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Department of Rehabilitation Medicine

A key finding of the Institute of Medicine’s 201&port Relieving Pain in America: A
Blueprint for Transforming Prevention, Care, Edimmatand Research is the need for
improved pain assessment. [1] The following chaptieat comprise this dissertation aim,
in small part, to address this need. Both chapterss of pain measurement, and as such
are located at the intersection of psychology, ipui#alth, and statistical methodology.
The first is an assessment of the validity andbdlity of previously development
measures of Pain Interference and Pain Behaviagusied and random effects linear
modeling. The second reports the development aivalrmeasure of neuropathic pain
guality using factor analytic and item-responsetiidased statistical approaches to
measurement. Concluding remarks highlight contitims of these study findings to

pain-related research.
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Introduction

A key finding of the Institute of Medicine’s 201&portRelieving Pain in America: A
Blueprint for Transforming Prevention, Care, Eduoat and Researcis the need for improved
pain assessment. [1] The following two chapters ¢banprise this dissertation aim, in small
part, to address this need and represent part sésgarch training program at the University of
Washington. Both chapters focus of pain measurgmaed as such are located at the
intersection of psychology, public health, andisti@al methodology. The first is an assessment
of the validity and reliability of previously dexsgment measures of Pain Interference and Pain
Behavior using fixed and random effects linear niade The second reports the development of
a novel measure of neuropathic pain quality usangor analytic and item-response theory-based
statistical approaches to measurement. Concluemmgrks highlight contributions of these

study findings to pain-related research.



Chapter One:

Clinical Validity of PROMIS® Pain Interference aR@in Behavior

INTRODUCTION

Approximately 100 million people in the United Stsiexperience chronic pain, and pain
costs up to $635 billion dollars annually in treatrhand lost productivity.[1] In order to develop
effective treatments for pain and to evaluate ineatt effectiveness, researchers and clinicians
need psychometrically sound and clinically valigtraments for measuring different aspects of
pain. One important aspect of pain is pain interfiee, defined as the degree to which pain
interferes with an individual’s daily activities][Pain interference is increasingly recognized as
an important facet of patients' pain experienceshas been recommended as a core outcome in
clinical trials of pain treatments. [3] Pain belayidefined as behavior that typically indicates to
others that an individual is experiencing paing25] can include both verbal (e.g., asking for
help, sighing, moaning) and non-verbal (e.g., gdmg, resting, guarding) behaviors. Pain
behaviors can be protective by eliciting assistanmcgipport after a precipitating event (e.g.
trauma, surgery), but when they are maintained teyehabilitation and recovery, pain
behaviors can contribute to subsequent physicapagchosocial disability,[6] making them
useful targets for behavioral interventions.[7, 8]

The NIH-funded Patient Reported Outcomes Measurem@&rmation System
(PROMIS®) has developed a family of instruments that candesl to measure different aspects
of physical, mental, and social health.[9] Moreormhation on the development, validation, and

implementation of all PROMIS measures can be fatngww.nihpromis.org, and options



regarding fixed-length and customized short formd @AT administration can be found at
www.assessmentcenter.net. PROMIS Pain Interfer@®®MIS PI) [10] and Pain Behavior
(PROMIS PB) [11] item banks have been developedgusiodern psychometric methods,[12,
13] and the psychometric properties of these measuave been previously evaluated in a large
cross-sectional sample that included both healdople and people with various chronic
conditions, including those discussed in this pap@r 11]

The ability of an instrument to detect true charsge critical feature of clinical validity,
and this is the case when comparing effectivenksgayventions in clinical trials or when
evaluating patients in clinical settings. Anothaportant aspect of the clinical validity of a
measure is its ability to distinguish between indlials who have the same disease or condition,
but who differ in terms of severity. Furthermordjem instruments are developed for cross-
population comparisons—as is the case with the PEONMstruments—it is important to
evaluate whether the scores can detect changeny diféerent settings and in different clinical
samples. Similarly, scores should not reflect cleangen in fact individuals were stable on the
outcome of interest. In this study, we evaluateddimical validity of PROMIS Pl and PROMIS
PB scores in adults and how these scores functiomedtime in various clinical settings.
Specifically, we evaluated: A) score responsivemeshange in groups expected to change over
time (e.qg., after intervention); B) score stabilityclinical groups not expected to experience
substantial changes in pain; C) ability of scocediscriminate between groups differing in
clinical severity; and D) ability of scores to disginate among groups self-reporting improved,

worsened, or stable health status over time.



METHODS
Data for this study were collected in longitudimalidation studies conducted by
PROMIS investigators. The five clinical samplesresented in this study included individuals
with chronic low back pain (BP), cancer, chronistobctive pulmonary disease (COPD),
depression, and rheumatoid arthritis (RA). Detadedcriptions of recruitment, eligibility
criteria, and treatments are available,[d4d a brief description of each sample is detdikdw

by respective study hypothesis.

STUDY AIM A: Evaluate score responsiveness in gg@xpected to change after intervention

Responsiveness was evaluated in two clinical sasrgdlparticipants who were receiving
treatment for BP or depression. Participants wighvigere recruited from the University of
Washington Spine Center in Seattle and local reoent sites. All participants had BP for at
least six weeks and received a spinal injectiontidf@ants with depression were recruited from
outpatient treatment clinics at Western Psychidtistitute and Clinic, Pittsburgh, PA and its
affiliates and received treatment in the form didgepressants, psychotherapy, or both. In the BP
and depression treatment studies, we expectecttiower average PROMIS Pl and -PB scores
after treatment for both the back pain and theegion samples, because epidural steroid
injection is a treatment for pain, and antidepretshave been reported to reduce pain.[15]
Larger reductions were expected for the BP sanbhgleause the primary target of the treatment

protocol was pain reduction.



STUDY AIM B: Examine score stability in groups expected to experience substantial

changes in pain

Participants with any type of cancer were recruitech North Shore University Health
System in Chicago, IL. In the cancer sample, pigdnts were administered PROMIS measures
in an observational study setting with multipledregeneous treatment modalities. While
follow-up administration of PROMIS measures tookagal at approximately two months after
baseline assessment, participants were enrollespiective of treatment status (i.e. before or
after starting treatment regimen). Accordinglyym® participants were expected to improve and
others were expected to deteriorate, and the ti@ntgtreatment modalities were too
heterogeneous to support clear expectations of le@mge for the cancer sample.

