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Abstract
Purpose  Assessment of outcomes from a proxy is often substituted for the patient’s self-report when the patient is unable or 
unwilling to report their status. Research has indicated that proxies over-report symptoms on the patient’s behalf. This study 
aimed to quantify the extent of proxy-introduced bias on the Patient-Reported Outcomes Measurement Information System 
Global Health (PROMIS GH) scale for mental (GMH) and physical (GPH) scores.
Methods  This retrospective cohort study included incident stroke patients seen in a cerebrovascular clinic who completed 
PROMIS GH between 10/12/15 and 6/6/18. Differential item functioning (DIF) evaluated measurement invariance of patient 
versus proxy responses. DIF impact was assessed by comparing the initial score to the DIF-adjusted score. Subgroup analyses 
evaluated DIF within strata of stroke severity, measured by modified Rankin Scale (≤ 1, 2, 3+), and time since stroke (≤ 30, 
31–90, > 90 days).
Results  Of 1351 stroke patients (age 60.5 ± 14.9, 45.1% female), proxy help completing PROMIS GH was required by 406 
patients (30.1%). Proxies indicated significantly worse response to all items. No items for GMH or GPH were identified as 
having meaningful DIF. In subgroup analyses, no DIF was found by severity or 31–90 days post-stroke. In patients within 
30 and > 90 days of stroke, DIF was detected for 2 items. Accounting for DIF had negligible effects on scores.
Conclusions  Our findings revealed the overestimation of symptoms by proxies is a real difference and not the result of 
measurement non-invariance. PROMIS GH items do not perform differently or have spuriously inflated severity estimates 
when administered to proxies instead of patients.

Keywords  Patient-reported outcomes · Proxy · Differential item functioning · PROMIS GH

Introduction

Self-reported health status measures are increasingly utilized 
to assess outcomes following stroke. As many as 25% of peo-
ple who have a stroke may be unable to report their status due 
to language and cognitive impairments [1, 2]. In these cases, 

assessment of outcomes from a proxy, such as a caregiver or 
family member, is often substituted for the patient’s self-report. 
Research has demonstrated that proxies tend to rate patient 
outcomes worse than patients rate their own outcomes [1, 3, 
4]. This is particularly pronounced for the more subjective 
domains like emotional well-being, social functioning, and 
pain [5–9]. Additionally, agreement between patient and proxy 
responses has been shown to vary according to demographics 
and clinical characteristics [10]. Results from a large study of 
the National Health Interview Survey indicated that proxy-
completed responses under-reported disabilities for those aged 
18 to 64 years, but over-reported disabilities for those 65 and 
older [8]. Similar findings have been demonstrated in stroke 
patients. Studies of stroke patient–proxy validity generally 
show that there is greater variability in patient–proxy agree-
ment for strokes that occurred recently and as severity of stroke 
increases [9, 11–15]. Due to these differences between patient 
and proxy response, inclusion of unbalanced numbers of proxy 
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respondents in different treatment groups may bias the analy-
ses of outcomes. Furthermore, patient–proxy disagreement 
may have an even greater impact on analysis of within-person 
change [16].

The Patient-Reported Outcome Measurement Informa-
tion System (PROMIS), funded by the NIH Roadmap Ini-
tiative, is a psychometrically validated, dynamic system 
to measure self-reported health across many domains in 
patients with a wide range of diseases and demographic 
characteristics [17]. Although the initial focus was its use in 
clinical research, there has been increasing interest in using 
PROMIS tools in clinical care [18, 19]. The International 
Consortium for Health Outcomes Measurement, a non-profit 
organization that develops standard sets of outcomes, rec-
ommended PROMIS Global Health (GH), a 10-item global 
health metric, for measuring stroke outcomes [20]. Research 
by our group has demonstrated the validity and utility of 
PROMIS GH to track stroke patients’ health over time [21]. 
Assessment of how stroke patients versus proxies respond 
to PROMIS GH will increase our understanding of stroke 
outcomes and enhance the utilization of patient-reported 
outcome measurements (PROMs) to improve care.

To evaluate the reliability of PROMIS GH items as indi-
cators of health-related quality of life (HRQOL) within 
proxy versus patient self-responses, we utilized differential 
item functioning (DIF), a targeted item-response theory 
(IRT) methodology. An item demonstrates DIF when sub-
groups of respondents with equivalent levels of a symptom 
have different probabilities of reporting a symptom, or 
endorsing that item. If participant response to an item on 
the PROMIS GH is influenced not only by their HRQOL 
but also by whether or not a proxy is responding, then the 
item may be under- or overestimating HRQOL within that 
patient. We hypothesized items that are more difficult for 
a proxy to accurately assess, such as pain and emotional 
problems, would be significant sources of DIF in stroke 
patients. We also predicted that the cumulative effects of 
DIF would result in deflated/worse HRQOL scores among 
proxy responses versus patient responses.

