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Background. Global ratings of change (GROCs) are commonly used in research
and clinical practice to determine which patients respond to therapy, but their
validity as a criterion for change has not been firmly established. One factor related
to their validity is the length of the recall period.

Objective. The study objective was to examine the influence of the length of the
recall period on the validity of a GROC for determining true change over time in the
clinical setting.

Design. This was a longitudinal, single-cohort observational study.

Methods. Data from the Focus on Therapeutic Outcomes clinical database were
collected for 8,955 patients reporting for physical therapy treatment of a knee
disorder. Computerized adaptive testing was used to assess knee functional status
(FS) at the initial and final (discharge) physical therapy visits. Each patient’s GROC
was obtained at discharge. Correlation and linear regression analyses of knee FS and
GROC, stratified by length of time between intake and discharge, were conducted.

Results. Correlations of GROC with knee FS change scores were modest even for
the shortest period of recall (0–30 days) and were slightly lower for longer recall
periods. Regression analyses using knee FS to predict GROC scores revealed similar
findings. Correlations of GROC with intake and discharge scores indicated a strong
bias toward discharge status, with little or no influence of baseline status. Standard-
ized regression coefficients fitted the pattern expected for a valid measure of change
but confirmed the strong bias toward discharge status.

Limitations. One version of the GROC administered serially in a cohort of
patients seen in clinical practice was examined.

Conclusions. These results call into question the validity of GROCs for measuring
change over time in routine clinical practice.
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Patient-reported outcomes (PROs)
have achieved a prominent
role in clinical practice and

research.1–4 They offer an efficient
means to gather a patient’s percep-
tion of level of symptoms, functional
ability, and health-related quality
of life. Established patient-reported
measures have sound psychometric
properties and often have stronger
correlations with functional abilities
than common objective measures.5

They are recognized by third-party
payers and by government organiza-
tions as key measures of progress in
response to therapeutic regimens.2

In both clinical and research applica-
tions, PROs are used to determine
which patients respond to therapy
(“responders”), that is, which patients
have shown clinically meaningful
improvements in response to health
care interventions.5–8 Because PRO
measures, like all clinical measures,
are abstract representations of real-
ity, researchers and clinicians have
sought an external criterion or refer-
ence to determine the threshold
for clinically meaningful change.
One commonly used criterion is a
global rating of change (GROC), also
referred to as a transitional scale.9

Global ratings of change exist in var-
ious formats, but all allow a patient
to indicate whether change has
occurred, typically relative to the
date of the initiation of care and, if
so, the extent of that change. The
GROC allows a patient to indicate
the direction of change (ie, worsen-
ing or improvement) and the degree
of change (ie, small to large) by using
a Likert scale. Although the GROC
was originally proposed as a means
to indirectly establish a minimum
clinically important difference,9

which may then be used as a thresh-
old that patients must surpass to
qualify as responders, various ver-
sions of the GROC have become
commonly used in clinical practice
to directly determine which patients
have responded to therapy.10–13

Despite the frequent use of transi-
tional ratings such as the GROC in
research and clinical practice, the
validity of these ratings for determin-
ing true change over time has not
been firmly established.14 Supporters
of global ratings argue for their
strong face validity on the basis of
straightforward interpretation and
ease of use and cite their correlation
with change scores on other PRO
measures as support for their con-
struct validity.15,16 However, Nor-
man et al17 have challenged the abil-
ity of patients to recall their previous
state of health, compare it with their
current state, and mentally calculate
a difference score that would accu-
rately represent the true degree of
change. They concluded that a retro-
spective rating cannot be substituted
for the calculation of change
between the baseline and the end-
point because a retrospective rating
is strongly influenced by other fac-
tors. They demonstrated that transi-
tional scales such as the GROC are
strongly biased by health status at
the time the rating is made, show
little or no correlation with the base-
line level of health, and hence are
not valid measures of change over
time.

Guyatt et al pointed out that, “Intui-
tively, one would expect that the
longer the duration of time over
which patients must cast their mem-
ory, the less likely they are to recol-
lect accurately.”16(p904) Since this
idea was proposed, only 1 study has
investigated the influence of the
length of the recall period on the
validity of a transitional measure.
Kamper et al18 reviewed data from 6
controlled trials and a single cohort
study in which similar versions of
the Global Perceived Effect scale for
patients with neck, low back, ankle,
or shoulder disorders were used.
They studied 30 time periods rang-
ing from 2 to 52 weeks; their results
confirmed the strong bias of current
status on a patient’s perception of

change in research trials and showed
this bias strengthening as transition
time lengthened. Despite this serious
challenge to the validity of such ret-
rospective global ratings, they con-
tinue to be used in both research and
clinical practice.

