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Added Value of Patient-Reported Outcome Measures in Stroke
Clinical Practice
Irene L. Katzan, MD; Nicolas R. Thompson, MS; Brittany Lapin, PhD; Ken Uchino, MD

Background-—There is uncertainty regarding the clinical utility of the data obtained from patient-reported outcome measures
(PROMs) for patient care. We evaluated the incremental information obtained by PROMs compared to the clinician-reported
modiﬁed Rankin Scale (mRS).
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Methods and Results-—This was an observational study of 3283 ischemic stroke patients seen in a cerebrovascular clinic from
September 14, 2012 to June 16, 2015 who completed the routinely collected PROMs: Stroke Impact Scale-16 (SIS-16), EQ-5D,
Patient Health Questionnaire-9, PROMIS Physical Function, and PROMIS fatigue. The amount of variation in the PROMs explained
by mRS was determined using r2 after adjustment for age and level of stroke impairment. The proportion with meaningful change
was calculated for patients with ≥2 visits. Concordance with change in the other scales and the ability to discriminate changes in
health state as measured by c-statistic was evaluated for mRS versus SIS-16. Correlation between PROMs and mRS was highest
for SIS-16 (r= 0.64, P<0.01). The r2 ranged from 0.11 (PROMIS fatigue) to 0.56 (SIS-16). Change in scores occurred in 51% with
mRS and 35% with SIS-16. There was lower agreement and less ability to discriminate change in mRS than in SIS-16 with change in
the other measures.
Conclusions-—PROMs provide additional valuable information compared to the mRS alone in stroke patients seen in the
ambulatory setting. SIS-16 may have a better ability to identify change than mRS in health status of relevance to the patient.
PROMs may be a useful addition to mRS in the assessment of health status in clinical practice. ( J Am Heart Assoc. 2017;6:
e005356. DOI: 10.1161/JAHA.116.005356.)
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F

unctional status is a primary concern of patients with
stroke and their providers. Improvement and worsening
in function can occur after stroke,1 which often impacts
medical management. Group-level data on functional status
can be used to evaluate the impact of treatments and quality
of care and have greater sensitivity to detect differences
between patient groups than mortality.2 Functional status is
often assessed in routine care settings by a nonstandardized
descriptive appraisal, which provides only a limited ability to
quantify change. Clinician-reported measures are also frequently used. Although they provide a quantiﬁable score, they
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may not fully reﬂect a patient’s health status because the
impact of functional limitations on well-being differs for each
patient. An outcome perceived as “good” by a clinician may
not represent an acceptable outcome from a patient or family
perspective.3 The collection of patient-reported outcome
measures (PROMs) is becoming increasingly feasible with
advances in technology that allow electronic assessment of
PROMs that provide automatic scoring and integration within
the clinical workﬂow. Yet, there is uncertainty regarding the
clinical utility of the data obtained from PROMs for patient
care.
To evaluate the potential beneﬁts of collecting PROMs in
clinical practice, this study had the following objectives: (1) to
assess the incremental information gained from PROMs
commonly used in stroke patients compared to the measurement of global disability as assessed by the commonly used4
clinician-reported measure of disability, the modiﬁed Rankin
Scale (mRS); (2) to assess the ability of the PROM that had
the highest correlation with the mRS in this study to detect
changes over time compared to the mRS.
The World Health Organization’s International Classiﬁcation of Functioning, Disability, and Health (ICF) is a framework
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What Is New?
• In this observational study of 3283 ischemic stroke patients
who completed PROMs as part of routine outpatient care, a
signiﬁcant proportion of variation in PROM scores was not
explained by the mRS.
• There was lower agreement and less ability to discriminate
change in the clinician-reported mRS than in the patientreported SIS-16 compared with change in the other
measures.