This study aimed to quantify the extent of proxy-intro-
duced bias on the PROMIS GH scale for mental and physi-
cal global health summary scores through assessing DIF in 
stroke patients or proxies of stroke patients. Furthermore, 
our study assessed DIF within subgroups known to display 
differing levels of patient–proxy agreement: age, stroke 
severity, and time since stroke.

Methods

This retrospective cohort study included incident stroke 
patients seen in Cleveland Clinic cerebrovascular center who 
completed PROMIS GH from October 12, 2015 through 

June 6, 2018. As part of routine care, both patient and cli-
nician-reported scales are collected through the Knowledge 
Program© (KP), an electronic platform for systematic col-
lection of patient-reported information [22]. Patients were 
included in the study cohort if they were 18 years and older, 
completed PROMIS GH during their visit, indicated whether 
the patient had help completing the survey (proxy respond-
ents), and had a diagnosis of ischemic stroke or intracerebral 
hemorrhage (ICH) obtained from either visit diagnosis codes 
(International Classification of Diseases Clinical Modifica-
tion codes 9th edition: 431, 433.x1, 434.x1, 433.91, and 436 
and 10th edition: I61x, I63xx) and/or provider documenta-
tion of ischemic stroke or ICH in structured fields of the 
KP. Patients with history of subarachnoid hemorrhage were 
excluded.

PROMIS GH produces two summary scores: Global 
Mental Health (GMH) and Global Physical Health (GPH) 
[23]. GMH includes 4 items on overall quality of life, mental 
health, satisfaction with social activities and relationships, 
and emotional problems, whereas GPH comprises 4-items 
on physical health, physical functioning, pain intensity, and 
fatigue. Two PROMIS GH items (general health and social 
roles) are not used to calculate summary scores. All items, 
except for the rating of pain, used a 5-category response 
option. Pain was recoded to 5 categories in this analysis, 
and all categories were oriented so higher response indicated 
better HRQOL. Summary scores are centered on the 2000 
United States Census with respect to age, sex, education, 
and race–ethnicity, and are transformed to a T-score met-
ric with a mean of 50 and standard deviation of 10 [24]. A 
proxy respondent was assessed through the question “Did 
you receive help completing this questionnaire?” If yes was 
selected, a second question asked “Although you received 
help, could you have completed it on your own?” These 
questions did not distinguish if a proxy completed the ques-
tionnaire with input from the patient versus independently. 
Questionnaires were completed either by the patient or a 
proxy.

Patient demographics included age, race, sex, marital sta-
tus, and household income estimated from 2010 census data 
using ZIP code. Clinicians completed the National Institutes 
of Health Stroke Scale (NIHSS) and modified Rankin Scale 
(mRS) during each visit and recorded the date of the last 
stroke event. The NIHSS is a 12-item measure of neurologi-
cal impairment with higher scores indicating more severe 
deficits. The mRS is a 1-item measure of global disability 
ranging from 0 to 6, with 0 indicating no symptoms, 5 indi-
cating severe disability, and 6 representing death.

Statistical analyses

Demographics, clinical characteristics, and PROMIS GH 
item scores and summary T-scores were compared between 
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patient and proxy response using Chi-square test for categor-
ical variables and t-test or non-parametric Mann–Whitney 
U test, as appropriate, for continuous variables. To assess 
the magnitude of difference between patient and proxy 
responses, Cohen’s D effect sizes with 95% confidence inter-
vals were calculated, where values > 0.2, > 0.5, and > 0.8 
represent small, moderate, and large effects [25]. Analyses 
were conducted using SAS version 9.4 (SAS Institute Inc, 
Cary, NC).

DIF was analyzed with the R software package Lordif 
[26]. The Lordif package utilizes an ordinal logistic regres-
sion framework, and the graded response model is used 
for IRT trait estimation [27]. IRT models assume unidi-
mensionality, or that responses to items on a scale can be 
explained by a single dimension, and local independence, 
meaning items within each measure are unrelated except for 
measuring the same underlying trait. The unidimensional-
ity of PROMIS GMH and GPH has been previously estab-
lished [23]. Single-factor confirmatory factor analysis was 
conducted to ensure the GMH and GPH were sufficiently 
unidimensional to appropriately use IRT methodology. The 
comparative fit index (CFI), Tucker–Lewis index (TLI), and 
root mean square error of approximation (RMSEA) were 
estimated, with values of ≥ 0.90 for CFI/TLI and < 0.10 for 
RMSEA indicating adequate model fit [28]. Local inde-
pendence was evaluated to ensure item responses within 
each measure were independent except for measuring the 
same underlying trait. This was assessed by confirming item 
residuals displayed low correlation relative to other items 
in the summary measure (r < 0.20) [29]. Assumptions were 
tested using the R package lavaan [30]. The graded response 
model was used to calibrate item parameter estimates for 
GMH and GPH.

