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Abstract

Background: Patient-reported outcome measures (PROMs) are being used

more often in chronic liver disease (CLD) clinical care and research. Their

interpretability can be greatly enhanced by establishing the smallest

meaningful score difference (MSD). We report scores of commonly used

PROMs and their MSDs in patients at different stages of liver disease.

Methods: Patient-Reported Outcomes Measurement Information System

(PROMIS)-29 Profile, Chronic Liver Disease Questionnaire (CLDQ), and

Short Form-36 (SF-36) v1.0 scores were aggregated from 2442 adults with

CLD at 4 different stages: inpatients with decompensated cirrhosis

(n=1146) and outpatients with cirrhosis (n= 677) or CLD (n=128) or

recipients of liver transplant (LT, n= 490) between June 2014 and April 2023

from 3 academic centers. MSDs were estimated using distribution and

anchor-based methods.

Results: The study sample’s median age was 60.0 (IQR: 51.0–66.0); 55%

were male, 17% Hispanic, 84% White, and 49% college educated. The eti-

ology of CLD was alcohol in 36%, metabolic dysfunction–associated stea-

tohepatitis (MASH) in 31%, and viral hepatitis B/C in 26%. Median PROMIS

domain scores were generally lowest in inpatients and highest after trans-

plant. For PROMIS, distribution-based and anchor-based MSDs ranged from

3 to 4 for individual domains and 4 to 6 for summary scores. Distribution-

based MSDs were 1 for CLDQ and ranged from 7 to 11 for individual SF-36

domains, except role limitations domains, which ranged from 15 to 18, and

component scores, which were 3. When compared across stages of liver

Abbreviations: APSRA, ability to participate in social roles and activities v2.0; CLD, chronic liver disease; CLDQ, Chronic Liver Disease Questionnaire; HRQOL,
health-related quality of life; LT, liver transplantation; MASH, metabolic dysfunction–associated steatohepatitis; MSD, meaningful score difference; PROMIS, Patient-
Reported Outcomes Measurement Information System; PROM, patient-reported outcome measure; PROs, patient-reported outcomes; SF-36, Short Form-36;
SPDSA, satisfaction with participation in discretionary social activities v1.0.
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disease, PROMIS MSDs were generally similar, although they tended to be

0.5–1.0 points smaller in the decompensated population compared to the

stable populations.

Conclusions: This study provides data-driven recommendations for MSDs,

enhancing the interpretability of commonly used PROMs in liver disease and

facilitating the integration of PROMs in various clinical and research settings.

Keywords: chronic liver disease, health-related quality of life, meaningful
score difference, minimal important difference, patient-reported outcome
measurement

INTRODUCTION

Measuring and interpreting patient-reported outcomes
(PROs) add value to healthcare and align with the aim
of practicing patient-centered care established by the
Institute of Medicine.[1–3] PROs are often collected using
validated measures (patient-reported outcome mea-
sures, PROMs), which are poised to improve patient
reporting of symptoms and needs, achieve patient-
centered care, and improve clinical outcomes.[4–7]

Transition to electronic medical records and advances
in digital health technology have allowed for the ability
of electronic PROM completion by patients as part of
their routine clinical care.[3,7,8] Despite these advances
in PROM, barriers to using PROs in routine practice
remain.[7–10]

An important barrier to PROMs integration into
clinical research and practice is that they generate
scores that require assessment before facilitating the
interpretation and action.[7,8,11–14] In liver disease, for
example, health-related quality of life (HRQOL) is a
commonly studied PRO and can be measured by
PROMs such as NIH’s Patient-Reported Outcomes
Measurement Information System (PROMIS-29),
Chronic Liver Disease Questionnaire (CLDQ), and
Short Form-36 (SF-36).[15,16] These PROMs provide
several domain and summary scores, which then need
to be compared to healthy samples or to prior
measurements to have clinical utility.[14,17–19] Establish-
ing differences in scores that are large enough to be
meaningful, the meaningful score difference (MSD or
minimal clinically important difference), sets a standard
for interpretation and is an important step in implement-
ing PROMs in clinical practice and as clinical trial
endpoints.[11–14,20,21] MSDs have been established in a
variety of disease states for both clinical and research
use and facilitated the use of PROs in these
settings.[22–28]

