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Background: Intense pulsed light (IPL), as a therapeutic approach for rosacea, had advan-
tage in removing erythema and telangiectasia and was gradually accepted by rosacea
patients, but there have been few studies on economic evaluation of this therapy.
Purpose: This study aimed to detect willingness-to-pay (WTP) of IPL treatment for rosacea
and to conduct a benefit—cost analysis (BCA) among the Chinese population, so as to provide
an economic reference for doctors to make treatment decisions.

Materials and Methods: An observational, cross-sectional study assessed respondent’s demo-
graphic characteristics and willingness-to-pay (WTP) of IPL and rosacea patients’ clinical data and
Dermatology Life Quality Index (DLQI). WTP was obtained by contingent valuation (CV) method.
In brief, contrast figures of three cases treated with IPL (Casel, Case2, and Case3 represented the
increasing severity of rosacea) were showed and WTP was inquired. The costs were obtained
according the market and compared with WTP (benefits) to get a benefit—cost ratio (BCR).
Predictors of cost-effective WTP were identified using the multivariable logistic regression model.
Results: A total of 303 rosacea patients and 202 controls were included in the study. The
average cost of a single IPL treatment for rosacea was USD 208.04 in Changsha, China. The
mean WTP for Case 1, Case 2, and Case 3 was USD 201.57, 214.64, and 221.74, respec-
tively. WTP was statistically lower for Case 1 than that for Case 2 or Case 3 (P<0.05). The
BCRs were 0.85, 1.03, and 1.06 for Case 1, Case 2, and Case 3, respectively. WTP is
significantly associated with household monthly income, previous treatment cost, and DLQI
after adjustments for demographic characteristics (P<0.05).

Conclusion: IPL is an acceptable treatment for rosacea with moderate to severe erythema.
For patients with relatively high income or severely impaired quality of life, IPL is an
economically feasible therapy and deserves to be recommended.

Keywords: benefit-cost analysis, intense pulsed light, rosacea, willingness-to-pay, economic

evaluation

Introduction
Rosacea is a chronic inflammatory disorder of the facial skin, characterized by
recurring episodes of several symptoms including facial flushing, erythema,
papules, pustules, and telangiectasia in a symmetrical facial distribution.'*
Epidemiological studies show that the incidence of rosacea is 5.5% in the global
population and 3.48% in China.>**

Management of rosacea is varying, including appropriate skin care and lifestyle
management, as well as topical and oral therapies.>® Most treatments are generally
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effective at inhibiting the inflammatory pathways involved
in rosacea,’ thereby promoting the mitigation of papules
and pustules. However, the erythema is hard to completely
clear by traditional treatments. In fact, it is exactly the
conspicuous facial redness often has a deep impact on the
patient’s self-esteem and quality of life.'””** Based on the
Clinician’s Erythema Assessment (CEA), an authorized
measurement for the facial erythema of rosacea, there are
5 levels contained: Clear (Clear skin with no signs of
erythema), Almost clear (Almost clear; slight redness),
Mild (Mild definite Moderate
(Moderate erythema; marked redness), and Severe

erythema, redness),
(Severe erythema; fiery redness).” It is reported that for
patients with an “almost clear” evaluation of the erythema,
quit a few of them still desired further mitigation of the
redness and to achieve “clear”.'” Thus, it is important to
optimize therapeutic strategies for rosacea beyond the
available medications and minimize the negative impact
on life.

Intense pulsed light (IPL), whose therapeutic applica-
tions include vascular lesions, skin rejuvenation, and pig-
mented lesions, can improve the persistent erythema and
telangiectasia of rosacea as an adjuvant therapy for rosa-
cea. The mechanism of IPL in the therapeutic effect on
rosacea mainly based on the selective photothermolysis of
dilated blood vessels. Besides, it also has immunomodu-
latory effects on inflammatory processes and possibly on
collagen remodelling.'""'> Compared with other laser
devices, advantages of IPL include milder adverse reac-
tions, general versatility, a shorter treatment duration, and
without delayed working time.'>'* In recent years, suc-
cessful treatment of erythematotelangiectatic rosacea
(ETR) with IPL has been widely documented. It was
reported that improved clinical outcomes were expected
after an average 3 times of IPL treatments.'” Especially for
refractory erythema, IPL treatment can achieve the effect
that medicine is difficult to achieve. However, the cost of
IPL treatment, ranging from Chinese yuan (CNY) 1000 to
2000 is much higher than that of traditional drug treat-
ment, limiting its application among patients with modest
financial conditions. Further, Because of the limited
health-care resources in China, evidences of both the ther-
apeutic efficacy and cost-effectiveness were increasingly
required when conducting a new treatment.