An item demonstrates uniform DIF when one subgroup 
consistently has a higher, or lower, probability of endors-
ing an item at equal levels of the trait. An item shows non-
uniform DIF when one subgroup has a higher probability 
of endorsing the item at low levels and a lower probability 
at high levels. The presence of uniform and non-uniform 
DIF was evaluated through constructing three models. 
The base model included only trait level (theta, θ) to pre-
dict patient response to items on a 5-level scale. A second 
model included one group (patient versus proxy response) 
in addition to theta to predict patient response (assessing 
uniform DIF). The third model included an interaction effect 
of group (patient versus proxy response) and theta (assess-
ing non-uniform DIF). Models were compared to identify 
meaningful DIF. There are several criteria for identifying 
DIF, with PROMIS research frequently utilizing the crite-
rion of McFadden’s pseudo R2 change ≥ 2% [31, 32]. Our 
study used a R2 change of ≥ 0.02 in the beta coefficient for 
theta between the base model and model 2 for identifying 

uniform DIF and between model 2 and model 3 for identify-
ing non-uniform DIF.

If items were identified with DIF, the impact was evalu-
ated by first recalibrating any item found to have DIF to a 
2-parameter graded response model and then item param-
eters were re-estimated separately across level of subgroup 
(patient or proxy), yielding group-specific item parameters. 
T-scores were then estimated based on the recalibration 
resulting in “DIF-corrected,” or theta-adjusted, scores. The 
difference in scores before and after DIF correction quanti-
fied the impact of DIF on PROMIS GH summary scores. 
This is indicated throughout as the difference between 
adjusted theta and unadjusted theta. Since the detection of 
statistically significant DIF is largely influenced by sample 
size, a priori criteria were established to evaluate the clinical 
relevance of detected DIF. A difference between adjusted 
and unadjusted theta scores of at least 1 standard error of 
measurement (SEM) or greater than 0.3 theta units was used 
to identify salient DIF [33].

Subgroup analyses

Analyses at the person level were conducted to evaluate the 
impact of proxy respondents across subgroup. Subgroup 
analyses evaluated the mean difference between self- and 
proxy response and measurement invariance within strata 
of age (18–64 versus 65+), stroke severity measured by 
mRS (≤ 1, 2, 3+), and by time since stroke (≤ 30, 31–90, 
> 90 days). DIF analyses as described above were conducted 
within each strata.

Compliance with ethical standards

This study was approved by the Cleveland Clinic Institu-
tional Review Board. Because the study consisted of analy-
ses of pre-existing data, the requirement for patient informed 
consent was waived.

Results

Of 1351 stroke patients (mean age 60.5 ± 14.9, 45.1% 
female), proxy help completing PROMIS GH was required 
by 406 patients (30.1%), whereas 945 (69.9%) patients 
responded on their own (Table 1). The study did not include 
self- and proxy responses on the same patient. Of the 
patients who had proxy help completing PROMIS GH, 233 
(57.4%) could have answered on their own. Proxy assis-
tance was more often found for older patients, with 57.4% 
of patients ≥ 65 years having proxy-reported PROMs ver-
sus 37.2% self-reported PROMs, p < 0.01. Patients with 
proxies had significantly more disability as indicated by 
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clinician-reported mRS and NIHSS. The median time since 
stroke was 106 days.

Proxies indicated significantly worse response to all 
PROMIS GH items as compared to self-responses (Table 2). 
Proxy-reported GMH and GPH were 41.6 ± 8.4 and 
39.8 ± 7.9, respectively, as compared to self-reported GMH 
and GPH scores of 47.5 ± 9.0 and 45.8 ± 9.2, p < 0.01 for 
both. Effect sizes were large for the items assessing mental 
health, physical function, and social roles (d = 0.72, 0.84, 
0.77, respectively). The smallest effect size was for the item 
on pain (d = 0.25). Figure 1 depicts the mean difference 
between patient and proxy responses. The largest difference 
was for physical function and social roles (0.99 points and 
0.84 points, respectively). All of the items have 95% confi-
dence intervals greater than zero, indicating proxies report 
significantly worse health on all items compared to patients.

Results of the confirmatory factor analysis substantiated 
that a one-factor solution had acceptable goodness of fit as 
assessed by CFI and TLI ≥ 0.95 for GMH and GPH over-
all and when stratified by patient–proxy response (Supple-
mental Table 1). GPH also reached adequate goodness of fit 
based on the RMSEA of 0.07 (90% CI 0.04–0.11); however, 
GMH exceeded the threshold with RMSEA of 0.18 (95% CI 

0.15–0.21). Local independence was established for both 
GMH and GPH (data available upon request).