These threats to the validity of tran-
sitional scales may be of greatest con-
cern in clinical practice, in which
the length of time to follow-up is
variable both within and between
patients and in which follow-up may
occur over long periods. No studies
to date have examined the validity of
the GROC for determining true
change over time with data from
clinical practice. The purpose of this
study was to examine whether the
validity of the GROC in clinical prac-
tice is influenced by the length of
the period of recall. Specifically, we
hypothesized that global ratings over
a shorter period of recall would
show greater validity than global rat-
ings over a longer period of recall, as
reflected by correlations with both
baseline and follow-up PRO scores
and the strength of the associations
between PRO change scores and
transitional ratings.

Method
Participants
The data for this single-cohort study
were obtained from the Focus on
Therapeutic Outcomes (FOTO) data-
base. The FOTO database is a propri-
etary database intended for the
reporting of risk-adjusted outcomes,
process improvement, and research
purposes. Data were collected pro-
spectively for all patients who
attended participating outpatient
physical therapy clinics in 26 states
across the United States and were
discharged from care between April
1, 2010, and December 30, 2011.
Patients routinely provided demo-
graphic and risk adjustment informa-
tion before the start of treatment
using Patient Inquiry Software
(FOTO Inc, Knoxville, Tennessee).
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Patients completed a functional sta-
tus (FS) measure at intake and again
at the final (discharge) visit, with
optional status reports during the
course of treatment, as directed by
clinic policy, the clinician, or both.
Patients who were seen for a knee
problem at their initial physical ther-
apy visit and had a follow-up FS mea-
surement along with a GROC were
eligible for this study. The GROC
was an optional measure used by
more than 500 clinics in the FOTO
system.

Measures
Computerized adaptive tests.
Computerized adaptive tests (CATs)
are designed to decrease respondent
burden while providing precise esti-
mates of FS. The CAT used for lower
extremity function in this study
was developed on the basis of items
from the Lower Extremity Func-
tional Scale (LEFS).19 Using item
response theory to analyze extensive
data from the FOTO database, the
developers of the lower extremity
CAT established a hierarchical order
of items from the LEFS according
to level of difficulty. Two items from
the original LEFS were dropped after
factor analysis and identification of
redundant items, leaving a final item
bank of 18 questions from the origi-
nal LEFS. Although the same item
bank was used for any patient with a
lower extremity disorder, separate
CATs were developed for hip, knee,
and ankle or foot problems on the
basis of the most efficient algorithm
for estimating lower extremity func-
tion scores.20 Therefore, we ana-
lyzed data for only the most com-
monly presenting of these body
regions (the knee) to ensure
homogeneity.

A patient’s FS score was ascertained
by starting with an item at a median
level of difficulty (eg, ability to walk
2 blocks) and then determining the
order of subsequent items on the
basis of prior responses. After each

patient response, a predicted FS
score was determined along with the
estimated error. Additional questions
were posed until a stopping rule was
satisfied—when either the estimated
error was sufficiently low (�4 FS
scale units, or 4% of the total score
range) or a change in the predicted
FS based on the previous 3 items was
less than 1%. Functional status was
scored on a scale from 0 to 100, with
100 representing the highest func-
tional level. Although the knee FS
score is based on items from the
LEFS, it is not intended to reproduce
or estimate the original LEFS score
but rather is intended to produce a
new estimate of a patient’s func-
tional ability on a continuum repre-
sented by a scale from 0 to 100.

Computerized adaptive test scores
for hip, knee, and ankle or foot prob-
lems have shown excellent reliabil-
ity, with a Cronbach alpha of .96
and a reliability coefficient of .95,
defined as the ratio of the true mea-
surement variance divided by the
observed variance.20 This reliability
coefficient reflects the relative
amount of error associated with a
single estimate of knee function. The
CAT scores had a low absolute error
(standard error of measurement�3,
or 3% of the scale from 0 to 100) and
a minimum detectable change at the
95% confidence level of 7.9 FS scale
units.20 Subsequent prospective
data collection demonstrated that
the knee CAT had good construct
validity, differentiating levels of FS
between subgroups on the basis of
age, acuteness of symptoms, surgical
history, and number of comorbidi-
ties.21 Ceiling or floor effects,
defined as the proportion of scores
within 5% of the top or bottom of
the scale, respectively, were less
than 1% at baseline and less than 5%
at discharge. The knee CAT was sen-
sitive to overall change, with 75% of
patients’ change scores at discharge
exceeding the minimum detectable
change, and responsive to clinically