Participants with RA were enrolled in a longitudistudy of patient reported outcomes
with multiple recruitment sources that included &gng Medical Information System
(ARAMIS) and the Stanford Rheumatoid Arthritis R&tgy. Administration of PROMIS
measures was intended to evaluate longitudinalgdsam this clinical population, and even
though RA is known to worsen over time, all papants received routine clinical care that at
times included intervention. Like the cohort wiincer, some participants with RA were
expected to improve while others were expecteckttertrate due to the heterogeneity of
clinical characteristics and treatment status. Mg@anges in T-scores were not expected to be
as large in terms of magnitude in these cohortis RA and cancer, and these analyses were

considered more exploratory in nature, given theeolational nature of these studies.



STUDY AIM C: Evaluate score discrimination betwgevups differing in clinical severity

Discrimination based on clinical severity was ewddd in a sample of participants with a
10 pack/year history of smoking who met the Gldhaiative for Chronic Obstructive Lung
Disease clinical criteria for COPD. They were réea from multiple participating institutions
including the University of North Carolina, Northh&e University Health System, The
University of Pittsburgh, and Duke University. Coanigons were planned between participants
with stable COPD and those with COPD-related eXmatems. Participants were defined as
stable if they had been exacerbation-free for @ore months prior to enrollment and remained
free of COPD-related exacerbations throughout tingys Participants with COPD-related
exacerbations at enrollment who completed the siithout subsequent exacerbations were
expected to have higher PROMIS Pl and -PB T-sdbias those with stable COPD, whose

scores were expected to decrease as exacerbasmiged.

STUDY AIM D: Evaluate score discrimination betweabgroups defined by self-reported

change

We examined the ability of PROMIS Pl and -PB tacdisinate among groups that reported
improved, worsened, or stable status in all 5 ciihsamples using general health and pain-
specific anchors of change. Participants repoitimgroved global health status or improved

pain were expected to have larger negative effediiscted in decreases in Pl and PB T-scores,



while the opposite was expected for those repostiagsening health or pain (i.e. positive

change scores indicating increased pain).

Measures

Data were collected at multiple research sitesvegr@ combined into a single dataset for
this analysis with timing of follow-up varying byimical sample (BP: 3 months, cancer: 2
months, COPD: 3 months, depression: 3 months, RAndnths). For a thorough overview of
the qualitative and quantitative methodologies eygdl in developing and testing the PROMIS
Pl and -PB item banks, see studies by Amtmann|@0hland Revicki et al,[11] among
others.[12, 16-18] In addition to standard cliniaal demographic descriptors, participants also
rated single items related to global health and,pahich served as anchors for subgroup
comparisons between those who self-reported impnew, worsening, or no change since
baseline. Computer adaptive testing (CAT) was tsedllect PROMIS Pl and -PB in the back
pain, COPD, and depression cohorts. PROMIS sharnd¢Version 1) were used to assess

PROMIS Pl and -PB in the arthritis and cancer ctshor

Statistical analyses

Responsiveness of PROMIS Pl and -PB was evaluatedah of the clinical samples
using linear mixed models. Mixed effects modelsappropriate for estimation of longitudinal
changes in health status, because the randomsffiectponent accounts for the dependency
induced by repeated measurements within individui&s20] Before carrying out the analyses,
the risk of bias from problematic missing data waamined in each clinical sample by assessing

relationships between baseline measures andattrifhis risk was found to be minimal, and for



all analyses the data were considered missinghdbra. When data are missing at random,
linear mixed models can be particularly useful asmdrom participants with only one time-point
available are included in estimation.[21, 22] Maajimeans for baseline and follow-up
PROMIS Pl and -PB scores were estimated alongahiimge scores, standard errors, and 95%
confidence intervals. Standardized response meatis ¢f mean change to the standard
deviation of that change) were estimated to comeHeet sizes between subgroups defined by
single item anchors indicating improved, worsermdtable pain and global health status over
time. Data management and preparation was caraedsing SAS 9.3 for Windows (Copyright
2002-2010 SAS Institute Inc.), and all statistimahlyses were carried out using STATA/IC 12.1

(Copyright 1985-2011 Stata Corp LP).

RESULTS

The demographic and clinical profile of each colnas been reported in detail.[14]
Pooling across all studies, most participants were Hispanic whites (82%), roughly half of all
participants across these studies were 60 yeawr aldier (54%), and most participants were
female (68%), with the exception of the sample W®PD (42%). The majority of the cohort
with stable COPD (n=79) was white (72%), male (5686d had a Medical Research Council
(MRC) Breathlessness Rating of 1 or 2 (56%). Thgrtg of the cohort with COPD-related
exacerbations (n=46) was white (73%), male (61%)p5more years of age (91%), and had an
MRC Breathlessness Rating of 3 or higher (63%). miagority of the BP cohort (n=218) was
white (84%), female (56%), 50 or more years of @#86) with largely moderate to severe back
pain (74%>8 on 0-10 numeric pain scale). The majority ofdleeression cohort (n=196) was

white (78%), female (74%), 18-49 years of age (52%g) had a Center for Epidemiologic



Studies-Depression score of 22 or greater (73%g.rijority of the cancer cohort (n=310) was
white (81%), female (61%), 50 or more years of @§#80), and had an Eastern Cooperative
Oncology Group Performance Status Rating (ECOG-RBR)or 1 (77%). The majority of
rheumatoid arthritis sample (n=521) was white (88%male (81%), 50 or more years of age
(88%) and had a HAQ Disability Index of 0-1 (57%)om the combined sample of 1370
participants, less than 1% (n=13) did not haveigefit data available to score PROMIS Pl and -
PB measures.

Baseline, follow-up, and change scores from theeohixffects models are presented in
Table 1. PROMIS PI and -PB scores are reportea Biscore metric (U.S. general population
mean=50, SD=10) that facilitates cross-sample coisgras (Figure 1) with higher scores

indicating worse outcomes (i.e., more pain-intenfee or pain-behavior).
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Table 1. Baseline, follow-up, and change in PROR#M Interference and Pain Behavior

estimates by clinical sample

Back Pain

Cancer

COPD-Exacerbation

n=218/175 95% ClI

n=305/277

95% ClI n=44/44 95% ClI

PAIN INTERFERENCE

Baseline 64.2 (63.2,65.2) 51.9 (50.8, 52.9) 59.9 (56.6, 63.1)

Follow-

0o 58.8 (57.6,59.9) 507 (49.6, 51.8) 57.7 (54.4, 61.0)

Change 5.4%  (-6.6, -4.3) 1.1* (2.1, -0.2) 22 (5.6, 1.3)

PAIN BEHAVIOR

Baseline 59.7 (59.1, 60.4) 55.0 (52.0,58.1)

Eg”o""' 56.6 (55.8,57.3) 53.8 (50.8, 56.8)

