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SUMMARY

Background
Despite the realization that health-related quality of life (HRQOL) is an
important outcome in patients with liver disease, there is scarcity of disease-
targeted HRQOL measures that have undergone prospective evaluation.

Aim
To validate prospectively the short form of liver disease quality of life
instrument (the SF-LDQOL) in patients with advanced liver disease.

Methods
The SF-LDQOL includes 36 disease-targeted items representing nine
domains: symptoms of liver disease, effects of liver disease, mem-
ory ⁄concentration, sleep, hopelessness, distress, loneliness, stigma of
liver disease and sexual problems. We administered the SF-LDQOL to
156 advanced liver disease patients at baseline and at 6-month follow-
up. We estimated internal consistency reliability for multi-item scales,
item discrimination across scale and evaluated construct validity by
estimating the associations of SF-LDQOL scores with SF-36 scores,
symptom severity and disability days. To evaluate the SF-LDQOL’s
responsiveness, we compared HRQOL changes for patients who received
with those who did not receive liver transplantation (LT).

Results
The internal consistency reliability coefficients were ‡0.70 for seven of
nine scales in baseline and for all scales in follow-up administration.
The SF-LDQOL correlated highly with SF-36 scores, symptom severity,
disability days and global health. Patients undergoing LT reported

improved HRQOL compared with patients without LT and the respon-
siveness indices were excellent.

Conclusions
This study provides support for the reliability and validity of the SF-
LDQOL in patients with advanced chronic liver disease. This instrument
may be useful in everyday clinical practice and in future clinical trials.
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INTRODUCTION

Cirrhosis is a prevalent and expensive condition

affecting 5.5 million Americans at a cost of over $1.5

billion annually.1–3 This economic burden is multiplied

by the dramatic impact of cirrhosis on health-related

quality of life (HRQOL) resulting from complications of

advanced liver disease, including encephalopathy,

ascites and hepatocellular cancer.4–10 Despite the reali-

zation that HRQOL is an important outcome in patients

with cirrhosis, clinicians rarely assess HRQOL in

patients with advanced liver disease.

One explanation underlying this apparent disconnect

may be the perceived respondent burden (length) of

available HRQOL outcome measures.11 Although sev-

eral multidimensional scales have been developed to

measure HRQOL outcomes in medicine,12–16 these

instruments are rarely used in everyday practice

because of time and resource constraints. Shorter

HRQOL instruments reduce respondent burden and

thus increase the likelihood of their use in clinical

practice. However, although this approach is conceptu-

ally appealing, it remains untested whether the shorter

instruments can adequately capture HRQOL in patients

with advanced liver disease.11 Another reason for lim-

ited use of HRQOL assessments in patients with

advanced liver disease may be the scarcity of disease-

targeted HRQOL measures that can detect clinically

meaningful change in patients’ health over time. Out-

come measures are expected to detect change in health

over time to assess effectiveness of health care.17, 18

This property, known as responsiveness, is key in the

evaluation of an HRQOL measure and must be demon-

strated prior to its use in routine clinical care and pro-

spective clinical trials.17–20 In the absence of a

responsive disease-targeted HRQOL measure in chronic

liver disease, clinicians and investigators must rely on

either biological outcomes (e.g. MELD scores) or gen-

eric HRQOL measurements (e.g. SF-36) to assess their

patients’ health status over time. Unfortunately, bio-

logical outcomes may fail to measure the patients’ per-

ception of their disease and generic HRQOL

measurements may fail to capture the most important

disease-targeted components of HRQOL in chronic

liver disease.4, 19–21

We sought to develop and prospectively evaluate a

short, disease-targeted, multidimensional HRQOL

instrument in patients with cirrhosis and advanced

liver disease, the short form liver disease quality of life

(SF-LDQOL). We hypothesized that in patient with

advanced liver disease: (i) the SF-LDQOL would cap-

ture the decrement in HRQOL engendered by cirrhosis;

(ii) HRQOL would decline with worsening overall

health (measured by patient self-report) and liver dis-

ease severity (measured by biological disease severity

indices); (iii) HRQOL would significantly improve after

undergoing liver transplantation (LT) and (iv) these

changes in HRQOL would be accurately measured over

time using the SF-LDQOL.

