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What’ s Wrong with Today’ s
Outcomes Measures ?
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What is Wrong with Today ‘s Measurement?

® not practical

@ measurement of multiple constructs may need hundreds
of items & provider reports are often not available

@® not comparable

® same constructs are often measured with different
instruments without being comparable




Not Comparable

. Psychometric __Utility Related
Concepts and Characteristics SIP HIE NHP QLI COOP DUKE MOS MOS QWB EURO HUI SF-6D
FWBP SF-36 -QOL
CONCEPTS _ _ _ _ _ _ _

Physical functioning [} [ [ ° [ ° o ° [ o o [
Social functioning ° o [ ° o o o ° ° o °
Role functioning ° o ° o o ° ° ° ° o o
Psychological distress ° ® ) ° ) ) ) ) ) ) )
Health perceptions (general) o [ [ o [ [ °
Pain (bodily) o [ o o ° ) o [ [
Energy/fatigue ° ° ° ° [ °
Psychological well-being o o (J ®
Sleep o [ ° °
Cognitive functioning ° o ° o
Quiality of life ) ) )
Reported health transition o [ [

SIP = Sickness Impact Profile (1976) . MOS FWBP = MOS Functioning and Well-Being Profile (1992)

HIE = Health Insurance Experiment surveys (1979) MOS SF-36 = MOS 36-Item Short-Form Health Survey (1992)

NHP = Nottingham Health Profile (1980) QWB = Quality of Well-Being Scale (1973)

QLI = Quality of Life Index (1981) EUROQOL = European Quality of Life Index (1990)

COOP = Dartmouth Function Charts (1987) HUI = Health Utility Index (1996)

DUKE = Duke Health Profile (1990) SF-6D = SF-36 Utility Index (Brazier, 2002)

adapted from John Ware, Medical Care 1995



e.g. temperature

water
boils

+ 80 + — 373 -+ 672

body
temperature

+ 30 7 -+ 310 - 558 |-

water
freezes

32 T 0O T 273 1 492 T
absolute
31— 41— 34— Zero 34— 4
-459 - -218 273 - N0 0 -
Fahrenheit Reaumur Celsius Kelvin Rankine

1724 1731 1742 1848 1859



What is Wrong with Today ‘s Measurement?

@® not practical

@ measurement of multiple constructs may need hundreds
of items & provider reports are often not available

@® not comparable, not anchored

@® same constructs are often measured with different
iInstruments without being comparable

® restricted measurement range

@ clinical instruments do not provide information
for the general population




Restricted Range

n=1.052 longitudinal study over 5 years

15+ - - - - - - - - - ——————— - 151~~~ — - -
miscarriages % scale miscarriages % scale
including including

0L - S items 104 - - - - oL 22 items _

[
0 T T T T 1 0 T T T 1
0 0.2 0.4 0.6 08 1 1 2 3 .5
low high low high
perceived stress perceived social support
300 300
2001 200 1
histogram histogram

100 100 ;

0 0 —




What is Wrong with Today ‘s

| Measurement?
@® not practical

@ measurement of multiple constructs may need hundreds
of items & provider reports are often not available

@® not comparable

@® same constructs are often measured with different
iInstruments without being comparable

@ restricted measurement range

@ clinical instruments do not provide information
for the general population

@® not precise

® measurement precision does not meet required
standards for individual clinical decision making




Cardio/Pulmonary Function & Well-Being

n=112 patients with congenital heart failure

WHOQOL Bref

- 26 items
high 100
60 Physm;al
Domain
correlation
r=.33
explained variance
approx.10%
low 20

10 20 30 40 50 ml O,/kg/min

max. oxygen consumption (VO,max) - treadmill test

Rose et al. Qual Life Res 2006



Precison & Clinical Decision Making

reliability .80
reliability .95

abdominal heart total

joints

Bodily Complains

reliability .80 vs .95: Twice the change score is required

SEM = SD « (1-p)* Cl=x1(1.96 » SEM) to indicate true change



Can We Do Better %
Without Building Just Another

Tool !