meaningful change, with receiver
operating characteristic analysis
showing areas under the curve of
71% to 78% when FS cutoff scores
were used to differentiate patients
who showed improvements from
those whose status remained
unchanged. The average number of
items needed to establish a patient’s
CAT functional score was 6.9 items
(in the original LEFS, 20 items are
needed), and the computerized for-
mat of the CAT allowed for instanta-
neous scoring and, thus, for greater
efficiency than most paper-and-
pencil outcome measures.21

GROC. The GROC used in this
study was a 15-point Likert scale
ranging from �7 to �7.9 Patients
were asked to rate their self-
perceived “overall change” com-
pared with their status at the initial
clinic visit. Response options were
listed on a continuum, with �7
(labeled “worse”) on the left, �7
(labeled “better”) on the right, and
0 (labeled “no change”) in the mid-
dle. This version of the GROC was
described previously.21–25

Data Analysis
All data were analyzed with NCSS 8
(NCSS, LLC, Kaysville, Utah).
Descriptive statistics were used to
summarize demographic and out-
come data. For assessment of bias,
chi-square and independent t tests
were used to look for significant dif-
ferences in baseline demographics
and FS scores between patients
included in the analysis and those
excluded because of incomplete
data, at an alpha level of P�.05.

When multiple FS reports over the
course of treatment were available,
the final status report was used for
data analysis to reflect overall prog-
ress for the episode of care. The
data were stratified according to the
period of time between intake and
the final status report, reflecting the
length of the recall period for patient
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GROCs. Recall periods were 0 to 30,
31 to 60, 61 to 90, 91 to 180, and
greater than 180 days.

The validity of the GROC was exam-
ined in 3 ways. First, for each recall
period, Spearman rank order corre-
lation coefficients were calculated
to assess the strength of the relation-
ship between patient GROCs and
intake, discharge, and change scores
on the knee FS CAT. The Spearman
correlation was used because of the
ordinal nature of the GROC and for
consistency, as normality could not
be guaranteed across all data. If the
GROC reflected true change, the cor-
relations with change scores on the
validated knee FS measure should be
moderate to strong (.40–.70), statis-
tically significant, and greater than
the correlations with baseline or dis-
charge scores.17 In addition, Guyatt
et al16 proposed that the validity of a
transitional change rating requires
that baseline status and follow-up
status exert equal (and opposite)
influences on the transitional rating.
They offered mathematical proof of
this expected correlation pattern,
which assumed equal variances of
pretreatment and posttreatment out-
come measure scores.16 Therefore,
we used the modified Levene equal
variance test for the assessment of
significant differences between intake
and discharge FS variances and cal-
culated the correlations of the GROC
with the knee FS measure at intake
and at discharge to investigate this
relationship.16,17

Stepwise linear regression was car-
ried out to further examine the valid-
ity of the relationship between
GROC scores and FS scores.16 In the
initial model, a patient’s change in
the knee FS score was the sole pre-
dictor, and the patient’s GROC was
the dependent variable. Next, we
investigated the relative contribu-
tions of the patient’s baseline and
discharge FS scores by building a
model initially including the dis-

charge score and then entering the
intake knee FS score into the model
as a second predictor. Two models
were used to avoid multicollinearity
of the change score with the initial
and discharge scores. Data plots
were inspected to verify assump-
tions of normality and homoscedas-
ticity. The contribution of the change
in the knee FS score to the patient’s
GROC and the relative contributions
of the patient’s intake status and dis-
charge status to the patient’s GROC
were determined on the basis of
the change in R2 between the regres-
sion models. Standardized regression
coefficients were examined as an
indication of the relative contribu-
tion of each dependent variable to
the full multiple regression model.

Results
There were 10,712 patients with
knee problems and intake lower
extremity FS scores in the database.
Follow-up data with complete FS
and GROC scores were available for
8,955 patients (84%). Patients for
whom complete data were available
were generally older than those for
whom data were missing (mean dif-
ference�4.5 years). They were more
likely to be women (61% versus
56%), had lower intake FS scores
than those for whom data were miss-
ing (mean difference�1.9 percent-
age points), and were more likely to
have had surgery for their current
problem (59% versus 48%). Compar-
isons of included versus excluded
patients are shown in Table 1. Table
2 shows the mean, standard devia-
tion, and variance of intake and dis-
charge FS scores for each recall
period.