What Are the Clinical Implications?
• PROMs may be a useful addition to mRS to assess health
status of ischemic stroke patients in clinical practice.
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for describing and organizing information on functioning and
disability.5 Health is categorized into different components.
Body Functions generally refer to impairment and describe
components of health such as mental functions, sensory
functions, and pain. Body Structures encompass structures
related to movement or structures of the nervous system and
other body systems. Activity refers to execution of a task or
action by an individual and was formerly termed “Disability.”
Participation refers to involvement in a life situation and was
formerly often termed “Handicap.” Activity and Participation
are grouped together in the current ICF framework. A second
part of ICF covers Contextual Factors, which refers to the
physical, social, and attitudinal environment that impacts an
individual’s health. We have classiﬁed each of the outcome
measures into the relevant ICF categories.

Methods
Design, Setting, Subjects
This was a retrospective cohort study of ischemic stroke
patients seen in the Cleveland Clinic cerebrovascular clinic
from September 14, 2012 to June 16, 2015 who completed at
least 1 PROM during the study period. As part of routine care,
cerebrovascular patients completed the Stroke Impact Scale
16 (SIS-16), Patient Health Questionnaire 9 (PHQ-9), EuroQol
5 Dimensions (EQ-5D), and the Patient-Reported Outcomes
Measurement Information System (PROMIS) physical function
(PF) and fatigue scales. Clinicians also completed the National
Institutes of Health Stroke Scale (NIHSS) and modiﬁed Rankin
score (mRS) during each visit. Patient- and clinician-reported
scales were collected through the Knowledge Program©, an
electronic platform for systematic collection of patientreported information.6 PROMs are administered on tablets
immediately before an ambulatory visit or through the
DOI: 10.1161/JAHA.116.005356

electronic health record patient portal (MyChart, Epic Systems
[Verona, WI]). The system is integrated within the electronic
health record, and the data are available at the time of the
clinical encounter. The diagnosis of ischemic stroke was
obtained from visit diagnosis codes (433.x1, 434.x11, 433.10,
433.91, 434.00, and 436) and provider documentation of
ischemic stroke in structured ﬁelds of the Knowledge
Program©. This study was approved by the Cleveland Clinic
Institutional Review Board. Because all data were collected as
part of routine care, the requirement for patient informed
consent was waived.

Patient-Reported Outcome Measures
The SIS-16 is a psychometrically robust patient-reported scale
that measures physical function after stroke.7 Individual
questions fall mainly within the Activity ICF classiﬁcation.8
The ﬁnal item score ranges from 0 to 100, where higher
scores indicate better physical functioning.
The EQ-5D is a commonly used 5-item generic scale that
measures health-related quality of life.9 Scores are transformed into utility weights and range from 0.109 (state
worse than death) to 1.00 (best possible health). It is a
measure of activity in the ICF framework.10
The PHQ-9 is a 9-item depression screen frequently used in
stroke and other patient populations that ranges from 0 to 27,
with higher scores indicating more depressive symptoms.11 It
is a measure of body functions in the ICF framework.
The PROMIS PF v1.0 and fatigue v1.0 scales are 2 of
numerous scales available in PROMIS, which covers multiple
different domains of health, spanning mental, physical, and
social realms, and utilizes computer adaptive testing to
measure self-reported health in patients across conditions.12
Scale scores are standardized on the T-scale where the mean
is 50 and standard deviation is 10.13 PROMIS PF assesses the
ability to perform activities of daily living and instrumental
activities of daily living.13 Higher PROMIS PF scores indicate
better physical functioning and higher PROMIS fatigue scores
indicate more fatigue symptoms. They are measures of activity
and body functions, respectively, in the ICF framework.14

Clinician-Reported Measures
The NIHSS15 is the standard scale for measuring neurological
impairment. It consists of 15 items with scores ranging from 0
to 42, with higher scales indicating greater impairment. It is a
measure of body function in the ICF framework.
The mRS is a 1-item measure of global disability with scores
ranging from 0 to 6 with 0 representing no symptoms.16 It is a
measure of participation in the ICF framework.10
It is the most commonly used outcome measure in clinical
stroke trials.4 All providers have undergone standardized
training and are certiﬁed in the completion of the mRS,17
which has been shown to improve interobserver reliability.18
Journal of the American Heart Association
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Descriptive statistics were calculated for patient characteristics and health status measure. The proportion of scores at
the scale ceiling, deﬁned as the “best” health response
option, was calculated for each respective scale from the ﬁrst
visit for all patients in the study cohort.