Position of PROMIS at the NIH

NIH Roadmap
Imple me ntation Working
Groups (9 groups)

2004 Research Teams Re-engineering the New Pathways
of the Fulure Clinical Research 1o Discovery
Key RO ad m ap (3 groups) Enterprise (1 group) (5 groups)
Initiatives
] | I |
Translational Clinical Cliniral Clinical
PROMIS Research Research Research Research Policy
Project Team Project Team Network Workforce Analysis Project
Project Team Project Team Teant
i
National
Instituie of
Arthrifis and
Musculoskeletal
and Skin
Diseases

http://www.nihpromis.org/



Patient-Reported Outcomes Measurement Information System
Dynamic Tools to Measure Health Outcomes From the Patient Perspective

State
University of Washington University of UnlverS|ty of
o New York ® Copenhagen
(SUNY)
° o UMass University Clinic
°N ® Hamburg-Eppendorf
Evanston Northwestern ‘ A NIH
Stanford University Unlver5|ty of Prttsburgh
. — %
\ UNC —Chapel Hill o puke
° University
®
US-National Institutes of Health (NIH) Phase 1
Key-Road-Initiative 2004-2009 -
) . : . L $60+ mio
Re-engineering the Clinical Research Enterprises Phase 2
2010-2013 s

www.nihpromis.org/
Cella D, Yount S, Rothrock N, Gershon R, Cook K, Reeve B, Ader D, Fries JF, Bruce B, Rose M, Medical Care 2007



Rational of the NIH Initiative

: : NIH RFA RM04-011
Long-term objective ... a0

® Facilitate a better integration of PROMSs for the
assessment of health outcomes ...

Mid-term objective ...

® More precise and le
® Standardized asses
® Up- and Downward:

@® Tools useful for epic
practice at the sam

Item Response Theory (IRT)
ltem Banks

&
Computer Adaptive Tests (CAT)




Steps towards an IRT Item Bank

Construct Definition 0 Literature Review/Consensus



PROMIS Health Domain Framework

Physical Health

Self
Reported
Health

;1 Sleep/Wake Function

Upper Extremity

Central (neck and back)

Lower Extremity

Compound activities

Pain

— Physical Symptoms

“— sexual Function

i— Emotional Distress

Mental Health

||

Other

Available PROMIS
Item Banks

O
=
=8

<

3
©
[
=,

Substance Abuse

Cognitive Function

Social Health

Positive

— Psychological

Functioning

Negative Impacts of lliness

Alcohol Abuse

Meaning & Spirituality

Stress Response

Self-concept

|_

Subjective Well-Being (positive affect)

Mastery and Control (self-efficacy)

Positive Impacts of lliness

|_

Ability to Participate

Social Isolation

Coping

Self-concept

Social Connection

Social Roles

{ Social Function
Social Support

1 11 1 __

Satisfaction with Participation

Discretionary Soc Activ.

—
|
|

—

—| Meaning & Spirituality
|
|

—

~
[




Steps towards an Item Bank

Construct Definition 9 Literature Review/Consensus
v
ltem Construction 9 Qualitative Review

® @ 8,000 items reviewed
® Dbinning and winnowing to 1,064 items
e 28 focus groups

® 784 cognitive interviews



Steps towards an Item Bank

Construct Definition 0 Literature Review/Consensus
r

ltem Construction 9 Qualitative Review
v

Item Bank Development @ Quantitative Data Analysis

e >20,000 participants studied
® >1,000 items studied
e 12 statisticians

® ] statistical coordination center



Steps towards an Item Bank

Construct Definition 0 Literature Review/Consensus
v
ltem Construction e Qualitative Review
v
Skewness ? Frequency Analysis
Unidimensionality ? CFA
Local Independency ? Residual Correlations
Heuristic Analysis @ ltem Response Curves
Differential ltem Function ? Regression
Parameter Estimation @ IRT Analyses (GRM)