There are no established MSDs for HRQOL domains
commonly measured during research and clinical
practice involving patients with chronic liver disease
(CLD) outside of the hepatitis C population.[29,30] To

address this need, we aimed to establish MSDs for
domain and summary scores for PROMIS-29 Profile
(primary aim), SF-36, and CLDQ (secondary aims)
using a prospective, diverse cohort of patients at
various stages of liver disease.

METHODS

Study design

PROMIS, SF-36, and CLDQ domain scores were
aggregated from separate studies that recruited partic-
ipants aged ≥ 18 years old with CLD with or without
cirrhosis. Inpatient participants were recruited from the
University of Arizona (Tucson and Phoenix) and Indiana
University from June 2014 to April 2023 during
admission for a complication related to cirrhosis
(infection, ascites, hepatic encephalopathy, GI bleed,
fluid overload). Exclusion criteria included significant
encephalopathy at the time of recruitment (West Haven
Stage ≥ 2), prior liver transplant, death, or hospice
enrollment prior to discharge, inability to read the survey
on an iPad screen, and use of language other than
English and Spanish. Outpatients without a history of
transplant were recruited during routine outpatient
hepatology visits at the University of Arizona (Tucson
and Phoenix) and Indiana University from August 2016
to August 2021. Patients were excluded if they had
significant encephalopathy at the time of recruitment
(West Haven Stage ≥2), inability to read the survey on
an iPad screen, or use of language other than English
and Spanish. Post-transplant participants were enrolled
at Indiana University during routine outpatient transplant
visits between June 2019 and February 2023. Patients
were excluded if they underwent liver transplant surgery
at a different institution, were unable to read the survey
on a tablet, used a language other than English or
Spanish, or had cognitive impairment limiting their
ability to complete the survey.

The diagnosis of cirrhosis and its complications was
established through chart review of imaging, clinical
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history, and/or liver biopsy. For all participants, demo-
graphics, comorbidities as measured by the Charlson
Comorbidity Index, and clinical characteristics, including
laboratory test results, were all recorded using a secure
RedCap database.

HRQOL instruments

Participants electronically completed PROMIS domain
short forms. These include: global health v1.1, physical
function v1.2, fatigue v1.0, pain behavior v1.0, pain
interference v1.1, depression v1.0, anxiety v1.0, satis-
faction with participation in discretionary social activities
v1.0 (SPDSA), ability to participate in social roles and
activities v2.0 (APSRA), and sleep disturbance v1.0.
PROMIS domain scores are reported at T-scores, and
summary scores (physical and mental) were calculated
as previously described.[15,31] Higher T-score indicates
more of the domain measure, and T>50 is higher than
the US general adult population, with an SD of 10.
Therefore, a score of 55 indicates 0.5 SD more physical
function, or conversely, more pain interference than a
score of 50. SF-36 v1.0 and CLDQ were also completed
electronically and scored and interpreted as previously
described.[15]

MSD estimation

We utilized 2 common methodologies for estimating
MSDs—one based on distribution of the domain scores
and one based on comparison to an anchor as
described below.[14,19] Distribution-based methods were
used to estimate MSDs for PROMIS, SF-36 v1.0, and
the CLDQ domains described above. Additionally, we
estimated MSDs for PROMIS domains using the
anchor-based method.[19,23,24,32] MSDs were reported
using T-score (PROMIS domains) or the score linearly
transformed to a 0–100 metric (SF-36).

