

could act as a type of Koebner phenomenon, leading to

worsening or even triggering psoriasis [53–55].

The strengths of the current study include its use of

population-based data and NHIRD records rather than self-

reported drug use. Use of such data decreases the possi-

bility of recall bias. Furthermore, incident case design was

adopted in this case-control study to ensure the temporal

relationship between antifungal drugs and psoriasis devel-

opment. The study has several limitations that should be

considered. First, use of pharmacy claims might under-

estimate or over-estimate drug exposure and not reflect

actual use because drug adherence was not determined.

Second, diagnoses of onychomycosis and psoriasis were

based on ICD-9 CM codes. The design of NHIRD and

Taiwan personal information protection law prohibit us

from linking to patients’ medical charts for further vali-

dation of the diagnosis of onychomycosis and psoriasis.

We therefore cannot exclude the possibility that some

diagnoses were misclassified, leading to inclusion of

patients with ungual psoriasis with or without concurrent

onychomycosis. Nevertheless, the following evidence

supports the validity of these codes: The Taiwanese

National Health Insurance system uses rigorous monitoring

to ensure that claims for healthcare reimbursement are

based on valid diagnoses. To ensure the accuracy and

reliability of coding, the National Health Insurance

Administration of Taiwan requires regular cross-checking

and claims justification and imposes heavy fines (100 times

the claim) for false claims, overcharging, or malpractice.

Therefore, psoriasis and onychomycosis diagnosis codes

for insurance reimbursement and NHIRD data are gener-

ally accurate and reliable. Moreover, the accuracy of

diagnoses of major diseases in the NHIRD, such as dia-

betes mellitus and stroke, has been validated, and this

database has been used extensively in many epidemiologic

studies [56, 57]. The validity of diagnostic codes of pso-

riasis in a computerized claim database had been verified

by using a chart review of a random sample of 101 cases

with at least one dermatologist-rendered psoriasis code,

which revealed a positive predictive value of 90% (95% CI

83–95) and a sensitivity of 88% (95% CI 80–93) [58].

Previous studies have also confirmed the reliability of
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Fig. 3 Forest plot of (a) terbinafine/itraconazole exposure and risk of

psoriasis (b) terbinafine exposure and risk of psoriasis (c) itraconazole
exposure and risk of psoriasis. All models adjusted for hypertension,

rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythe-

matosus, hepatitis B, hepatitis C, and alcohol dependence, use of non-

steroidal anti-inflammatory drugs, angiotensin-converting enzyme

inhibitors, angiotensin receptor blockers, beta-blockers, calcium

channel blockers, and hydroxychloroquine, cumulative duration of

antifungal drug prescription during the look-back period, and use of

antifungal drugs not under investigation. CI confidence interval
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using these codes for identification of psoriasis and ony-

chomycosis from the NHIRD [48, 59, 60]. Moreover, as in

the case group, the comparison group only included sub-

jects with onychomycosis. Misclassification of psoriasis

(psoriatic nails) as onychomycosis or vice versa could have

occurred in both the psoriasis and control groups. Such

misclassification would thus likely have been non-differ-

ential and, if present, would bias the effect estimates

toward the null. Additionally, to exclude the probable risk

conferred by onychomycosis, we conducted a sensitivity

analysis of the association of itraconazole use for vaginal

candidiasis with subsequent psoriasis development. The

findings were virtually unchanged.

Third, because treatment allocation is not randomized in

observational studies, the increased psoriasis risk after ter-

binafine or itraconazole exposure might be attributable to

predisposing factors among antifungal drug users rather than

to the drug. Because of concerns regarding drug–drug

interactions, physicians might prefer prescribing terbinafine

over itraconazole for patients with coexisting medical ill-

nesses. However, after adjusting for the potential con-

founding factors, including co-morbidities and medication

history, the results of multivariate regression analysis

remained robust. Moreover, if predisposing factors were the

main culprits, psoriasis risk should not have decreased in

parallel with the interval after antifungal drug exposure and

would be similar for terbinafine and itraconazole users.

Fourth, the NHIRD lacks detailed information on

potential confounders such as lifestyle, family history of

psoriasis, habits such as smoking and alcohol use, diet, and

exercise, and body mass index. Fifth, the effect of drug

dose on the psoriasis development and the absolute risk of

psoriasis cannot be assessed in this case-control study.

Sixth, protopathic bias may occur when a pharmaceutical

agent is prescribed in response to early signs or symptoms

of a yet undiagnosed disease under investigation. When the

disease is later discovered, an association may be incor-

rectly inferred between the pharmaceutical agent and the

disease [61, 62]. Nevertheless, oral terbinafine or itra-

conazole is prescribed and reimbursed for treating fungal

infections of skin and nails, such as onychomycosis and

vaginal candidiasis, rather than psoriasis. That is to say, in

our study, the prescription of antifungal drugs was not

owing to the early symptoms of psoriasis. Therefore, our

results were less likely confounded by protopathic bias.

Finally, we were unable to investigate whether terbinafine

or itraconazole exposure was associated with the risk of

psoriasis vulgaris, pustular psoriasis, or both because of a

lack of dedicated ICD-9 CM codes for psoriasis subtypes.

5 Conclusion

This population-based case-control study showed that, after

adjustment for the multiple confounding factors, terbina-

fine and itraconazole use was associated with an increased

risk of psoriasis. Recent exposure to terbinafine and itra-

conazole increased the risk of psoriasis. Although terbi-

nafine-induced psoriasis was more frequent than

itraconazole-induced psoriasis in previous reports, the risk

was greater for patients using itraconazole in this study.

Future prospective studies should investigate if terbinafine

or itraconazole use induces de novo psoriasis or aggravates

pre-existing psoriasis, and if psoriasis risk is lower for

terbinafine than for itraconazole.
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