Item Fit & Parameter Stability @ Fit Test & Partly Exclusion of Items

Norming @ Representative Sample



“Ttem Response Theory” (IRT) Item Bank

e.g. for Physical Function
Person Score

. |
AR omiaions

lil ?# . . standard deviation
- .
Low i ) Ul § High
< | | —
20 30 80
Q o @ Q
Q Q Q
get on_and Q Q Q
off toilet Q Q Q Q Q running
legacy tool 1 b?jthing_ and climb 05 five miles
HAQ ressing _ one flight walking more
running of stairs than a mile
errands legacy tool 2

ltem Location SF-36



“Ttem Response Theory” (IRT) Item Bank

e.g. for Physical Function
Person Score

get on and
off toilet Q

Q Q Q Q running

bathing and . five miles
dressing climb up _
_ one flight walking more
running of stairs  than a mile
errands

The patient with a score of 60 has a significant higher physical function than the average.
Persons with those score typically have no problem running five miles ...



“Ttem Response Theory” (IRT) Item Bank

e.g. for Physical Function
Person Score

get on and Q %

off toilet
_ Q Q Q running
bathing and . five miles
dressing climb up _
_ one flight walking more
running of stairs  than amile
errands

The patient with a score of 32 has a highly significant lower physical function than the average
person. Persons with those score typically have difficulties bathing and dressing, running errands ...



Computer Adaptive Test

e.g. for Physical Function

Person Score

Low

==e

==
==
==-
y

N
o
w
o
O Q =pe
o
®
a
o
()]
o

get on and

off toilet Q
_ Q C? Q Q running
bathing and . Q five miles
dressing climb up
_ one flight walking more
running of|stairs  than amile
errands

A patient with a estimated score of 32 would only get items relevant to this level of disability, e.g.
asking if she/he has difficulties bathing and dressing, running errands, get on of toilet ...



PROMIS Approach




PROMIS Tools

Pick a PRO

static

Build a PRO

Use a CAT

Standardization
of Measurement

Predefined static PROMIS instruments

PROMIS-29, -43, -57 Profiles
(one size fits all)

User picks the items of the bank with

most appropriate face validity
(e.g. literacy level, measurement range
target population)

Most precise and less burdensome
individually tailored test

Transfer Scores from
established tools into IRT scores

Transfer Scores from established
instruments into each other

Different Levels
of Adaptation

Cautious
Adaptor

Adventurous
IRT Believer

Let’'s go
Crazy ...

Don’t like to
change
anything



Ple d PRO PROMIS 29 Profile

Please respond to each question or statement by marking one box per row.

Without With a With With
any little some much Unable

difficulty difficulty difficulty difficulty to do
Are you able to do chores such as O | | | O
vacuuming or yard Work?.......coccvveevieeiinennn
Are you able to go up and down stairs at a O O O O O
normal Pace? ...
Are you able to go for a walk of at least O O O | O
15 MINUEEST .o
Are you able to run errands and shop?....... O O [ u O
In the past 7 days... Never Rarely Sometimes Often Always
[ felt fearful........ooii e [ [ [ C -
[ found it hard to focus on anything other . = | O .
than my anXiety ......cc..covveveenieeiirsseenineens
My worries overwhelmed me..................... [ [ m [ [
[ felt UNeASY ...vveciiece vt O O [ u O




Pick a PRO

Please respond to each question or statement by marking one box per row.

In the past 7 days...

In the past 7 days...

[ have trouble starting things because [ am
TR, .ot e e e e e e

Never

Rarely

Sometimes

PROMIS 29 Profile

Often

Always

[ felt worthless ...
[ felt helpless ...
[ felt depressed .......oovoeeiieiiiiiei e

[ felt hopeless ...

O
O
O
O

Not at all

O
O
O
O

A little bit

O
O
O
O

Somewhat

O
O
O
O

(Quite a bit

O
O
O
O

Very much

[ feel fatigued .......ooveeveeee e
How fatigued were you on average?..........

How run-down did you feel on average? ...