The correlations of the GROC with
intake, discharge, and change scores
on the knee FS measure are shown
in Table 3. The correlations of the
GROC with intake FS scores were all
near 0 (range��.05 to .13) and usu-
ally were not significant, whereas
the correlations of the GROC with

discharge FS scores were all positive
and were statistically significant
(range�.41 to .51). In each case, the
variance of the discharge scores was
significantly greater than the vari-
ance of the intake scores. The corre-
lations of the GROC with FS change
scores were moderate, positive, and
significant; the values were nearly
identical to the corresponding
GROC–discharge FS score correla-
tions, with differences of .04 or less
in all 5 comparisons. The GROC–FS
change score correlations exceeded
the GROC–discharge FS score corre-
lations in only 2 of the 5 time peri-
ods; in both cases, the difference
was only .01.

The correlation of the GROC with
the FS change score was highest for
the 0- to 30-day recall period and
diminished slightly over the longer
recall periods (Tab. 3). The correla-
tion of the GROC with the discharge
FS score was also highest for the 0-
to 30-day recall period. In no recall
period did the GROC show a statis-
tically significant negative correla-
tion with the intake FS score.

The results of the stepwise regres-
sion analyses are shown in Table 4.
In all cases, the initial regression
analysis was statistically significant,
indicating that both variations of FS
scores (change score only and dis-
charge only) were significant predic-
tors of GROC scores for the same
recall period. The R2 values for these
predictions ranged from .07 to .19,
reflecting the low to moderate cor-
relations seen in Table 3. When the
intake FS score was added to the
discharge FS score in a stepwise fash-
ion, changes in R2 values were min-
imal, ranging from 0 to .03, indicat-
ing small contributions to the ability
to predict GROC scores. Interest-
ingly, the standardized beta coeffi-
cients did fit the expected pattern, as
described by Norman et al,17 with all
of the intake beta values being neg-
ative and all of the discharge beta
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values being positive. This result
indicated that lower intake scores
and higher discharge scores were
predictive of higher GROC scores. In
all cases, however, the discharge
beta values were larger in magnitude
than the intake beta values.

Discussion
The primary conceptual challenge to
the validity of transitional measures
is the difficulty of unbiased recall.
Patients have to assess their current
level of health, recall their previous
level (which may be 1–3 months or

more in the past), and then perform
the mental arithmetic to formulate a
valid estimation of change.17 Our
results based on data from clinical
practice add to the body of literature
questioning the validity of transi-
tional ratings such as the patient

Table 1.
Baseline Data for Patients for Whom Complete Data Were Available and Patients for Whom Data Were Missinga

Variable
Patients With Complete Data

(n�8,955)b
Patients With Missing Data

(n�1,757)b P c

Intake functional status score, X (SD) 42.7 (14.6) 44.6 (15.4) �.01

Age (y), X (SD) 51.7 (18.7) 47.2 (19.4) �.01

No. (%) of women 5,423 (61) 986 (56) �.01

Onset .39

0–7 d 623 (7) 119 (7)

8–14 d 649 (7) 141 (8)

15–21 d 873 (10) 183 (10)

22–90 d 2,508 (25) 517 (29)

91 d–6 mo 1,116 (12) 206 (12)

�6 mo 3,186 (36) 591 (34)

Exercise frequency �.01

Seldom/never 2,710 (30) 516 (29)

Once or twice/wk 2,035 (23) 388 (22)

�3 times/wk 4,029 (45) 776 (44)

Missing data 181 (2) 77 (4)

Surgeries for current problem �.01

None 3,692 (41) 917 (52)

1 3,849 (43) 615 (35)

�2 1,414 (16) 225 (13)

Taking medication for this problem 4,701 (52) 780 (44) �.01

Diagnosis category �.01

Soft-tissue disorders of muscle, synovium, tendon, or bursa
or enthesopathies (ICD-9 codes 725–729)

2,394 (27) 842 (48)

Postsurgical conditions (CPT codes 20150–29999, including
repair, torn collateral ligament)

2,842 (32) 324 (18)

Arthropathies (ICD-9 codes 710–716, including osteoarthoses,
rheumatoid arthritis)