Table 3 displays the parameter estimates and associated 
standard errors for PROMIS GH items by self- versus proxy 
response. GMH item slope estimates for self-respondents 
ranged from 1.39 to 3.61, indicating variation in their level 
of discrimination. Items on social discretionary and mental 
health were the most likely to differentiate between patients 
at different trait levels while emotional problems was the 
least likely. The GPH estimates for self-respondents ranged 
from 1.35 to 2.42, with items on physical health and function 
differentiating patients to the highest extent, and pain to the 
lowest extent. Proxy responses had lower discrimination on 
all items as compared to self-responses. Proxy responses to 
the pain item contributed the least amount of information. 
Supplemental Figure 1 highlights that items with greater dis-
crimination contribute larger information, with self-respond-
ents contributing more information than proxy respondents. 
Mental health and social discretionary provided the most 
information to GMH with emotional problems providing the 
least. For GPH, physical health and function provided the 
most information with pain providing the least, consistent 
across most theta levels.

Table 1   Demographics and clinical characteristics of patients with self-reported PROMs versus patients with proxy-reported PROMs, n = 1351

PROMs patient-reported outcome measures, SD standard deviation, Q quartile, ICH intracerebral hemorrhage, NIHSS National Institutes of 
Health Stroke Scale

Study characteristics Total
N (%)

Self-reported PROMs
N (%)

Proxy-reported PROMs
N (%)

P value

Total number of patients 1351 945 (69.9) 406 (30.1)
Demographics
 Female 609 (45.1) 419 (44.3) 190 (46.8) 0.40
 Age (years), Mean ± SD 60.5 ± 14.9 58.4 ± 14.4 65.4 ± 15.1 < 0.001
  65 + years 585 (43.3) 352 (37.2) 233 (57.4) < 0.001

 Race
  White 1076 (79.6) 764 (80.9) 312 (76.8) 0.24
  Black 193 (14.3) 126 (13.3) 67 (16.5)
  Other 82 (6.1) 55 (5.8) 27 (6.7)

 Married 848 (64.9) 599 (65.2) 249 (64.0) 0.67
 Household income (x $10 k), median (Q1, Q3) 4.97 (4.01, 6.26) 5.04 (4.18, 6.33) 4.68 (3.89, 5.96) < 0.001

Clinical characteristics
 Ischemic stroke (vs ICH) 1162 (86.0) 836 (88.5) 326 (80.3) < 0.001
 Days since stroke, Median (Q1, Q3) 106 (40, 456) 112 (40, 476) 95 (42, 382) 0.32
  0–30 days 249 (18.7) 181 (19.4) 68 (17.0) 0.023
  31–90 days 388 (29.1) 251 (26.9) 137 (34.3)
  > 90 days 695 (52.2) 501 (53.7) 194 (48.6)

 Rankin score, median (Q1, Q3) 1 (0, 2) 1 (0, 2) 2 (1, 3) < 0.001
  0–1 844 (64.2) 679 (73.9) 165 (41.8) < 0.001
  2 280 (21.3) 181 (19.7) 99 (25.1)
  3+ 190 (14.5) 59 (6.4) 131 (33.2)

 NIHSS, median (Q1, Q3) 0 (0, 1) 0 (0, 1) 1 (0, 3) < 0.001



1589Quality of Life Research (2019) 28:1585–1594	

1 3

The item location indicates the value of theta where 
the probability is 50% for endorsing that item or higher. 
As expected, larger locations were associated with higher 
categories on all items, indicating patients with higher/bet-
ter levels of the trait were endorsing higher/better category 
responses (Table 3). For all items but pain, proxy locations 
were higher, meaning a higher/better trait level is required 
for a proxy to endorse the item as compared to a self-report. 
This corresponds to the theta distributions for self- ver-
sus proxy response portrayed in Supplemental Figure 2. 

There is broad overlap in the distributions although proxy 
respondents demonstrate lower/worse trait levels of GMH 
and GPH than self-respondents (mean theta for GMH = 
− 0.44 versus 0.18; mean theta for GPH = − 0.43 versus 
0.18, respectively).