Distribution-based method

The distribution-based method uses the statistical
distributions of the data. For this study, we utilized the
SEM, which conveys the precision of the outcome
measure. The SEM is the smallest difference in a score
that may be interpreted as a true difference between
scores rather than a measurement error.[23,33,34] For
PROMIS measures, each participant has an SE
associated with that individual’s T-score. The sample
SEM for each domain was calculated using the square
root of the mean of variance (ie, standard error squared)
for each individual’s T-score across persons in the
sample. For PROMIS-29 Profile summary scores, as
well as for SF-36 and CLDQ, where individual SEs were

not available, we calculated SEM by multiplying the SD
by the square root of (1 minus Cronbach alpha). We
used 1 SEM as a distribution-based MSD, as this
corresponds closely with anchor-based MSDs in prior
literature.[32,34,35]

Anchor-based method

The anchor-based method maps differences in domains
score onto differences in clinically meaningful
anchors.[19,24,32] For this study, we based our MSD
determination using the PROMIS Global Health ques-
tionnaire as a clinically meaningful anchor, as many of
its questions measure concepts that align with the
domains measured by Profile-29 (Supplemental Table
S1, http://links.lww.com/HC9/C9). This tool uses 10
questions, such as “In general, would you say your
health is:” most of which are answered with 1 of 5
options: excellent, very good, good, fair, or poor. The
MSD for each PROMIS domain was estimated by
measuring the mean difference in the domain T-scores
in individuals answering 2 adjacent categories in each
global health anchor question (mean change method).
For example, we calculated the mean sleep T-score for
those who answered “excellent” minus the mean sleep
T-score for those who answered “very good” on the
second global question, “In general, would you say your
quality of life is.” We then took the average of these
differences between all 4 adjacent categories to
estimate an overall MSD. This calculation was per-
formed for each global health anchor question.

Selection of global health anchors was based on the
strength of association between Profile-29 domains'
scores and the global health item as measured by the
Spearman rank-order correlation coefficient. A correla-
tion coefficient of ≥0.30 was used as the threshold for
an acceptable association between the anchor and the
PRO.[24,33,36] As all 10 possible anchors met this
threshold for each PROMIS domain (Supplemental
Table S2, http://links.lww.com/HC9/C9, range of abso-
lute value of coefficients: 0.33–0.75), we also catego-
rized the conceptual similarity between the PROMIS
domain of interest and possible anchors as universal
(eg, “In general, would you say your health is?”),
general (eg, “In general, how would you rate your
physical health?”) or specific (eg, “How would you rate
your fatigue on average?”) (Supplemental Table S2,
http://links.lww.com/HC9/C9). MSDs for each PROMIS
domain were calculated as an overall average of all
relevant anchors as well as averages of each category
of conceptual similarity to provide multiple possible
anchor-based MSDs for triangulation.

Descriptive statistics were presented as percentages
for categorical variables and means (SDs) or medians
(IQRs) for continuous variables. Baseline character-
istics were compared between the 2 groups using the
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Pearson chi-squared test or the Fisher exact test for
categorical variables, t test for continuous variables,
and the Wilcoxon Rank-Sum test for continuous skewed
data. All analyses were conducted as 2-sided at a 0.05
significance level using SAS v9.4.

All research was conducted in accordance with both
the Declarations of Helsinki and Istanbul and was
approved by Indiana University Institutional Review
Board (IRB). Written consent was given in writing by all
subjects.

RESULTS

Questionnaire data from 2442 participants were in-
cluded in this study. For our primary analysis of
PROMIS-29 data, data from 1697 participants were
included (n=745 had only CLDQ data). The demo-
graphics and clinical data for these individuals are
summarized in (Table 1). The median age was 60 years
old (IQR: 51–66), 55.2% were male, 83.7% were White,
and 16.9% were Hispanic. Education level of high
school diploma or less was reported by 34% of the
cohort. Setting at the time of HQROL measurement was
an outpatient clinic visit (76.3%) or during hospitaliza-
tion (23.7%). All inpatients (n=402, 23.7%) had
cirrhosis without a history of transplant. Of the out-
patients, 490 (28.9%) were after transplant (median
3.9 y post-transplant, IQR: 1.3, 10.4). Of outpatients
prior to transplant, 677 (39.9%) had cirrhosis, with 32%
without any complications of cirrhosis. The most
common causes of liver disease were viral hepatitis,
alcohol, and metabolic-associated steatohepatitis,
although there was a broad representation of many
liver diseases. Comorbid conditions were common in
the cohort, with a median Charlson Comorbidity index of
5 (IQR: 4, 7) even when liver disease was excluded.

