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Abstract  

Introduction 

It is challenging to identify health state utilities associated with psoriasis because generic preference-

based measures may not capture the impact of dermatological symptoms.  The Psoriasis Area Severity 

Index (PASI) is one of the most commonly used psoriasis rating scales in clinical trials.  The purpose of 

this study was to develop a utility scoring algorithm for the PASI.  

Methods  

Forty health states were developed based on PASI scores of 40 clinical trial patients.  Health states were 

valued in time trade-off interviews with UK general population participants.  Regression models were 

conducted to crosswalk from PASI scores to utilities (e.g., OLS linear, random effects, mean, robust, 

spline, quadratic). 

Results 

A total of 245 participants completed utility interviews (51.4% female; mean age = 45.3y).  Models 

predicting utility based on the four PASI location scores (head, upper limbs, trunk, lower limbs) had 

better fit/accuracy (e.g., R
2
, mean absolute error [MAE]) than models using the PASI total score.  

Head/upper limb scores were more strongly associated with utility than trunk/lower limb.  The 

recommended model is the OLS linear model based on the four PASI location scores (R
2
 = 0.13; MAE = 

0.03).  An alternative is recommended for situations when it is necessary to estimate utility based on the 

PASI total score. 

Conclusions 

The recommended scoring algorithm may be used to estimate utilities based on PASI scores of any 

treatment group with psoriasis.  Because the PASI is commonly used in psoriasis clinical trials, this 

scoring algorithm greatly expands options for quantifying treatment outcomes in cost-effectiveness 

analyses of psoriasis therapies.  Results indicate that psoriasis of the head/upper limbs could be more 

important than trunk/lower limbs, suggesting reconsideration of the standard PASI scoring approach. 

Keywords: Health state utilities; Psoriasis Area Severity Index (PASI); psoriasis  
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Introduction 

Decisions regarding allocation of healthcare resources are often informed by cost-effectiveness 

analyses in which treatments are assessed in terms of cost per quality-adjusted life year (QALY) gained 

[1].  QALYs are calculated using health state utilities, which are scores representing the strength of 

preference for a given health state [2, 3].  Although utilities for specific patient populations and 

treatment groups are often derived from generic preference-based measures such as the EQ-5D, these 

generic measures are not relevant or sensitive to every medical condition.  Therefore, there is growing 

interest in development of preference-based scoring algorithms for condition-specific measures to 

estimate utilities in situations when generic instruments are not appropriate [4]. 

Dermatoses such as psoriasis may present a serious challenge for generic preference-based 

measures.  For example, although the EQ-5D has demonstrated adequate measurement properties in 

some studies with psoriasis patients [5], this measure may be insensitive to psoriasis severity or 

treatment-related change [6-8].  The five items of the EQ-5D assess level of mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression.  These concepts appear to have limited overlap with 

the impact of psoriasis [9].  To address this limitation of the EQ-5D, researchers have explored the 

possibility of adding a sixth item focusing specifically on psoriasis [7, 8].  In addition, there is a utility 

scoring algorithm associated with the Dermatology Life Quality Index (DLQI), a measure of dermatology-

related quality of life impact [10, 11].  However, the DLQI is not psoriasis-specific, and it is not one of the 

most broadly used outcome instruments in psoriasis trials.  Therefore, it has limited usefulness for 

deriving utilities specific to psoriasis.   

One of the most commonly used psoriasis measures in clinical trials is the clinician-rated 

Psoriasis Area Severity Index (PASI) [12-16].  If utilities could be derived from PASI scores, it would be 

possible to obtain utilities from the wide range of clinical trials in which the PASI was administered.  This 

would greatly expand the available options for estimating utilities that could be used in cost-

effectiveness analyses of psoriasis treatments.  Therefore, the purpose of this study was to develop an 

algorithm for deriving utilities from PASI scores.   

Methods 

Overview of study design 

This study design followed three steps similar to other studies that have derived preference-

based scoring algorithms for condition-specific measures [17-20].  First, health states corresponding to a 

range of PASI scores were developed.  Second, utilities for each health state were obtained in a time 

trade-off (TTO) valuation study with general population respondents.  Third, regression modeling was 

performed to identify a scoring algorithm for estimating utility based on any PASI score. 

PASI  

The PASI is a clinician-rated measure of psoriasis severity in four locations: head, upper limbs, 

trunk, and lower limbs [13].  For each location, a score is calculated based on psoriasis severity and 

surface area involvement.  The severity score is comprised of three attributes (erythema [redness], 

induration [thickness], desquamation [scaling]) rated on a scale from 0 (none) to 4 (very severe) and 

summed for a severity score ranging from 0 to 12.  The surface area score ranges from 0 (0%) to 6 (90 に 

100%).  Each of the four body location scores is calculated as the severity sum score multiplied by the 

surface area score (possible range = 0 to 72).  Each location score is then multiplied by a specific 

correction score (head = 0.1, upper limbs = 0.2, trunk = 0.3, lower limbs = 0.4), with the adjusted scores 

summed to produce a total score ranging from 0 to 72.   

