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Quality-of-life assessments are not standardized in atopic dermatitis (AD). We sought to determine the validity
of the Short Form (SF)-12, a generic quality-of-life assessment, in AD and compare its measurement properties
with the Dermatology Life Quality Index (DLQI). A cross-sectional, population-based study of 3,495 adults was
performed, including 602 adults who met the modified United Kingdom Working Party Criteria for AD. The SF-
12 mental component score and the SF-Six Dimension (SF-6D) had a strong correlation with each other and
moderate inverse correlations with the Patient-Oriented Eczema Measure, the Patient-Oriented Scoring Atopic
Dermatitis, the Patient-Oriented Scoring Atopic Dermatitiseitch, the Patient-Oriented Scoring Atopic
Dermatitisesleep, and the Numerical Rating Scale of pain (Pearson correlations, P < 0.0001 for all). The SF-12
mental component score and the SF-6D showed good discriminant validity as judged by the analysis of vari-
ance and receiver operating curves. The SF-12 physical component score had weak correlations with AD
severity assessments and poor discriminant validity. The DLQI had better convergent and discriminant validity
than the SF-12. The SF-12 and the DLQI showed good internal consistency (Cronbach alpha, 0.89 and 0.94,
respectively). Differential item functioning was found for items in the SF-12 and the DLQI. Floor effects were
observed for the DLQI but not for the SF-12 mental component score, the SF-12 physical component score, and
the SF-6D. Severity thresholds were selected. In conclusion, the SF-12 mental component score and the SF-6D
showed good validity in AD but inferior construct validity compared with the DLQI.
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INTRODUCTION
Atopic dermatitis (AD) is a chronic inflammatory skin disease
affecting approximately 13% of children (Silverberg and
Simpson, 2013, 2014) and 7% of adults in the United
States (Hua and Silverberg, 2018; Silverberg et al., 2018b).
AD is associated with a wide array of quality-of-life (QOL)
impacts, including itch and skin pain, symptoms of anxiety
and depression, and impaired physical and social functioning
(Brunner et al., 2017; Silverberg et al., 2014, Silverberg et al.,

2018a; Silverberg et al., 2018b; Silverberg et al., 2018c;
Silverberg et al., 2019a; Silverberg et al., 2019b; Simpson
et al., 2016; Vakharia et al., 2017). All of these can have a
profound impact on the overall health of patients with AD.
QOL impact should be incorporated into therapeutic deci-
sion making for patients with AD (Eichenfield et al., 2014;
Simpson et al., 2017). However, there is a lack of specific
guidance or standardization as to which QOL assessments
should be used in clinical practice or trials (Chalmers et al.,
2014, 2016; Gerbens et al., 2016, 2017; Heinl et al.,
2016a, 2016b, 2017; Schmitt and Williams, 2010).

Several standardized QOL assessments may provide rele-
vant information about the burden of AD. Patient burden of
AD is multifactorial and cannot be assessed by the signs and
symptoms of the disease alone (Haeck et al., 2012). There are
different approaches to assess QOL impairment in AD,
including AD-specific, skin-specific, or generic health-
related QOL instruments, each with its strengths and weak-
nesses. The Harmonising Outcome Measures for Eczema
(HOME) international consensus group deemed that no QOL
instruments met their criteria for recommendation to be
included in the AD randomized controlled trial core outcome
set (Heinl et al., 2016b, 2017) but that the Dermatology Life
Quality Index (DLQI) and the Quality of Life Index for Atopic
Dermatitis (QoLIAD) were candidates in adults (Heinl et al.,
2016b). The QoLIAD is an example of an AD-specific
assessment related to the impact of AD on patient needs
(Whalley et al., 2004). The DLQI assesses QOL across
dermatological diseases in general (Basra et al., 2008) and
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is the most frequently used QOL instrument in AD studies
(Blome et al., 2016; Chalmers et al., 2016). Although both
appear to be valid for assessing AD, they cannot be used to
assess QOL impairment in any other disorder (QoLIAD) or
outside dermatology (DLQI).

The Short Form (SF)-12 is a generic, multidimensional QOL
assessment that is not specific to skin disease and has been
studied extensively in many medical disorders (Jenkinson and
Layte, 1997; Ware et al., 1996). Although the SF-12 is not
specific to AD or skin disease, it captures many QOL do-
mains affected by AD. The SF-12 was not previously vali-
dated in AD per se; thus, it was not considered by the HOME
group because of a lack of existing validation studies. In this
study, we sought to determine the construct validity, internal
consistency, differential item functioning (DIF), floor or ceil-
ing effects, and interpretation of the SF-12 and compare its
measurement properties with the DLQI in US adults with AD.

RESULTS
Patient characteristics

Overall, 2,893 adults were included in this study; 602 met
AD criteria (prevalence [95% confidence interval] ¼ 7.39%
[5.81%e8.97%]) (Supplementary Figure S1, online). Of these
602 participants with AD, 53.6% were female and 71.9%
were Caucasian/white, with mean age � standard deviation
of 52.0 � 16.3 years. Among persons with AD, the weighted
mean score [95% confidence interval] was 27.5 [25.7e29.3]
for the Patient-Oriented Scoring Atopic Dermatitis (PO-
SCORAD) index, 7.5 [6.8e8.1] for the Patient-Oriented
Eczema Measure (POEM), 45.9 [45.0e46.9] for the SF-12
mental component score (MCS), 53.0 [52.8e53.3] for the
SF-12 physical component score (PCS), 0.69 [0.68e0.71] for
the SF-Six Dimension (SF-6D), and 4.9 [4.2e5.5] for the
DLQI.