HRQOL score distributions

Distribution of PROMIS domain and summary scores by
clinical setting, cirrhosis status, and transplant status
are displayed in Figure 1 and summarized in Supple-
mental Table S3, http://links.lww.com/HC9/C9. Com-
pared to the US population mean T-score of 50,
participants in the overall study cohort had scores
generally showing impairment in all domains, with the
largest deficits seen in physical function, fatigue, pain
behavior, and pain interference (at least 0.5 SD from an
expected score of 50). When compared to outpatients
with cirrhosis, inpatients had significantly poorer
HRQOL in each of the PROMIS domains (p< 0.001).
In the outpatient subgroup, outpatients with cirrhosis
and without cirrhosis had similar domain scores, except
outpatients with cirrhosis reported statistically more
depressive symptoms (higher score, 52.7 vs. 51.2,

p= 0.012) compared to outpatients without cirrhosis.
Post-transplant patients had significantly improved
scores in all PROMIS domains when compared to
pre-transplant patients (p<0.001). Post-transplant par-
ticipants had scores close to the US population mean
for many PROMIS-29 domains but continued to report
poor physical function (median: 41.8, IQR: 37.6–48.2).

For SF-36 and CLDQ, the distribution of scores is
displayed in Supplemental Figure S1, http://links.lww.
com/HC9/C9 and S2, http://links.lww.com/HC9/C10, and
Supplemental Table S3, http://links.lww.com/HC9/C9.
For SF-36 domains (n=205), no statistically significant
differences in domain scores were observed between
inpatient and outpatients, nor between outpatients
with versus without cirrhosis, except for domains of
role limitations in physical function and role limitations
in emotional function where outpatients without cir-
rhosis had significantly better HRQOL scores (p< 0.05
and p< 0.01, respectively). For CLDQ domains
(n= 1321), scores in all domains were lower (poorer
HRQOL) for inpatients compared to outpatients
(p< 0.001) and for outpatients with versus without
cirrhosis (p< 0.01).

Distribution-based MSD

Distribution-based MSDs for PROMIS domains ranged
from 2.6 to 4.2 for individual domains and were 4.3 and
7.9 for mental and physical summary scores, respec-
tively (Table 2 and Figure 2A: open circle). MSDs
ranged from 7.3 to 17.8 for SF-36 domains, 3.0–3.2 for
SF-36 component scores, 0.5–0.8 for CLDQ domains,
and 0.3 for the CLDQ total score (Table 2).

MSDs calculated using various subsamples of our
cohort by clinical stage revealed small variations
(Figure 2A and Supplemental Table S4, http://links.
lww.com/HC9/C9) while MSDs by etiology were gener-
ally similar (Supplemental Table S5, http://links.lww.
com/HC9/C9). MSDs in the decompensated popula-
tions (ie, inpatients, outpatients with decompensated
cirrhosis, pre-transplant patients) were marginally
smaller than MSDs in stable populations (ie, compen-
sated cirrhosis, post-transplant outpatients). For
PROMIS, MSDs calculated in decompensated popula-
tions were ~0.5 points smaller than MSDs in stable
populations. SF-36 MSDs were generally similar be-
tween different subgroups, while CLDQ MSDs were
marginally larger in the decompensated subgroups as
compared to the stable groups.