METHODS

Development of the SF-LDQOL

The Liver Disease Quality of Life version 1.0 (LDQOL

1.0) is a disease-targeted, self-completed, multidimen-

sional HRQOL instrument for patients with advanced

chronic liver disease.22 The LDQOL 1.0 was previously

developed and tested in a cross-sectional, multicentre

study including 221 patients with advanced liver dis-

ease.22 The content validity of the LDQOL 1.0 was sup-

ported by a systematic literature review, a focus group

with expert hepatologists, cognitive interviews of

patients with advanced liver disease and confirmation

of a priori hypotheses regarding relevant HRQOL

domains. The resulting questionnaire was field tested

in a cohort of geographically diverse patients with

advanced liver disease. The results of this multicentre

field test provide support for the reliability and

construct validity of the LDQOL 1.0 and are detailed

elsewhere.22

The LDQOL 1.0 uses the Short Form-36 version 2.0

(Quality-metric, Lincoln, RI, USA) as the generic core,

supplemented by 75 disease-targeted items grouped in

12 scales. The SF-36 is a widely used generic HRQOL

instrument.23 It measures eight aspects of HRQOL: phys-

ical functioning, role limitation – physical, bodily pain,

general health, role limitation – emotional, vitality,

emotional well-being and social functioning and these

in turn are compiled into two summary scores: the

physical component summary (PCS) score and the men-

tal component summary (MCS) score.23 The disease-tar-

geted scales of LDQOL 1.0 include liver disease-related

symptoms, liver disease-related effects on activities of

daily living, concentration, memory, quality of social

interaction, health distress, sleep, loneliness, hopeless-

ness, self-perceived stigma of liver disease, sexual

functioning and sexual problems.22

Using HRQOL data from the original psychometric

evaluation of the LDQOL 1.0, we selected a subset of
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disease-targeted items to be included in the SF-LDQOL.

We based the disease-targeted item selection on maxi-

mum R2 regression approach and internal consistency

reliability coefficients (Cronbach a).24–26 Refer to Sup-

porting information Table S1 for the descriptions of

our disease-targeted item selection process and maxi-

mum R2 regression technique. Briefly, using maximum

R2 regression method, we selected the ‘best’ subset of

disease-targeted items that accounted for ‡90% of the

variance in the total score for each disease-targeted

scale.26 We retained the selected subset if the Cronbach

a statistic of the resulting scale exceeded the prespeci-

fied threshold ‡0.70.14, 25 Conversely, we added back

original disease-targeted items in the scales, if the

Cronbach a value did not meet the threshold specified

above. The selected items comprise the ‘Short Form’ of

the LDQOL (See Table S2 for the disease-targeted items

included in the SF-LDQOL).

We based our a priori scale configurations on the

original scales included in the LDQOL 1.0, interscale

correlations and content coverage. We subsequently

tested our a priori scales using multitrait scaling and

factor analysis of patient response data, as described

below. We retained the generic SF-36 core of LDQOL

1.0 to supplement the disease-targeted SF-LDQOL

scales, thereby maintaining the original hybrid struc-

ture of the instrument.19 The hybrid structure com-

bines the generic and disease-targeted components,

provides more comprehensive HRQOL information and

is preferable to generic or disease-targeted measures

alone.19

Prospective testing of the SF-LDQOL

We prospectively administered the resulting SF-LDQOL

instrument to a cohort of 156 patients with advanced

liver disease. Subjects were eligible to participate if

they were >18 years old, had advanced chronic liver

disease and were awaiting LT at the UCLA–Dumont

Liver Transplant Program, Los Angeles, CA. Patients

were excluded if they previously received LT, had

grade ‡2 hepatic encephalopathy despite optimal

medical management as determined by the primary

hepatologist or if they participated in the initial cross-

sectional field test of the LDQOL 1.0. We followed all

participants longitudinally and invited them to com-

plete the SF-LDQOL, 6 months after the initial

administration, for prospective validation. Participants

completed the SF-LDQOL at the time of routine office

visits. We mailed the SF-LDQOL (with return postage

paid) to those participants who did not have a patient

care encounter scheduled within a month of the

expected follow-up date. We maximized participant

response rates for mailed questionnaires by using a

reminder postcard and telephone calls. All patients

completed the generic SF-36 and rated self-reported

symptom severity and self-reported disability days

during both baseline and follow-up administrations of

the SF-LDQOL. We also computed MELD scores for all

patients according to published algorithms.27, 28 This

study was approved by the Institutional Review Board

at the University of California, Los Angeles.

Psychometric analyses

Multitrait scaling and factor analyses. To test our

hypotheses regarding a priori HRQOL scales, we con-

ducted a multi-item, multitrait scaling analysis to

examine the extent to which items in the SF-LDQOL

correlate with their hypothesized scales (item correla-

tion, corrected for item overlap with the scale of

r ‡ 0.4) and to determine whether that correlation was

significantly higher than the correlations of the item

with other scales (i.e. ‡2 standard error).19, 28–30 We

assessed the intercorrelation of the subscales to

determine whether a single, higher-order ‘overall’

disease-targeted SF-LDQOL scale was empirically sup-

ported.30 Items within scales were averaged together

and scale scores were linearly transformed to a 0–100

possible range, where higher scores denote better

HRQOL.26, 30

Reliability testing. Reliability and validity are the

two fundamental psychometric properties of an HRQOL

instrument.19, 25, 30 Internal consistency reliability

refers to the extent to which different items in an

instrument are measuring the same underlying con-

struct of interest.14, 25 We estimated the internal con-

sistency reliability of the SF-LDQOL by calculating a

Cronbach’s a statistic for each scale. As stated above,

we considered a Cronbach’s a >0.70 adequate evidence

for internal consistency reliability. 14, 25

Construct validation. Construct validity is the degree

to which a measure is associated with other variables

in hypothesized ways.19, 25, 30 To establish construct

validity of an HRQOL instrument, the HRQOL scores

can be compared with concurrently measured disease-

specific biological, clinical or patient-reported
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measures (a.k.a. anchors). We compared the disease-

targeted SF-LDQOL scores with the following concur-

rently measured anchors:

SF-36 health survey. The individual SF-36 scales

and summary scores are scored from 0 to 100

(100 = best HRQOL). The SF-36 summary scores are

scored on a T-score metric [mean of 50, standard devi-

ation (s.d.) of 10 in US general population].23 On the

basis of content coverage of the SF-LDQOL and SF-36

scales as well as previously published empiric data,22

we hypothesized that there would be moderate positive

correlation (r ‡ 0.4) between the overall SF-LDQOL

and SF-36 PCS and MCS. For example, the SF-36 PCS

measures bodily pain. The SF-LDQOL ‘symptoms of

liver disease’ scale, in addition to measuring pain, also

quantifies symptoms that are more specific to cirrhosis

such as swelling, shortness of breath and gum bleed-

ing. We further hypothesized a positive correlation

(r ‡ 0.4) between the SF-36 PCS and symptoms of

liver disease and effects of liver disease scales; and

between the SF-36 MCS and hopelessness, distress,

loneliness and stigma of liver disease scales.

Patient self-reported symptom severity and disability

days. In addition to completing the SF-36, we asked

patients to report their self-rated severity of liver disease

symptoms on a five-point categorical response scale

(1 = no symptoms; 5 = extremely severe symptoms).

Patients also reported the number of disability days

attributable to their liver disease in the preceding month

as 0, 1–10, 11–20 and ‡21 days. On the basis of previous

data, we anticipated a moderate negative correlation

(r ‡ )0.4) between SF-LDQOL scores and patients’ self-

reported symptom severity and disability days.22

Patient liver disease severity – MELD score. The

MELD score is an objective liver disease severity scor-

ing index based on three laboratory values – serum

bilirubin, creatinine and international normalized

ratio.27, 28 MELD score is a reliable and valid predictor

of short-term mortality in patients with cirrhosis.28 On

the basis of our previous work, we hypothesized that

there would be weak negative correlation (r ‡ )2.0

and r < )0.4) between the SF-LDQOL and MELD

scores.4

Responsiveness testing. Responsiveness is an impor-

tant aspect of validity and is the degree to which an

instrument is able to detect clinically meaningful

change in an individual’s health over time.17, 31 A

priori, we hypothesized that patients receiving LT

between their baseline and follow-up SF-LDQOL

administrations would experience a clinically mean-

ingful change.7, 32, 33 To measure this and establish the

responsiveness of the SF-LDQOL, we first computed

between group t-tests to examine differences in

changes in HRQOL between transplanted patients (i.e.

changed group) and nontransplanted patients (i.e. sta-

ble group). Second, we conducted multivariate analy-

ses to determine factors predictive of change in the

overall SF-LDQOL score and in the scores for the indi-

vidual disease-targeted scales. In these analyses, we

examined the socio-demographic variables (e.g. age,

gender, race, socioeconomic status, etc.), baseline

severity of disease, baseline HRQOL scores and interval

between baseline and follow-up HRQOL administra-

tions. Third, we assessed the SF-LDQOL’s responsive-

ness to LT using three standardized measures: the

effect size (ES), standardized response means (SRMs)

and responsiveness statistics (RS).25 For all three

responsiveness measures, the numerator is the mean

change in HRQOL for the ‘changed group’ and the

denominators are the s.d. at baseline (ES), the s.d. of

change for the entire sample (SRM) and the s.d. of

change for the ‘stable group’ (RS). Results from all

three measures are generally comparable for a given

criterion of change.25 The ES also provides a measure

of the magnitude of change with an ES ‡0.2 represent-

ing a small change, ‡0.5 a medium change and ‡0.8 a

large change.34 Finally, we determined associations

between changes in SF-LDQOL score and changes in

SF-36 PCS, MCS, patients’ rating of their global

health, and MELD scores between the baseline and

follow-up SF-LDQOL administrations.

Our sample had 80% power (two-tailed 5% signifi-

cance, assuming 0.60 pre–post correlations) to detect a

0.5 s.d. (10 point) difference in HRQOL scale scores.