315 (4) 58 (3)

Disorders of the bone and cartilage (ICD-9 codes 730–739,
including chondromalacia)

406 (5) 81 (5)

Sprains and strains (ICD-9 codes 840–848, including sprain
of medial collateral ligament, unspecified sprain or strain)

422 (5) 78 (4)

Fractures (ICD-9 codes 800–829, including patellar fractures) 77 (1) 10 (1)

Other (not otherwise classified) 271 (3) 84 (5)

Missing 2,228 (25) 280 (16)

a ICD-9�International Statistical Classification of Diseases, 9th Revision; CPT�Current Procedural Terminology.
b Data are reported as number (percentage) of patients unless otherwise indicated.
c Statistical significance for comparisons of patients for whom complete data were available and patients for whom data were missing, as determined by
independent t tests for continuous data and chi-square tests for categorical data.
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GROC for determining true change
over time.16,18

We showed that, across a range of
recall periods, the shortest recall
period resulted in only modestly
accurate predictions of GROC
scores, and prediction strength
diminished slightly with longer recall
periods. A true measure of change
over the course of treatment should
have substantial correlations with
change scores on established func-
tional outcome measures, but it
should also equally reflect a patient’s
status at baseline and status at the
completion of therapy.17 Our results
showed little to no correlation
between the GROC and baseline FS.
Although the correlations of the
GROC with the change in FS over
the period of treatment were moder-
ate, these associations were primar-
ily due to moderate correlations of
the GROC with discharge FS. In all
5 comparisons, the correlations of

the GROC with the discharge FS
score were greater than or practi-
cally the same as the correlations of
the GROC with the FS change score.
Changes in R2 values after the addi-
tion of intake values were negligibly
low across all recall periods. Although
the intake beta coefficients were sta-
tistically significant in all but the lon-
gest time frame, they diminished
sharply beyond the 60-day recall
period and consistently were sub-
stantially lower in magnitude than
the discharge beta values.

This is the first critique investigating
the validity of using the GROC in
routine clinical practice. Results sim-
ilar to ours have been shown by data
from clinical trials.16–18,26,27 Guyatt
et al16 examined GROCs for various
scales of PRO measures related to
chronic respiratory illnesses. They
reported mixed findings for global
ratings assigned at a 4-week recall
period. First, they found that only 14

of 37 possible time periods met their
inclusion criterion of a correlation of
.5 or greater between the GROC and
a change in patient-reported respira-
tory status. Five of the 14 compari-
sons were judged to be anomalous
because they reflected a relatively
symptom-free baseline at the begin-
ning of the allergy season. Of the
remaining 9 comparisons, only 3
showed similar correlations of global
change with both baseline and post-
treatment PRO measures, as would
be expected for a valid criterion for
change, whereas the other 6 did not.
Their results differed from ours in
that their stepwise multiple regres-
sion analyses showed that in all 9
cases, baseline PRO scores were
significant predictors of global rat-
ings, over and above the variance
explained by posttreatment scores,16

whereas we found that the predic-
tive validity of baseline scores dimin-
ished to nonsignificance at the lon-
gest recall period (�180 days) and

Table 3.
Correlations of Global Ratings of Change With Knee Functional Status (FS) Intake, Discharge, and Change Scores

Recall Period, in Days
(No. of Patients)

Correlation (95% Confidence Interval)

Intake FS Score Discharge FS Score FS Change Score

0–30 (3,374) .13a (.10 to .16) .51a (.48 to .54) .47a (.44 to .50)

31–60 (3,337) 0 (�.03 to .03) .43a (.40 to .46) .44a (.41 to .47)

61–90 (1,331) .01 (�.04 to .06) .41a (.36 to .45) .40a (.35 to .44)

91–180 (785) �.05 (�.12 to .02) .42a (.36 to .48) .43a (.37 to .48)

�180 (128) �.05 (�.22 to .12) .47a (.32 to .60) .46a (.31 to .59)

a P�.001.

Table 2.
Means, Standard Deviations, and Variances of Knee Functional Status (FS) Intake and Discharge Scores

Recall Period,
in Days

(No. of Patients)

Intake FS Score
Intake

FS Variance

Discharge FS
Score

Discharge
FS Variance

P Value for
Difference

in VarianceaX SD X SD

0–30 (3,374) 45.8 14.4 207 62.0 17.4 301 �.001

31–60 (3,337) 42.3 14.4 207 63.0 16.1 259 �.001

61–90 (1,331) 39.8 13.9 193 62.2 15.6 243 .001

91–180 (785) 37.5 14.3 204 63.9 16.8 282 �.001

�180 (128) 38.3 15.1 228 68.3 18.7 350 �.001

a Determined with the modified Levene equal variance test.
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contributed negligibly (0%–3%) to R2

over discharge scores alone.