Change -3.2*  (-4.0, -2.4) 1.2 (-4.1,1.7)
COPD-Stable Depression Rheumatoid Arthritis
n=74/70 95% Cl  n=196/187 95% Cl  n=520/472  95% ClI

PAIN INTERFERENCE

Baseline 57.4  (55.1,59.7) 53.4 (51.9, 54.9) 55.3 (54.6, 56.0)

Eg"o""' 55.2 (52.9, 57.5) 51.9 (50.4, 53.4) 55.4 (54.7, 56.2)

Change 2.2¢  (-4.2,-0.1) 15¢  (-2.8,-0.2) 0.12 (-0.5,0.7)

PAIN BEHAVIOR

Baseline 53.7 (51.5,55.9) 52.2 (50.7, 53.7)

Eg"o""' 523 (50.1,54.5) 50.4 (48.9, 51.9)

Change 14  (-3.4,05) 1.8¢  (-3.1,-0.5)
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Figure 1. Change in PROMIS Pain Interference aid Behavior estimates by clinical sample

Change in PROMIS Pain Interference and Pain Behavior T-scores
Across Clinical Samples

PAIN INTERFERENCE

Cancer (Group 1) Back pain
e — < .
Cancer (Group 2) COPD-Stable COPD-Exacerbators
<> —d—o o¢— o
Depression
—¢—-e
RA (Group 2) RA (Group 1)
o —>p—o —<¢—
[ I [ I I [ | I |
48 50 52 54 56 58 60 62 64 66

PAIN BEHAVIOR
Back pain

COPD-Stable COPD-Exacerbators
o—¢—o o¢—o
Depression
—¢—o

S = S e

M I [ I [ I I [ I
48 5 52 54 56 58 60 62 64 66
Average for U.S. General Population Change in T-scores (marginal means)'

*Cancer (group 1, n=51): patients reporting impbgébal health at follow-up
*Cancer (group 2, n=85): patients reporting worskeglebal health at follow-up
*RA (group 1, n=60): patients reporting improvedlghl health at follow-up
*RA (group 2, n=92): patients reporting worseneabgll health at follow-up

STUDY AIM A: Responsiveness in groups expectduatage after intervention

The largest changes in PROMIS PI and -PB T-scoess wbserved for the cohort with
BP, which was consistent with expectations in teofmfmagnitude and direction. Pre-to post-
treatment changes in PROMIS RK5.4, 95%CI: -6.6 to -4.3, p<0.001) and PROMIS(RB-

3.2, 95%CI: -4.0 to -2.4, p<0.001) T-scores werthstatistically significant. PROMIS Pl and -
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PB change estimates were smaller but statistisalyificant for participants undergoing
treatment for depression£-1.5 [95%CI: -2.8 to -0.2], p=0.027and-1.8 [95%CI: -3.1 to -

0.5], p=0.005, respectively).

STUDY AIM B: Stability in groups not expected toehaubstantial changes in pain

The smallest estimated change in PROMIS PI T-scwessobserved for participants
with RA (A=0.1), which was not statistically different frorara. Changes in PROMIS PI T-
scores for the cohort with cancer were also smaliNere statistically significan\e&-1.1,
95%CI: -2.1 to -0.2, p=0.023). Given that bothtu#de studies were observational in nature (i.e.
PRO assessment completed irrespective of changesaiment status), separate estimates are
presented in Figure 1 for participants reportingiaved, worsened, or stable health status over

time.

STUDY AIM C: Discrimination between groups diffgrin clinical severity

Although PROMIS PI scores were higher for partioggavith COPD exacerbations at
baseline than for those with stable COPD (mean PEECORM T-scores: 59.9 vs. 57.4,
respectively), this difference was not statistigaignificant. Change estimates were in the
expected direction for COPD exacerbatiar{2.2) as exacerbation-related symptoms resolved
over time, but this difference was not statistigalignificant. The same trend was observed for
PROMIS PB; non-significant differences were in éx@ected direction but smaller in magnitude

(exacerbation vs. stable at baseline [55.0 vs.|p&hange for exacerbatiom$-1.2]).
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STUDY AIM D: Discrimination of subgroups based eli-seported change

Table 2 details standardized response means fgraus defined by self-reported
change in pain and global health status. Largectffwere observed when using pain-based
anchors and when participants reported improvemergkobal health status between baseline
and follow-up. The largest SRMs for PROMIS Pl webserved for those reporting pain
reductions in the BP (SRM = -1.09, p<0.05) andIst&lOPD (SRM = -1.14, p<0.001) samples.
The smallest effects in PROMIS Pl were observedifose with RA reporting no changes in
pain over time (SRM = 0.00, NS). With respect RAMIS PB scores, the largest effects were
observed for those reporting pain reductions inBRSRM = -0.81, p<0.05) and COPD (stable:
SRM =-0.81, p<0.05; exacerbation: SRM = -0.85,.p5Dcohorts, while the smallest effects
were observed for those with worsening health statahe depression (SRM = 0.03, NS) and
COPD with exacerbations cohorts (SRM = 0.06, N8hglwith for those reporting no change in

general health in the stable COPD cohort (SRM 620NS).



Table 2. Standardized response means of PROMiSIRtarference and Pain Behavior by change in hesdttus and diagnostic subgroups

Back Qajn Cancer COPD-Exacer bation

Global anchor  Pain anchor Global anchor Pain anchor Global anchor Pain anchor

n SRM n SRM n SRM n SRM n SRM n SRM
PAIN INTERFERENCE
Better 51 -0.94** 112 -1.09* 51  -0.52* 79 -0.43* 7 -0.95* 15 -0.87*
Same 94 -0.58* 32 -0.26 130 -0.19* 109 -0.34* 14 0.49 12 -0.37
Worse 24  -0.47* 27 0.44* 85 0.06 53 0.57* 13 -0.09 14 630
PAIN BEHAVIOR
Better 51 -0.69* 112 -0.81* 7 -0.85 15 -0.85*
Same 95 -0.59* 32 -0.60* 14 0.39 12 -0.37
Worse 24 -0.52* 28 0.31 13 0.06 14 0.73*

COPD-Stable Depression Rheumatoid Arthritis

Global anchor  Pain anchor Global anchor Pain anchor Global anchor Pain anchor

n SRM n SRM n SRM n SRM n SRM n SRM
PAIN INTERFERENCE
Better 13 -0.70* 21  -1.14* 43 -0.40* 66 -0.73** 60 -0.49* 75 -0.52**
Same 38 -0.15 22  -0.50* 113 -0.15 73 -0.21 297 010. 215 0.00
Worse 14 0.08 25 0.51* 30 0.06 46  0.67** 92 0.30* 159 0.34**
PAIN BEHAVIOR
Better 13 -0.70* 21 -0.81* 43 -0.48* 66 -0.65*
Same 38 -0.02 22 -0.32 113 -0.18 73 -0.17
Worse 14 -0.08 25 0.47* 30 0.03 46 0.33*