Consequently, an increasing number of health eco-
nomic studies are being published in the field of rosacea.
Nevertheless, we did not find any benefit-cost analysis
(BCA) using willingness to pay (WTP) approach in the

field of IPL treatment for rosacea. Willingness to pay
(WTP), defined as the amount of money an individual is
willing to spend in a hypothetical scenario to obtain a
certain effect, has increasingly been used as a valuation
measure for healthcare and health-related quality of life
(HRQOL).'® Benefit-cost analysis (BCA) of a specific
treatment can be performed by measuring patients” WTP
for a certain treatment and understanding whether a
patient’s preferences outweigh costs, which can help to
make decisions and subdivide patients’ demands.'”'®
This method has at least two key advantages: 1) WTP
can evaluate benefits more comprehensively than quality-
adjusted life-years and 2) BCA allows questions of allo-
cative efficiency to be addressed.'”"”

In order to evaluate whether IPL for rosacea treatment
is economical and cost-effective in China, in the current
study, we detected the WTP with a contingent valuation
(CV) as previously described and conduct BCA for the

IPL treatment among Chinese rosacea patients.

Materials and Methods
Study Design and Participants

We performed an observational, cross-sectional study
among Chinese populations aged 18 and above. The
study was conducted from December 2019 to February
2020. The patients included have two sources. Some
in the
Department of Dermatology, Xiangya Hospital, Central
South University (CSU), and the others were from the
Rosacea Database of Xiangya Hospital, CSU who had

were enrolled from the current outpatients

registered ahead of the survey. All the patients registered
in the Database have been diagnosed by two dermatolo-
gists separately and met the diagnostic criteria of rosacea
based on the National Rosacea Society Expert
Committee,”” and they do not have to be invited to the
clinic for examination by social media. All skin-healthy
controls included in our study were recruited in the
Physical Examination Center, Xiangya Hospital, CSU.
The participants were examined by an experienced derma-
tologist and those with rosacea or other facial skin diseases
were excluded. An online survey link was created and the
investigators can directly invite the participants by social
media platforms (dermatology platforms and WeChat
groups). Each participant was allowed to submit a ques-
tionnaire once by the IP address in order to avoid repeated

submissions.
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Study Questionnaire

The questionnaire is divided into four parts: demographic
characteristics, willingness-to-pay (WTP), clinical data,
and quality of life (QoL). Demographic characteristics
including age, gender, residence, education level, marital
status, household monthly income. In the rosacea group,
clinical data on duration of disease, previous treatment
cost, the degree of satisfaction to prior treatment (1-10),
and patients self-rated severity of symptoms (0—10) were
presented.

Benefits: WTP

In our study, WTP approximated benefits were evaluated
by the contingent valuation (CV) method.?' This method is
widely acknowledged as a theoretically acceptable method
for potential consumers to value goods and services. At
first, the participants were educated about the effects,
process, and adverse effects of IPL treatment, so that the
respondents had a sufficient understanding of the studied
treatment. Pictures of three typical rosacea cases before
and after IPL treatment (Figure 1), which demonstrated
typical and average therapeutic effects of patients with
different levels of severity, were presented to the respon-
dents (For ease of understanding, we uses Case 1, Case 2,
and Case 3 to describe the cases according to the increas-
ing level of severity below). Then the same standardized
question elicited WTP:

How much would you be willing to pay for one new
treatment with minor side effects to achieve the effects
as shown in contrast figure? (This new treatment requires
3-5-time visits and cost 15 minutes per time).