Anchor-based MSD

MSDs for each relevant anchor, as well as an
assessment of conceptual similarity between the
anchor and each PROMIS domain of interest (universal,
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general, or specific), are displayed in Supplemental
Table S6, http://links.lww.com/HC9/C9. Using these
selected anchors, the overall mean MSDs for each
domain ranged from 3.5 to 5.2 while summary score
MSDs ranged from 5.0 to 5.5 (Figure 2B and Supple-
mental Table S7, http://links.lww.com/HC9/C9). As with
distribution-based anchors, anchor-based MSDs calcu-
lated using various clinical subsamples showed small
variations when examined by clinical stage but were
similar by liver disease etiology (Figure 2B and
Supplemental Tables S7 and S8, http://links.lww.com/
HC9/C9). MSDs using the decompensated samples
tended to be smaller by ~1 point, except for the inpatient
sample, where MSDs for sleep disturbance, pain
behavior, and satisfaction with participation in social
activities were 2 points smaller.

Recommended ranges for MSDs

Figure 3 displays recommended ranges for PROMIS-
based MSDs from the study cohort triangulated using
distribution-based and anchor-based methodologies
and consideration of the MSDs in various subsamples
described above. When applied to an individual,
T-scores and their corresponding MSDs are rounded
to the whole integer. Therefore, for PROMIS, MSDs
ranging from 3 to 4 for individual domains and 4 to 6 for
summary scores can be recommended.

DISCUSSION

In this study, we prospectively measured HRQOL in a
large and diverse sample of individuals with CLD at
various stages of liver disease. Using this representa-
tive sample, this is the first study to establish MSDs for
commonly used PROMs in the liver disease population.
The MSDs established by our study are crucial to the
usefulness of PROMs use, both in clinical and research
settings, as they inform whether PRO-score differences
are large enough to matter. The role of MSDs in clinical
and research endeavors is unique, yet in both settings,
MSDs help bridge the gap between statistical signifi-
cance and what matters to patients. In research, MSDs
allow interpretation that is clinically meaningful and
goes beyond using statistically significant differences,

TABLE 1 Characteristics of the study population

Overall
(N= 1697),

N (%)

Location of HRQOL measurement

Inpatient 402 (23.7%)

Outpatient with cirrhosisa 677 (39.9%)

Outpatient without cirrhosisa 128 (7.5%)

Outpatient, post-transplant 490 (28.9%)

Ageb 60.0 (51.0, 66.0)

Male 936 (55.2%)

Hispanic ethnicityc 286 (16.9%)

Race

White 1420 (83.7%)

American Indian or Alaska Native 96 (5.7%)

Black or African American 88 (5.2%)

Otherd 65 (3.8%)

Education: High School diploma or lessc 582 (34.3%)

Insurancec

Medicare 723 (42.6%)

Private/self-pay/none 542 (31.9%)

Medicaid 420 (24.7%)

Income ≤ $50,000c 1098 (64.7%)

Lives with an adult at homec 1153 (67.9%)

Charlson comorbidity scoreb,e 5.0 (4.0, 7.0)

Etiology of liver disease

Viral hepatitis (hepatitis B, C) 437 (25.8%)

Alcohol 618 (36.4%)

Metabolic dysfunction–associated
steatohepatitis

526 (31.0%)

Biliary (PBC, PSC) 142 (8.4%)

Autoimmune hepatitis 96 (5.7%)

Otherf 426 (25.1%)

Cirrhosis complicationsg

None 329 (30.5%)

Esophageal varices 508 (47.1%)

Hepatic encephalopathy 502 (46.5%)

Fluid overload 614 (56.9%)

HCC 67 (6.2%)

Time from transplant (y)b 3.9 (1.3, 10.4)

Transplant complication

None 220 (13.0%)

Biliary 70 (4.1%)

Acute rejection 27 (1.6%)

Disease recurrence/graft failure/cirrhosis 60 (3.5%)