O

O
O
O

O

O
O
O

O

O
O
O

O

O
O
O

O

O
O
O



Ple d PRO PROMIS 29 Profile

| In the past 7 days... Notatall A little bit Somewhat Quite a bit  Very much
[ am satisfied with how much work I can O O O O O
do (include work at home).........ccceevevvnneee.
[ am satisfied with my ability to work O O O | |
(include work at home).....................
[ am satisfied with my ability to do
regular personal and household O [ [ [ [
responsibilities ... ...ooo.oriioniiiiiie e
[ am satisfied with my ability to perform O O O W O
my daily routing..........ccccveeeeeereseenesneeannans
In the past 7 days...
How would you rate your pain on O OO0 00000 oOgO o O
AVETAZET .. meeresesseseesesenensenaens ) | 2 3 4 5 6 7 8 9 10

pan magrabe
pain

In the past 7 days... Notatall A little bit  Somewhat  Quite a bit ~ Very much

How much did pain interfere with your O O O O O
day to day activities? ........ccoccoveiiiiiienennn,

How much did pain interfere with work O O O | |
around the home?.............cccos.

How much did pain interfere with your O O | | |
ability to participate in social activities?




Build a PRO

Depression Item Bank
28 items

|0

Stem

|[ELDEFDZ | felt that | had no energy |
|[EDDEFD4 | felt worthless |
EDDEFDS | felt that | had nothing to look foreard to
EDDEFPDE | felt helpless

EDODERFOT | withdrew from other people

EDDEFOY | felt that nothing could cheer me up

|[EDDEF13 | felt that other people did not understand me |
EDODEF14 | felt that | was not as good as other people
EDDEF1EB | felt like crying

[EDDEFTY [ felt sad |
EODER1Y | felt that | wanted to give up on everything
EDDER2T | felt that | was to blame for things

[EDDEFZ7 | felt like a failure |
|[EDDEP23 | had trouble feeling close to people |
EDDEFZH | felt dizsappointed in myself

|EDDERPZT | felt that | was not needed |
EDDER2E | felt lonely

|[EDDEFZ9 | felt depressed |
EDDEFZ30 | had trouble making decisions

[EDDEPAT | felt discouraged about the future |
EDDEF3S | found that things in my life were overshelming
EDDEF3B | felt unhappy

EDDEF3Y | felt | had no reason for living

EDDEP41 | felt hopeless

EDDER4 | felt ignored by people

EDDERP44 | felt upset for no reason

[ECDEP45 | felt that nothing was interesting |
EDDEF4EB | felt pessimistic

|[EDDEF48 | felt that vy life was empty |
EDDER:0 | felt guilty

|EDDEPS4 | felt emotionally exhausted |
EDDEFASR | had trouhle enjoying thinos that | used to enjoy




Build a PRO

Three PROMIS Domains and Associated Main Subdomains

Number of ltems

Domain Subdomain ltem Bank Short form
Emotional Distress- Mood 12 4
Depression Cognition 8 2
Self worth 8 2
Fatigue Experience 36 4
Impact 47 4
Physical Functioning Central 5 1
IADL 40 3
Lower 40 2
Upper 40 2

created parallel forms (A and B) using IRT methods for each domain



Build a PRO

912 chronically ill patients

n=

Depression

Fatigue

Physical Function
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5.004
4,004
2.004
1.00

. 3.00

DepA

FatA

PFA

ICC =.90
r=.90

ICC =.92

r=.92

ICC =.92

.92
Cronbach o Form A/B

r

.95/.94

Cronbach a Form A/B

.96/.96

Cronbach a Form A/B

.93/.93



Build a PRO

n=912 chronically ill patients

Physical Function Fatigue Depression

B v B v B

55. .......................................................................................................... 75_ .......................................................................................................... 75. ..........................................................................................................