The options of WTP consisted of five discrete amounts of
monetary value as follows: CNY2000, 1800, 1500, 1000,
and 500.%

DLQI

Dermatology Life Quality Index (DLQI), a widely used
tool to evaluate skin disease patients’ quality of life,*
using six domains, could group its 10 questions as follows:
Symptoms, feelings (1,2), Daily activities (3,4), Leisure
(5,6), Work/school (7), Personal relationships (8,9),
Treatment (10). A higher DLQI score implies a greater
QoL impairment.** Banding of the DLQI with the scores
for each band: No effect (0-1), Mild effect (2-5),
Moderate effect (6—10), Severe effect (11-20), Very severe
effect (21-30).%

Average Costs

The average costs of a single IPL treatment for rosacea
include direct medical costs (physician visit fees, IPL treat-
ment fees, and post-treatment complementary costs), direct
nonmedical costs (travel costs), and indirect costs (time off
from work to visit physician) (Table 1). Because there was no
standard pricing for IPL treatment in China, the price per [PL
treatment was estimated using the mean cost in three Chinese
tertiary hospitals (Xiangya Hospital, The Second Xiangya
Hospital; and Xiangya Third Hospital, Central South
University). Physicians’ professional fees and indirect costs
in terms of time loss were estimated according to the data
from the 2019 Yearbook of Health Statistics of China and
China Labour Statistical Yearbook 2019.%>% All costs in this
study are expressed in USD with an exchange rate of USD
1=CNY6.8985 (2019).

BCA

Benefit-cost analysis (BCA) is obtained by calculating
benefit-cost ratio (BCR) as previously.” From the partici-
pant perspective, the average WTP divided by the total
cost for IPL is the BCR.? If the benefits outweighed the
costs (ie, BCR>1), the IPL treatment was considered worth
providing.

Statistical Analyses

The comparisons of the relative average WTP of the
responders with different characteristics were statistically
analyzed, respectively, by the Mann—Whitney U-tests
(Binary variables) or Kruskal-Wallis test (Multi-categori-
cal variables). The average WTP for each case was ana-
lyzed separately. Means, medians, and IQR were used for
statistical description. The Friedman test was used to
mean WTP three
Multivariable logistic regression (forward elimination:

compare the among patients.
Wald) analyses of all potential predictors as independent
variables and cost-effective WTP (BCR>1) as the depen-
dent variable were performed. The odds ratios (ORs) with
95% (CIs) were estimated. A

p-value<0.05 was considered statistically significant. All

confidence intervals

analyses were performed in SPSS Statistics for Windows
(Version 22.0. Armonk, NY: IMB Corp).

Ethics Statement

The study was approved by the Institutional Research
Ethics Board of the Xiangya Hospital, CSU, China, in
accordance with the Declaration of Helsinki. Electronic
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Figure | Pictures of three rosacea patients before and after IPL treatment.

informed consent was obtained from all participants and written informed consent has been obtained from
before the investigation. Before the pictures of the the patients. We have obtained the three patients’
three cases were used in the questionnaires and articles, informed consent for the images to be published.
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Table |1 Aggregated Costs of IPL Treatment per Time

Cost Hospitall (USD) Hospital 2 (USD) Hospital 3 (USD) Average (USD)
Direct costs
Physician visit 4.16 5.25 4.00 4.47
IPL treatment 181.19 217.44 144.96 181.20
Post-treatment costs 5 8 8 7
Direct nonmedical cost
In-city transportation 2 2 2 2
Indirect costs
Time off from work 13.73 13.73 13.73 13.73
Total 206.08 246.42 172.69 208.40
Table 2 Participants’ Demographic Characteristics and the Corresponding WTP
Demographic Characteristics N (%) Average WTP (USD)
Case | Case 2 Case 3
Gender
Male 83(16.44) 210.45 216.57 222.33
Female 422(83.56) 199.82 214.28 221.63
Age
<30 275(54.46) 197.62 212.17 221.71
230 230(45.54) 206.28 217.63 221.79
Residence
Urban 460 (91.09) 201.49 21441 222.17
Rural 45 (8.91) 202.30 217.12 217.44
Education level
High school, technical secondary school and blow 85(16.83) 191.86 200.90 203.45
Undergraduate and junior college 367(72.67) 205.08 217.40 223.21
Postgraduate and above 53(10.5) 192.82 217.71 240.96
Marital status
Single 197(39.01) 196.03 208.02 218.10
In a stable relationship 72(14.26) 195.29 218.04 226.90
Married 236(46.73) 208.10 219.16 22321
Household monthly income®
<1203.16 255(50.50) 180.15 195.78 202.37
>1203.16 250 (49.50) 22341 23391 241.50
Have or do not have rosacea
You have rosacea 303(60.0) 196.53 211.51 216.63
You do not have rosacea 202(40.0) 209.11 219.38 229.42