Assessment of the Additional Information Gained From
PROMs
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Distribution of scores were calculated for each scale for
patients with mRS scores at the ceiling (mRS=0) at their
baseline visit to gauge the extent of additional information
explained by other PROMs. Because mRS is an ordinal
variable, we used pairwise Spearman correlation coefﬁcients
to assess the association between measures. The amount of
variation in the PROMs explained by mRS was determined by
calculating the r2 in linear regression models after adjusting
for age and stroke impairment (NIHSS). In these models we
treated mRS as a categorical predictor variable. We hypothesized that much of the variation in scale scores would not be
explained by the mRS.

Identiﬁcation of Change
For patients with 2 or more visits, the proportion of
patients who had meaningful change was calculated for
each of the scales between the ﬁrst and last visit of the
study period. The proportion of patients who demonstrated
concordant change in clinician-reported measures, mRS and
NIHSS, with each of the other scales was then determined
and compared using the Cohen j. We hypothesized that a
higher proportion of patients would demonstrate meaningful
change in PROMs than with the clinician-reported measures.
Estimates for meaningful change used in this analysis were
the following: NIHSS ≥2, PHQ-9 ≥5, mRS ≥1, EQ-5D ≥0.11,
PROMIS PF ≥5, PROMIS fatigue ≥5, and SIS-16 ≥9. Commonly
accepted criteria for meaningful change were used for the
NIHSS19 and mRS.20 One-half standard deviation, considered
to be a conservative estimate of minimally important difference,21 was used to estimate the meaningful change for the
EQ-5D, PROMIS PF, and PROMIS fatigue. A difference of 5
points in PROMIS scales has been considered to be an
estimate of meaningful difference.22 The meaningful change
estimates for PHQ-923 and SIS-1624 were obtained from
literature review.

Additional Analysis for the PROM That Had the Highest
Correlation With mRS
Additional analysis focused on mRS and the PROM that had
the highest correlation with the mRS since performance of
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this scale would likely be more similar to mRS than other
scales. We hypothesized that either the SIS-16 or PROMIS PF
would have the highest correlation with mRS, given that both
measure physical function. Distribution of this scale for each
level of mRS was calculated to evaluate the potential to more
ﬁnely describe health status.
To provide insight on whether changes in the PROM and
mRS represented true change in patient status rather than
imprecision in scores, we evaluated correspondence of
change in this PROM and mRS with change in other
scales. For each pair of scales, we computed the
proportion of patients who were stable on 1 scale but
experienced clinically signiﬁcant change on the other scale.
Additionally, for each scale, we determined whether
patients had improved, worsened, or remained stable
according to the clinically meaningful change thresholds
for each scale. Logistic regression models were constructed to determine the discriminant ability of mRS and
this PROM to detect meaningful change in the other
PROMs within patients who improved and within those who
worsened over time. Predictive discrimination was
assessed using the index of concordance (c-statistic) and
compared between mRS and this PROM. Ninety-ﬁve
percent conﬁdence intervals were constructed around the
c-statistic using DeLong’s method and P-values were
calculated utilizing bootstrap methods by sampling with
replacement for 2000 iterations.25
Finally, sensitivity analyses were conducted to determine
differential responsiveness of the health status measures to
discriminate between patient populations. Medians with
interquartile ranges for each health status measure were
stratiﬁed by sex, age group, race, marital status, income level,
and comorbidities and compared across characteristics using
a Mann-Whitney U test.
Statistical signiﬁcance was established throughout at an a
level of 0.05. As the results of this study are to assess clinical
utility and will focus on effect size and clinical signiﬁcance, no
formal adjustment for multiple comparisons was made. All
statistical analyses were conducted using R26 and SAS
version 9.4 (SAS Institute Inc, Cary, NC).