RESULTS

Development of the SF-LDQOL

We included 36 disease-targeted items in the SF-

LDQOL on the basis of results of the maximum R2

regression analysis and internal consistency reliability

coefficients. Please refer to the Supporting information

Table S1 for detailed results of our item selection pro-

cess. There was a significant overlap of content in the

concentration and memory scales (interscale correla-

tion = 0.88) and in sexual functioning and sexual
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problems scales (interscale correlation = 0.96) of the

LDQOL 1.0. As these scales provide essentially no

unique information, these items were combined into

one scale each – memory ⁄ concentration and sexual

functioning ⁄ problem scales respectively. As a result,

36 items were grouped into nine disease-targeted

scales (Supporting information Table S1). When

administered together with the SF-36 generic core, the

SF-LDQOL took a mean of 18 (s.d. = 9) min to com-

plete. This compares to 38 (s.d. = 20) min for the

LDQOL 1.0 as documented in the original field-test.22

Subject characteristics

Table 1 lists other descriptive results for the sample

characteristics. The mean age of the study participants

was 54 (s.d. = 11) years and 55% were male. Sixty-six

per cent of our cohort was Caucasian and 36%

described themselves as Hispanic. Two-thirds of the

subjects were married, one-third had attended college

and approximately half of the cohort had either

HMO ⁄ PPO or private health insurance coverage.

Chronic hepatitis C was the most common diagnosis

(32%) causing advanced liver disease followed by

alcohol-related liver disease (12%) and cryptogenic

cirrhosis (12%). The mean MELD score of our cohort

at the baseline administration of SF-LDQOL was 18.5

(s.d. = 4). Of the 156 participants, 86 (55%) completed

the 6-month follow-up SF-LDQOL survey. Twenty-

seven patients passed away before completing the fol-

low-up survey. The remaining 43 patients did not

complete the follow-up survey as they were lost to fol-

low-up (n = 24) or were too sick to complete study

questionnaire (n = 19). With the exception of race dis-

tribution (Caucasian patients were more likely to com-

plete the follow-up survey than non-Caucasians, 58%

vs. 42%, P = 0.04), there were no significant differ-

ences in the baseline characteristics between patients

who completed and those who did not complete the

follow-up survey.

Multitrait scaling and factor analyses

With the exception of items included in the sexual

functioning ⁄ problems scales, data were missing for

<5% of the items. As the sexual functioning ⁄ problem

scale applies only to the subset of population with

recent sexual activity (i.e. within the previous

4 weeks), these items were completed by only 49% of

patients in our cohort. The frequency distribution of

individual items showed that all of the response

choices were used. Results of the multitrait multi-item

correlation matrix demonstrated that item–scale corre-

lations were higher (by two standard errors) for the

hypothesized scale, corrected for overlap, than for the

other scales.29, 30 (Please refer to Supporting informa-

tion Table S2 for the results of the multitrait multi-

item correlation matrix). These analyses supported our

hypothesized item grouping and showed that distinct

constructs were being measured by different disease-

targeted scales.

Intercorrelation of the disease-targeted scales

supported the validity of a single, higher order, dis-

ease-targeted ‘overall SF-LDQOL’ score. Thus, when

administered as a hybrid instrument (with both generic

and disease-targeted scales), the SF-LDQOL can be

summarized into three summary measures, the PCS

and the MCS from the SF-36 core and an overall SF-

LDQOL score from the disease-targeted core. Whereas

the SF-36 summary measures represent the general

physical and mental health, the overall SF-LDQOL

score summarizes the disease-targeted HRQOL in

patients with advanced liver disease.

Reliability

Table 2 displays the number of disease-targeted

items per scale, the mean scale scores, and Cron-

bach’s a from the baseline measurement in our

cohort. The Cronbach’s a exceeded our threshold of

0.70 for the overall instrument and for seven of

nine disease-targeted scales at the baseline adminis-

tration and for all scales at the follow-up adminis-

tration indicating that these scales performed well

together as a composite measure. The Cronbach’s a
values for the loneliness and hopelessness scales

were 0.63 and 0.62 respectively. However, during

follow-up administration of the SF-LDQOL, these

increased to 0.80 and 0.70 respectively, thus provid-

ing support for the reliability of these two scales. As

shown in Table 2, the Cronbach’s a for all SF-

36 scales exceeded ‡0.70 at both the baseline and

follow-up administrations.

Construct validity

Table 3 presents the supporting evidence for the con-

struct validity of the SF-LDQOL. The direction and

magnitude of the correlation coefficients for all com-

parisons were consistent with our a priori hypotheses.
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The SF-LDQOL overall score was statistically signifi-

cantly associated with the SF-36 PCS (r = 0.52;

P < 0.0001) and MCS (r = 0.62; P < 0.0001), patient-

reported symptom severity (r = )0.62; P < 0.0001) and

disability days (r = )0.42; P < 0.0001). The nine indi-

vidual disease-targeted scale scores also demonstrated

moderate correlations with these construct validity

anchors. Using the data from the follow-up SF-LDQOL

administration, we repeated the bivariate associations

between the SF-LDQOL scores and previously

described anchors and all relationships were consistent

with the results from the baseline administration

(Table 3). As hypothesized, MELD score demonstrated

weak negative correlations with the HRQOL scales dur-

ing both baseline and follow-up administrations

(Table 3).