Notes: * In the three cases, there are significant differences in WTP among different household monthly income levels (P<0.05). There is no significant difference in WTP
among other participants’ characteristics.

characteristics and the corresponding WTP of all the par-

Result

A total of 303 rosacea patients and 202 age-matched
healthy controls completed the study. The majority of clinical data and the corresponding WTP are shown in
Table 3.

ticipants are shown in Table 2. For rosacea patients, the

participants  (85.61%) were female. The general
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Table 3 Rosacea Patients’ Clinical Data and the Corresponding WTP

Clinical Data N (%) Average WTP (USD)
Case | Case 2 Case 3
Duration of rosacea, year
01 76 (25.08) 206.21 222.13 229.89
1-5 227 (74.92) 197.79 212.07 217.02
The degree of satisfaction to prior treatment
0-3 65(23.30) 209.63 218.11 218.55
4-6 114(40.86) 194.93 213.80 221.13
7-10 100(35.84) 199.32 21381 220.48
Previous treatment cost
<724.80% 180(59.41) 182.39 197.81 203.40
724.80-1449.59 63(20.79) 218.59 231.24 237.00
>1449.59 60(19.80) 227.43 242.43 247.89
Patients self-rated severity of symptoms
0-3 85(28.05) 189.20 217.06 221.77
4-6 126(41.59) 201.19 210.94 219.06
7-10 92(30.36) 207.83 217.44 220.64

Notes: *WTP of Previous treatment cost<724.80 is significantly different from the other two groups. There is no significant difference in WTP among other parameters.

DLQI

The mean DLQI total score in rosacea was 11.07+8.04,
and the median value was 10. A DLQI score of >10,
indicating a severe or very severe limitation of quality of
life,** was calculated for 44.6% of all patients with rosa-
cea. The distribution of average WTP for different DLQI
severity levels is shown in Figure 2. With Mann—Whitney
U-tests, WTP of patients with severe or every severe effect
quality of life (QoL) was significantly higher than that of
moderate or below effect QoL (P<0.05). The relationship
between DLQI score and WTP is shown in Table 4. The

DLQI total scores correlated positively with WTP
(P<0.05). For DLQI specific problems, only question 8
which represents personal relationship has a significant
correlation with WTP (P<0.05).

WTP for Different Cases and BCR

The mean and median WTP for the three cases are pre-
sented in Table 5, which showed the participant’s WTP
increased with the increasing level of the severity of the
disease. WTP for Case 1 was statistically lower than that
for Case 2 (P=0.028) or Case 3 (P<0.001). However,

Average WTP for participants with different DLQI severity levels

230.11 233.65

216.69  216.69

u Casel

u Case2

Case3

Average WTP(USD)

=10 >10

DLQI severity levels

Figure 2 Average WTP for different DLQI score.

submit your manuscript

1848

Dove

Patient Preference and Adherence 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Deng et al

Table 4 WTP of DLQI Specific Problems for Different Case Scenarios of IPL Treatment: Multivariable Logistic Models (Demographic

Data Have Been Adjusted)

Case | Case 2 Case 3
Predictor OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
DLQI total scores 1.35(1.11-1.65) 0.003 1.37(1.12-1.67) 0.003 1.30(1.06—1.60) 0.012
| 1.32(0.92-1.91) 0.13 1.02(0.71-1.47) 0.919 0.98(0.68—1.42) 0918
2 0.61(0.37-1.01) 0.057 0.73(0.43-1.23) 0.729 0.98(0.59-1.63) 0.930
3 1.11(0.70-1.77) 0.655 1.26(0.77-2.05) 0.363 1.48(0.90-2.42) 0.124
4 0.97(0.65—1.46) 0.897 0.78(0.51-1.20) 0.262 0.88(0.57—1.35) 0.559
5 0.86(0.51-1.46) 0.585 0.96(0.56—1.65) 0.894 0.74 (0.43-1.27) 0.269
6 1.13(0.77-1.65) 0.546 1.05(0.71-1.56) 0.804 1.26(0.84-1.87) 0.259
7 1.37(0.96—-1.95) 0.082 1.25(0.87-1.80) 0.231 1.06(0.73—1.52) 0.765
8 2.06(1.22-3.47) 0.007 2.25(1.29-3.93) 0.004 1.93(1.10-3.38) 0.022
9 1.22(0.81-1.83) 0.342 1.17(0.76-1.82) 0.474 1.06(0.69—1.64) 0.789
10 0.69(0.44—1.08) 0.082 0.79(0.50-1.26) 0.326 0.66(0.41-1.05) 0.082