Construct validity

Regarding convergent validity, the SF-12 MCS and the SF-6D
had strong correlations with each other, and moderate
inverse correlations with the POEM, PO-SCORAD, PO-
SCORADeitch, and PO-SCORADesleep (Pearson correla-
tions, P < 0.0001) (Table 1). The SF-12 PCS had a moderate
correlation with the SF-6D and weak correlations with the SF-
12 MCS, POEM, PO-SCORAD, PO-SCORADeitch, PO-
SCORADesleep, and the Numerical Rating Scale for pain.
The DLQI had stronger correlations with the POEM, PO-
SCORAD, PO-SCORADeitch, and the Numerical Rating
Scale for pain than with the SF-12 MCS, SF-12 PCS, or SF-6D
(z-test, P < 0.001 for all).

Regarding discriminative validity, there were significant
decreases in the SF-12 MCS and the SF-6D scores, and in-
creases in DLQI scores, with each increasing level of severity
for self-reported global AD severity, POEM, PO-SCORAD,
PO-SCORADeitch and PO-SCORADesleep, and the Nu-
merical Rating Scale for pain (analysis of variance, P <
0.0001 for all) but no significant differences in the SF-12 MCS
(Figure 1).

The SF-12 MCS, SF-12 PCS, and SF-6D scores also showed
good discriminant validity in predicting overall AD severity
and the extent to which AD limits lifestyle (Table 2 and
Supplementary Figure S2 online). The area under the curve

(AUC) for the SF-12 MCS and the SF-6D was good for dis-
tinguishing severe versus mild disease and poor for dis-
tinguishing moderate versus mild or severe versus moderate
AD, indicating that they had some ability to distinguish be-
tween severity groups. In addition, the AUC for the SF-12
MCS and the SF-6D was good to excellent for distinguish-
ing between quite a bit or a great deal versus not at all for AD
limiting lifestyle. Furthermore, the SF-12 PCS had good
discrimination between a great deal versus not at all for AD
limiting lifestyle but failed to discriminate between AD
severity groups.

In contrast, the AUC for the DLQI was excellent for dis-
tinguishing severe versus mild disease, and good for dis-
tinguishing moderate versus mild or severe versus moderate
AD. In addition, the AUC for the DLQI was higher for all
other comparisons than the SF-12 MCS, SF-12 PCS, or SF-6D,
indicating that the DLQI had better ability to distinguish
between severity groups.

Internal consistency

The SF-12 items showed good internal consistency among
adults both with and without AD (Cronbach alpha, 0.89 and
0.89, respectively), with weak to moderate interitem corre-
lations (Supplementary Table S1 online). Similarly, the DLQI
showed very good internal consistency among adults with
AD (0.94), with moderate to strong interitem correlations.

Differential item functioning

Significant uniform and nonuniform DIF was found for mul-
tiple SF-12 items between AD versus non-AD. Among re-
spondents with AD, uniform and nonuniform DIF was found
for multiple SF-12 and DLQI items by sex, race/ethnicity, and
age (Supplementary Table S2 online).

Floor or ceiling effects

The proportions of patients with the lowest and highest values
for the SF-12 MCS (0.2% or 1.2%), SF-12 PCS (0.2% or
0.3%), and SF-6D (0.4% or 9.2%) were below 15%, indi-
cating there were no floor or ceiling effects overall. However,
>15% of patients reported the lowest or highest value for
individual SF-12 questions 2, 3, 8, 11, and 12; Q4, Q5, Q6,
and Q7 have binary response options (Supplementary
Table S3 online). In contrast, the DLQI showed floor effects
(17.6%) but not ceiling effects (1.2%) overall, with >15% of
patients reporting the lowest values for individual DLQI
items.

Interpretation

Severity thresholds were selected based on maximizing the
concordance probability in receiver operating characteristic
analysis. The optimal thresholds for the SF-12 MCS were 46.6
for moderate AD (sensitivity, 60.2%; specificity, 62.6%) and
42.1 for severe AD (sensitivity, 70.6%; specificity, 56.7%)
(Table 3), whereas the optimal thresholds for the SF-6D were
0.67 for moderate AD (sensitivity, 67.3%; specificity, 66.7%)
and 0.61 for severe AD (sensitivity, 69.2%; specificity,
52.8%). In addition, the thresholds for the SF-12 and the SF-
6D ranged from 51.5 and 0.66, respectively, for slight to 38.5
and 0.48, respectively, for a great deal of AD limiting life-
style, respectively. The thresholds identified for the DLQI
were similar to those previously reported (Rogers et al., 2012;
Vakharia et al., 2018a, 2018b).
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DISCUSSION
This study demonstrated that the SF-12 MCS and the SF-6D
had convergent validity, discriminative validity for AD
severity and QOL impact, and good internal consistency,
with no observed floor or ceiling effects for total scores. In
contrast, the DLQI correlated better with AD severity. The
DLQI had better discriminative validity than the SF-12 MCS
or the SF-6D, particularly at distinguishing between moderate
versus mild and severe versus moderate AD. However, floor
effects were observed for total DLQI scores, which may be an
indication that it is not comprehensive. Multiple items from
the SF-12 and the DLQI had floor effects, which may be
related to individual baseline characteristics and not lack of
conceptual validity in AD. Individual baseline characteristics
were previously demonstrated to impact the burden of itch
(Silverberg et al., 2018d). For example, patients who are
usually sedentary and/or do not participate in sports are un-
likely to report that itch limits these activities in the SF-12 or
the DLQI. This likely occurs for items in the SF-12 and the
DLQI in patients with AD as well.