SRM, Standardized Response Mean; COPD, Chronig@ise Pulmonary Disease; *denotes statisticalifiitance at p < 0.05; **denotes
statistical significance at p < 0.001



DISCUSSION

These results provide support for the clinical difi of the PROMIS Pl and -PB
measures for use in groups of individuals with ddeechronic conditions. In this study, we
examined four aspects of clinical validity: respgasess, stability, discrimination between
groups differing in clinical severity, and discrimation among groups defined by self-reported
change. We found that PROMIS Pl and PROMIS PBadrexwere responsive to change across
multiple clinical samples when change was expedatdtti, the largest differences observed for
treatments targeting pain, and that scores weagively stable when no change was anticipated.
While we did not find statistically significant tirences between PROMIS Pl and -PB T-scores
when making comparisons in clinical severity of @Dkhe differences were in the expected
direction. It also should be noted that this colnas the smallest of all clinical samples and,
therefore, had the least statistical power. Bot@ORRS Pl and PROMIS PB T-scores
distinguished among subgroups defined by self-tegarhange in health status and change in
pain over time (i.e., better, worse or the sameiidial Clinically-Important Differences
(MCIDs) often range from 0.3 to 0.5 standard deeratnits,[23, 24] and MCID estimates for
the PROMIS PI were found to be similar in a coludpatients with cancer.[25] Of the 40 SRM
estimates for patients reporting improved or woesklnealth status over time, 32 (80%) and 22
(55%) were greater than the 0.3 and 0.5 SD thrdsdtahdards, respectively. Moreover, effect
sizes across different samples and health conditi@re consistent with participants’ global and
pain-specific impressions of change adding addiignpport for the clinical validity of these
PROMIS measures.

While clinical validity of the PROMIS PI and -PBeasures was evaluated in 5 distinct

clinical samples in this study, validation in otleéinical samples is still warranted. Of particular
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interest would be studies in which clinical benchksarary by underlying condition and
treatment protocol. In such circumstances the mofddf clearly defined control groups in
intervention trials would further refine estimatdgesponsiveness and meaningful change.
While interpretability of the PROMIS Pl and -PB maees is enhanced by the common metric
centered on the US general population, furtherstigation is needed to relate scores to more
clinically familiar benchmarks of interest to climns involved in treating and studying pain. An
expanded evaluation of MCIDs will help interpreg tlinical meaning of longitudinal
differences in PROMIS Pl and -PB T-scores and thesd¢yses are under way.

Measurement of pain interference and pain behawviatkey component of a
comprehensive and robust assessment of chroniasgisehat include chronic pain as a primary
or secondary condition. The clinical validity dRBMIS Pl and -PB measures supports their use
in pain-related clinical research, including clalitrials and comparative effectiveness research.
This study adds further evidence that the PROMI& i patient-reported measures are
psychometrically robust, valid, and enable effitjd¢lexible, and comprehensive assessment of

chronic pain in addition to many other importampexts of health.
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Chapter Two:

Development of a PROMIS® Measure of Neuropathio Raiality

INTRODUCTION

Neuropathic pain (NP) is a consequence of manynehianditions that share a common
mechanistic cause: a lesion or disease of the ss@@tory nervous system.[26, 27] These
conditions include diabetic neuropathy, post-hecpmtd trigeminal neuralgias, HIV-related
peripheral neuropathy, and treatment-related netinggs such as phantom-limb pain or cancer-
related chemotherapy pain, among others. Estinodtd® prevalence of NP varies considerably
by condition (e.g. 3% in Carpal Tunnel Syndromever 50% in Phantom Limb Pain),[28] and
even in the general population, prevalence estsnaftpain with neuropathic characteristics
range from 7-10%.[29] The costs associated withitdNPatients and society are substantial,[27,
30-32] and NP-related research is steadily incnga#\ search oheuropathic painn PubMed
returns a nearly 10-fold increase in number ofticites over the last 20 years alone (Figure
1).[33] While this interest has led to an evolvingderstanding of NP and the complex processes
involved in its generation, treatment of NP conéisitio largely target symptom palliation with

limited efficacy.[34]
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Figure 1. Number of publications retrieved fronbRied search* oneuropathic pairby year

Publications retrieved from PubMed search for Neuropathic Pain
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The clinical manifestation of NP is distinct frorther types of chronic pain in that it
often accompanied by positiveg., abnormal or unpleasant sensations) and nedatige
decreased sensitivity) signs and symptoms thatatetihe underlying neural damg[35, 36] A
definitive diagnosis of NP requires identificatiohthe underlying somatosensory dysfunct
butaccurate diagnosis can be complicated by varyigge#s of neuropathic involvement
pain generation and comorbid nociceptive or idibgapain[35] While a detailed understandil
of the mechanisms that lead to NP in some patlartgaot other comparle patients remain
illusive, individuals with chronic NP often descaiktheir pain in ways that are distinct from ot

painful conditions.[37Bystematic differences in thepain qualitiespresent useful diagnost
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information to a clinician or researcher, as theynmdicate underlying neurological
involvement in pain generation.[35, 38]

A variety of NP measures have been developed #mtatize on these systematic
differences in pain qualities. As multiple posgtiand negative signs and symptoms often
accompany neuropathic pain, some of the availaBlengasures make use of a range of
assessment procedures in addition to self-repantiyding clinical testing (e.g. quantitative
sensory testing), interview, or a mixture of thesethods with self-report. However, clinical
examination is not always possible and self-regbmeasures are more easily incorporated into
epidemiological studies and for screening in cBrand for research studies. Available measures
of NP also differ in their intended use and appiarg as some, like the PainDETECT and the
IDpain were developed primarily as screeners forogathic pain symptoms.[39, 40] Other
measures like the Neuropathic Pain Scale and timeQRality Assessment Scale have also been
used to document and evaluate the presence ofoges in individual symptoms profiles or
sensations in response to treatment.[41-45] A lgetaummary of the evidence supporting the
precision and utility of self-report measures of & presented in Appendix 1. Psychometric
evaluations of these and related measures havefidémultiple distinct dimensions of the pain
experience, including a neuropathic dimension.[8bFhis has lead to the revision of or
development of pain measures that conceptualizelasckibe neuropathic pain as a scale
continuum that can reflect magnitude of neuropaithiolvement (or certainty of involvement)
in self-reported pain.[49, 50] As others have |sgd, this conceptualization of neuropathic
and nociceptive involvement as a continuum may notweely approximate the shared
physiological processes (i.e. ascending and desugnéural pathways) involved in neuropathic