Health state development 

Studies developing preference-based scoring algorithms for condition-specific measures 

typically derive health states using psychometric techniques like Rasch analysis [4].  However, this 
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analytic approach was not appropriate for the PASI because it is not a conventional multi-item 

questionnaire.  Instead, health states were developed for the subsequent utility valuation study based 

on PASI data from a clinical trial dataset [21].  The trial data for each patient included the PASI total 

score as well as the redness, thickness, scaling, and surface area scores for each of the four locations.  

Then, 40 health states were developed to correspond to the PASI scores of patients from this trial 

dataset.  The 40 patients were selected to represent a wide range of PASI scores (listed in Table 1), while 

emphasizing the range most commonly observed in a clinical trial (i.e., roughly PASI 10 to 25).  An effort 

was made to identify some health states with consistent severity across the four locations (e.g., health 

state 26) and other health states with unbalanced scores (e.g., health state 17, which has a head score 

that is more severe than the scores of the other three locations).  This approach ensured that the 40 

health states represented a wide range of psoriasis severity, and each health state corresponded to an 

actual PASI profile of a patient treated for psoriasis in a clinical trial. 

With the input of four dermatologists, health state language was drafted based on the PASI 

scoring system.  Each health state consisted of 16 statements describing the level of redness, thickness, 

scaling, and surface area coverage within the four locations (see Figure 1 for an example of a health 

state).  An ヱヱ ┝ ヱΑざ ヮ;ｪW ┘ｷデｴ ヮｴﾗデﾗゲ (provided by the dermatologists) representing each level of 

redness, thickness, and scaling was presented along with the health states デﾗ Wﾐゲ┌ヴW デｴ;デ ヴWゲヮﾗﾐSWﾐデゲげ 
TTO decisions were based on a reasonably accurate understanding of psoriasis severity levels. 

Participants 

Participants in the pilot and valuation studies were required to be at least 18 years old, reside in 

the United Kingdom (UK), and able to understand the interview procedures.  Inclusion criteria did not 

specify clinical characteristics because interviews were intended to lead to a scoring algorithm for 

estimating utilities for cost-utility analyses in submissions to health technology assessment agencies, 

which often prefer that utilities represent general population values [22-24].  Participants were 

recruited via newspaper and online advertisements.   

Pilot study 

The health states were tested in a pilot study in December 2014 with 19 general population 

participants in London (29.4% female; mean [SD] age = 36.1 [12.7] years; age range = 19 to 67).  The 

time horizon used in the TTO method and the number of health states per participant were varied.  

Participants generally reported that the health states were clear and easy to understand.  Some 

participants suggested minor revisions in formatting, and the health states were edited accordingly.  All 

TTO methods yielded utility scores in a reasonable range with logical discrimination among health 

states.   

Valuation study 

The valuation study was conducted in Edinburgh and London in January and February, 2015.  

Participants were required to provide written informed consent before completing study procedures, 

and all procedures and materials were approved by an independent Institutional Review Board (Ethical 

& Independent Review Services; Study Number 14145-01). 

The 40 health states (listed in Table 1) were categorized into five severity groups ranging from 

mild (health states 1 to 8) to severe (health states 33 to 40).  Each participant rated five health states, 

including one selected randomly from each of the five severity groups.  As an introductory task, 

participants first ranked the health states in order of preference.  Then, utilities for each health state 

were obtained in a TTO task.  A 20-year TTO time horizon with 5% trading (1-year) increments was used 

because it was easy for participants to understand in the pilot study, and this relatively long time 

horizon is consistent with the chronic nature of psoriasis.  Following standard utility assessment 

methodology [1-3], participants were offered a choice between living 20 years in the health state being 
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rated versus living shorter amounts of time in full health.  For each health state, choices were presented 

in an order that alternated between longer and shorter durations in full health (e.g., 20 years, 0, 19, 1, 

18ぐ).  The utility score was calculated based on the choice in which the respondent was indifferent 

between y years/months in the health state being evaluated and x years/months in full health (followed 

by dead).   

The resulting utility estimate (u) is calculated as u = x / y.  Each health state rated as better than 

dead received a utility score on a scale with the anchors of dead (0) and full health (1).  When 

participants indicated that a health state was worse than dead, respondents were offered a choice 

between immediate death (alternative 1) and a 20-year life span (alternative 2) beginning with varying 

amounts of time in the health state being rated, followed by full health for the remainder of the time 

horizon.  For these health states, the current study used a bounded scoring approach (u = -x / t, where x 

is the time in full health, and t is the total life span of alternative 2), which is commonly used to avoid 

highly skewed distributions for negative utilities [25, 26].  

Regression analyses for modeling health state values 

Regression models estimated the relationship between PASI scores and TTO utilities, following 

an established approach [4, 18-20, 27].  First, eight models were run using the PASI total score as the 

independent variable, followed by a parallel set of models with the four PASI location scores as 

independent variables.   