Although the DLQI better reflects the burden of AD, as
would be expected with a skin-specific instrument, the SF-12
offers several distinct advantages over the DLQI. The SF-12 is
a generic QOL instrument that has been validated and widely
used across a multitude of health conditions, whereas the
DLQI only measures skin-related QOL. The results of generic
QOL instruments allow comparison across disease states. SF-
12 items can be used to estimate the MCS and PCS, which are
comparable to the US population with a mean score of 0.5
and standard deviation of 0.1. Furthermore, SF-12 items can
be used to estimate the SF-6D health utility score, which in
turn can be used to estimate quality-adjusted life years lost
from a disorder and the cost-effectiveness of interventions.
However, the SF-12 has complex scoring approaches using
different weights to estimate the MCS, PCS, and SF-6D. Hand
scoring may not be feasible in clinical practice, although
electronic scoring can easily be incorporated into most
clinical and research settings. We did not formally assess the
time to complete the SF-12 and the DLQI in this study.
However, previous studies found the median time to
completion was 1e3 minutes, with most or all completed in
�5 minutes (Elman et al., 2010; Hahn et al., 2001; Patel
et al., 2018; Ware et al., 1998). Both instruments would be
considered “acceptable” or “adequate” for use in clinical
practice (Schmitt et al., 2007). The results suggest that the

SF-12 has sufficient validity to be used as an assessment of
burden in AD. Future studies should validate the SF-12 for the
study of AD in clinical and other settings. We did not
compare the measurement properties of the SF-12 against
other generic QOL assessments, such as EuroQOL Five Di-
mensions (Brooks, 1996; EuroQol Group, 1990). Future
studies should compare the measurement properties of other
generic QOL assessments and determine whether they
outperform the SF-12 in AD.

The SF-12 and the DLQI had multiple items that suffered
from uniform and/or nonuniform DIF between those with AD
versus those without AD, as well as age, sex, and race/
ethnicity within the AD population. Items with DIF may
perform differently across various demographic subgroups.
Thus, scores for these different patient groups should neither
be combined nor compared during analysis of clinical trials
or research studies.

These results are consistent with previous findings of
strong correlations of the SF-12 with SCORAD (Coutanceau
and Stalder, 2014), POEM, and Numerical Rating Scale for
itch (Patel et al., 2018); moderate correlations with the
Eczema Area and Severity Index (Patel et al., 2018), multiple
SF-36 domains, and the objective-SCORAD (Holm et al.,
2006); and moderate inverse correlations with the Patient
Generated Index (Herd et al., 1997), but only low-to-
moderate correlations with the Nottingham Health Profile
domains (Spearman correlation coefficients ranged from
0.12 to 0.32) (Badia et al., 1999) in AD. The DLQI was found
to be internally consistent in AD (Badia et al., 1999; Patel
et al., 2018).

QOL is considered a core domain for clinical trials in AD
by the HOME international consensus group (Schmitt et al.,
2011). The HOME group deemed that no QOL instruments
met their criteria for recommendation to be included in AD
trials (Heinl et al., 2016b, 2017) but that the DLQI and the
QoLIAD were candidates in adults (Heinl et al., 2016b). To
reduce respondent burden, we did not assess both the DLQI
and the QoLIAD. We selected the DLQI because it is the
most commonly used QOL assessment in dermatology
overall and clinical trials in AD (Blome et al., 2016; Chalmers
et al., 2016) and may be more practical for use in clinical
practice. This study provides further support of the conver-
gent and discriminative validity, consistency, and interpreta-
tion of the DLQI in AD. Further studies are needed to validate
the QoLIAD and compare its measurement properties with

Table 1. Pearson Correlation of SF-12 Mental and Physical Component Scores and SF-6D with AD Symptoms and
Severity and DLQI

QOL Assessment

Pearson r

POEM PO-SCORAD PO-SCORAD-Itch PO-SCORAD-Sleep NRS-Pain SF-12 MCS SF-12 PCS SF-6D

SF-12 MCS e0.321 e0.471 e0.341 e0.501 e0.421 1.00 — —

SF-12 PCS e0.151 e0.121 e0.141 e0.201 e0.201 0.211 1.00 —

SF-6D e0.301 e0.441 e0.311 e0.411 e0.441 0.791 0.451 1.00

DLQI 0.621 0.711 0.481 0.431 0.671 e0.441 e0.06 -0.421

Boldface indicates statistical significance.

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; MCS, mental component score; NRS, Numerical Rating Scale; PCS, physical
component score; POEM, Patient-Oriented Eczema Measure; PO-SCORAD, Patient-Oriented Scoring Atopic Dermatitis; SF, Short Form; QOL, quality of life.
1P < 0.0001.
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other QOL assessments. We also found that the SF-12 has
sufficient validity and may be considered as an additional
option for assessing QOL impact in patients with AD when a
generic QOL instrument is needed or deemed more feasible.

This study has several strengths, including use of a large,
nationally representative cohort (as previously described in
Chiesa Fuxench et al., 2019) and good representation across
gender, race/ethnicity, and AD severity. However, there are

Figure 1. Discriminant validity of SF-12 scores. (aef) Box-whisker plots and overlaid jitter plots of SF-12 MCS, (gel) PCS, (mer) SF-6D, and (sex) DLQI scores

are presented for each severity level of self-reported global AD severity (a, g, m, and s), POEM (b, h, n, and t), PO-SCORAD (c, i, o, and u), PO-SCORAD itch (d,

j, p, and v), PO-SCORAD sleep (e, k, q, and w), and NRS worst pain (f, l, r, and x). AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; MCS, mental

component score; NRS, Numerical Rating Scale; PCS, physical component score; POEM, Patient-Oriented Eczema Measure; PO-SCORAD, Patient-Oriented

Scoring Atopic Dermatitis; SF, Short Form.
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some limitations. AD classification was not confirmed by
physician diagnosis. We did not assess responsiveness, test-
retest reliability, or content validity, although we expect the
SF-12 to have good content validity in AD. Although self-
reported global AD severity was previously validated
(Silverberg et al., 2018a), the assessment of the impact pf AD
on lifestyle was not. This study was limited to adults. Future
studies are needed to validate generic QOL assessments in
pediatric AD.