Differential item functioning

DIF was not detected across self- versus proxy report. The 
criterion of a change in pseudo R2 ≥ 0.02 resulted in no items 

Table 2   Unadjusted PROMIS 
GH item and summary scores 
by self-report versus proxy 
report, n = 1351

GMH global mental health, GPH global physical health; Higher scores indicate better health-related quality 
of life
p < 0.001 for all self- versus proxy-reported comparisons

PROMIS GH items Self-reported
Mean ± SD

Proxy-reported
Mean ± SD

Effect size of difference
(95% CI)

Total number of patients 945 406 1351
1. General health 3.02 ± 0.93 2.56 ± 0.87 0.51 (0.40, 0.61)
2. Quality of life 3.33 ± 1.00 2.82 ± 0.97 0.51 (0.40, 0.62)
3. Physical health 2.88 ± 0.93 2.42 ± 0.84 0.50 (0.40, 0.61)
4. Mental health 3.35 ± 1.05 2.60 ± 1.02 0.72 (0.61, 0.83)
5. Social discretionary 3.34 ± 1.08 2.68 ± 1.02 0.62 (0.51, 0.73)
6. Physical function 3.92 ± 1.17 2.93 ± 1.21 0.84 (0.73, 0.95)
7. Pain 3.82 ± 1.05 3.56 ± 1.09 0.25 (0.14, 0.36)
8. Fatigue 3.40 ± 0.91 3.01 ± 0.90 0.43 (0.33, 0.54)
9. Social roles 3.22 ± 1.11 2.38 ± 1.02 0.77 (0.66, 0.88)
10. Emotional problems 3.49 ± 1.03 3.09 ± 1.07 0.38 (0.27, 0.49)
GMH summary score 47.5 ± 9.0 41.6 ± 8.4 0.67 (0.56, 0.78)
GPH summary score 45.8 ± 9.2 39.8 ± 7.9 0.68 (0.57, 0.79)

Fig. 1   Mean patient–proxy 
difference in PROMIS GH item 
scores. Horizontal bars repre-
sent 95% confidence intervals 
around the mean difference
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on GMH or GPH being detected as having uniform DIF 
(R2 change values ranged from 0.0003 to 0.0119) or non-
uniform DIF (R2 change values ranged from 0 to 0.0003) 
(Table 4).

Subgroup analyses

Mean differences between self- and proxy response within 
subgroups of interest are presented in Table 5. Patients aged 
65 + years had considerably larger discrepancies in self- ver-
sus proxy response for the item assessing mental health and 
low differences for the pain item (0.17 (95% CI 0.01–0.34)) 
versus 0.44 (0.26–0.63) for younger patients, < 65 years. 
Average item scores were generally similar between older 
and younger patients; however, older patients had better 
scores on items assessing pain and emotional problems 
as compared to younger patients (mean score 3.83 ± 1.10 
versus 3.67 ± 1.02, p < 0.01; 3.54 ± 0.98 versus 3.24 ± 1.10, 
p < 0.01, respectively), and younger patients had better 
scores on physical function (3.76 ± 1.24 versus 3.44 ± 1.27, 
p < 0.01). No DIF was found by self- versus proxy report for 
patients < 65 or 65 + years of age (Supplemental Table 2).

Average item scores were significantly worse across strata 
of mRS from ≤ 1, 2, to 3+ (data available upon request). 
However, there was less divergence between self- and proxy 
report as severity increased from mRS ≤ 1 to 3+ (Table 5). 
Despite the difference in means across strata of mRS, no 

DIF was found within any of the severity subgroups (Sup-
plemental Table 3).

By time since stroke, all item scores, except for fatigue, 
were slightly better for patients within 30 days of their 
stroke. Fatigue was rated similarly across time since stroke 
groups. All item scores were similar between patients 

Table 3   Parameter estimates with standard errors for PROMIS GH items by self- versus proxy report

Parameter estimates with standard error presented from graded response model; a = discrimination coefficient (slope); bi = parameter (location) 
for 5 response categories minus one

PROMIS GH items Respondent a b1 b2 b3 b4

GMH
 2. Quality of life Self 2.59 (0.16) − 2.41 (0.12) − 1.00 (0.15) 0.23 (0.12) 1.33 (0.71)

Proxy 2.10 (0.20) − 1.70 (0.14) − 0.54 (0.14) 1.04 (0.30) 2.12 (6.12)
 4. Mental health Self 3.31 (0.25) − 2.02 (0.09) − 0.89 (0.16) 0.13 (0.11) 1.19 (1.02)

Proxy 2.84 (0.32) − 1.30 (0.11) − 0.08 (0.11) 1.13 (0.83) 1.97 (14.4)
 5. Social discretionary Self 3.61 (0.28) − 1.83 (0.08) − 0.88 (0.15) 0.16 (0.10) 1.13 (1.18)

Proxy 3.15 (0.37) − 1.33 (0.10) − 0.18 (0.13) 0.98 (0.67) 1.90 (17.9)
 10. Emotional problems Self 1.39 (0.09) − 3.13 (0.21) − 1.57 (0.20) 0.06 (0.14) 1.43 (0.30)

Proxy 1.36 (0.14) − 2.60 (0.26) − 0.83 (0.20) 0.67 (0.18) 2.00 (1.10)
GPH
 3. Physical health Self 2.42 (0.18) − 2.01 (0.11) − 0.45 (0.12) 0.85 (0.17) 2.17 (6.14)