Results
There were 3308 patients with documented ischemic stroke
seen during the study period, of whom 3283 had at least 1
scale completed and were included in the study cohort.
Mean age was 63.5 (standard deviation 14.4) years; the
majority were white (75.6%), and 20.8% were black. The
median number of days since stroke and ﬁrst visit was 58
(interquartile range 32-258). Median mRS=2, indicating mild
disability, and 74.8% had mRS 0 to 2 (data not shown).
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The clinician-reported NIHSS and mRS scales had the highest
percentage of scores at the ceiling, the best possible score,
on the ﬁrst visit: 52.9% with NIHSS score of 0% and 20.9%
with mRS score of 0 (Table 1). PROMIS PF and fatigue scales
had the lowest ceiling effect with 1.3% scoring at the ceiling
on both. In the subgroup of patients with normal mRS (ceiling:
score=0) at ﬁrst visit, there was a distribution of scores for all
PROMs with ranges that exceeded the threshold for meaningful change for each scale (Figure 1).
Correlations between mRS and PROMs was highest for
SIS-16 (r= 0.64, P<0.01), followed by PROMIS PF (r= 0.60,
P<0.01) and EQ-5D (r= 0.53, P<0.01) (Table 2). Correlations
are negative because higher mRS scores indicate worse
health. After adjustment for mRS, age, and NIHSS, the highest
r2 was with SIS-16 (r2=0.56), indicating that almost half of the
variation in SIS-16 scores was not explained by the mRS
score, age, or NIHSS. The r2 for the other PROMs ranged from
0.11 for PROMIS fatigue to 0.42 for PROMIS PF, suggesting
that much of the information obtained from the PROMs
evaluated in this study was not captured by the mRS.

Identiﬁcation of Change
There were 1437 patients with 2 or more visits with a median
time between visits of 196 days (interquartile range 84406 days). Change in scores at or above the threshold for
meaningful change ranged from 5.6% for NIHSS to 30.8% in the
mRS (Table 1). This ﬁnding was contrary to our hypothesis that
change would be seen more frequently in PROMs than the mRS.
Changes seen in mRS occurred between scores 0 and 1 in 28.2%

of cases (data not shown). Improvement in scores occurred
more frequently than worsening in all scales. Concordant
worsening or improvement with mRS was higher with SIS-16
(45.7%) than with other PROMs (Figure 2). Although mRS
showed statistically signiﬁcant agreement with all PROMs, j
scores showed poor to slight agreement (from 0.11 with
PROMIS fatigue to 0.30 in SIS-16, data not shown). Meaningful
change in NIHSS had poor agreement with all PROMs, with j
coefﬁcients ranging from 0.05 for EQ-5D to 0.31 for PROMIS PF.

Additional Analysis for the PROM That Had
Highest Correlation With mRS
Because the SIS-16 had the highest correlation with mRS and
the greatest amount of variation explained by the mRS, it was
the focus of additional analyses. Within each level of mRS,
there was a distribution of SIS-16 scores that had ranges ≥9,
the threshold for meaningful difference in the SIS-16 (Figure 3).
If the changes in SIS-16 and mRS represent true changes
in patient condition, we would expect them to have discriminant ability to detect meaningful changes in the other
outcome measures. Meaningful improvements in mRS and
SIS-16 were predictive of improvements in NIHSS as
evidenced by a c-statistic of 0.74 (95% CI 0.67-0.82) and
0.77 (95% CI 0.68-0.85), respectively (Table 3). Although
c-statistics were lower for the other measures, they were
signiﬁcantly higher for improvements in PROMIS PF and
fatigue with SIS-16 as compared with mRS. Results were
similar for ability to discriminate between worsening scores.
In a sensitivity analysis, both clinician- and patient-reported
outcomes demonstrated signiﬁcant discrimination among
marital status, income status, and hypertension (Table 4).
SIS-16 and PROMIS PF showed the highest level of

Table 1. Patient-Reported Outcome Measure Scores and Change Over Time, n=3283
Score at First Visit,
Median (q1, q3)

Percentage at Ceiling
at First Visit*

Number of Patients With
a Follow-Up Score

Percentage With
Improvement†

Percentage
With Worsening†

Modified Rankin Scale‡

2 (1, 3)