The eight models began with the (1) ordinary least squares (OLS) linear regression model 

estimating the best-fitting linear relationship between PASI scores and utility: E(yiぶ Э é0 Щ é1(xiぶ ┘ｴWヴW é0 

is tｴW ｷﾐデWヴIWヮデが é1 is the coefficient for PASI score xi, and yi is the utility.  Subsequent models included: 

(2) random effects mixed model (accounting for the fact that each respondent provided multiple 

utilities, which may not be independent of each other); (3) mean model (providing an aggregate level 

prediction model, equally weighted across the 40 heath states); (4) robust linear regression model 

(reducing the influence of outliers by down-weighting such data points in the estimation) [28]; (5) linear 

spline model (allowing for a bend ﾗヴ さﾆﾐﾗデざ in the data; essentially two connected linear models); (6) 

robust regression spline model; (7) OLS model with a quadratic term (allowing for a non-linear 

relationship between PASI and utility); and (8) robust model with a quadratic term.  Models were 

evaluated and compared based on indices of model fit (R
2
, adjusted R

2
), accuracy of estimation (mean 

absolute error [MAE], frequency of large absolute prediction errors), plots of the mean residuals for 

each model, and line graphs depicting the relationship between PASI and utility.   

Results 

Valuation survey: respondent characteristics 

A total of 285 potential participants (157 London; 128 Edinburgh) were scheduled for interviews, 

and 257 (139 London; 118 Edinburgh) attended and completed their interviews.  Nine of the 257 

participants (five London; four Edinburgh) were either unable to complete the utility interview 

procedures (seven who had difficulty understanding the TTO task and/or the health state content) or 

were found to be ineligible during the interview process (one with cognitive impairment and one with a 

psychiatric disorder that interfered with their ability to complete the study procedures).  Thus, a total of 

248 valid utility interviews were conducted (134 London; 114 Edinburgh).  Three participants who 

provided negative (i.e., worse than dead) utilities for all five health states were excluded from analyses.  

Therefore, the analysis sample includes 245 respondents (131 London; 114 Edinburgh).  The sample was 

51.4% female (n = 126), with a mean age of 45.3 years.  The most commonly reported ethnic/racial 

backgrounds were White (74.3%), Black (9.4%), and Asian (9.0%).  Self-reported marital status included 

single (51.0%), married/living with a partner (36.7%), divorced (8.6%), and widowed (2.4%).  Most 

participants reported being employed (35.1% full-time and 30.6% part-time).  A little under half of the 
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sample had completed a university degree (33.9%) or a postgraduate degree (13.1%).  The most 

commonly reported health conditions were depression (19.2%), anxiety (14.7%), hypertension (9.0%), 

arthritis (8.2%), and diabetes (7.8%).   

TTO utility values 

Each health state received at least 29 valuations.  As expected, health states representing higher 

total PASI scores (i.e., greater psoriasis severity) tended to have lower mean utilities (Table 1).  Some 

health state utilities deviated from the expected order based on total PASI score, likely due to the 

influence of the PASI location (e.g., head vs. upper limb) on respondent preferences.  For example, the 

utility score for health state 17 (mean utility = 0.77; total PASI = 14.4; head = 32) was lower than the 

utility of health state 22 (mean utility = 0.80; total PASI = 18.4; head = 0). 

A series of t-tests compared mean utilities across subgroups, finding minimal differences.  There 

were no significant differences between men and women.  Of the 40 health states, there was a 

statistically significant age difference (median split: older vs. younger) for only one health state (health 

state 13; p = 0.01).  Comparisons between the London and Edinburgh subgroups found significant 

differences for only three of the 40 health states (health states 3, 17, and 27; p < 0.05). Comparisons 

between participants who worked full-time or part-time (n = 161) versus those who did not (n = 84) also 

found significant differences for only three of the 40 health states (health states 6, 16, and 26; p <0.05).  

Similarly, comparisons between participants who were married or living with a partner (n = 90) versus 

the other participants (n = 155) found significant differences for only four of the 40 health states (health 

states 10, 26, 27, and 39; p <0.05).  Comparisons between participants with a university degree or higher 

(n = 115) versus those who did not have a university degree (n = 130) found significant differences for 

four of the 40 health states (health states 3, 7, 23, and 34; p <0.05).  When differences were observed, 

they were not in a consistent direction (i.e., no group had consistently higher or lower scores than the 

comparison group).  Furthermore, with an adjustment for multiple comparisons (e.g., a Bonferroni 

correction), none of these differences would be considered statistically significant.  Overall, these 

comparisons suggest that demographic variables did not have a meaningful or consistent impact on 

utility scores.   

Regression modeling based on the PASI total score 

Generally, model fit and accuracy are similar across the regression models based on the PASI 

total score, although some differences emerged (Table 2, Figure 2).  There is minimal difference among 

the parameter estimates of the first three models (OLS linear model, the random effects model, and the 

mean model) among all truly comparable statistics.  Although R
2
 for the mean model (0.7847) is 

substantially higher, this cannot be compared to any other model because this model does not assess 

the same data points.   

The robust models, which minimize the influence of outliers and high leverage points, yield 

results that are notably different from their OLS model counterparts.  The robust models have higher 

intercepts and less steep slopes, resulting in higher utility scores, particularly in the more severe part of 

the PASI score range.  Fit/accuracy statistics are not directly comparable between robust and OLS 

models (e.g., R
2
 is not assessing the same data variance).   