Proxy 2.23 (0.31) − 1.56 (0.14) 0.24 (0.09) 1.73 (2.24) 2.81 (46.3)
 6. Physical function Self 2.42 (0.19) − 2.74 (0.17) − 1.26 (0.21) − 0.47 (0.18) 0.16 (0.15)

Proxy 1.75 (0.21) − 1.78 (0.17) − 0.34 (0.14) 0.67 (0.17) 1.51 (0.99)
 7. Pain Self 1.35 (0.10) − 4.26 (0.38) − 1.73 (0.32) − 0.60 (0.29) 0.79 (0.29)

Proxy 0.88 (0.13) − 5.01 (0.79) − 1.82 (0.51) − 0.09 (0.41) 1.51 (0.56)
 8. Fatigue Self 1.98 (0.14) − 2.78 (0.17) − 1.42 (0.20) 0.16 (0.14) 1.63 (0.73)

Proxy 1.49 (0.18) − 2.67 (0.28) − 0.94 (0.24) 0.95 (0.22) 2.69 (3.91)

Table 4   Uniform and non-uniform DIF of PROMIS GH for self- ver-
sus proxy report

GMH global mental health, GPH global physical health
a Model 1 (intercept + theta) versus Model 2 (Model 1 + respondent 
group)
b Model 2 (Model 1 + respondent group) versus Model 3 (Model 
2 + theta * group)

PROMIS GH Uniforma Non-uniformb

ΔR2 ΔR2

GMH scale
 Item 2. Quality of life 0.0006 0.0000
 Item 4. Mental health 0.0022 0.0001
 Item 5. Social discretionary 0.0005 0.0000
 Item 10. Emotional problems 0.0003 0.0003

GPH scale
 Item 3. Physical health 0.0021 0.0000
 Item 6. Physical function 0.0119 0.0000
 Item 7. Pain 0.0031 0.0002
 Item 8. Fatigue 0.0013 0.0000
 Threshold for detecting meaningful DIF ≥ 0.02
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31–90 days from their stroke and > 90 days (data avail-
able upon request). For all items except physical function, 
similarity between self- and proxy-response was high-
est in patients > 90 days out from their stroke (Table 5). 
In patients within 30 days of stroke, uniform DIF was 
detected for GMH item mental health (∆R2 = 0.057) (Sup-
plemental Table 4). Assessment of salient DIF, or the 
impact of DIF, on GMH scores for patients within 30 days 
of their stroke was calculated as the difference between 
theta scores when DIF is ignored versus accounted for by 
exclusion of the mental health item. The difference was 
negligible (median difference = 0.027 on the theta scale). 
No DIF was found for either GMH or GPH for patients 
with strokes that occurred between 31 and 90 days. For 
patients with strokes over 90 days prior, uniform DIF 
was found for GPH item physical function (∆R2 = 0.059). 

Assessment of DIF impact did not demonstrate salient DIF 
(median difference = 0.025 on the theta scale).

Discussion

Our findings revealed proxy respondents report worse men-
tal and physical global health as compared to self-respond-
ents; however, this overestimation of symptoms by proxies 
is a real difference and not the result of measurement non-
invariance. While our study found proxy reports provide 
less ability to discriminate, lower information, and have 
larger location thresholds compared to self-reports, DIF 
was not identified in our primary study analysis. An item 
is considered to have DIF when item parameters are dif-
ferent in subgroups after controlling for the trait level. By 

Table 5   Mean Differences in PROMIS GH item scores and mean summary scores between self- and proxy report within subgroups

Mean differences with 95% confidence intervals presented for the difference between self- and proxy report on PROMIS GH items. Positive dif-
ferences indicate worse global health for proxy-reported scores as compared to self-reported scores. Larger values indicate greater discrepancy
GMH global mental health, GPH global physical health