Note: The numbers | to 10 represent questions | to 10 in the dermatology life quality index (DLQI) questionnaire.?*

differences in WTP between Case 2 and Case 3 were not
significant (P=0.559). BCR of Cases 2 and 3 > 1 among
the three cases (Table 5), indicating that the expected
benefit exceeded the mean cost of IPL treatment, and
IPL is profitable.

Predictors of Cost-Effective WTP
(BCR>1)

In a multivariable logistic regression analysis, household
monthly income, previous treatment cost, and DLQI score
were independently and significantly associated with a
cost-effective WTP (BCR>1) (Table 6). In the three
cases, participants in the high-income group (>USD
1203.16/month) were more likely to pay the cost for IPL
compared to those with low-income (OR 1.89-2.16). The
relationship of DLQI score with WTP was seemed to be
strongest with the largest OR. And in Case 3, the longer
duration of rosacea and the higher education level dis-
played a positive relationship with WTP, covering the
cost (P<0.05).

Discussion
To date, this study provides the first comprehensive data
on WTP of IPL treatment for rosacea. The result of
BCR>1 for Case 2 and Case 3 suggested that IPL is
roughly cost-effective and has good acceptance and pro-
motion value among rosacea patients with moderate or
severe erythema.

Our study did not detect cost-effectiveness using the
traditional methods with cost/clinical outcomes or cost/
quality-adjusted life-year (QALY), because different

individuals have different subjective values for health
benefits.”® For skin conditions with the rare risk of dis-
ability or death, WTP can reflect the preferences and
disease burden in a monetary manner, which may be
more accurate and direct in detecting BCA compared
with the traditional tools. In the past, there are a few
studies that used WTP method to obtain the BCA for a
specific treatment in the field of dermatology.”>*** In
this study, WTP and BCA analysis can help us to know the
IPL treatment preferences in rosacea patients and provided
evidence of pharmacoeconomics for health policymakers
and patients in China.

In this study, the elicited WTP is valid because WTP of
IPL for rosacea treatment was significantly associated with
household monthly income, according to economic com-
mon sense. Meanwhile, in Case 3, there is a significant
positive correlation between participants’ education level
and WTP. In general, people with higher education tend to
have higher wages and higher personal image require-
ments. These further confirm the reliability and rationality
of our results.

According to our results, WTP increased as the sever-
ity of facial erythema increased in three cases. And the
obtained BCR of Case 2 and 3 both showed benefits out-
weighed costs. It may be attributed to the visualized
effects of Cases 2 and 3 are more apparent compare to
Case 1, as the removal of redness is more effective. The
significant differences among the cases indicated that per-
sonalized treatment is needed, and it is particularly impor-
tant to implement IPL to treat moderate to severe rosacea
with persistent and refractory erythema. However, in this

Patient Preference and Adherence 2020:14

submit your manuscript I 849

Dove


http://www.dovepress.com
http://www.dovepress.com

Deng et al

Dove

Table 5 Willingness-to-Pay (WTP) for Different Case Scenarios of IPL Treatment per and Benefit—Cost Ratios

Case | Mean WTP per Median WTP per Time Benefit—Cost Ratio | BCR>I(WTP Overweight the Cost of
Time* (USD) (IQR) (USD) (BCR) USD208.40)(N(%))

| 201.57 289.92(72.48-289.92) 0.97 277(54.85)

2 214.65 289.92(144.96-289.92) 1.03 315(62.38)

3 221.74 289.92(144.96-289.92) 1.06 338(66.93)

Note: *In Case | VS Case 2 and Case | VS Case 3, the difference in WTP is statistically significant (P<0.05).

study, we did not find significant differences in WTP
among patients with varying self-rated severity, which
might be partly explained by the fact that the self-reported
information was generally neither accurate nor objective.