and nociceptive pain detection and modulation.[51]
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For NP and other chronic pain conditions, accuaatk comprehensive assessment
remains a critical public health challenge.[1] Rebe the multi-center cooperative group
collectively referred to as the Patient-ReportedcOmne Measurement Information System
(PROMIS) was charged with creating a comprehertsateery of valid and precise health status
measures appropriate for use in clinical and rebesettings.[9] As part of the first wave of the
PROMIS initiative, multiple health status measusese developed using rigorous qualitative
and quantitative statistical approaches to measemeri, 52] including measures of Pain
Intensity, Pain Interference, and Pain Behaviot.[1) 53] The use of item-response theory
based statistical models has enabled a high deffesibility in administration, as PROMIS
measures can be deployed using item banks and ¢errguaptive testing (CAT), pen-and-
paper based surveys, fixed-length short forms,caistomized short forms.[54] More
information on the development and validation & BROMIS suite of measures can be found at

www.nihpromis.organdwww.assessmentcenter.fig@, 11, 53] As part of this initiative,

extensive data on patient-reported pain qualiteeselalso been collected. In this cross-sectional
study, we aimed to evaluate the ability of PROM#hmuality descriptors to identify distinct
pain phenotypes of neuropathic and non-neuropatigm, and if possible, to develop a scale

measure of neuropathic pain quality.

METHODS
Participants
The analytic cohort was comprised of four clinisabgroups representing neuropathic

and non-neuropathic pain conditions. The neuropadin conditions were diabetic neuropathy
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and cancer chemotherapy-induced peripheral neurgpand non-neuropathic pain conditions
were rheumatoid arthritis and osteoarthritis. $tparticipants were recruited at multiple sites
through a variety of methods including direct imid approaches, mailed letters of invitation to
patients identified by clinic physicians, medicatords searches, participant registries (National

Data Bank for Rheumatic Diseasbp://www.arthritis-research.ongér targeted advertising

within online support and advocacy groups. Clihrearuitment sites included Rehabilitation
Institute of Chicago’s Center for Pain Managemenrtt d@niversity of Washington Medical
Center’s Diabetes Care Centers. Patrticipants cdetplaformed consent and provided
authorization to confirm clinical diagnosis witle#éting physicians. For all groups, inclusion
criteria were willingness and ability to providdarmed consent, ability to read and speak
English, age of at least 18 years, and the altdisee and interact with a computer screen,
mouse, and keyboard. The human subjects divisibparticipating institutions approved study
procedures, and participants were compensatedo$#8tin cash or gift card according to site-

specific institutional review board guidelines.

Subgroup-specific inclusion/exclusion criteria

For the cohort with diabetes, participation reqaiicénically confirmed diabetes and self-
reported symptoms of painful peripheral neuropdtiay began after onset of diabetes and were
present for at least three months prior to statiegstudy. Comorbid fibromyalgia or
rheumatoid arthritis and/or limb amputation werelegion criteria. For the cohort with

chemotherapy-induced peripheral neuropathy, ppeimn required clinical confirmation of
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diagnosis and past or current treatment with a cleenapy agent known to cause peripheral
neuropathy. Participation also required self-regbgymptoms of peripheral neuropathy that
began after administration of chemotherapy thaevpeesent for at least three months prior to
starting the study. Comorbid fiboromyalgia or rheond arthritis and/or stem cell transplant
were exclusion criteria. For the cohorts with oatélwritis and rheumatoid arthritis, participation
required clinical confirmation of diagnosis with additional subgroup-specific exclusion

criteria.

Measures
After screening for eligibility, participants wedéected to an internet-based survey

system, Assessment Centettps://www.assessmentcenter)n& complete study surveys

through computer adaptive testing (CAT) or werevigted paper-based short-form (SF) surveys.
Surveys included demographic and clinical informatind a battery of PROMIS measures
assessing Global Physical and Mental Health (SBiwerl.1), Pain Intensity (SF-version 3a),
Pain Interference (CAT & SF-version 6b), Pain Beba{CAT & SF-version 7a), and PROMIS-
29 Profile (version 1.0) measures of Physical Hon¢tatigue, Anxiety, Depression, Sleep

Disturbance, and Satisfaction with Social Roles.

Pain descriptors
During the first wave of the PROMIS initiative, eepminary set of pain quality
descriptors was identified through literature rewiand the content of the of pain quality items

was revised following focus groups and cognitiverasing interviews.[12, 52] These pain
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quality descriptors were then administered to pgdints from the US general population and
participants with chronic pain recruited from theérican Chronic Pain Association.
Preliminary analyses supported the hypothesisttiegpain quality factors described clinically
important sub-domains of pain sensory experiengethe data were not sufficiently
unidimensional to proceed with scale calibratios.part of a follow-up study targeting a
broader array of pain conditions, participants wadministered a revised set of 42 pain quality
descriptors with a 5-point Likert response scd&ler 40 of the 42 pain quality descriptors, the
item-stems were: “In the past 7 days, did your fpeah...” with the remaining 2 items modified
slightly to maintain grammatical form when itemstpaned to shifting locations of pain.
Response options for these pain descriptors waog:dt all”, “a little bit”, “somewhat”, “quite a

bit”, and “very much”.

Analysis

The analytic cohort was split into separate develemt (n=367) and validation (n=368)
datasets to enable cross-validation of the dimeasistructure of the data. Randomization was
carried out within each diagnostic condition towgesequivalent distributions across datasets. In
the developmental dataset, response patterns waneireed at the item level to identify items
that best distinguished between participants wiith\@ithout neuropathic pain conditions.
Cramer’'sV served as a sample size adjusted measure of sffeatepresenting the strength of
relationship between diagnostic category and oleskrgsponse patterns. Items most strongly
associated with diagnostic condition (i.e. item#wtine highest probabilities of endorsement by
those with neuropathic pain) were identified anthpared with those identified in the

dimensionality assessment.
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Exploratory factor analysis (EFA) of the developinéataset was carried out, and
unidimensionality of the neuropathic descriptorsnified in the EFA was then assessed in the
holdout sample using Confirmatory Factor Analy§l&4). Traditional fit indices guided
evaluations of model fit (CFI, TLI),[55] and allder loadings and residual covariances were
evaluated in terms of magnitude and statisticaliB@ance. Then, IRT-based calibration using
Samejima’s graded response model for polytomoysorese formats was carried out using the
combined sample to maximize sample size and pogcduiring estimation.[56] Item fit was
evaluated with S¢ (p>0.01), and local dependency was evaluated stéthdardized LD¢
indices (<10).[57-59]-scores representing neuropathic pain quality weza derived for all
study participants with the mean centered at 5Gtl@dtandard deviation set to 10.