Table 1. Baseline sample characteristics

Variable n Results

Age in year, mean (s.d.) 156 53.9 (11)
Gender, male (%) 85 54.8
Race (%)

White 104 66.2
African American 9 5.7
Asian ⁄ Pacific Islander 7 4.5
Native American 2 1.3
Other 34 22.3

Hispanic ethnicity (%) 55 35.7
Marital status (%)

Single 24 15.6
Married 102 66.2
Separated ⁄ divorced 23 14.9
Widowed 5 3.3

Education level (%)
Eight grade or less 18 11.8
Some high school 19 12.5
High school diploma 26 17.1
Some college 48 31.5
Professional or graduate degree 26 17.1

Employment status (%)
Working full time 20 12.7
Working part time 3 1.9
Unemployed 2 1.3
Retired 33 21.0
Disabled 76 48.4
Homemaker 11 7.0

Health insurance coverage (%)
Medicare only 7 4.5
Medicare and supplemental 19 12.1
Medicaid only 28 17.8
Veterans administration 1 0.6
Private 8 5.1
HMO, PPO, IPA* 69 43.9
Other 15 9.5
None ⁄ not sure 6 3.8

Total household income (%)
<$5000 9 6.3
$5000—$10 000 17 11.9
$10 001—$25 000 30 20.9
$25 001—$50 000 25 17.5
$50 001—$75 001 24 16.8
>$75 000 26 18.2
Not sure 12 8.4

Primary aetiology of liver disease (%)
HCV 49 31.8
Alcohol 15 12.3
Alcohol and HCV 13 8.4
PBC ⁄ PSC 17 11.0
HBV 11 7.1
Cryptogenic 18 11.6
Other 21 13.6

MELD score, mean (s.d.) 155 18.5 (3.9)

HMO, health maintenance organization; PPO, preferred provider
organization; IPA, independent practice association; HCV, chronic
hepatitis C; PBC, primary biliary cirrhosis; PSC, primary sclerosing
cholangitis; HBV, chronic hepatitis B.
* These represent different models used by managed care organiza-
tions to deliver healthcare in the US.

Table 2. Number of items, mean scores and internal
consistency reliability of the SF-LDQOL scales

Scales Items Cronbach’s a Mean s.d.

Disease-targeted scales
Overall score 36 0.91 55.3 18.8
Symptoms of liver disease 6 0.74 54.1 24.5
Effects of liver disease 3 0.73 49.8 28.9
Concentration ⁄ memory 4 0.90 57.3 24.4
Health distress 2 0.88 72.6 28.6
Sleep 5 0.73 41.5 20.6
Loneliness 5 0.63 73.7 20.0
Hopelessness 3 0.62 68.6 20.85
Stigma of liver disease 4 0.80 66.1 29.1
Sexual functioning ⁄
problem

4 0.83 49.4 32.9

Generic (SF-36) scales
PCS 35 0.93 30.8 10.8
MCS 35 0.90 41.0 10.8
Physical functioning 10 0.93 39.7 30
Role – physical 4 0.93 30.5 29.3
Bodily pain 2 0.90 45.2 28.5
General health 5 0.78 27.9 22.3
Vitality 4 0.78 34.6 21.4
Social functioning 2 0.74 44.4 28.5
Role – emotional 3 0.94 45.0 33.3
Mental health 5 0.79 57.5 20.7

Cronbach’s a values for the overall score and for all individ-
ual scales were ‡0.70 during the follow-up administration of
the SF-LDQOL. Loneliness and hopelessness scales during the
second SF-LDQOL administration were 0.80 and 0.70 respec-
tively.
PCS, physical component summary score of the SF-36; MCS,
mental component summary score of the SF-36.
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Responsiveness

Twenty nine patients received an LT during study fol-

low-up. Figure 1a displays the mean HRQOL score

changes between baseline and follow-up administra-

tions in patients with and without LT. Transplantation

was associated with improvement in both overall and

individual scale scores. In contrast, patients not receiv-

ing LT reported similar or worse HRQOL compared

with the baseline HRQOL assessment (all P > 0.05).

Between-group comparisons showed significant differ-

ences in the mean HRQOL score changes between the

transplanted patients and nontransplanted patients

across the overall and eight of nine disease-targeted

scales. Figure 1b displays the mean changes in generic

SF-36 scale scores between the two HRQOL assess-

ments in patients with and without LT.