The two types of nonlinear models (spline and quadratic) offer some improvement in model 

fit/accuracy over corresponding linear models.  Model differences are highlighted by the predicted plots 

(Figure 2).  The two nonlinear models are similar in terms of utility estimates, fit, and accuracy.  The 

spline model is preferred over the quadratic for two reasons.  The spline performed slightly better than 

the quadratic (e.g., R
2
, MAE, frequency of absolute errors), and perhaps more importantly, its linear 

trends are either descending or flat.  In contrast, the quadratic curves upward for PASI scores over 51.9 
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for the OLS quadratic and 43.0 for the robust quadratic (Figure 2), which could lead to nonsensical utility 

estimates among patients with severe psoriasis.   

Regression modeling based on the four PASI location scores 

Results of models with the four PASI location scores followed the same general patterns as the 

models described above using the PASI total score.  However, running the models using the four PASI 

location scores resulted in small but consistent improvements in model fit/accuracy over the PASI total 

score, including increased R
2
 as well as reduced MAE and frequency of absolute errors.  Parameter 

estimates indicate that head and upper limb scores were more strongly associated with utility than 

trunk and lower limb (Table 3). 

For the spline and quadratic model, however, the same problem emerged as described above 

for the total score quadratic model.  These models yielded utilities that begin to increase, rather than 

continuing to decrease, in the far upper range of PASI scores that represent greatest psoriasis severity.  

This pattern, which results in illogical utility scores for the most severe health states, occurred with the 

trunk and lower limbs scores in the quadratic, as well as the trunk in the spline model (Figure 3).   

Discussion  

Given that the four body locations clearly differed in terms of impact on preference, it is 

recommended that a model with the four PASI location scores as independent variables be used to 

estimate utilities based on the PASI.  The models predicting utility based on the four PASI location scores 

generally had better fit/accuracy than models using the PASI total score.  Among the models using the 

four location scores, none offered notable improvement over the simple linear model.  Therefore, the 

OLS linear model based on the four PASI location scores is recommended as the primary algorithm for 

deriving utilities from PASI scores (see scoring algorithm in Table 4). 

In situations where the four PASI location scores are not available, it would be reasonable to use 

a scoring algorithm based on the PASI total score.  Among the models based on the total score, the 

spline model with a knot at 29 offers the best model fit and accuracy.  Therefore, this model is 

recommended for use when it is necessary to derive utilities from the PASI total score (see scoring 

algorithm in Table 4).   

It was concluded that the robust models would not be recommended for future use.  When 

evaluating these models, one must determine the extent to which outliers can be disregarded.  Utility 

valuation studies, including the current study, typically elicit a wide range of values for each health state, 

with substantial heterogeneity and outliers.  Because outliers such as negative scores and scores at the 

ceiling are a common and expected part of the utility valuation process, it is difficult to determine cut 

points at which these data points should be disregarded.  Therefore, the robust models that largely 

disregard these values were ultimately not considered optimal for this scoring algorithm.  Models that 

could lead to illogical relationships among utilities for individuals with severe psoriasis are also not 

recommended for future use (i.e., all quadratic models and the spline model using the four PASI location 

scores). 

When deciding whether to derive utilities with a condition-specific preference-based (CSPB) 

approach, such as the scoring algorithm provided in the current study, advantages and disadvantages 

should be considered.  CSPB measures are generally thought to be more sensitive to disease severity 

and treatment-related change than generic utility measures such as the EQ-5D [4].  However, CSPB 

measures sacrifice some comparability across diseases, studies, and cost-utility models, whereas utilities 

derived from generic measures have the advantage of maximizing comparability [4, 29].  Despite this 

limitation, there are situations when CSPB measures are the best available option for deriving utilities, 

such as when generic instruments do not assess content relevant to a particular disease.  Psoriasis may 

present such a situation because the commonly used generic instruments do not assess dermatological 
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symptoms or their impact.  Other recent research has addressed this challenge by adding psoriasis-

specific dimensions to the EQ-5D to improve sensitivity to skin clarity, particularly at the highest PASI 

levels [7].  Future research could examine the relationship between utilities based on the EQ-5D with 

added dimensions and utilities derived directly from the PASI using the algorithm derived in the current 

study. 

Findings from the models using the four PASI location scores could have important implications 

for scoring and interpretation of PASI results in clinical trials.  In the regression model results, the 

parameter estimates and statistical significance levels indicate that psoriasis of the head had the 

strongest impact on health state preference, followed by the upper limbs, while the trunk and lower 

limbs had a much weaker association with utility.  In addition to the statistical results, this difference 

among the four body locations is apparent from visual inspection of the lines/curves in Figure 3.  The 

importance of head/upper limb psoriasis was also apparent during the interviews.  Many respondents 

explained their preferences by reporting that skin patches of the head and upper limbs would be most 

troubling because these locations are most visible and least likely to be covered by clothes.   

In contrast to current results highlighting importance of the head and upper limbs, the standard 

PASI scoring algorithm is more heavily weighted toward psoriasis of the lower limbs and trunk.  