Post-transplant malignancy 10 (0.6%)

aWithout a history of transplant.
bMedian (IQR).
cMissing data: Ethnicity (n= 11, 0.6%), Education (n= 278, 16.4%), Insurance
(n= 12, 0.7%), Income (n= 12, 0.7%), and Living with adult data (n= 276,
16.3%).
dOther race includes: race not reported (n=34, 2.0%), Asian (n= 26, 1.5%), and
multiracial (n=25, 1.5%).
eModified to exclude liver disease.

fOther etiologies of liver disease include: Wilson disease (n= 3, 0.2%); alpha-1-
antitrypsin deficiency (n= 45, 2.7%); hemochromatosis (n= 13, 0.8%); other
biliary (n= 13, 0.8%); Drug Induced Liver Injury (n= 8, 0.5%); Budd–Chiari
(n= 5, 0.3%); congestive hepatopathy (n= 2, 0.1%); hepatic sarcoidosis (n= 3,
0.2%); polycystic liver disease (n= 4, 0.2%); HIV (n= 1, 0.1%); CMV (n= 1,
0.1%); transplant rejection (n= 1, 0.1%); cryptogenic/unknown (n= 327, 19.3%).
gIn those with cirrhosis (% reported for n= 1079).
Abbreviations: HRQOL, health-related quality of life; PBC, primary biliary chol-
angitis; PSC, primary sclerosing cholangitis.
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which are heavily influenced by sample size and
distribution of the scores.[14,18,19] Therefore, MSDs can
be used throughout the research process (eg, sample
size calculations and setting clinically relevant
endpoints).[20,21] In clinical practice, MSDs can guide
clinician–patient conversations about treatment
outcomes and selecting between treatment
options.[6,14,17,37]

Our analysis included PROMIS data from 1697
participants, providing a comprehensive dataset for
interpreting changes in PROM scores based on both
distribution-based and anchor-based methods. In addi-
tion to the large sample size, the PROM data included in
this analysis represent HRQOL in patients with and
without cirrhosis, hospitalized and outpatient settings,
as well as before and after liver transplant, allowing us
to generate MSDs across different contexts and
subpopulations. A notable finding from this study is

the similarity of MSDs calculated across different patient
subgroups. The consistency of MSDs for PROMIS
domains among various settings and disease stages
supports the reliability of the MSDs developed in our
analysis when applied across diverse clinical contexts
and stages experienced by the CLD population. That
being said, if the use of MSDs is targeted to a particular
subpopulation within CLD (ie, inpatients or post-
transplant patients), our study provides detailed and
nuanced MSDs estimations for use. It is also important
to note that when compared to prior studies in other
chronic disease populations, which used similar meth-
ods, we find that MSDs in the CLD and cirrhosis
populations are likely distinct compared to other chronic
disease populations.[23,38–40] For example, in rheuma-
toid arthritis, MSDs for fatigue were estimated to be
2.6–6.8, similar to anchor-based MSD for fatigue in our
population (2.7–7.2) but MSDs for pain interference

Physical Function

T–
sc

or
e

100

75

50

25

0

Fatigue Depression Anxiety

Sleep Disturbance
100

75

50

25

0

Pain Behavior Pain Interference

APSRA*
100

75

50

25

Inpatient Outpatient
Cirrhosis

Outpatient
No Cirrhosis Post–Transplant

0

Physical Summary Mental Summary

SPDSA*

F IGURE 1 PROMIS-29 Profile domains scores by clinical setting and stage of liver disease. HRQOL for each domain was poorer in inpatients
versus outpatients with cirrhosis (all p-values < 0.001). When comparing those with and without cirrhosis, HQROL was similar except for more
depression in those with cirrhosis (p<0.05). Finally, compared to those pre-transplant patients (inpatients and outpatients with cirrhosis), post-
transplant participants had improved HRQOL in all domains measured (p<0.001). *APSRA, ability to participate in social roles and activities;
SPDSA, satisfaction with participation in discretionary social activities. Abbreviations: HRQOL, health-related quality of life; PROMIS, Patient-
Reported Outcomes Measurement Information System.
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were 2.7–6.1, which are larger than the range estimated
in our study (3.5–4.4).[38] Therefore, our study, which is
the first to estimate MSDs in liver disease patients, adds
an important data to the PROM field and current
repository of MSDs for PROMIS domains.[40]