FormA Form B FormA FormB FormA FormB

no relevant mean differences
between different short forms



Computer Adaptive Tests

T & ‘@_

| feel short of
breath when | sit




Measurement Precision and Range

Comparison between SF-8, SF-36 and PROMIS tools n=20.423
6.0
standard
error reliability
5.0 - — 0.80
4.0
- = 0.90
3.0
- = 0.95
2.0
10 Ny _Item Bank
' (124 items)
general population mean

0

10 20 30 40 60 70
1SD

Physical Function



Measurement Precision and Range

Less
Precision

More
Precision

Standard Error of Measurement

6.00

4.00

3.00

2.00

1.00

0.00

Depression

------- 8-item Short Form — - — - - 8-item CAT

28-item Bank

General
Population
Mean

reliability 0.80

reliability 0.90

20 30

Less Depression

40

50 60 70 80 90
T-Score (M=50, SD=10)



Measurement Precision and Range

Fatlg ue |- 7-item Short Form — - — - - 7-tem CAT ———— 98-item Bank
Less 6 - General
Precision Po;;/luelggon

g reliability 0.80
I

o

>

@

q) - _p.
= reliability 0.90
o

S

L

°

]

©

c

S

7]

More 0 | ‘ ‘ ‘ ‘ |
Precision 20 30 20 50 60 20 80 %

T-Score (M=50, SD=10)

Less Fatigue



Measurement Precision and Range

Pain Impact

- — —T7-itemBPI Interference Scale ------- 6-item Short Form — - — - - 6-item CAT 41-item Bank
Less
Precision 7 - General
Population
Mean
=
)]
e
o
I e reliability 0.80
D 4 N T .
=
B - apg.
S ~-- reliability 0.90
L
°
<
©
C
8
)]
M 0 T T T T T 1
ore
Precision 20 30 40 50 60 70 80 90

T-Score (M=50, SD=10)

Less Pain Impact



How to Access
PROMIS Tools ?




Wwww. nihpromis. org

Patient-Reported Outcomes Measurement Information System
Dynamic Tools to Measure Health Outcomes From the Patient Perspective

About PROMIS

'-r-—-—"_

I“r//

Announcements

EEEE I )

= MIH Roadmap and
PROMIS Goals

= PROMIS Metwork

PROMIS Domains

= Domain Framewark

= Domain Definitions

Item Bank
Development

n |iterature Review for
Items

» Archival Data Analysis
» Item Classification

» Qualitative Ttem
Review

= Preliminary Item Pools

Item Bank Testing

= Wave I Testing
= Wave II Testing

Item Banks and Tools

= Yersion 1.0 Item Banks

Title

FUMIS: The First Four Years

The Patient Reported Outcomes Meas
A Walk Through the First Four Years
Click here to view document

Assessment Center Training Workshops

April 20, 2009 (New York, NY)
2:00-5:00 FM. To register go to: www.regonline.com /63367 6943671
Click here for lodging and transportation information

July 17, 2009 {Chicago, IL)
2:00-5:00 PFM. To register go to: www.regonline.com/63368_695556]
Click here for lodging and transportation information

FDA on PROMIS

"FDA joins NIH in the goal of ensuring that PROMIS results in meaningful measurement of

the impact of medical product treatment.”
Laurie Burke, MPH, RPh

Director, Study Endpoint and Label Development
Center for Drug Evaluation and research

1.5, Food and Drua Administration

ement Information System (PROMIS):

Assessment Center Links

EMTER ASSESSMEMT CENTER
Aszsessment Center User Manual
Assessment Center Workshag

e Lodging and transportation for April
20th workshop

o Assessment Center Workshop, July
17th in Chicaga

o Lodging and transportation for July
17th workshop

e Introduction to PROMIS, Item
Response Theaory, Computerized
Adaptive Testing, and Assessment
Center Slide Presentation (Richard
Gershon)




Assessment Center

@ﬁsesﬂe’"‘ Center

My Account  Hel Logout
Studies Instruments Administration L ' ¥ L

Basic I Advanced I Consent | Registration | Launch I
Basic Set-up of Study (Curious George V1)

Basic Set-up of Study

You may define participant registration forms below. [Save ][ Cancel ]
Start Date™ |12f1'3f2'3'3? | Login screen welcome message (maximum 10,000
characters)
End Date 112/10/2008 | T EB@o = B 7 U el