Therefore, the standard PASI scoring may not optimally represent the impact of psoriasis.  This finding 

should be interpreted with caution because the current preference values were derived from a general 

population sample.  It is not known whether patients would agree that psoriasis of the head and upper 

limbs is most important.  Therefore, it would be useful to replicate this preference task with a patient 

sample.  If results from patients were similarly weighted toward the head and upper limbs, this finding 

would suggest re-evaluating the standard scoring approach of the PASI so that scores would better 

represent the impact of psoriasis. 

A limitation of the proposed scoring algorithm is that utility is derived only from the four visible 

aspects of psoriasis assessed by the PASIが ヴ;デｴWヴ デｴ;ﾐ デｴW ヮ;デｷWﾐデげゲ Hヴﾗ;SWヴ W┝ヮWヴｷWﾐIW ﾗa ヮゲﾗヴｷ;ゲｷゲ.  

Symptoms such as pain and itching are not represented.  While these symptoms likely co-occur with the 

visible signs captured by the PASI to some extent, it is possible that utilities derived from the PASI may 

ﾐﾗデ HW WﾐデｷヴWﾉ┞ IﾗﾐゲｷゲデWﾐデ ┘ｷデｴ デｴW ヮ;デｷWﾐデゲげ W┝ヮWヴｷWﾐIW ﾗa ヮゲﾗヴｷ;ゲｷゲく  Tﾗ ;SSヴWゲゲ デｴｷゲ ヮﾗデWﾐデｷ;ﾉ ﾉｷﾏｷデ;デｷﾗﾐが 
future research could examine validity of the proposed utility scoring algorithm by comparing the 

resulting utility scores to scores in instruments SWゲｷｪﾐWS デﾗ ;ゲゲWゲゲ ヮ;デｷWﾐデゲげ W┝ヮWヴｷWﾐIW ﾗa ヮゲﾗヴｷ;ゲｷゲ.  For 

example, with a dataset that includes both the PASI and DLQI, it would be possible to run correlations 

between PASI-based utilities and the DLQI scores, which represent the quality of life impact associated 

with dermatological conditions.  This analysis would provide an indication of the extent to which the 

ヮヴﾗヮﾗゲWS ┌デｷﾉｷデ┞ ゲIﾗヴｷﾐｪ ;ﾉｪﾗヴｷデｴﾏ ｷゲ IﾗﾐゲｷゲデWﾐデ ┘ｷデｴ デｴW ヮ;デｷWﾐデげゲ ﾗ┗Wヴ;ﾉﾉ W┝ヮWヴｷWﾐIW ﾗa psoriasis and its 

impact. 

In sum, the current study provides a new method for obtaining utilities corresponding to a wide 

range of psoriasis severity.  With the scoring algorithm provided in this study, utilities can be derived 

from any treatment group or patient sample whose psoriasis was rated with the PASI.  Because the PASI 

is commonly used in clinical trials, the recommended scoring algorithm greatly expands options for 

quantifying outcomes in cost-effectiveness analyses, facilitating more accurate modeling to inform 

resource allocation decisions.   
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Figure and table legends 

Table 1. Time Trade-Off Utility Scores for 40 Health States Representing PASI Severity 

Table 2. Regression Models Estimating Utility Based on the Total PASI Score: Model Coefficients and 

Performance Statistics 

Table 3. Regression Models Estimating Utility Based on the Four PASI Location Scores: Model 

Coefficients and Performance Statistics 

Table 4. Recommended Models for Deriving Utilities from PASI Scores 

Figure 1. Example of a Health State 

Figure 2. Utility Curves Predicted by Regression Models Estimating Utility Based on the Total PASI Score 

Figure 3. Marginal Utility Curves Predicted by Regression Models Estimating Utility Based on the Four 

PASI Location Scores   
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Figure 1. Example of a Health Statea  

You have been diagnosed with a chronic skin condition that produces thickened, red, scaly patches on 

your body. These patches are frequently itchy and dry. 

Head  

(including 

face, scalp, 

and neck) 

40% Surface Area Covering 40% of this body surface area 

4 Redness Fiery red 

3 Thickness Very raised and thickened 

3 Scaling Most of your patches are covered with thick, rough flakes 

Upper 

Limbs  

(including 

arms, 

shoulders, 

and hands) 

20% Surface Area Covering 20% of this body surface area 

1 Redness Light red 

1 Thickness Almost flat, but slightly raised and thickened 

1 Scaling Some of your patches are covered with fine flakes 

Trunk  

(including 

anything 

above the 

hips, such as 

the stomach, 

back, and 

chest) 

20% Surface Area Covering 20% of this body surface area 

1 Redness Light red 

1 Thickness Almost flat, but slightly raised and thickened 

1 Scaling Some of your patches are covered with fine flakes 

Lower 

Limbs 

(including all 

areas below 

the waist 

such as hips, 

buttocks, 

legs, and 

feet) 

40% Surface Area Covering 40% of this body surface area 

2 Redness Moderately red 

2 Thickness Moderately raised and thickened 

1 Scaling Some of your patches are covered with fine flakes 

a Health State 13 representing a PASI total score of 12. 
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FﾗﾗデﾐﾗデWぎ  
ゅ TｴW OL“ LｷﾐW;ヴが R;ﾐSﾗﾏ EaaWIデゲが ;ﾐS MW;ﾐ V;ﾉ┌W LｷﾐW;ヴ ﾏﾗSWﾉゲ ;ヴW ヴWヮヴWゲWﾐデWS H┞ ; ゲｷﾐｪﾉW 