We also show that the methodology used to develop
MSDs impacts the MSD estimate. In our study,
using the mostly conceptually similar anchors (termed

“specific”) to a particular domain generated the largest
MSDs, while using more general anchors or the
distribution-based methodology generated smaller
MSD estimates. Variation in MSDs when comparing
distribution versus anchor-based calculations have
been reported, fewer studies have examined the effect
of conceptual similarity to MSD estimation.[19,33,36,41–43]

Prior studies have used cut-offs for correlation coef-
ficients when selecting an anchor, where moderate
correlations are deemed to be adequate for identifying a
suitable anchor.[24,33,36,44] Despite adhering to these cut-
offs (all correlation coefficients for all anchors were
>0.30 and often >0.40 in our study), we still noted
variability in MSD estimates. For example, for the
fatigue domain, when using a universal anchor such
as “In general, would you say your health is?” versus a
general anchor such as “In general, how would you rate
your physical health?” to a more specific anchor such as
“How would you rate your fatigue on average?”, MSDs
varied from 5.2 to 4.6 to 7.2, respectively. Given this
variability, future studies that aim to establish MSDs
should carefully select anchors not just by statistical
correlation between scores but also based on concep-
tual similarity. Prior work has also shown the added
utility of using longitudinal anchor-based methodology
to further refine MSDs.[23,43,44] For example, MSDs from
samples with worsening disease can be different than
those with improving disease.[19,24,32,43] Future studies
looking at longitudinal change in PROs partnered with
carefully selected anchors are needed to further refine
the MSD estimations from our study.

Beyond MSDs, we also establish PROMIS domain
scores for CLD, cirrhosis, and patients after liver
transplantation (LT) by using a large and diverse study
cohort. The observed differences in HRQOL scores
among different clinical settings and disease stages
offer valuable insights into the dynamic nature of
PROM scores in patients with CLD and cirrhosis. For
instance, we showed that post-transplant patients had
significantly better HRQOL scores compared to pre-
transplant patients. Additionally, inpatients with cirrho-
sis had notably poorer scores than outpatients with
cirrhosis. We also observed that outpatients without
cirrhosis have poor PROM scores for most domains,
scoring as poorly as outpatients with cirrhosis. While
the present data are cross-sectional, few studies have
reported HRQOL at different stages of liver disease,
especially as measured by PROMIS, and those
studies were based on older cohorts.[16,45] With the
significant shifts in causes of liver disease over the
past decade,[46] our study provides a contemporary
look at PROMIS-29, CLDQ, and SF-36 scores in the
CLD, cirrhosis, and post-LT population. These scores,
when partnered with their MSDs to enhance interpre-
tations, can be referenced as benchmarks for antici-
pated PROM scores and changes in both clinical care
and research.

TABLE 2 Meaningful score differences for PROMIS, CLDQ, and
SF-36 scores by distribution-based methodology

HRQOL domain n
Standard error of
measurement

PROMIS domains (score range 0–100)

Physical function 1692 3.1

Fatigue 1668 2.7

Depression 1685 3.7

Anxiety 934 4.2

Sleep disturbance 1685 3.3

Pain behavior 649 2.6

Pain interference 1031 3.5

Ability to participate in
social roles and activities
(APSRA)

932 2.9

Satisfaction with
participation in
discretionary social
activities (SPDSA)

752 2.6

Physical summary score 929 7.9

Mental summary score 929 4.3

SF-36 domains (score range 0–100)

General health 188 9.7

Physical functioning 190 7.3

Role limitations, physical
functioning

189 15.5

Emotional well-being
(mental health)