20.9%

1166

30.8%

20.2%

NIHSS‡

0 (0, 2)

52.9%

1116

13.3%

5.6%

Outcome Measure

Clinician-reported

Patient-reported
Stroke Impact Scale 16

85.9 (64.1, 96.9)

15.4%

545

19.8%

15.6%

PROMIS Physical Function

40.9 (33.1, 48.8)

1.3%

739

24.2%

16.1%

4 (1, 9)

14.0%

645

12.9%

10.2%

‡

PHQ-9

EQ-5D Index

0.79 (0.68, 0.84)

17.2%

771

23.7%

17.3%

PROMIS Fatigue‡

52.2 (46.3, 60.3)

1.3%

720

24.7%

22.6%

EQ-5D indicates EuroQol 5 Dimensions; NIHSS, National Institutes of Health Stroke Scale; PHQ-9, Patient Health Questionnaire 9; Patient-Reported Outcome Measure PROMIS, PatientReported Outcomes Measurement Information System; q1, ﬁrst quartile; q3, third quartile.
*Percentage at ceiling, deﬁned as percentage of patients with the best possible score.
†
Improvement or worsening is deﬁned as a meaningful threshold change in Rankin ≥1, NIHSS ≥2, SIS-16 ≥9, PROMIS physical function ≥5, PHQ-9 ≥5, EQ-5D ≥0.11, PROMIS fatigue ≥5.
‡
Higher scores indicate worse symptoms or function.
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Figure 1. Frequency distribution of scale scores in patients with normal modiﬁed Rankin Score (mRS=0)
at ﬁrst visit. EQ-5D indicates EuroQol 5 Dimensions; mRS, modiﬁed Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; PF, physical function; PHQ-9, Patient Health Questionnaire 9; PROMIS,
Patient-Reported Outcomes Measurement Information System; SIS-16, Stroke Impact Scale 16. For the
NIHSS, PHQ-9, and PROMIS fatigue scales, higher scores indicated worse symptoms or function.

responsiveness and were able to differentiate among all
patient characteristics.

Discussion
This study demonstrated that PROMs provide additional
information outside the traditional clinician-reported measures (NIHSS and mRS). The NIHSS, a measure of impairment,
DOI: 10.1161/JAHA.116.005356

had the highest ceiling effect, with 53% having a normal score
(NIHSS=0). It demonstrated the lowest percentage of either
improvement or worsening of any of the scores evaluated. Our
ﬁndings corroborate those of others that suggest that the
NIHSS is not an optimal measure to assess outcomes after
stroke.27
The mRS had the second highest percentage of scores at the
ceiling (21% at mRS=0). Among patients with normal mRS, a
Journal of the American Heart Association
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PROMIS Physical
Function

SIS-16
r

mRS*

r

0.64


SIS-16
PROMIS physical function

2

0.56


2

r

0.60

PHQ-9*

EQ-5D Index
2

r

r

r

0.42

0.37

0.15

0.90

0.71





0.58
0.55


PHQ-9*

r

r

0.53

0.33

0.78

0.32

0.72



0.63


EQ-5D Index

PROMIS Fatigue*
2

0.35
0.61
0.51
0.49


r

r2

0.32

0.11

0.58

0.31

0.59

0.37

0.76
0.57

0.54
0.29

r, Spearman correlation coefﬁcient, all P<0.001; r2=calculated from linear regression models for each scale; explanatory variables for each model included modiﬁed Rankin Scale score,
National Institutes of Health Stroke Scale score, and age. EQ-5D indicates EuroQol 5 Dimensions; mRS, modiﬁed Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PHQ-9,
Patient Health Questionnaire 9; PROMIS, Patient-Reported Outcomes Measurement Information System; SIS-16, Stroke Impact Scale 16.
*Higher scores indicate worse symptoms or function.
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signiﬁcant proportion of patients had abnormal scores on the
PROMs. Although one would not expect perfect correlation
between mRS and the PROMs, the modest r2 in regression
models indicate that much of the information obtained with
PROMs are not captured with the mRS. Concordance of
meaningful change in PROMs with meaningful change in the
clinician-reported measures was low, ranging from 15.1% to
45.7% for mRS and 3.8% to 12.1% for NIHSS. One contributing
factor to these ﬁndings is that mRS and other scales measure
different constructs and span different categories within the ICF