One explanation for the qualified
support of the validity of global rat-
ings in the study of Guyatt et al16

could be that 12 of the 14 analyses of
clinical trial data were for a relatively
short recall period—4 weeks or less.
It has been hypothesized that with
shorter recall periods, GROCs would
have greater validity.16 Our results
based on data from clinical practice
offer mixed evidence to support
this hypothesis. The correlations of
the GROC with FS change scores
were highest for the time frame of 1
month or less, but they were only
slightly higher than those for longer
recall periods, with overlapping con-
fidence intervals in most instances.
Even with recall periods of 1 month
or less, patients’ estimates of change
did not appear to adequately reflect
their baseline status. It is apparent
from Table 3 that the GROC–FS
change score correlations simply
reflected higher correlations with
discharge scores than with baseline
scores, confirming patient bias based
on the current FS when the GROC
was completed.17

Kamper et al18 reported a general
trend for stronger correlations of the
GROC with change scores on func-
tional measures for shorter recall
periods than for longer ones, but in
15 analyses, there were no apparent

instances of the expected negative,
moderate correlations with intake
scores. In their study of clinical trial
data, for 3 of the 4 instances when
the recall period was 4 to 7 weeks
or less, the GROC–discharge score
correlations were greater than the
GROC–change score correlations,
consistent with our results for a
recall period of 30 days or less. In
the present study, we did not find
the expected negative correlations
between the GROC and intake FS
scores in any of the 5 recall periods,
which ranged from 0 to 30 days to
greater than 6 months.

The R2 values were modest for the
0- to 30-day period and declined by
6% or more for all but 1 of the longer
recall periods, whether based on FS
change scores or discharge FS scores
only. The use of discharge FS scores
alone allowed modestly accurate
predictions of patient GROC scores,
with R2 values equal to or better than
those obtained with FS change
scores for all recall periods. The addi-
tion of baseline FS scores to the
model with discharge scores only
improved predictive ability margin-
ally, with R2 values improving by 3%
or less in each case. Kamper et al18

obtained similar results in their anal-
yses of data from clinical trials, with
increases in R2 values of 5% or less in
13 of 15 analyses when intake dis-
ability scores were added to a regres-
sion model with Global Perceived

Effect scale scores as the dependent
variable.

In support of the validity of GROC,
in the present study, the standard-
ized regression coefficients indicated
the expected pattern of association
with GROC scores, with negative
coefficients for intake FS scores and
positive coefficients for discharge FS
scores. This finding indicates that
higher GROC scores would be asso-
ciated with lower intake scores and
higher discharge scores, as expected
for a valid change criterion. In 12 of
15 analyses, Kamper et al18 obtained
the same pattern for the prediction
of Global Perceived Effect scale
scores by disability scores over vari-
ous recall periods. In all cases in the
present study and that of Kamper et
al,18 however, the standardized coef-
ficients for the discharge scores
were substantially higher in magni-
tude than those for the intake scores,
and the overall accuracy of the
model was low to moderate. Guyatt
et al16 showed that standardized
regression coefficients for pretreat-
ment and posttreatment quality-of-
life measures for respiratory condi-
tions were similar in magnitude in 8
of 14 analyses of clinical trials, with
all 14 also having opposite signs.

One possible explanation for the
overall low correlations between the
GROC and FS change scores is that
patients included aspects of health

Table 4.
Regression Analyses of Prediction of Global Ratings of Change by Knee Functional Status Scores

Recall Period, in Days
(No. of Patients)