Age group mRS Days since stroke

< 65 years
N = 766

65 + years
N = 585

0–1
N = 844

2
N = 280

3+
N = 190

0–30
N = 249

31–90
N = 388

> 90
N = 695

PROMIS GH items, mean difference (95% CI)
 1. General 

health
0.47 (0.31 to 

0.64)
0.49 (0.34 to 

0.63)
0.45 (0.29 to 

0.60)
0.19 (− 0.01 

to 0.40)
0.05 (− 0.21 

to 0.30)
0.49 (0.24 to 

0.74)
0.58 (0.39 to 

0.77)
0.35 (0.20 to 

0.51)
 2. Quality of 

life
0.57 (0.40 to 

0.75)
0.49 (0.34 to 

0.65)
0.48 (0.32 to 

0.65)
0.11 (− 0.13 

to 0.34)
0.14 (− 0.16 

to 0.44)
0.55 (0.28 to 

0.81)
0.54 (0.33 to 

0.76)
0.47 (0.31 to 

0.63)
 3. Physical 

health
0.43 (0.27 to 

0.59)
0.50 (0.36 to 

0.64)
0.46 (0.31 to 

0.62)
0.08 (− 0.12 

to 0.29)
0.09 (− 0.17 

to 0.36)
0.63 (0.39 to 

0.88)
0.53 (0.33 to 

0.72)
0.34 (0.19 to 

0.49)
 4. Mental 

health
0.67 (0.49 to 

0.85)
0.88 (0.71 to 

1.04)
0.81 (0.64 to 

0.99)
0.34 (0.09 to 

0.60)
0.55 (0.21 to 

0.89)
0.94 (0.69 to 

1.19)
0.93 (0.70 to 

1.15)
0.56 (0.38 to 

0.73)
 5. Social 

discretion-
ary

0.66 (0.47 to 
0.86)

0.70 (0.54 to 
0.86)

0.66 (0.48 to 
0.84)

0.20 (− 0.05 
to 0.45)

0.37 (0.04 to 
0.71)

0.78 (0.51 to 
1.06)

0.69 (0.47 to 
0.91)

0.57 (0.39 to 
0.75)

 6. Physical 
function

0.89 (0.69 to 
1.09)

1.03 (0.84 to 
1.22)

0.82 (0.64 to 
1.00)

0.26 (− 0.02 
to 0.54)

0.29 (− 0.05 
to 0.63)

0.95 (0.64 to 
1.27)

0.87 (0.61 to 
1.12)

1.07 (0.87 to 
1.26)

 7. Pain 0.44 (0.26 to 
0.63)

0.17 (0.01 to 
0.34)

0.18 (0.01 to 
0.36)

0.07 (− 0.20 
to 0.34)

0.15 (− 0.21 
to 0.50)

0.30 (0.00 to 
0.59)

0.27 (0.04 to 
0.50)

0.22 (0.05 to 
0.39)

 8. Fatigue 0.34 (0.18 to 
0.51)

0.47 (0.34 to 
0.61)

0.42 (0.27 to 
0.58)

0.18 (− 0.04 
to 0.39)

0.15 (− 0.13 
to 0.44)

0.47 (0.22 to 
0.72)

0.44 (0.25 to 
0.63)

0.34 (0.18 to 
0.49)

 9. Social 
roles

0.82 (0.63 to 
1.02)

0.87 (0.71 to 
1.04)

0.81 (0.63 to 
0.99)

0.30 (0.07 to 
0.54)

0.34 (0.01 to 
0.67)

0.88 (0.59 to 
1.16)

0.84 (0.61 to 
1.08)

0.79 (0.61 to 
0.97)

 10. Emo-
tional prob-
lems

0.42 (0.23 to 
0.60)

0.53 (0.37 to 
0.69)

0.44 (0.27 to 
0.62)

0.06 (− 0.20 
to 0.33)

0.34 (0.01 to 
0.66)

0.40 (0.13 to 
0.66)

0.54 (0.33 to 
0.76)

0.30 (0.12 to 
0.48)

PROMIS GH summary scores, mean ± SD
 GMH—self 46.7 ± 9.3 48.8 ± 8.2 48.7 ± 8.8 44.4 ± 8.6 43.4 ± 8.7 49.5 ± 7.7 47.8 ± 9.2 46.4 ± 9.2
 Proxy 40.8 ± 9.2 42.1 ± 7.7 42.5 ± 8.2 42.5 ± 7.9 39.9 ± 8.8 42.8 ± 7.4 41.0 ± 8.9 41.6 ± 8.3
 GPH—self 45.6 ± 9.5 46.1 ± 8.5 47.4 ± 8.9 42.3 ± 8.3 38.6 ± 7.5 46.8 ± 8.7 45.5 ± 9.5 45.4 ± 9.1
 Proxy 39.6 ± 8.7 39.9 ± 7.3 42.0 ± 7.8 40.6 ± 7.8 36.7 ± 7.1 40.3 ± 8.2 39.5 ± 8.0 39.9 ± 7.8
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demonstrating no DIF, we can conclude patients and proxies 
are interpreting the items in the same way. Since our study 
demonstrated no DIF in proxy responses, proxy responses 
can be interpreted along with patient self-responses of global 
health. Furthermore, the impact of the items with DIF within 
subgroups (age groups, severity, and time since stroke) is 
negligible and can be ignored when patient versus proxy 
comparisons are based on all items comprising PROMIS 
GH. Non-uniform DIF was not identified within any of our 
subgroup comparisons. Our study therefore supports the 
practical utility of PROMIS GH in clinical settings where 
both patients and proxies complete PROMs.