In conclusion, the SF-12 MCS and the SF-6D have good
construct validity, with no overall floor or ceiling effects. The
SF-12 MCS and the SF-6D may be useful for the assessment of
the burden of AD in clinical trials and practice.

METHODS
Data source

Data were obtained from the AD in America survey whose popu-

lation was sampled from the long-standing GfK Knowledge Panel.

The AD in America study was designed to examine multiple facets of

the patient burden, comorbidities, and resource utilization of US

adults with AD. The GfK Knowledge Panel is the largest and oldest

probability-based web panel in the US and contains between 40,000

and 50,000 adult panel members at any given time. The GfK web

panel was initially constructed from a national address-based sam-

ple of households in the US who were recruited to join in and

receive small incentives for participating in web surveys on a regular

basis. This approach uses a single sampling frame via the Delivery

Sequence File of the US Postal Service to provide a statistically valid

representation of the US population, as well as many difficult-to-

survey populations. The GfK web panel also provides internet ac-

cess to households without existing internet access. This web-based

panel has been previously used in other large, epidemiologic studies

and has been shown to be representative of the US population

(Chiesa Fuxench et al., 2019; Hays et al., 2015; Heckman et al.,

2013; Rowen et al., 2016; Silverberg et al., 2018b). The survey

questionnaire and protocol were approved by the ICF Institutional

Review Board.

Study design

This was a cross-sectional study involving a two-stage sampling

process. Stage 1 was designed to determine the prevalence of AD in

US adults. In this stage, an initial cross-sectional sample of 2,137

adults from the existing GfK Knowledge web panel was invited to

participate in the survey. The focus of the survey was not disclosed in

the invitation to members of the web panel to avoid biasing

participation based on respondent interest or disinterest in the sub-

ject. A total of 1,278 adults completed the survey (completion rate,

60.2%). Although this sample provided a precise estimate of the

prevalence of AD among the adult population, it did not yield a

large enough sample of patients with AD to investigate differences

between different levels of disease severity. In stage 2, an additional

sample of 13,713 adults from the GfK knowledge panel were

invited, and 8,217 adults completed screening (completion rate,

59.9%) to identify an additional group of 509 adults (6.2% preva-

lence) with AD and 1,106 without AD (Supplementary Figure S1

online). Using data from the US Census Bureau, sample weights

were created that adjusted for age, gender, race, ethnicity, education

level, census region, household income, home ownership status,

and metropolitan area using an iterative proportional fitting

Table 2. Area Under the ROC Curve for SF-12 MCS,
PCS, SF-6D, and DLQI as Predictors of Quality of Life
Impact and Severity of AD

Groups

AUC, P-Value

SF-12 MCS SF-12 PCS SF-6D DLQI

Global severity

Moderate vs. mild 0.673 0.572 0.683 0.793

Severe vs. mild 0.833 0.43 0.813 0.903

Severe vs. moderate 0.671 0.50 0.621 0.703

AD limits lifestyle

Slightly vs. not at all 0.633 0.581 0.663 0.783

Moderately vs. not at all 0.783 0.631 0.763 0.943

Quite a bit vs. not at all 0.853 0.48 0.823 0.943

A great deal vs. not at all 0.883 0.813 0.913 0.992

Boldface indicates statistical significance.

Abbreviations: AD, atopic dermatitis; AUC, area under the curve; DLQI,
Dermatology Life Quality Index; MCS, mental component score; PCS,
physical component score; ROC, receiver operating characteristic; SF,
Short Form.
1P < 0.05.
2P < 0.01.
3P < 0.0001.

Table 3. Optimal Cut Points and their Sensitivity and Specificity for SF-12 MCS, SF-6D, and DLQI as Predictors of
Quality of Life Impact and Severity of AD

Groups

SF-12 MCS SF-6D DLQI

Threshold Sensitivity, % Specificity, % Threshold Sensitivity, % Specificity, % Threshold Sensitivity, % Specificity, %

Global severity

Moderate vs. mild 46.6 60.2 62.6 0.67 67.3 66.7 5 57.6 88.6

Severe vs. moderate 42.1 70.6 56.7 0.61 69.2 52.8 11 55.9 79.1

AD limits lifestyle

Slightly vs.
not at all

51.5 76.6 47.5 0.66 59.4 69.4 2 74.5 71.0

Moderately vs.
slightly

46.6 79.2 48.4 0.57 56.3 70.9 6 75.3 75.5

Quite a bit vs.
moderately

41.6 70.4 51.4 0.52 40.0 76.6 11 59.3 64.4

A great deal vs.
quite a bit

38.5 69.2 55.6 0.48 62.5 80.0 21 69.2 96.3

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; MCS, mental component score; SF, Short Form.
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procedure. Sample weights were included in all analyses to allow for

representative estimates of the US population.

AD, AD severity, and atopic comorbidities

An adaptation of the United Kingdom Working Party criteria was

selected by the AD in America advisory committee as the screening

tool for patient eligibility (Williams et al., 1994). This included all

aspects of the United Kingdom Working Party criteria of having an

itchy skin condition during the past 12 months and three or more of

the following: (1) a history of skin crease involvement; (2) a personal

history of asthma or hay fever; (3) a history of general dry skin during

the past year; and (4) onset under the age of 2 years, except

assessment of visible flexural eczema by a clinician was not per-

formed. Self-reported lifetime history of asthma or hay fever and 1-

year history of food allergy were assessed.