The results of the multivariable regression analyses

(Table 4) showed that for all scales, the corresponding

baseline score was predictive of the magnitude of
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Figure 1. Comparison of mean score changes of SF-LDQOL between baseline and follow-up Administrations in patients who
received vs. those who did not receive liver transplantation (LT). (a) and (b) The mean score changes in the disease-targeted
and generic (SF-36) scale scores. Patients with LT reported improved HRQOL over time compared to patients without LT. Most
of these differences were highly statistically significant. The differences in HRQOL persisted after adjusting for patients’ age,
gender, marital status, household income and baseline liver disease severity (i.e. MELD score) in multivariable models. LDQOL,
overall score; Symptoms, symptoms of liver disease; ELD, effects of liver disease; M ⁄ C, memory and concentration; Hopeless,
hopelessness; Stigma, stigma of liver disease; SF, sexual functioning and problems; PCS, physical component score; MCS,
mental component score; PF, physical functioning; RP, role – physical; BP, bodily pain; GH, general health; Vit, vitality; SF,
social functioning; RE, role – emotional; MH, mental health.
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change in the HRQOL scores, with a lower baseline

score predictive of a larger magnitude of improve-

ment. Similarly, receipt of LT was highly associated

with improvement in HRQOL across the overall SF-

LDQOL and five of the nine disease-targeted scales.

Between-group (LT vs. no LT) differences observed in

the univariate analyses of HRQOL change scores were

no longer significant for the symptoms and effects of

liver disease scales after adjusting for the prespecified

variables. Patient’s socio-demographic characteristics

and baseline liver disease severity did not predict

HRQOL change over time.

Table 5 presents the responsiveness indices in

patients who received LT. The results were comparable

across all three measures. The overall SF-LDQOL score,

symptoms of liver disease, sleep, hopelessness, distress,

stigma of liver disease, PCS, MCS, general health,

vitality, role – emotional, mental health and social

functioning scale scores showed medium (ES ‡ 0.5) to

large changes (ES ‡ 0.8) indicating that these scales

were highly responsive to change in patients’ health

status over time. The responsiveness statistic values

for the effects of liver disease, memory ⁄ concentration,

loneliness and sexual functioning ⁄ problems were 0.35,

0.43, 0.46 and 0.32 respectively.

Table 6 displays the correlation coefficients between

the change in the SF-LDQOL score and the change in

the SF-36 PCS, MCS and MELD scores. The change

in the overall SF-LDQOL score showed highly statisti-

cally significant correlations with changes in SF-36

Table 4. Multiple regression analyses for prediction of
improvement in health-related quality of life

Disease-targeted scale Variable(s) Coefficient P-value

Overall SF-LDQOL Baseline score )0.38 <0.0001
LT 12.8 0.01

Symptoms of
liver disease

Baseline score )0.51 <0.0001
LT 11.29 0.07

Effects of liver
disease

Baseline score )0.44 0.001
LT 5.3 0.4

Memory ⁄
concentration

Baseline score )0.37 0.001
LT 13.9 0.05

Sleep Baseline score )0.41 0.002
LT 26.1 <0.0001

Hopelessness Baseline score )0.51 <0.0001
LT 20.0 0.007

Distress Baseline score ).61 <0.0001
LT 25.1 0.01

Loneliness Baseline score )0.46 <0.0001
LT 17.7 0.004

Stigma of
liver disease

Baseline score )0.52 <0.0001
LT 16.7 0.02

Sexual
functioning ⁄ problems

Baseline score )0.56 0.09
LT 9.4 0.6

These data indicate that for all scales, the corresponding
baseline score was predictive of the magnitude of change in
the HRQOL scores, with a lower baseline score predictive of
a larger magnitude of improvement. For example, for each
point increase in the baseline SF-LDQOL, the HRQOL deterio-
rated by approximately 0.4 point between initial and follow-
up administrations. Receipt of liver transplant (LT) was
highly associated with improvement in HRQOL across the
overall SF-LDQOL and five of the nine disease-targeted
scales. For example, patients receiving LT during the study
duration reported a 13-point increment in the SF-LDQOL
score between the baseline and follow-up surveys.

Table 5. Responsiveness of the SF-LDQOL to liver
transplantation

Scale
Change
score

Effect
size SRM* RS

Disease-targeted scales
LDQOL overall score 14.1 0.78 0.78 0.97
Symptoms of liver disease 18.2 0.45 0.42 0.51
Effects of liver disease 8.8 0.39 0.30 0.35
Memory ⁄ concentration 9.2 0.37 0.38 0.43
Sleep 23 1.12 0.93 1.17
Hopelessness 16.4 0.66 0.62 0.67
Distress 28.4 0.86 0.74 0.79
Loneliness 8.6 0.40 0.39 0.46
Stigma of liver disease 19.6 0.61 0.71 0.80
Sexual functioning ⁄ problems 11.3 0.31 0.33 0.32

Generic (SF-36) scales
PCS 5.16 0.50 0.56 0.63
MCS 11.6 1.06 0.97 1.2
Physical functioning 10.4 0.27 0.42 0.43
Role – physical 14.0 0.45 0.55 0.57
Bodily pain 13.9 0.48 0.45 0.49
General health 40.8 1.8 1.6 2.3
Vitality 22.5 1.0 1.0 1.14
Social functioning 17.6 0.61 0.54 0.59
Role – emotional 31.8 0.95 0.87 0.94
Mental health 18.5 0.89 0.78 0.81