Rosacea patients often have an impact on their quality
of life due to their discosmetic appearance and recurring
symptoms.”*> DLQI is a common indicator for evaluating
the quality of life and represents the disease burden. Based
on our results, almost 44.6% of participants reported unsa-
tisfying general health and the mean DLQI score of 11.07
reflected a severe impairment of quality of life. Notably,
WTP has also been demonstrated to be a valid method to
assess an individual’s burden of skin disease and has a
correlation with DLQIL>**® Although WTP referred in our
study was specific to IPL treatment, it could reflect the
burden of disease to some extent. As expected, an explicit
positive correlation between the DLQI score and WTP was
observed in our study. Rosacea patients whose quality of
life was severely affected were willing to spend signifi-
cantly more money on IPL treatment than those whose
quality of life was less affected. Among the questions
contained in DLQI, question 8 (Over the last week, how
much has your skin created problems with your partner or
any of your close friends or relatives?) showed the stron-
gest correlation with WTP, suggesting the impaired perso-
nal relationships was an important factor that may
influence the decision to pay for a new therapy, and
reflected a high disease burden.

In addition, we found WTP for IPL treatment is higher for
patients with shorter disease duration or higher previous cost
for treatment, which were both indirect indicators of disease
burden. It has been previously proved that patients with
longer disease duration were less likely to have a high
WTP/severe impairment of quality of life.>**” The previous
treatment cost represents the occupied medical resources and
reflects the social burdens as well. These close associations
of WTP with the indicators of disease burden indicated the
feasibility of IPL therapy in rosacea patients with high dis-
ease burden. Compared with filling the DLQI, knowledge of
the skin duration and treatment experiences can help doctors
understand the patient’s disease burden quickly, then to opti-
mize the medical decisions.

In order to understand the acceptance of IPL among the
general public and to judge if it is economical, we also
investigated 202 normal populations on WTP for IPL.
Interestingly, we found that participants without rosacea
were willing to pay more than the patients, though the
difference was not significant. The possible explanation
was that the chronic feature of rosacea made the patients
adapt to the situation, and thus have relatively little visual
impact on the therapeutic effects presented. On the other
hand, the suffered patients might be unwilling to pay for
IPL because of their low confidence in treatment.

There are several limitations to our study. First,
because it is an online questionnaire, all information
related to clinical symptoms is self-evaluation and lack

Table 6 Associations of Rosacea Patients’ Characteristics and WTP Analyses

Predictor Case | Case 2 Case 3
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age / / 0.98(0.95-1.01) 0.097 / /
Education level / / / / 1.92(1.13-3.28) 0.016
Household monthly income 2.42(1.45-4.03) 0.001 2.23(1.31-3.80) 0.003 2.09(1.20-3.63) 0.009
Duration of rosacea / / / / 0.46(0.24-0.88) 0.019
Previous treatment cost 1.37(0.99-1.90) 0.058 1.56(1.08-2.25) 0.018 1.58(1.09-2.29) 0.017
DLQI (Severity effect and above band) 2.51(1.50-4.18) <0.001 2.26(1.33-3.86) 0.003 2.15(1.24-3.72) 0.007

Note: Fitted Multivariable Logistic Regression Analysis with BCR>I(WTP overweight the cost of USD208.40) as the Outcome.
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accurate and object information about the severity of rosa-
cea patients. However, this deficiency can be partially
supplemented by choosing three cases with different levels
of severity to investigate the relationship between the
WTP and disease severity. In addition, because it is hard
to standardize and quantify the therapeutic efficacy of IPL
due to different skin types and rosacea types, expert-
selected cases for WTP might lead to less accuracy and
more subjective conclusions. However, in order to meet
the majority of patients’ requirements for representative-
ness and accuracy, visualized cases are the most feasible

method to demonstrate the expected effect and
detect WTP.
Conclusion

IPL is an economically acceptable and cost-effective treat-
ment for rosacea patients with moderate to severe
erythema in China. The WTP value is positively asso-
ciated with household monthly income, previous treatment
cost, and DLQI score. From the perspective of health
economics, IPL is a feasible therapy and deserves to be
recommended for patients with relatively high income or
severely impaired quality of life.
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