Using the development dataset only, sensitivity spekificity analyses were carried out
to identify optimalT score thresholds that maximized discrimination leetwvparticipants with
neuropathic and non-neuropathic pain conditionsudén’s Index informed threshold
selection.[60] Three score thresholds were selectaelto optimize sensitivity, one to optimize
specificity, and one representing a balance of bb#racteristics. Sensitivity and specificity
using these thresholds were then validated in ¢heédut sample. Reliability and validity of
neuropathic pain quality T-scores were then evatliasing ANOVA (known-group
comparisons), Chronbach’s alpha, item-total coti@ta, polychoric correlations (internal
consistency), and correlations with measures @rdtkalth domains (discriminant validity).

Data management, descriptive statistics, correlatianalyses, and ROC analyses were
carried using Stata/IC 12.1 (Copyright 1985-201taf&&orp LP). Dimensionality assessment

was conducted using Mplus 6.12 (Copyright 1998-204dthen & Muthen), and IRT
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calibration was carried with IRTPRO 2.1 (Copyri@otL1, Scientific Software International,

Inc).

RESULTS

Participants

A total of 735 participants with pain related tbl @=134), DN (n=181), OA (n=106),
and RA (n=314) comprised the analytic cohort (Td)leMean age (sd) was 58.2 (12.6), with
the younger CN subgroup averaging 52.5 (13.4) yafaage, and the older OA subgroup
averaging 64.5 (9.6) years. The majority of pgotacits were white (88.8%), female (71.9%), and
half (49.8%) had earned a college or advanced dewaaticipants with OA and RA reported
painful symptoms for nearly 20 years (mean = 18[3+12.2) and had an average of 18.4 years
(SD=12.0) since diagnosis. Participants with CNegignced symptoms of neuropathy for an
average of 2.2 years (SD=2), while those with DNex}enced symptoms of neuropathy for
nearly 10 years (mean = 9.8, sd = 9.2). Substai@dits in physical and mental health were
observed across all subgroups, with the largesirtiges from the general population mean

observed for physical function (mean T-score o6Band pain intensity (mean T-score of 59.2).



Table 1. Demographic and clinical profile of styzhrticipants

Female
Missing

Race/Ethnicity
White
Black
Asian
Multiple/Other
Missing

Education
Some high school
High school / GED

Some college, technical degree,
AA

College degree (BA/BS)
Advanced degree (MA,PhD,MD)
Missing

Age in years
Years since diagnosis

) ) ) . All Pain

Neuropathic Pain Non-Neuropathic Pain Conditions
Cancer Diabetes Osteoarthritis Rhe””.“'?‘to'd ) Al

Arthritis Diagnoses

n=134 % n=181 % n=106 % n=314 % n=735 %

94 70.2 73 40.3 93 87.7 268 85.6 528 719

1 - 1 -

99 739 149 82.8 100 94.3 300 96.8 648 88.8

28 20.9 10 5.6 3 2.8 3 10 44 6.0

5 37 2 11 1 0.9 1 0.3 9 1.2

2 1.6 19 10.6 2 1.9 6 20 29 4.0

1 - 4 - 5 -

5 3.7 10 5.6 1 0.9 2 0.6 18 24

27 20.2 20 11.2 10 9.4 51 16.3 108 14.8

33 246 79 444 32 30.2 97 31.0 241 33.0

4332.1 31 174 32 30.2 94 30.0 200 27.4

2619.4 38 214 31 293 69 22.0 164 22.4

3 - 1 - 4 -

mean SD mean SD mean SD mean SD mean SD

525134 58.8 13.1 64.5 9.6 58.2 11.9 58.2 12.6

20.4 13.8 180 114 18.6 12.2



Years with symptoms of neuropathy
Years with symptoms of arthritis

PROMIS-Global
Physical Health
Mental Health

PROMIS-29 Profile
Physical Function
Fatigue
Pain Intensity
Pain Interference
Pain Behavior
Sleep Disturbance
Depression
Anxiety
Satisfaction with Social Roles

2.22.2

41.510.1
45.4 10.9

39.7 7.9
56.6 10.3
50.310.4
57.910.1
56.4 8.2
53.7 9.3
54.612.1
56.1 12.0
44.19.6

9.8

40.2
44.5

39.9
55.5
50.2
58.2
57.0
54.6
52.9
52.7
42.5

9.2

8.1
9.3

8.4
9.3
7.4
9.1
6.5
8.2
9.8
9.6
8.2

19.2

41.3
47.0

37.4
55.6
53.0
60.5
58.2
52.9
49.9
50.7
42.8

12.5

7.8
8.6

6.4
9.3
6.9
7.7
4.3
9.5
8.7
9.3
9.1

19.5

41.3
46.7

39.8
56.1
51.2
59.8
57.5
52.8
50.4
50.0
43.8

12.1

8.5
9.1

7.5
10.2
6.4
7.9
4.9
8.6
9.3
8.9
9.3

41.1
45.9

39.5
56.0
51.0
59.2
57.3
53.4
51.7
51.9
43.4

27

8.6
9.5

7.7
9.9
7.6
8.7
6.0
8.8
10.0
10.0
9.1




Item selection, scaling, and scoring

Of the 42 pain quality descriptors evaluated, 341 %ere more likely to be endorsed by
participants with neuropathic pain with moderatéatge effect sizes (Crameis 031 - 0.57).
In exploratory factor analysis of the developmedtthset, these same five items loaded together
on a unique factor for all factor solutions betw@esnd 7; beyond 7 factors, eigenvalues were
consistently below 1.0. Confirmatory factor an&ya the validation dataset indicated that the
5-item unidimensional model fit the data well (GF0.98 / TLI = 0.96), and all factor loadings
were statistically significant and greater tharb0.Tspection of residual correlations found that
9 of 10 residuals were lower than 0.10 with thgéat residual at 0.13 further supporting
unidimensionality of the data.

During IRT-based scale calibration, the samplevestttd mean difficulty was set to a
mean of 0 and standard deviation of 1. All fivenits demonstrated adequate fit [all p>0.01, S-
X?) and were free from problematic local dependentiyLO-X? indices <10). Discrimination
parameterso) ranged from 1.98 from 4.05, and difficulty paraere §) ranged from -0.37 to

2.09 (Table 2).