ﾉｷﾐW HWI;┌ゲW デｴWｷヴ ┌デｷﾉｷデ┞ ヮヴWSｷIデｷﾗﾐゲ ;ヴW ｷﾐSｷゲデｷﾐｪ┌ｷゲｴ;HﾉW aヴﾗﾏ W;Iｴ ﾗデｴWヴく 

  

0.35

0.45

0.55

0.65

0.75

0.85

0.95

0 10 20 30 40 50 60

U
ti

li
ty

 

PASI Total Score 

OLS linear, Random Effects, and Mean Value Linear*

OLS spline

Robust Linear

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

C;ヮデｷﾗﾐぎ Fｷｪ┌ヴW ヲく M;ヴｪｷﾐ;ﾉゅ Uデｷﾉｷデ┞ C┌ヴ┗Wゲ PヴWSｷIデWS H┞ RWｪヴWゲゲｷﾗﾐ MﾗSWﾉゲ Eゲデｷﾏ;デｷﾐｪ Uデｷﾉｷデ┞ 
B;ゲWS ﾗﾐ デｴW Fﾗ┌ヴ PASI LﾗI;デｷﾗﾐ SIﾗヴWゲ   
FﾗﾗデﾐﾗデWゲぎ  
ゅ E;Iｴ ｪヴ;ヮｴ ヮヴWゲWﾐデゲ デｴW ﾏﾗSWﾉ ヮヴWSｷIデｷﾐｪ ┌デｷﾉｷデ┞ H;ゲWS ﾗﾐ ゲIﾗヴWゲ aﾗヴ デｴW ゲヮWIｷaｷWS PA“I 
ﾉﾗI;デｷﾗﾐ ゲIﾗヴW ┘ｴWﾐ デｴW ﾗデｴWヴ デｴヴWW ﾉﾗI;デｷﾗﾐ ゲIﾗヴWゲ ;ヴW ｴWﾉS Iﾗﾐゲデ;ﾐデ ;デ デｴWｷヴ ﾏWSｷ;ﾐ ;Iヴﾗゲゲ デｴW 
ヴヰ ｴW;ﾉデｴ ゲデ;デWゲ ┗;ﾉ┌WS ｷﾐ デｴｷゲ ゲデ┌S┞ ふﾏWSｷ;ﾐゲぎ ｴW;S Э ヱヲが ┌ヮヮWヴ ﾉｷﾏHゲ Э ヱヵが デヴ┌ﾐﾆ Э ヱヴが ﾉﾗ┘Wヴ 
ﾉｷﾏHゲ Э ヱΒぶく  
ゅゅ TｴW OL“ LｷﾐW;ヴ ;ﾐS MW;ﾐ V;ﾉ┌W LｷﾐW;ヴ ﾏﾗSWﾉゲ ;ヴW ヴWヮヴWゲWﾐデWS H┞ ; ゲｷﾐｪﾉW ﾉｷﾐW HWI;┌ゲW デｴWｷヴ 
┌デｷﾉｷデ┞ ヮヴWSｷIデｷﾗﾐゲ ;ヴW ｷﾐSｷゲデｷﾐｪ┌ｷゲｴ;HﾉW aヴﾗﾏ W;Iｴ ﾗデｴWヴく 
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Table 1. Time Trade-Off Utility Scores for 40 Health States Representing PASI Severity 