Overall, PROMIS GH scores were worse in the patient 
group with proxy-reported PROMIS GH than the group 
with self-reported PROMIS GH, even within the strata of 
clinician-reported disability. Although our study was unable 
to directly assess this, it is possible that proxies’ perceptions 
of patients’ health status are worse than the patients would 
have reported themselves, which has been shown in prior 
inter-rater agreement studies in stroke patients [3, 9, 34]. 
A 2010 systematic review of 13 studies of stroke patients 
and their proxies found proxies overestimated quality-of-
life impairments compared to patient self-report, yet there 
was substantial-to-excellent agreement for surveys asking 
about activities of daily living [9]. They concluded agree-
ment is better for more concrete, observable domains such 
as physical functioning and self-care than for less observ-
able domains like emotion, pain, and social functioning 
[9]. In addition, domain agreement between patient and 
proxy responses has been found to vary according to age [8, 
35, 36]. Results from a large study of the National Health 
Interview Survey indicated that proxy-completed responses 
under-reported disabilities for those aged 18 to 64 years, but 
over-reported disabilities for those 65 and older [8].

Another likely explanation for the worse PROMIS scores 
obtained by proxies compared to patient self-report seen in 
our study is that many of the patients with proxy comple-
tions in our study, especially older patients, had deficits that 
prevented them from completing patient questionnaires, pre-
sumably resulting in worse responses on PROMIS GH items 
than patients who completed the questionnaires themselves. 
This is supported by the finding that the greatest discrepancy 
between scores was with physical function rather than the 
more subjective items such as mental health, which have 
been shown to have greater disagreement between patient 
and proxy responses in studies of inter-rater agreement. Our 
study does not support DIF being a meaningful factor in dif-
ferences in patient and proxy responses seen in these inter-
rater reliability studies. In the few instances where DIF was 
present, it did not appreciably impact GPH summary scores.

An additional finding from our study is that for all items 
except physical function, similarity between self- and proxy-
response was highest in patients > 90 days out from their 

stroke. This agrees with studies of stroke patient–proxy reli-
ability, which have consistently shown there is more agree-
ment as time since stroke increases [9, 11–15]. Research has 
indicated that as more time passes since the stroke, patients 
and their proxies have more time living with and observ-
ing symptoms, leading to an improvement in patient–proxy 
agreement [5, 12, 34, 37]. Interestingly, our study found DIF 
for mental health in those within 1 month of stroke, and for 
physical function in those > 90 days out from stroke. The 
impact on summary scores was negligible however, as our 
study examined the effect of removing DIF items on the 
total theta and found that removing items with DIF did not 
influence the effect on theta.

Our study has many strengths including the ability to 
investigate the differences in global health reporting across 
patients and proxies within a large representative cohort of 
stroke patients. A robust flexible hybrid method using logis-
tic regression and IRT was utilized which enabled investiga-
tion of both uniform and non-uniform DIF. There are, how-
ever, some noteworthy limitations. We did not have self- and 
proxy-response data on the same patient. Patients with proxy 
responses instead of self-responses were more likely to be 
older and have more severe health. As DIF was not found 
in our study, the significantly worse scores demonstrated by 
proxies may be real and not due to measurement invariance. 
Worse scores by proxies could be due to the greater severity 
in patients who require proxy assistance and thus reflect real 
differences. We attempted to mitigate this effect by assessing 
patient–proxy differences for patients with greater severity. 
There were fewer discrepancies between self- and proxy-
reported scores for patients with higher severity as meas-
ured by modified Rankin scale scores ≥ 3. It is possible that 
patients with clinician-reported mild disability had deficits 
that were not fully appreciated by the clinician. However, 
in this study, we could not directly assess whether the dif-
ferences found in patient–proxy scores are true differences, 
and future studies are necessary to evaluate self- and proxy-
response to PROMs within the same patient. Another limi-
tation is there is no information on the proxy respondent or 
the relationship between the patient and proxy. Similarity 
between patient and proxy HRQOL domain scores may be 
affected by proxy characteristics, which we were unable to 
assess in this study. Lastly, DIF detection is highly influ-
enced by multidimensionality. If unidimensionality of the 
construct is rejected, items may be flagged with DIF, even 
when no real DIF exists. The RMSEA for GMH exceeded 
the threshold for adequate model fit in our analyses so the 
items comprising the GMH may not reflect a unidimensional 
construct. Our primary study analysis did not identify mean-
ingful DIF for any items comprising the GMH, so false posi-
tives were not an issue in our analysis.

In conclusion, our study revealed patients and proxies 
perceive the meaning of items on PROMIS GH consistently. 
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PROMIS GH items do not perform differently or have spuri-
ously inflated severity estimates when administered to prox-
ies instead of patients. As the number of frail, comorbid, 
and elderly patients who may be unable to communicate 
their health status increases, there will be greater reliance on 
proxy information. Findings from this study greatly enhance 
our ability to understand the impact of proxy responses on 
PROMs following stroke and allow more effective utilization 
of PROMs in clinical research and patient care.
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