SRM, standardized responsiveness mean; RS, responsiveness
statistic; PCS, physical component summary score of the
SF-36; MCS, mental component summary score ofthe SF-36.
* We used s.d. of change score for nontransplanted patients
in calculating the SRM.
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PCS (r = 0.65, P < 0.0001) and SF-36 MCS (r = 0.41,

P = 0.0007). In addition, there was a significant corre-

lation between changes in the overall SF-LDQOL score

and MELD score over time (r = )0.30, P = 0.007) indi-

cating that patients’ HRQOL declined with worsening

liver disease severity. Changes in the individual scale

scores also demonstrated moderate correlations with

patient self-reported anchor score changes and most of

the relationships were highly statistically significant.

Symptoms of liver disease showed moderate correla-

tion, whereas sleep and health distress change scores

showed weak correlations with changes in patients’

MELD scores over time.

As statistical significance does not always correlate

with clinical relevance, it is important to determine

whether a given HRQOL difference between groups is

clinically important to patients themselves.35 In an

exploratory analysis, we used the patient-reported

change in overall health status between the baseline

and follow-up SF-LDQOL administrations to estimate

the minimally clinically important difference (MCID)

for the overall SF-LDQOL score. We defined MCID as

the mean change in HRQOL for the subset of patients

who reported a minimal yet perceptible change in

health (i.e. reported hardly, little, or somewhat chan-

ged health between the baseline and follow-up HRQOL

administration). Only 16 patients reported minimal yet

perceptible change in overall health between baseline

and follow-up administrations. Given the small sample

size, we could not reliably estimate the MCID for the

subset of patients with improved health (n = 6). The

mean change in SF-LDQOL score, i.e. MCID, for

patients who reported worse health (n = 10) was 5.1

points (ES = 0.28).

DISCUSSION

We found that disease-targeted HRQOL can be accu-

rately measured in advanced liver disease using a

short-form measure (the SF-LDQOL) both as a single

concept (i.e. using the ‘overall score’) and as nine indi-

vidual domains. The SF-LDQOL disease-targeted scales

explained greater than 90% of the variation in the

corresponding LDQOL 1.0. scale scores. The internal

consistency reliability coefficients of the SF-LDQOL

disease-targeted scales were excellent with seven of

nine scales at baseline and all scales at follow-up

administration exceeding the prespecified threshold of

‡0.70 for the Cronbach’s a values. Multitrait scaling

analyses revealed that the items’ correlation was

higher for the hypothesized scales than for other

scales, thus providing support of the convergent and

discriminant validity of the included items. The direc-

tion and magnitude of the correlation coefficients

between HRQOL and concurrently measured clinical

anchors were consistent with our a priori hypotheses.

Our study also found that the SF-LDQOL is able to

detect clinically meaningful changes in patients with

advanced liver disease over time. The SF-LDQOL scores

declined significantly with the worsening of patients’

self-reported health (r with PCS = 0.65, P < 0.0001; r

with MCS = 0.40, P = 0.0007) and with worsening

MELD score over time (r = )0.30, P = 0.007).

Although consistent with our a priori hypothesis, the

Table 6. Correlation of the SF-LDQOL change scores with change scores of key anchors

Scale MELD SF-PCS SF-MCS

LDQOL summary score )0.30 (0.007) 0.65 (<0.0001) 0.41 (0.0007)
Symptoms of liver disease )0.48 (<0.0001) 0.45 (0.0002) 0.52 (<0.0001)
Effects of liver disease )0.09 (0.4) 0.38 (0.002) 0.35 (0.005)
Memory ⁄ concentration )0.16 (0.14) 0.08 (0.5) 0.42 (0.0005)
Sleep )0.37 (0.001) 0.37 (0.01) 0.61 (<0.0001)
Hopelessness )0.006 (0.95) 0.27 (0.02) 0.30 (0.01)
Distress )0.26 (0.02) 0.31 (0.01) 0.66 (<0.0001)
Loneliness )0.14 (0.22) 0.35 (0.005) 0.44 (0.0004)
Stigma of liver disease )0.17 (0.14) 0.22 (0.07) 0.40 (0.001)
Sexual functioning ⁄ problems )0.32 (0.13) 0.30 (0.21) 0.10 (0.60)

MELD, model for end stage liver disease score; PCS, physical component summary score of the SF-36; MCS, mental compo-
nent summary score of the SF-36.
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magnitude of the correlation between HRQOL and

MELD score changes was small. Moreover, change in

MELD scores explained only 9% of the variation in

HRQOL changes over time (data not shown). These

data reaffirm the knowledge that biological disease

severity indices fail to capture patients’ perceptions

fully and thus highlight the need to complement

objective measures of disease severity with HRQOL

assessments to assess health status accurately and

comprehensively.4, 20–22 As hypothesized, we found

marked improvements in HRQOL in patients undergo-

ing LT vs. those not receiving transplantation across a

wide range of HRQOL domains and these data are con-

sistent with previously published reports.7, 22, 32, 33

Indeed, in our multivariable models, with the excep-

tion of baseline HRQOL, receipt of LT was the only

other factor that consistently predicted an improve-

ment in HRQOL in our patient cohort. Combined, these

results provide strong support for the reliability and

validity (including responsiveness) of the SF-LDQOL.