Self-assessments of AD severity included the previously validated

self-reported global AD severity question “Would you describe your

atopic dermatitis or eczema as mild, moderate, or severe?” (Vakharia

et al., 2018c), as well as the PO-SCORAD index (range, 0e103; 3-

day recall period), PO-SCORAD itch and sleep subscores (range,

0e10; 3-day recall period) (Stalder et al., 2011), and POEM (7

questions; range, 0e28; 1-week recall period) (Charman et al.,

2013). A higher score for all of these indicates more severe AD.

These patient-reported outcomes were selected a priori based on

their feasibility, being preferred measures by international consensus

of the HOME group (Chalmers et al., 2018; Spuls et al., 2017), and/

or previously being validated (Chalmers et al., 2018; Silverberg

et al., 2018; Spuls et al., 2017; Vakharia et al., 2018c). Scores were

divided into three categories (clear/almost clear/mild, moderate, and

severe/very severe) using previously reported severity strata

(Charman et al., 2013; Rogers et al., 2012).

QOL assessments

The SF-12 Health Survey version 1.0 was used to assess health status

(12 items, 8 domains, 4-week recall period) (Jenkinson and Layte,

1997; Ware et al., 1996). Different weights are applied to each of

the items to estimate the MCS and the PCS, which are comparable to

the US population with a mean score of 0.5 and a standard deviation

of 0.1. Lower scores indicate poorer overall health. The SF-6D is a

preference-based single index measure for health that was derived

from responses to the SF-12 using the Brazier scoring method and

US population-based weights (Brazier et al., 2002). SF-6D scores

range from 0.0 (worst health) to 1.0 (best health). The DLQI was used

to assess dermatology-related QOL (10 items; range, 0e30; 1-week

recall period) (Blome et al., 2016; Chalmers et al., 2016). A higher

score indicates poorer health.

Statistical analysis

Summary statistics were estimated for baseline population charac-

teristics. Convergent construct validity of the SF-12 MCS and PCS

and the SF-6D were established using Pearson correlations. Corre-

lation coefficients scores of �0.70 or �e0.70 were considered

strong, 0.50e0.69 or e0.69 to e0.50 moderate, and 0.30e0.49 or

e0.49 to e0.30 weak. Discriminant construct validity was deter-

mined using Wilcoxon rank sum tests. Monotonic and statistically

significant between-group differences support discriminant validity.

Analyses were done as per the COnsensus-based Standards for the

selection of health status Measurement INstruments criteria

(Mokkink et al., 2010). In addition, logistic regression models were

constructed with self-reported global AD severity (moderate vs.

mild, severe vs. moderate) and the extent to which AD limits lifestyle

as the binary dependent variables (slightly vs. not at all, moderately

vs. slightly, quite a bit vs. moderately, a great deal vs. quite a bit). The

independent variables were SF-12 MCS, SF-12 PCS, or SF-6D scores.

Receiver operating characteristic curves were employed to deter-

mine optimal thresholds among severity groups. Separate receiver

operating characteristic curves were developed for each severity cut

point. Discriminant validity was determined using AUC. AUC scores

of �0.90 were considered excellent, 0.80e0.89 good, 0.70e0.79

fair, <0.70 poor, and <0.60 fail (Metz, 1978). Optimal thresholds for

each receiver operating characteristic curve were determined using

the maximum conditional probability function c, which is equal to

the product of sensitivity and specificity. Sensitivity and specificity

are the probabilities of correctly being assigned and not being

assigned to a particular severity group, respectively. A previous

simulation study showed that the concordance probability method

outperformed other commonly used methods (Rota and Antolini,

2014).

Internal consistency was determined using Cronbach alpha and

Pearson correlation between individual questions. Internal consis-

tency measures the extent to which questions in the assessment

measure the same construct. Cronbach alpha <0.70 or >0.95

indicate inadequate internal consistency.

Floor or ceiling effects of total scores and individual items were

considered present if 15% of responses fell in the lowest or highest

scores (Lim et al., 2015; Terwee et al., 2007). The above statistical

analyses were performed in SAS version 9.4.3, and sample weights

were incorporated into all analyses (SAS Institute, Cary, IN). Com-

plete case analysis was performed. A two-sided P-value of 0.05 was

considered statistically significant.

DIF was assessed across all respondents by AD versus no AD, and

across patients with AD by sex (male/female), race (white/black/

Asian/other), and age (<50/�50 years). DIF occurs when re-

spondents from different groups have differing probabilities of suc-

cess on an item, after controlling for overall ability based on their

total scores. If DIF is present, then item responses may be related to

both the underlying trait being measured as well as other factors. DIF

was detected for items with multiple response options, using an

iterative hybrid of ordinal logistic regression and item response

theory (Choi et al., 2011). Uniform and nonuniform DIF are present

when differences in the probabilities of answering an item are or are

not constant across ability levels, respectively. Uniform and/or

nonuniform DIF were indicated by P-values of <0.05 for each

question (lordif-package, R version 3.5.1, Vienna, Austria) (Choi

et al., 2011).
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Supplementary Figure S1. Design of

the AD in America study. AD, atopic

dermatitis.

Supplementary

Figure S2. Discriminant validity

of SF-12 scores using ROC curves.