framework of health and disability. Another potential explanation for the poor concordance of changes in mRS with other
scales is that these mRS changes reﬂect differences in the
provider scoring rather than true change in patient status. A
quarter of the changes in mRS occurred between score of 0 (no
symptoms) and 1 (symptoms but no disability) and there can be
substantial interobserver variability in mRS scoring, especially
between scores 1 and 4.28
The SIS-16 was the focus of additional analysis with mRS;
because it had the highest correlation and concordance for

Figure 2. Concordance of change in patient-reported outcome measures with change in clinicianreported measures over time, n=1437. EQ-5D indicates EuroQol 5 Dimensions; mRS, modiﬁed Rankin
Scale; NIHSS, National Institutes of Health Stroke Scale; PF, physical function; PHQ-9, Patient Health
Questionnaire 9; PROMIS, Patient-Reported Outcomes Measurement Information System; SIS-16, Stroke
Impact Scale 16. Presence of change determined using predeﬁned thresholds for meaningful change.
Clinician-reported scales include: NIHSS and mRS. Patient-reported outcome measures include: SIS-16,
PHQ-9, EQ-5D Index, PROMIS PF, or PROMIS fatigue. Concordant change deﬁned as worsening in the
clinician-reported scale (NIHSS or mRS) when the patient-reported outcome measure worsened, or
improvement in the clinician-reported scale when the patient-reported outcome measure improved.
Agreement was assessed using j statistic. *Signiﬁcant agreement at P<0.05.
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iﬁed Rankin Scale scores at ﬁrst visit. The thick bar represents the
median for each Rankin level. The ends of the boxes represent the
ﬁrst and third quartiles. The short lines at the end of the dashed
lines represent “fences”—values that are 1.5 times the interquartile range from each quartile or the min/max if inside 1.5
interquartile range. The small open circles represent outliers
(more than 1.5 times the interquartile range from a quartile).
Higher Rankin Scores indicate worse disability.

change with mRS compared with the other PROMs, differences are likely to be smaller between mRS and SIS-16 than
with the other scales. Within each level of mRS, SIS-16
showed ranges of values that exceeded the threshold for
meaningful change, suggesting it may be better able to
discriminate a patient’s health state than the mRS. Indeed,
when discriminant ability was assessed, SIS-16 had a
signiﬁcantly higher c-statistic for predicting health state
changes in PROMIS PF and fatigue as compared with mRS.
Because the mRS has only 6 levels, the ability to detect

Table 3. Discriminant Ability of mRS and SIS-16 to Detect Meaningful Improvement and Worsening in Outcomes Over Time,
n=1437
Improved in Outcome

Worsened in Outcome

mRS
C-Statistic (95%CI)

SIS-16
C-Statistic (95%CI)

P Value

mRS
C-Statistic (95%CI)

SIS-16
C-Statistic (95%CI)

P Value

NIHSS

0.74 (0.67, 0.82)

0.77 (0.68, 0.85)

0.49

0.80 (0.67, 0.93)

0.74 (0.58, 0.90)

0.31

PROMIS physical function

0.52 (0.45, 0.58)

0.57 (0.51, 0.63)

0.04

0.51 (0.44, 0.59)

0.60 (0.52, 0.68)

0.02

PHQ-9

0.56 (0.48, 0.65)

0.54 (0.45, 0.63)

0.50

0.56 (0.48, 0.65)

0.54 (0.45, 0.63)

0.50

EQ-5D Index

0.51 (0.45, 0.58)

0.55 (0.49, 0.62)

0.13

0.51 (0.45, 0.58)

0.55 (0.49, 0.62)

0.12

PROMIS fatigue

0.52 (0.45, 0.59)

0.59 (0.53, 0.66)

0.01

0.50 (0.44, 0.57)

0.58 (0.52, 0.65)

<0.01

Computed using the DeLong method, and P-values were computed using bootstrapping with 2000 iterations. EQ-5D, EuroQol 5 Dimensions; mRS, modiﬁed Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; PHQ-9, Patient Health Questionnaire 9; PROMIS, Patient-Reported Outcomes Measurement Information System; SIS-16, Stroke Impact Scale 16.