  Health State Symptom Severity: PASI Scores  
Valuation Study 

Results 

Severity 

Group 

HS 

# 

Total 

Score 
Head 

Upper 

Limbs 
Trunk 

Lower 

Limbs 

 
N 

Mean 

Utility
a
 

SD 

1 1 0.2 0 1 0 0  31 0.96 0.03 

1 2 2.6 2 3 2 3  31 0.90 0.16 

1 3 3.4 2 0 0 8  31 0.89 0.17 

1 4 4.1 10 3 3 4  29 0.89 0.11 

1 5 5.9 3 4 0 12  30 0.85 0.17 

1 6 6.2 4 4 10 5  31 0.90 0.08 

1 7 6.8 6 6 6 8  31 0.87 0.16 

1 8 7.8 4 14 6 7  31 0.85 0.20 

2 9 8.4 10 12 6 8  31 0.81 0.33 

2 10 8.8 0 3 6 16  31 0.92 0.08 

2 11 10.9 1 4 12 16  31 0.89 0.13 

2 12 11.4 10 10 12 12  31 0.83 0.20 

2 13 12 30 6 6 15  31 0.73 0.22 

2 14 13.2 12 14 12 14  30 0.82 0.22 

2 15 13.5 3 12 12 18  30 0.77 0.29 

2 16 14.2 6 16 24 8  30 0.78 0.30 

3 17 14.4 32 0 16 16  31 0.77 0.36 

3 18 14.6 12 10 14 18  31 0.76 0.29 

3 19 16.5 12 24 3 24  29 0.64 0.49 

3 20 17.6 24 16 12 21  31 0.71 0.31 

3 21 18 0 18 12 27  31 0.81 0.24 

3 22 18.4 0 7 14 32  31 0.80 0.29 

3 23 18.6 40 8 30 10  31 0.64 0.33 

3 24 19.3 15 14 14 27  30 0.74 0.30 

4 25 19.4 8 21 32 12  30 0.73 0.33 

4 26 20 20 20 20 20  31 0.70 0.35 

4 27 20.3 36 22 9 24  31 0.62 0.40 

4 28 21.6 21 24 21 21  30 0.71 0.28 

4 29 22.2 6 24 24 24  31 0.80 0.28 

4 30 23.4 18 24 24 24  30 0.69 0.35 
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  Health State Symptom Severity: PASI Scores  
Valuation Study 

Results 

Severity 

Group 

HS 

# 

Total 

Score 
Head 

Upper 

Limbs 
Trunk 

Lower 

Limbs 

 
N 

Mean 

Utility
a
 

SD 

4 31 25.2 28 28 28 21  31 0.57 0.43 

4 32 26.9 14 27 27 30  31 0.58 0.44 

5 33 29.1 28 36 45 14  31 0.58 0.44 

5 34 31.2 24 24 20 45  31 0.58 0.44 

5 35 34.3 35 28 28 42  31 0.57 0.48 

5 36 35.1 27 36 36 36  30 0.53 0.45 

5 37 36.4 40 48 36 30  29 0.51 0.44 

5 38 41.4 50 40 36 44  31 0.47 0.54 

5 39 44.3 20 33 55 48  31 0.61 0.44 

5 40 52.2 27 55 55 55  31 0.56 0.37 

a Time trade-off utility scores are on a scale anchored with 0 representing dead and 1 representing full health. 

HS = Health State; PASI = Psoriasis Area Severity Index  

 

 

Table 2. Regression Models Estimating Utility Based on the Total PASI Score: Model Coefficients and 

Performance Statistics 

 
OLS 

Linear 

Mean 

Value 

Linear 

Random 

Effects 

Linear 

Robust 

Linear 

OLS 

Spline
a
 

Robust 

Spline 

OLS 

Quadrati

c 

Robust 

Quadrati

c 

Intercept 0.91*** 0.91*** 0.91*** 0.93*** 0.96*** 0.95*** 0.98*** 0.96*** 

PASI 

-

0.0096**

* 

-

0.0096**

* 

-

0.0097**

* 

-

0.0055**

* 

-

0.013**

* 

-

0.0068**

* 

-

0.018*** 

-

0.0086**

* 

Add-on 

PASI > 

29 

-- -- -- -- 
0.011**

* 

0.0053**

* 
-- -- 

Quadrati

c Term 
-- -- -- -- -- -- 

0.00017*

* 
0.0001** 

Random 

Intercept 

Variance 

-- -- 0.063*** -- -- -- -- -- 

N 1225 40 1225 919 1225 919 1225 919 

R
2
 0.1103 0.7847 -- 0.0684 0.1197 0.0721 0.1181 0.0712 

Adjusted 

R
2
 

0.1095 0.7791 -- -- 0.1182 -- 0.1167 -- 

MAE-I
b
 0.2094 0.0457 0.1101 0.1946 0.2084 0.1935 0.2085 0.1938 
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weighte

d MAE 
-- -- -- 0.1061 -- 0.1050 -- 0.1053 

MAE-

M
b
 

0.0457 0.0457 0.0382 0.1020 0.0381 0.1008 0.0410 0.1009 

Count 

>.05
c
 

15 15 12 26 13 26 13 26 

Count 

>.10
c
 

4 4 2 16 2 17 1 17 

Count 

>.05
c
 

weighte

d
d
 

-- -- -- 4 -- 3 -- 3 

Count 

>.10
c
 

weighte

d
d
 

-- -- -- 0 -- 0 -- 0 

a This is the alternate model recommended for deriving utilities from the PASI total score in situations when the four PASI 
location scores are not available. 

b MAE-I (mean absolute error at the individual level) is the mean of the absolute value of the difference between each 
observation (i.e., every utility score for every health state) and the predicted value based on the regression model.  For MAE-M 
(mean absolute error of utility means), the mean utility score of each health state was calculated first.  Then, the MAE-M was 
computed as the absolute value of the difference between this mean (i.e., the mean utility score for each health state) and the 
predicted value based on the regression model.   
c The number of mean residual errors greater than 0.05 or greater than 0.10 (i.e., the number of health states for which the 
difference between predicted and observed mean utility values exceed the specified threshold of 0.05 or 0.10) 
d The weighted observed mean utility scores used to calculate the mean residuals are obtained from the robust regression, which 
down-weighs outliers and high leverage points. 