Table 2. Discrimination and difficulty parameteiss indicator items of neuropathic pain
quality

a b1 b2 b3 b4

In the past 7 days, did your pain feel

Numb 198 -0.27 030 095 1.73
Tingly 3.09 -037 024 083 158
like pins and needles 4.05-0.31 0.19 0.70 1.22
Stinging 2.13 0.09 0.63 128 1.97

electrical 2.02 048 095 148 2.09
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T-scores representing neuropathic pain quality wereentered to a mean of 50 and standard
deviation of 10 with a simple transformation, aléof@s: T-score #$*10 + 50. Individual
participant T-scores were calculated to evaluabeessensitivity in discriminating between

neuropathic and non-neuropathic pain conditiondl@ 3).

Table 3. Sensitivity and specificity of T-scoregbholds in predicting neuropathic pain
conditions

T-score Correctly

Dataset Threshold (>) Sensitivity Specificity Classified
Development 43 0.90 0.38 0.60
50 0.76 0.73 0.74

57 0.40 0.90 0.69

Validation 43 0.93 0.42 0.64
50 0.77 0.67 0.71

57 0.44 0.90 0.70

Combined 43 0.92 0.40 0.62
50 0.77 0.70 0.73

57 0.42 0.90 0.70

T-score thresholds of 43 and 57 were identifiedgithe developmental dataset that optimized
sensitivity (0.90) and specificity (0.90), respeety. Sensitivity (0.93) and specificity (0.90)
were confirmed in the validation dataset using éhssme thresholds. A threshold of 50 was
selected as a cut-point that maximized sensitauity specificity (0.77 and 0.70, respectively in
the combined sample). Receiver operator charatiteanalyses indicated that the area under the
curve was 0.80 suggesting good discriminatory tytli T-scores (Figure 2). However,

Youden'’s indices associated with each score warmsistently below the 0.8 threshold

recommended for diagnostic testing.
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Figure 2. Receiver Operator Characteristic (ROC) curve for T-scores

0.75 1.00

0.50

Sensitivity

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.80

Validity and Reliability

Evidence of construct validity was supported bywn@roups comparisons. A -point
mean difference (F=251.74, p<0.0001) -scores was observed between participants
neuropathic and noneuropathic pain conditions (Ta 4). Moreover, correlations wil
measures of other healtalated domains were negligible in magnitude, sstygg adequat
discriminant validity (Table 5). The largest cdatens with neuropathic pain quality sco

were observed for measures of pintensity, pain interference, anxiety, and depresfr = 0.09

to 0.20).
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Table 4. Neuropathic pain quality T-score compmarssby diagnostic subgroup

T-score SD n F* p

Overall 50.00 9.22 735 251.74 <0.0001
Neuropathic pain 55.38 8.11 315
Cancer 55.50 8.33 134
Diabetes 55.29 7.97 181
Non-neuropathic pain 4596 7.85 420
Osteoarthritis 46.93 8.77 106
Rheumatoid Arthritis 45.64 7.50 314

*F test represents two-group comparison (neuropathinon-neuropathic pain)

Table 5. Correlations between Neuropathic PainiQuescores and other health domains

Neuropathic

Pain Quality

PROMIS Pain Measures

Pain Interference -0.109

Pain Behavior -0.076*

Pain Intensity -0.093*
PROMIS Global

Physical Health -0.028

Mental Health -0.102*
PROMIS-29 Profile (1.0)

Physical Function 0.043

Anxiety 0.196 *

Depression 0.164*

Fatigue -0.002

Sleep Disturbance 0.076

Satisfaction with Social Roles -0.018

¢ indicates statistical significance with= 0.05
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High internal consistency was also indicated byltegrom the factor analysis and multiple
indices of interdependence (Chronbach’s alpha % @&m-total correlations corrected for
overlap [0.62-0.79], polychoric correlations [050.79]). An expanded evaluation of reliability
from the IRT-calibration indicated that item infoation was maximized (>10) for T-scores
between 45 to 65 (Figure 3). A sum score to T-scaveswalk table is presented in Table 6 to

facilitate scoring from raw response options.

Table 6. Sum score to T score crosswalk table

SSCUOTG T score SSCUOTG T score
5 37 16 58
6 43 17 59
7 45 18 61
8 47 19 62
9 49 20 63
10 50 21 65
11 52 22 66
12 53 23 68
13 54 24 70
14 56 25 74
15 57




Figure 3. Reliability of T-scores
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DISCUSSION

In this study, we aimed to assess the ability ocDRRS pain quality descriptors
to discriminate between individuals with neuropatimd non-neuropathic pain
conditions and to develop a scale measure of nathimppain quality. We adopted a
multi-staged approach to item-identification andls@evelopment, converging on a
unique set of pain quality descriptors. The reisgls-item measure appears to be valid,
reliable, and effective at identifying patientshwiteuropathic involvement in pain
generation.

With respect to the performance of T-scores assarigive scale measure, we
found reliability to be higher than most estimatgsorted in the literature for currently
available self-report measures of NP (see AppehixThe level of precision achieved
with this brief 5-item measure likely reflects thévantages of a multistage psychometric
approach to modeling that included functional eatins of individual items, factor
analytic models, and IRT-based scale calibratidevertheless this increased reliability
did not necessarily lead to increased diagnosiityuas our estimates of sensitivity and
specificity were comparable to those previouslyorégd (see Appendix 1). While it is
unclear how much diagnostic information can bemggelafrom pain quality descriptors, it
is possible that at a certain point, additionahgan reliability may no longer translate
into increased diagnostic utility. For this antl@treasons, it is important to emphasize
that a self-report measure of NP cannot replacecali judgment with respect to the
clinical diagnosis of NP. Nevertheless, assesswfamturopathic pain quality may
provide information that is useful and diagnosticegélevant when attempting to locate

underlying sources of pain generation in a clingsgting.
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With respect to validity of this scale measure,faiend negligible correlations
between pain intensity and interference and nediheppain quality, which supports the
hypothesis and methods adopted to measure neuropath quality as a distinct
construct. While statistically significant, the &tition and magnitude of these correlations
may simply reflect lower average pain intensity artdrference estimates reported by
participants with NP in our analytic cohort. limsportant to note, however, that the
highest correlations from convergent and discriminelidity analyses were observed
between neuropathic pain quality and mood. loissible that these correlations may
also reflect average differences in depressionaameety observed in our sample, but
evidence detailing the efficacy of anti-depressant$ mood stabilizers in the treatment
of NP suggest a more complex relationship and palgnshared neurological

mechanisms.[15, 51]

Limitations & Future Research

In this study, response patterns of participardsffour distinct patient
populations were evaluated, and it is possiblehdicipants from populations with
other chronic neuropathic and nociceptive pain ¢ may describe their pain in
systematically different ways. However, more samiles than differences in pain
guality descriptors have been reported among iddals with many different NP
conditions, suggesting that the clinical expressibNP is likely “trans-etiological’[46]
Pain quality descriptors identified in this studgrer also similar to those from other
previously developed measures of NP (e.g., tinglngnbness, pins and needles,

electric, among others.),[38, 61] despite the logfeneity of NP populations utilized
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during instrument development. Nevertheless, liaites in the diagnostic resolution that
pain quality descriptors provide have led othersuggest that differences in reported
neuropathic pain qualities may more accuratelyeo¢ftlifferent mechanisms involved in
NP (as opposed to etiology).[62] It remains to &emswhether treatments targeting
individual NP mechanisms defined by pain qualitgatgtors will translate into more
personalized and effective pain relief, but thimaens a promising area of future
research.