DOI: 10.1161/JAHA.116.005356

Journal of the American Heart Association

7

ORIGINAL RESEARCH

Downloaded from http://jaha.ahajournals.org/ by guest on August 20, 2017

Figure 3. Distribution of Stroke Impact Scale 16 across mod-

meaningful change and differences in outcomes among
treatment groups is limited. The mRS had the highest
proportion of “meaningful” change according to predeﬁned
threshold than other scales, but these changes in mRS may
not reﬂect true changes in health status, especially from the
patient’s perspective. Additionally, SIS-16 and PROMIS PF
were more responsive to differences in patient characteristics
than the clinician-reported measures.
Although mRS is one of the most commonly used outcome
measures in ischemic stroke, it has several limitations that
reduce its utility as a sole measure for the assessment and
monitoring of health status of patients with stroke. Importantly, in addition to the limited number of disability levels and
poor interobserver reliability reported in other studies, it does
not comprehensively cover domains of health that are
frequently impacted by ischemic stroke, such as fatigue and
depression, as demonstrated in this analysis. Because
domains of recovery are not interchangeable, describing
recovery in more than 1 dimension has been advocated.4,29
The primary goal of most medical therapies is to improve
symptoms, functional status, or health-related quality of life,
and these can only be accurately quantiﬁed through patient
self-report.30 Because of this, the American Heart Association
has advocated for broader use of PROMs in both clinical
practice and research.30 With the increasing functionality of
electronic health records to collect patient-entered data, the
ability to assess patient-reported health status is now
possible.
There are also limitations when PROMs are used in clinical
care or research. Severely impaired patients may not be able
to complete PROMs. Although proxies can be used, some
domains may be more difﬁcult for proxies to assess, such as
those involving psychosocial domains of health.31 In addition,
patient-reported scores may be impacted by a patient’s
mental outlook or factors outside of clinician’s control, such
as social support or physical environment. Even so, knowledge of health status from the patient’s perspective allows
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46%

Female

49%

65+

3%

37%

No

81%

No

1 (1, 2)

2 (1, 3)

1 (1, 2)

2 (1, 3)

1 (1, 2)

2 (1, 3)

2 (1, 3)

0.79

<0.01

<0.01

<0.01

<0.01

<0.01

0 (0, 2)

0 (0, 2)

0 (0, 1)

0 (0, 2)

0 (0, 2)

1 (0, 2)

1 (0, 2)

0 (0, 2)

0 (0, 2)

1 (0, 3)

0 (0, 2)

0 (0, 2)

0 (0, 2)

0 (0, 2)

0 (0, 2)

0.29

<0.01

<0.01

<0.01

<0.01

0.27

0.08

P Value

88 (64, 97)

81 (63, 94)

91 (70, 99)

83 (61, 95)

91 (69, 98)

78 (53, 94)

81 (56, 95)

88 (67, 98)

83 (61, 97)

73 (50, 92)

88 (67, 97)

84 (61, 95)

88 (66, 98)

81 (56, 95)

89 (68, 98)

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P Value

PROMIS PF

42 (33, 50)

39 (31, 45)

43 (34, 51)

40 (32, 47)

42 (34, 50)

39 (31, 47)

40 (32, 47)

42 (34, 50)

40 (31, 51)

39 (30, 47)

42 (33, 49)

40 (31, 47)

42 (34, 50)

40 (32, 47)

42 (34, 50)

Median
(q1, q3)

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P Value

4 (1, 9)

5 (2, 8)

4 (1, 9)

5 (1, 9)

3 (1, 7)

5 (2, 9)

5 (2, 10)

4 (1, 8)