*p < 0.05; **p < 0.01; *** p < 0.001 

 

 

 

Table 3. Regression Models Estimating Utility Based on the Four PASI Location Scores: Model 

Coefficients and Performance Statistics 

 
OLS 

Linear
a
 

Mean 

Value 

Linear 

Random 

Effects 

Linear 

Robust 

Linear 

OLS 

Spline 

Robust 

Spline 

OLS 

Quadrati

c 

Robust 

Quadrati

c 

Intercept 0.92*** 0.92*** 0.92*** 0.93*** 
0.95**

* 
0.95*** 0.96*** 0.96*** 

Head 

-

0.0047**

* 

-

0.0047**

* 

-

0.0047**

* 

-

0.0024**

* 

-

0.0053

* 

-

0.0037**

* 

-0.0052 -0.0041* 

Upper -0.0041* 

-

0.0041**

* 

-

0.0029** 

-

0.0027**

* 

-

0.0047

* 

-

0.0023** 
-0.0072* -0.0019 

Trunk -0.00014 -0.00011 -0.0015 -0.0003 
-

0.0008
-0.0010 -0.000029 -0.0006 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 
OLS 

Linear
a
 

Mean 

Value 

Linear 

Random 

Effects 

Linear 

Robust 

Linear 

OLS 

Spline 

Robust 

Spline 

OLS 

Quadrati

c 

Robust 

Quadrati

c 

8 

Lower -0.0018 -0.0018* -0.0015* -0.0005 
-

0.0025 
-0.0012 -0.0042 -0.0031 

Add-on 

Head > 

20 

-- -- -- -- 0.0022 0.0033* -- -- 

Add-on 

Upper > 

40 

-- -- -- -- 0.0068 -0.0012 -- -- 

Add-on 

Trunk > 

36 

-- -- -- -- 0.0030 0.0034 -- -- 

Add-on 

Lower > 

21 

-- -- -- -- 
0.0008

3 
0.0008 -- -- 

Head-

squared 
-- -- -- -- -- -- 0.000014 0 

Upper- 

squared 
-- -- -- -- -- -- 0.000076 0 

Trunk- 

squared 
-- -- -- -- -- -- -0.000012 0 

Lower- 

squared 
-- -- -- -- -- -- 0.000049 0.0001 

Random 

Intercept 

Variance 

-- -- 0.063*** -- -- -- -- -- 

N 1225 40 
1225 

(245) 

1225 

(920) 
1225 

1225 

(921) 
1225 

1225 

(921) 

R
2
 0.1276 0.9073 -- 0.0789 0.1322 0.0824 0.1320 0.0821 

Adjusted 

R
2
 

0.1248 0.8967 -- -- 0.1265 -- 0.1263 -- 

MAE-I
b
 0.2070 0.0308 0.1085 0.1919 0.2062 0.1913 0.2063 0.1913 

weighted 

MAE 
-- -- -- 0.1032 -- 0.1033 -- 0.1026 

MAE-

M
b
 

0.0308 0.0308 0.0242 0.0992 0.0253 0.0975 0.0259 0.0980 

Count 

>.05
c
 

5 5 6 28 4 28 4 28 

Count 

>.10
c
 

1 1 1 21 0 15 0 16 

Count 

>.05
c
 

weighted
d
 

-- -- -- 1 -- 0 -- 0 

Count 

>.10
c
 

weighted

-- -- -- 0 -- 0 -- 0 
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OLS 

Linear
a
 

Mean 

Value 

Linear 

Random 

Effects 

Linear 

Robust 

Linear 

OLS 

Spline 

Robust 

Spline 

OLS 

Quadrati

c 

Robust 

Quadrati

c 
d
 

a This is the primary model recommended for deriving utilities from the PASI.   

b MAE-I (mean absolute error at the individual level) is the mean of the absolute value of the difference between each 

observation (i.e., every utility score for every health state) and the predicted value based on the regression model.  For MAE-M 

(mean absolute error of utility means), the mean utility score of each health state was calculated first.  Then, the MAE-M was 

computed as the absolute value of the difference between this mean (i.e., the mean utility score for each health state) and the 

predicted value based on the regression model.   

c The number of mean residual errors greater than 0.05 or greater than 0.10 (i.e., the number of health states for which the 
difference between predicted and observed mean utility values exceed the specified threshold of 0.05 or 0.10) 

d The weighted observed mean utility scores used to calculate the mean residuals are obtained from the robust regression, which 
down-weighs outliers and high leverage points. 

*p < 0.05; **p < 0.01; *** p < 0.001 

 

 

Table 4. Recommended Models for Deriving Utilities from PASI Scores 

Name of Model Scoring Algorithm with Coefficients 

Primary Model:  

OLS Linear Model based on 

the Four PASI Location Scores  

Utility = 0.92 + (-0.0047 * PASI head) +  

(-0.0041 * PASI upper limbs) + (-0.00014 * PASI trunk) +  

(-0.0018 * PASI lower limbs) 

Alternate Model
a
:  

Spline Model based on the 

PASI Total Score 

Utility = 0.96 + (-0.013 * PASI total) +  

(0.011 * Max[0, PASI total – 29])
b 

a Recommended for use when the four PASI location scores are not available. 
b The term “Max[0, PASI total – 29]” is a derived variable which takes the value 0 when the PASI total score is less 
than or equal to 29, which is called the spline change point or “knot.”  When the PASI total score is greater than 29, 
the value of this variable is PASI total score – 29. 
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