188 7.3

Role limitations, emotional
function

189 17.8

Energy/fatigue (vitality) 188 7.6

Social functioning 188 10.8

Bodily pain 188 10.0

Physical component score 188 3.0

Mental component score 188 3.2

CLDQ domains (score range 1–7)

Abdominal symptoms 1126 0.7

Activity 1126 0.8

Emotional function 1124 0.5

Fatigue 1126 0.5

Systemic symptoms 1124 0.8

Worry 1123 0.5

Total 1124 0.3

Abbreviations: CLDQ, Chronic Liver Disease Questionnaire; HRQOL, health-
related quality of life; PROMIS, Patient-Reported Outcomes Measurement
Information System; SF-36, Short Form-36.
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F IGURE 2 PROMIS-29 Profile domain and summary score meaningful score differences by clinical setting and stage of liver disease using
(A) distribution-based and (B) anchor-based methodology. Abbreviations: MSD, meaningful score difference; PROMIS, Patient-Reported Out-
comes Measurement Information System.
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Our study is not without limitations. First, MSDs for
SF-36 and CLDQ were derived using distribution-
based methods due to the lack of suitable anchor-
based data. Similarly, as our data was collected as
part of several completed and ongoing studies,
anchors were not available for all PROMIS domains
of interest within all clinical contexts or stages of liver
disease (eg, ability to participate in social roles and
activities). Additionally, certain samples of the CLD
population, such as those with HCC, were adequate
for MSD estimation (generally n> 10) but smaller than
other subgroups, and therefore, were not specifically
reported. Furthermore, while we used individual-level
data for MSD estimation, we did not have longitudinal
data to derive MSDs based on clinical change at the
individual level, which is another important method-
ology for MSD development.[19,24,32,43] Future work is
needed to calculate longitudinal anchor-based MSDs
in those experiencing both worsening and improve-
ment of their liver disease and its complications. In
addition, MSDs are likely population and context-
specific.[19,33,36,43] While we have reported MSDs
based on various contexts and subpopulations, future
studies could include international populations or
focus on particular complications and symptoms of
cirrhosis, as these may generate MSD estimates
different than ours. Importantly, given the inherent
variability of MSD estimates, we provide MSDs for
important subgroups of individuals with CLD in

addition to carefully triangulated MSDs from the entire
cohort. This allows the end user to select within a
range of MSDs based on intended clinical or research
aim, accounting for the domain of HRQOL, clinical
context, and stage of liver disease of the intended
population.

In summary, by triangulating MSDs for commonly
used PROMs in liver disease, we aimed to facilitate the
routine use of PROs in both daily practice and as
primary outcomes in health services research. Advan-
ces in PROMs support the systematic measurement of
self-reported well-being during CLD clinical care and
research through tools such as the PROMIS-29 Profile,
CLDQ, and the SF-36, which all provide multiple scores
across different domains of a patient’s health, including
physical, emotional, and social well-being. Despite
these advances, integration of PROMs into liver
disease care and research is in its infancy.[3,37] Lessons
from other fields, such as oncology, demonstrate that
simply measuring patient well-being is not enough.
PROM must be partnered with guidance on the
interpretation of PROM scores.[5,12,17,47–50] MSDs play
a key role in PROM score interpretation by setting
thresholds that can indicate a clinically relevant or
meaningful change moving beyond statistically detect-
able changes. Our study adds a new dimension to the
existing knowledge of the role of PROMs in liver
disease by offering specific thresholds that can guide
treatment evaluations and patient care decisions.
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Depression

Anxiety

Sleep Disturbance

D
om

ai
n

Pain Behavior

Satisfaction with participation in
social activities

Ability to participate in social
roles and activities

Physical Summary Score
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2

Distribution Anchor

4
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6 8

F IGURE 3 Triangulation of PROMIS-29 Profile domain and summary score meaningful score differences. MSDs using the distribution-based
method are displayed alongside anchor-based MSDs. Abbreviations: MSD, meaningful score difference; PROMIS, Patient-Reported Outcomes
Measurement Information System.
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