(aec) ROC curves of the relationship

between SF-12 MCS, PCS and SF-6D

scores with the impact of AD on

lifestyle. (def) ROC curves of the

relationship between SF-12 MCS,

PCS and SF-6D scores with the

impact of AD on self-reported

overall severity. AD, atopic

dermatitis; MCS, mental component

score; PCS, physical component

score; ROC, receiver operating

characteristic; SF, Short Form.
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Supplementary Table S1. Interitem Correlations for SF-12 and DLQI in US Adults with AD

SF-12 Item

Pearson r

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

Q1 1.00 0.39 0.48 0.42 0.40 0.29 0.27 0.53 0.34 0.46 0.31 0.37

Q2 — 1.00 0.77 0.54 0.62 0.49 0.40 0.61 0.14 0.24 0.31 0.51

Q3 — — 1.00 0.56 0.64 0.43 0.35 0.61 0.20 0.30 0.33 0.45

Q4 — — — 1.00 0.65 0.48 0.40 0.52 0.21 0.36 0.27 0.38

Q5 — — — — 1.00 0.46 0.45 0.61 0.22 0.28 0.26 0.39

Q6 — — — — — 1.00 0.67 0.40 0.29 0.26 0.44 0.46

Q7 — — — — — — 1.00 0.39 0.26 0.25 0.45 0.43

Q8 — — — — — — — 1.00 0.28 0.37 0.31 0.53

Q9 — — — — — — — — 1.00 0.66 0.35 0.38

Q10 — — — — — — — — — 1.00 0.24 0.35

Q11 — — — — — — — — — — 1.00 0.54

Q12 — — — — — — — — — — — 1.00

DLQI Item Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Q1 1.00 0.57 0.52 0.50 0.54 0.51 0.37 0.49 0.52 0.47 0.49 —

Q2 — 1.00 0.76 0.70 0.78 0.68 0.37 0.55 0.66 0.56 0.67 —

Q3 — — 1.00 0.74 0.86 0.79 0.49 0.43 0.74 0.64 0.72 —

Q4 — — — 1.00 0.75 0.68 0.37 0.44 0.65 0.58 0.66 —

Q5 — — — — 1.00 0.79 0.49 0.55 0.72 0.67 0.72 —

Q6 — — — — — 1.00 0.55 0.51 0.75 0.67 0.67 —

Q7 — — — — — — 1.00 — 0.50 0.49 0.50 —

Q8 — — — — — — — 1.00 0.61 0.52 0.44 —

Q9 — — — — — — — — 1.00 0.82 0.73 —

Q10 — — — — — — — — — 1.00 0.69 —

Q11 — — — — — — — — — — 1.00 —

P < 0.0001 for all correlations.

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; Q, question; SF, Short Form.

Supplementary Table S2. DIF by AD, Sex, Race/Ethnicity, and Age of Items in SF-12 and DLQI

Item

DIF by AD (n [ 2893)

Adults with AD (n [ 602)

DIF by Sex DIF by Race/Ethnicity DIF by Age

Uniform Nonuniform Uniform Nonuniform Uniform Nonuniform Uniform Nonuniform

SF-12 Q1 <0.0001 0.89 0.07 0.005 0.24 0.71 0.16 0.002

Q2 <0.0001 0.58 0.84 0.93 0.09 0.42 0.33 0.24

Q3 <0.0001 0.72 0.28 0.7 0.45 0.42 0.0004 0.29

Q4 <0.0001 0.0004 0.61 0.3 0.16 0.06 0.09 0.76

Q5 <0.0001 0.02 0.54 0.53 0.51 0.77 0.69 0.99

Q6 <0.0001 0.48 0.7 0.97 0.05 0.46 0.14 0.15

Q7 <0.0001 0.04 0.67 0.32 0.28 0.92 <0.0001 0.77

Q8 <0.0001 0.68 0.08 0.004 0.05 0.20 0.03 0.89

Q9 0.003 0.33 0.19 0.07 0.37 0.34 <0.0001 0.35

Q10 <0.0001 0.0002 0.02 0.31 0.03 0.18 0.01 0.002

Q11 <0.0001 0.0008 0.37 0.26 0.58 0.36 <0.0001 0.14

Q12 <0.0001 0.001 0.36 0.03 0.49 0.53 <0.0001 0.19

DLQI Q1 — — 0.91 0.07 0.0001 0.24 0.28 0.52

Q2 — — 0.63 0.75 0.02 0.04 0.0001 0.008

Q3 — — 0.46 0.99 0.20 0.12 0.18 0.005

Q4 — — 0.002 0.10 0.47 0.23 0.75 0.55

Q5 — — 0.21 0.22 0.97 0.54 0.97 0.45

Q6 — — 0.81 0.03 0.0001 0.03 0.66 0.92

Q7 — — 0.67 0.59 0.96 0.26 0.36 0.003

Q8 — — 0.12 0.58 0.47 0.13 0.03 0.07

Q9 — — 0.06 0.62 0.03 0.36 0.008 0.44

Q10 — — 0.04 0.25 0.18 0.66 0.02 0.15

Q11 — — 0.76 0.10 0.001 0.56 0.03 0.33

Boldface indicates statistically significant items with DIF.