The larger PROMIS pain quality project also incleidata from participants with
fiboromyalgia, and considerable deliberation regagdhe status of fioromyalgia as a NP
or non-NP pain condition preceded analysis. Therexdf neuropathic involvement in
fiboromyalgia related pain remains unclear,[63, &4d given our intent to develop a scale
measure of NP that discriminates well between iddi&is with and without NP, it
seemed prudent to limit this analysis to partictpamth more clearly defined
neuropathic and non-neuropathic pain conditionturféunvestigations into the pain
gualities reported by participants with fioromya@nd mixed or idiopathic pain
conditions may further elucidate the underlyinghpahysiological mechanisms
involved.

Patient-reported pain, like other symptoms, likelgresents the aggregate
expression of complex biological, cognitive, anatextual processes. Moreover, the
experience of pain is multi-faceted, and clinicgberts have acknowledged the need for
more comprehensive pain assessment in clinicaareisg3, 65] Valid and reliable
measures that are sensitive to systematic diffeeimcpain qualities will likely provide a

more informative profile of patient experiencelhimical settings. They may also take
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on a larger role in advancing our understandindpefimechanisms underlying pain
generation and palliation. It is our hope that enabust instrumentation will serve both
of these ends and accelerate the arrival of mdeetefe and personalized clinical

treatments of NP.
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Appendix 1. Summary of evidence documenting psyatamand diagnostic properties of self-report meas of neuropathic pain*

n n (non- Chron-
(neurop neurop bach Internal ROC-
First Author Year Language athic) athic) alpha structure Factors AUC SN SP  Test-retest
Measures developed for discrimination
Neuropathic Pain Questionnaire (12-items)
Krause [66] 2003 English 149 233 0.95 PCA/EFA 6 666.74.4
Hallstrom [67] 2011 Swedish 28 12 0.78 50.0 100.0= k89
Li [68] 2012 Chinese 36 23 082 529 914
Backonja [69] (3 items) 2003 English 110 168 645 78.6

Self-report Leeds Assessment of Neuropathic Symptmd Signs (7 items)

Bennett [70] 2005 English 100 100 0.76 740 76.0
Weingarten [71] 2007 English 69 117 57.0 69.0
Koc [72] 2010 Turkish 137 107 0.74 720 77.0 r€00.

painDETECT (9 items)

0.84, 0.84,
Freynhagen [39] 2006 German 228 164 0.83 PCA 2 0.90.85 0.80
Hallstrom [67] 2011 Swedish 28 12 0.71 0.68 0.83=k59

De Andres [73] 2012 Spanish 71 71 0.86 EFA 2 0.88.810 0.81 1I1CC=0.93
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Idpain (6 items)
0.73,
Portenoy [40] 2006 English 190 502 PCA/EFA 0.69 ICC=0.74
Galvez [74] 2008 Spanish 145 138 0.66 FA 1 0.89 10.80.84 r=0.98
Kitisomprayoonkul[75] 2011 Thai 24 49 0.32 0.89 3.80.80
Chan [76] 2011 Chinese 60 32 0.78 081 0.65 ICC20
Li [68] 2012 Chinese 36 23 095 087 0.90
Padua [77] 2013 Italian 255 137 0.78 0.74
Measures devel oped for description
Short-Form McGill Pain Questionnaire 2 (6 item$iR subscale)
Dworkin [48] 2009 English 575 533 0.78 EFA 3
Lovejoy [78] 2012 English 19 167 0.85 CFA 4
Adelmanesh [79] 2012 Persian 74 184 0.81 EFA 4
Neuropathic Pain Symptom Inventory (12 items)
Bouhassira [80] 2004 French 176 PCA/EFA 5 ICC 90.8
Padua [81] 2009 Iltalian 255 137 CFA 5
deAndrade [82] 2011 Portuguese 94 5 ICC=0.77
Cluster
Sommer [83] 2011 German 68 169 0.75analysis 6 0.80 0.82 ICC=0.89
0.80,
Villoria [84] 2011 Spanish 548 0.90 PCA 5 ICC =0.68

ROC-AUC: Receiver Operator Characteristic - AredarCurve; SN: Sensitivity; SP: Specificity; SFo8HhForm; PCA: Principal Component
Analysis; EFA: Exploratory Factor Analysis; CFA: @wmatory Factor Analysis; FA: Factor Analysis;@CIntraclass Correlation Coefficient
*Relevant articles were identified using a validhRubMed search algorithm designed to identifyckasi reporting psychometric properties and
key words, “pain” and (“neuropathy” or “neuropathar “neuropathies”) on 21 April 2013.[85] Similaearches were carried out in Scopus and
PsycINFO, PsycAtrticles, PsycExtras (EBSCO-ASC)risuee comprehensiveness of the search. Only ggiftreneasures (i.e. requiring no
clinical examination or interviews) that produssoresrepresenting NP were included.



Conclusion

While advances in physiological testing and elgattgsiological imaging have greatly
enhanced our understanding of the mechanisms ieglotvpain generation and modulation, to
date these advances have yet to yield a biometpbtysiological outcome quantifying perceived
pain that is superior to that of self-report.[88] 8s such, self-reported pain measures will likely
to continue to occupy a key role in medical andlepiiological research of chronic pain. The
projects outlined in this dissertation highlightthadvanced statistical methodologies have
enabled valid and reliable assessment throughrejedirt. Moreover, scores from these measures
reflect health status from the patient perspectilgch has become a national priority in public
health research.[88] It is my hope that the develept and validation of these self-report
measures of chronic pain will serve to advanceundlerstanding of the physiological and
psychosocial factors that affect individuals livimgh chronic pain and bring relief to this

growing and largely underserved community.
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