5 (1, 9)

5 (2, 11)

4 (1, 8)

4 (1, 8)

5 (1, 10)

5 (2, 10)

4 (1, 8)

Median
(q1, q3)

0.53

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P Value

EQ-5D

0.80 (0.69, 0.85)

0.78 (0.68, 0.84)

0.81 (0.71, 0.86)

0.78 (0.60, 0.84)

0.81 (0.71, 0.86)

0.78 (0.60, 0.83)

0.78 (0.60, 0.84)

0.81 (0.71, 0.86)

0.78 (0.60, 1.00)

0.73 (0.52, 0.83)

0.80 (0.69, 0.85)

0.80 (0.69, 0.85)

0.79 (0.60, 0.84)

0.78 (0.60, 0.84)

0.81 (0.69, 0.86)

Median
(q1, q3)

0.19

<0.01

<0.01

<0.01

<0.01

0.39

<0.01

P Value

52 (46, 60)

53 (48, 60)

51 (46, 60)

53 (47, 61)

51 (46, 59)

53 (47, 62)

53 (47, 62)

51 (46, 60)

50 (43, 60)

54 (47, 61)

52 (46, 60)

51 (46, 59)

53 (46, 61)

54 (49, 62)

50 (46, 59)

0.33

0.01

<0.01

<0.01

0.09

<0.01

<0.01

P Value

PROMIS Fatigue*
Median
(q1, q3)

P-values from Mann-Whitney U test compare column PROM across demographic and health subgroups. CAD indicates coronary artery disease; EQ-5D, EuroQol 5 Dimensions; mRS, modiﬁed Rankin Scale; NIHSS, National Institutes of Health
Stroke Scale; PF, physical function; PHQ-9, Patient Health Questionnaire 9; PROMIS, Patient-Reported Outcomes Measurement Information System; SIS-16, Stroke Impact Scale 16.
*Higher scores indicate worse symptoms or function.

19%

Yes

CAD

63%

Yes

Hypertension

Top 25%

Bottom 25%



40%

Not Married

Income

60%

Married

Marital status

1 (1, 2)

1 (0, 3)

21%

Black

Other

2 (1, 3)

76%

1 (1, 2)

2 (1, 3)

1 (1, 2)

2 (1, 3)

1 (1, 2)

White

Race

51%

<65

Age, y

54%

Male

P Value

<0.01

%

SIS-16
Median
(q1, q3)
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Sex

NIHSS*
Median
(q1, q3)

mRS*

Median
(q1, q3)

Total

PHQ-9*
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ambulatory setting and may be a useful adjunct for the
assessment of health status in clinical practice. Further
research on the integration of PROMs in clinical practice will
enhance their utility in clinical care.

Disclosures
None.
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that each represent a different domain of health and is used
to calculate mental health and physical health summary
scores.38 The PROMIS GH has not yet been evaluated in the
stroke population.
Strengths of this study included its large size, inclusion of
several commonly used PROMs, and measurement over time.
Importantly, this study involved data collected as part of
clinical practice rather than in a research setting, which is
more directly relevant to “real-world care.” A limitation of this
study is that the mRS was the only clinician-reported scale
assessed. However, this is 1 of the most common outcome
measures in stroke, and other less frequently used clinicianreported scales have the same inability to evaluate aspects of
health that can only be obtained directly from patients.
Another limitation to this study is that not all patients had
follow-up scores. In addition, deﬁnitions of meaningful change
were not speciﬁcally determined for the study cohort. There
have been few formal evaluations of deﬁnitions for meaningful
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associating meaningful change of these measures with
occurrence of adverse clinical outcomes. Finally, our population had relatively mild impairment, which limits extrapolation
of our ﬁndings to a population of patients with more severe
disability. In our study cohort, 74.8% of patients had mRS 0 to
2. The disability of our population is similar to those of
epidemiologic studies, which found that 65.3% of patients
alive at 6 months had mRS 0 to 2.40 With the recent revision
of the deﬁnition of transient ischemic attack,41 patients who
were previously categorized as transient ischemic attacks are
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