Abbreviations: AD, atopic dermatitis; DIF, differential item functioning; DLQI, Dermatology Life Quality Index; Q, question; SF, Short Form.
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Supplementary Table S3. Distribution of Responses for SF-12 and DLQI Items

Items Frequency (%)

SF-12 Item Excellent Very Good Good Fair Poor —

Q1 30 (5.0%) 171 (28.4%) 245 (40.7%) 126 (20.9%) 30 (5.0%) —

No, not limited at all Yes, limited a little Yes, limited a lot — — —

Q2 322 (53.5%) 187 (31.1%) 93 (15.5%) — — —

Q3 272 (45.2%) 192 (31.9%) 137 (22.8%) — — —

No Yes — — — —

Q4 293 (48.7%) 309 (51.3%) — — — —

Q5 327 (54.3%) 274 (45.5%) — — — —

Q6 348 (57.8%) 254 (42.2%) — — — —

Q7 418 (69.4%) 183 (30.4%) — — — —

Not at all A little bit Moderately Quite a bit Extremely —

Q8 146 (24.3%) 194 (32.2%) 123 (20.4%) 97 (16.1%) 42 (7.0%) —

All of the time Most of the time A good bit of the time Some of the time A little of the time None of the time

Q9 34 (5.7%) 158 (26.3%) 122 (20.3%) 150 (24.9%) 121 (20.1%) 17 (2.8%)

Q10 16 (2.7%) 87 (14.5%) 125 (20.8%) 164 (27.2%) 140 (23.3%) 70 (11.6%)

Q11 36 (6.0%) 47 (7.8%) 76 (12.6%) 127 (21.1%) 186 (30.9%) 130 (21.6%)

None of the time A little of the time A good bit of the time Most of the time All of the time —

Q12 198 (32.9%) 205 (34.1%) 103 (17.1%) 60 (10.0%) 36 (6.0%) —

DLQI Not at all/Not relevant A little A lot Very much — —

Q1 130 (21.6%) 341 (56.7%) 92 (15.3%) 38 (6.3%) — —

Q2 377 (62.7%) 155 (25.8%) 45 (7.5%) 24 (4.0%) — —

Q3 494 (82.1%) 69 (11.5%) 24 (4.0%) 15 (2.5%) — —

Q4 402 (66.9%) 117 (19.5%) 49 (8.2%) 33 (5.5%) — —

Q5 472 (78.5%) 86 (14.3%) 27 (4.5%) 16 (2.7%) — —

Q6 489 (81.5%) 64 (10.7%) 32 (5.3%) 15 (2.5%) — —

Not relevant/No Yes — — — —

Q7 574 (95.7%) 26 (4.3%) — — — —

Not at all A little A lot — — —

Q8 302 (72.8%) 107 (25.8%) 6 (1.5%) — — —

Not at all/Not relevant A little A lot Very much — —

Q9 486 (81.0%) 77 (12.8%) 21 (3.5%) 16 (2.7%) — —

Q10 507 (84.5%) 58 (9.7%) 17 (2.8%) 18 (3.0%) — —

Q11 447 (74.4%) 112 (18.6%) 26 (4.3%) 16 (2.7%) — —

Missing values were present in �3 subjects for any SF-12 or DLQI questions and 0 for sex, race/ethnicity, and age.

Abbreviations: DLQI, Dermatology Life Quality Index; Q, question; SF, Short Form.

JI Silverberg et al.
SF-12 in Adult AD

Journal of Investigative Dermatology (2019), Volume 1392097.e3



Supplementary Table S1. Interitem Correlations for SF-12 and DLQI in US Adults with AD

SF-12 Item
Pearson r

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

Q1 1.00 0.39 0.48 0.42 0.40 0.29 0.27 0.53 0.34 0.46 0.31 0.37

Q2 — 1.00 0.77 0.54 0.62 0.49 0.40 0.61 0.14 0.24 0.31 0.51

Q3 — — 1.00 0.56 0.64 0.43 0.35 0.61 0.20 0.30 0.33 0.45

Q4 — — — 1.00 0.65 0.48 0.40 0.52 0.21 0.36 0.27 0.38

Q5 — — — — 1.00 0.46 0.45 0.61 0.22 0.28 0.26 0.39

Q6 — — — — — 1.00 0.67 0.40 0.29 0.26 0.44 0.46

Q7 — — — — — — 1.00 0.39 0.26 0.25 0.45 0.43

Q8 — — — — — — — 1.00 0.28 0.37 0.31 0.53

Q9 — — — — — — — — 1.00 0.66 0.35 0.38

Q10 — — — — — — — — — 1.00 0.24 0.35

Q11 — — — — — — — — — — 1.00 0.54

Q12 — — — — — — — — — — — 1.00

DLQI Item Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Q1 1.00 0.57 0.52 0.50 0.54 0.51 0.37 0.49 0.52 0.47 0.49 —
Q2 — 1.00 0.76 0.70 0.78 0.68 0.37 0.55 0.66 0.56 0.67 —
Q3 — — 1.00 0.74 0.86 0.79 0.49 0.43 0.74 0.64 0.72 —
Q4 — — — 1.00 0.75 0.68 0.37 0.44 0.65 0.58 0.66 —
Q5 — — — — 1.00 0.79 0.49 0.55 0.72 0.67 0.72 —
Q6 — — — — — 1.00 0.55 0.51 0.75 0.67 0.67 —
Q7 — — — — — — 1.00 — 0.50 0.49 0.50 —
Q8 — — — — — — — 1.00 0.61 0.52 0.44 —
Q9 — — — — — — — — 1.00 0.82 0.73 —
Q10 — — — — — — — — — 1.00 0.69 —
Q11 — — — — — — — — — — 1.00 —

P < 0.0001 for all correlations.

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; Q, question; SF,
Short Form.