Intake
Beta

Discharge
Beta

Change
Beta

R2 With Change
Score Only

R2 With
Discharge Only

R2 With Intake Score
� Discharge Score Change in R2a

0–30 (3,374) �.19b .55b .40b .16b .19b .22b .03

31–60 (3,337) �.20b .45b .36b .13b .13b .16b .03

61–90 (1,331) �.11b .37b .31b .09b .11b .12b .01

91–180 (785) �.10c .34b .27b .07b .10b .11b .01

�180 (128) �.02 .36b .28c .08c .13b .13b 0

a From R2 with discharge score only to R2 with intake score plus discharge score.
b P�.001.
c P�.01.
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beyond function when determining
their global ratings. The GROC pre-
sented to patients in the FOTO data-
base directs patients to rate the
“overall change during the treatment
for this condition.” It has been sug-
gested that an advantage of the
GROC is that it allows patients to
decide which aspects of their recov-
ery are important.14 Previous studies
of the validity of transitional mea-
sures have used general wording that
does not direct patients to a specific
aspect of their condition15,26–28; this
factor may limit their correlations
with more specific measures of
symptoms or function. However, an
examination of studies of global rat-
ings in which the domain of health
was specified in the root question,
such as symptoms (eg, pain, cough
severity)16,18,29,30 or physical func-
tion,18 did not show greater support
for the validity of the GROC. The
aspects of health that a patient con-
siders when estimating the amount
of change over time are not known.
It seems likely that the parameters
influencing this estimate vary across
patients and perhaps also within
patients over time.

Why are transitional measures still
used in research and clinical prac-
tice, given tepid support for their
validity? The answer probably lies
in their strong face validity and the
intuitive sense that a patient knows
best how much change has occurred.
The integrity of clinical judgments
and research conclusions about
responders depends on valid mea-
sures. Transitional measures may
continue to be used for gauging a
patient’s perception of change or for
their original purpose of quantifying
the minimum clinically important
difference of a measure; however,
their weak to absent validity for
representing true change over time
must be acknowledged. Our data
suggest that transitional ratings such
as the GROC have limited validity for
determining true change across the

various time frames seen in routine
clinical practice. We concur with
Norman et al17 that a retrospective
transitional rating cannot be substi-
tuted for a calculation of change
between the baseline and the
endpoint.

Limitations and Future Research
A limitation of the results of the
present study is the potential bias
introduced by the violation of the
assumption of equal variance
between intake and discharge scores,
as required by the mathematical
proof provided by Guyatt el al.16

Those researchers also found that
the variance of the follow-up mea-
surement was greater than that of
the baseline measurement in 4 of 14
analyses (P�.05).16 Greater variance
in scores would tend to bias correla-
tion upward, perhaps contributing
to the discharge score–GROC corre-
lations being larger than the intake
score–GROC correlations. However,
our use of standardized regression
coefficients accounted for any differ-
ences in variance between pretest
and posttest scores, indicating that
our results were robust.18 Because
there are challenges to the use and
interpretation of standardized regres-
sion coefficients, these results must
be interpreted in context with the
other results of our study. Also, our
data had a thin tail, with few values
representing negative GROC scores,
so we caution against using regres-
sion coefficients to predict negative
GROC values.

Our results may not be generalizable
to other transitional measures because
differences in the formats of transi-
tional measures may limit compara-
bility across studies. In a review,
Kamper et al14 discussed differences
in title, wording, time frame, refer-
ence point, and magnitude of scale
among various versions used in pre-
vious studies. In the FOTO database
used in the present study, a global
rating of overall change was indi-

cated on a 15-point scale ranging
from �7 to �7, with descriptors
only in the middle and at each end
of the scale. The FOTO instructions
ask patients to rate change since the
initiation of therapy, whereas other
instruments ask for the level of
change since the last visit. The latter
approach has the benefit of shorten-
ing the period of recall, but the for-
mer approach is common in clinical
practice and may be most relevant
to practitioners wanting a measure
of overall effect. Our results question
the validity of rating change from the
start of therapy for determining true
change over time. Finally, patients in
clinics using this database are asked
to rate their FS and degree of change
at each clinic visit. It is not known
how serial ratings over the course of
multiple clinic visits affect the valid-
ity of overall pretreatment and post-
treatment PROs.

Conclusions and
Clinical Implications
This analysis of routine clinical data
from patients receiving physical ther-
apy for musculoskeletal problems of
the knee does not support the valid-
ity of the use of transitional scales
such as the GROC for determining
true change over time in routine
clinical practice. Our results concur
with those of previous studies of
data from clinical trials, with corre-
lations between transitional ratings
and PRO scores being strongly
biased by a patient’s status at dis-
charge and being unrelated to the
patient’s status at baseline. The
GROC performed only marginally
better for a recall period of 30 days
or less than for longer recall periods.
Clinicians should be aware of this
bias and choose alternative methods
for gauging the overall level of change
over time in their patients.
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