Close data collection
when sample size 9999 "

equals™ ]
. . Welcome to Curious George V1
Contact information for g

participant questions™®

T~ Format * | Fant ~|5

|mr05e@qua|itvrnetric.|

http:/fwww.assessmentcenter.net/acl/assessments/
|Curi0us George V1 |

UEL Extension™




Assessment Center

@ Assissment Center

My A yunt Hel Logout
Studies USNUEIER Setup  Administration y Account  Help  Loge

Study Content (Curious George V1)

Study Content

£ Assessment Center - Preview Instrument Options -- Webpage [Malog

Click the Add button to add instruments to your study. J|| & | htkp:/fwwe, assessmentcenter, netfacl [Modules/PreviewInstrumentOptions, aspes P InskrumentIC) v

You have selected the following instruments for this st View Gﬂﬁﬂﬂs

Order the instruments by using the up/down arrows. §{72

To exclude an instrument from your study, dick on the ¢| ) Simulate instrument administration

() Simulate CAT administration

Name

-

[l show Execution Detail
4 4 ® PROMIS Bank-Depression 1.0 (e.g. Item ID and Ability Estimate)

Continue || Cancel |

il .. .




Assessment Center

- Assessment Center’

[EDDEPO04]
In the past 7 days

| felt worthless
O MNever

O
O
O
O

Rarely
Sometimes
Often
Always

[EDDEP05]
In the past 7 days

| felt that | had nothing to look forward to
O Never

Rarely

Sometimes

Often

Always

c O O O



Assessment Center

Customn Instruments (D, Cella's first project] »» Instrument Detail (PROMIS ED Short Form == Item Statistics

Item Statistics
ID: SDS_OUTL

In the last week, OUTLOOK

Domain: Domain B

Back |

Responses II am not fearful or worried. =1

Sample Population |E'-I’BEISt Stage III [z | Update |
M- Mean sSD Minimum Maximum Alpha adj. alpha Item Total Adj. Item Total Percent op Option |%p Option |%e Option |% Option |% Option
Size |Score Score |Score Score Reliability Reliability Correlation Correlation Omit 1 2 3 4 5
750 2.50 1.00 5 0.97% 0.95 0.57% 0.54 1.2 25.0 20.9 17.2 15.9 10.4

Differential Item Functioning (DIF) Information

Update |

DIF Groups {ReferencefFocal)

Uniform

Uniform Prob.

Mon-Uniform

Mon-Uniform Prob.

IBreast Stage III - Breast Stage IV;'

S0.01

0.0010

20.75

o.0o010

Description: Adanced Breast Ca.

LR

o

Probably
04 0

L

IRT Model | Graded Response Model =]

Category Response Function 1]

on

IRT Parameters

Sample Population | Breast Stage IV ;[

Item Information Function 1]

B T 2

Slope (a)

Guessing {c)

Threshold {(CB) 1

Threshold (CB) 2

Threshold {CB) 3

Threshold {CB) 4

2.05000

u]

0.7go0

0.9500

0.0zo0

1.0400

mModel Fit 8 Scalability Indices

Update |

value ||Pruh. |
5-%x2 6.30 07894
5-G2 6,33 0.7868
X2 1.06 07473
G2 1.18 0.7544
Scatability 0.52
Location At Max a
Information




Conclusion

\

\ |




Conclusions

The PROMIS initiative may help to harmonize
and standardize PRO measures

CAT instruments promise to provide more precise
measurement without increased respondent burden

IRT based instruments can estimate the precision
for each assessment and tailor effectiveness cut
offs to each patient
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Parking Lot



Item Response Theory
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Have you been bothered by emotional problems ?
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Probability
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ltem Response Theory

Have you been bothered by emotional problems ?
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How to Score a Patient ?
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Computer Adaptive Tests

1. Question 2. Question 3. Question
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Dynamic vs Static Assessment
n=3270 Stopping rule SE<.32 ( reliability>.90)

Theta

IRT score
estimation
using all
64 items

=% o Depression-CAT r=.95

-3 -2 -1 0 1 2 3

Theta
CAT score estimation = 6 items

Fliege, Becker, Bjorner, Klapp, Rose. Qual Life Res 2005 Walter, Becker, Bjorner, Klapp, Rose, Diagnostica 2005, 51 88-100
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