Supplementary Table S2. DIF by AD, Sex, Race/Ethnicity, and Age of Items in SF-12 and DLQI

Ite
m

DIF by AD (n =
2893)

Adults with AD (n = 602)

DIF by Sex DIF by
Race/Ethnicity

DIF by Age

Unifor
m

Nonunifor
m

Unifor
m

Nonunifor
m

Unifor
m

Nonunifor
m

Unifor
m

Nonunifor
m

SF-
12

Q1 <0.0001 0.89 0.07 0.005 0.24 0.71 0.16 0.002

Q2 <0.0001 0.58 0.84 0.93 0.09 0.42 0.33 0.24

Q3 <0.0001 0.72 0.28 0.7 0.45 0.42 0.0004 0.29

Q4 <0.0001 0.0004 0.61 0.3 0.16 0.06 0.09 0.76

Q5 <0.0001 0.02 0.54 0.53 0.51 0.77 0.69 0.99

Q6 <0.0001 0.48 0.7 0.97 0.05 0.46 0.14 0.15

Q7 <0.0001 0.04 0.67 0.32 0.28 0.92 <0.0001 0.77

Q8 <0.0001 0.68 0.08 0.004 0.05 0.20 0.03 0.89

Q9 0.003 0.33 0.19 0.07 0.37 0.34 <0.0001 0.35

Q10 <0.0001 0.0002 0.02 0.31 0.03 0.18 0.01 0.002

Q11 <0.0001 0.0008 0.37 0.26 0.58 0.36 <0.0001 0.14

Q12 <0.0001 0.001 0.36 0.03 0.49 0.53 <0.0001 0.19

DLQ
I

Q1 — — 0.91 0.07 0.0001 0.24 0.28 0.52

Q2 — — 0.63 0.75 0.02 0.04 0.0001 0.008

Q3 — — 0.46 0.99 0.20 0.12 0.18 0.005

Q4 — — 0.002 0.10 0.47 0.23 0.75 0.55

Q5 — — 0.21 0.22 0.97 0.54 0.97 0.45

Q6 — — 0.81 0.03 0.0001 0.03 0.66 0.92

Q7 — — 0.67 0.59 0.96 0.26 0.36 0.003

Q8 — — 0.12 0.58 0.47 0.13 0.03 0.07

Q9 — — 0.06 0.62 0.03 0.36 0.008 0.44

Q10 — — 0.04 0.25 0.18 0.66 0.02 0.15

Q11 — — 0.76 0.10 0.001 0.56 0.03 0.33

Boldface indicates statistically significant items with DIF.

Abbreviations: AD, atopic dermatitis; DIF, differential item functioning; DLQI, Dermatology Life
Quality Index; Q, question; SF, Short Form.



Supplementary Table S3. Distribution of Responses for SF-12 and DLQI Items

Items Frequency (%)

SF-12
Item Excellent Very Good Good Fair Poor —

Q1 30 (5.0%) 171 (28.4%) 245 (40.7%)
126
(20.9%)

30 (5.0%) —

No, not limited
at all

Yes, limited
a little

Yes, limited a
lot

— — —

Q2 322 (53.5%) 187 (31.1%) 93 (15.5%) — — —
Q3 272 (45.2%) 192 (31.9%) 137 (22.8%) — — —

No Yes — — — —
Q4 293 (48.7%) 309 (51.3%) — — — —
Q5 327 (54.3%) 274 (45.5%) — — — —
Q6 348 (57.8%) 254 (42.2%) — — — —
Q7 418 (69.4%) 183 (30.4%) — — — —

Not at all A little bit Moderately Quite a bit Extremely —
Q8 146 (24.3%) 194 (32.2%) 123 (20.4%) 97 (16.1%) 42 (7.0%) —

All of the time Most of the
time

A good bit of
the time

Some of
the time

A little of the
time

None of
the time

Q9 34 (5.7%) 158 (26.3%) 122 (20.3%)
150
(24.9%)

121 (20.1%) 17 (2.8%)

Q10 16 (2.7%) 87 (14.5%) 125 (20.8%)
164
(27.2%)

140 (23.3%) 70 (11.6%)

Q11 36 (6.0%) 47 (7.8%) 76 (12.6%)
127
(21.1%)

186 (30.9%)
130
(21.6%)

None of the
time

A little of
the time

A good bit of
the time

Most of the
time

All of the
time

—

Q12 198 (32.9%) 205 (34.1%) 103 (17.1%) 60 (10.0%) 36 (6.0%) —

DLQI
Not at all/Not
relevant A little A lot Very much — —

Q1 130 (21.6%) 341 (56.7%) 92 (15.3%) 38 (6.3%) — —
Q2 377 (62.7%) 155 (25.8%) 45 (7.5%) 24 (4.0%) — —
Q3 494 (82.1%) 69 (11.5%) 24 (4.0%) 15 (2.5%) — —
Q4 402 (66.9%) 117 (19.5%) 49 (8.2%) 33 (5.5%) — —
Q5 472 (78.5%) 86 (14.3%) 27 (4.5%) 16 (2.7%) — —
Q6 489 (81.5%) 64 (10.7%) 32 (5.3%) 15 (2.5%) — —

Not relevant/No Yes — — — —
Q7 574 (95.7%) 26 (4.3%) — — — —

Not at all A little A lot — — —



Items Frequency (%)

Q8 302 (72.8%) 107 (25.8%) 6 (1.5%) — — —
Not at all/Not
relevant A little A lot Very much — —

Q9 486 (81.0%) 77 (12.8%) 21 (3.5%) 16 (2.7%) — —
Q10 507 (84.5%) 58 (9.7%) 17 (2.8%) 18 (3.0%) — —
Q11 447 (74.4%) 112 (18.6%) 26 (4.3%) 16 (2.7%) — —

Missing values were present in ≤3 subjects for any SF-12 or DLQI questions and 0 for sex,
race/ethnicity, and age.

Abbreviations: DLQI, Dermatology Life Quality Index; Q, question; SF, Short Form.
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