Previous studies evaluating changes in HRQOL

before vs. after LT suggest that generic HRQOL mea-

sures may indeed be able to detect some HRQOL dif-

ferences after LT.36 Despite these data, we believe that

our study provides incrementally useful information

for the following reasons. First, contrary to the generic

HRQOL measures, our outcome measure is directly rel-

evant to patients with advanced chronic liver disease.

The liver disease-targeted items and scales in the SF-

LDQOL were derived from disease-specific perceptions

and concerns elicited during patient focus groups and

cognitive interviews.22 The SF-LDQOL, therefore, cap-

tures the spectrum of HRQOL in advanced liver disease

(e.g. stigma of liver disease, symptoms and effects of

liver disease, difficulty with sleep, etc.) not otherwise

measurable by generic instruments alone. Second, the

SF-LDQOL is a hybrid instrument. This hybrid struc-

ture further maximizes the measurement spectrum of

the SF-LDQOL,21 both in terms of the breadth (with

SF-36 component) and depth (with disease-targeted

component) of HRQOL information compared with

other available HRQOL measures.37 Prospective valida-

tion of the SF-LDQOL therefore significantly contrib-

utes to the available armamentarium of relevant and

clinically useful HRQOL measures for patients with

advanced liver disease. Third, because the SF-36 serves

as a generic core of the SF-LDQOL, our study provides

the most comprehensive data to date demonstrating

responsiveness of the SF-36 to change in the health

status pre- vs. post-LT. Fourth, the SF-LDQOL is rela-

tively short and when administered without the SF-36

takes an average of 12 min to complete. These data

are important because although several multidimen-

sional scales have been developed to measure HRQOL

in medicine, their clinical utility is limited by the

respondent’s burden associated with their routine clini-

cal use. In summary, the prospective validation of the

SF-LDQOL provides incremental data beyond the

available literature. Augmentation of the generic with

disease-targeted scales in the SF-LDQOL comprehen-

sively assesses HRQOL without compromising the clin-

ical usefulness and feasibility of these assessments in

patients with advanced chronic liver disease.

Given its psychometric properties, the SF-LDQOL

may provide researchers with a novel outcome mea-

sure for prospective clinical trials in advanced liver

disease. With the increasing availability of new treat-

ment alternatives for cirrhosis and related clinical

complications (e.g. rifaximin vs. lactulose for manage-

ment of hepatic encephalopathy; transjugular intrahe-

patic portosystemic shunts vs. large volume

paracentesis for management of ascites; and anti-viral

treatments vs. conservative management for viral hep-

atitis in cirrhosis),38–40 it is important to establish the

most effective therapeutic alternative for patients with

advanced liver disease. For reasons of the uncertainty

regarding how best to use the available agents in this

growing patient population, data from studies using

HRQOL outcomes may assist in clinical decision mak-

ing. The SF-LDQOL can now fulfil the need for a reli-

able and responsive HRQOL outcome measure in

clinical trials among patients with cirrhosis. In addi-

tion to providing researchers with an outcome measure

for clinical trials, the SF-LDQOL may allow physicians

to monitor better, patient outcomes in clinical practice.

The HRQOL measures should meet the minimum stan-

dard for reliability (‡0.90) before they can be used for

individual patient level assessment.25 As the Cron-

bach’s a for the overall disease-targeted component

(the SF-LDQOL overall score) and for several SF-36

scales exceeded this minimum standard of 0.90, the

SF-LDQOL may now be used to assess changes in indi-

vidual patients’ HRQOL in daily clinical practice.25

Our study provides a preliminary insight into the

clinical significance (in contrast to the statistical signifi-

cance) of the SF-LDQOL score differences. Specifically,

we found that a difference of 5.1 points may be per-

ceived as minimally clinically important by the patients.

Given the limited sample size of patient reporting

minimal yet perceptible change in health, our MCID
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estimates may not be robust. Despite this limitation, our

estimate (ES = 0.28) is consistent with published reports

of minimally important differences in HRQOL in other

areas of medicine.41, 42 The consistency of MCID

estimates across various studies provides convergent

validity to our finding and suggests that our prelimin-

ary estimate of the MCID in the overall SF-LDQOL score

may be useful in everyday clinical practice and in clini-

cal trials to evaluate the effectiveness of care.

In addition to the prospective evaluation of HRQOL,

our study has several strengths. First, we evaluated the

instrument in a large sample size with sufficient num-

ber of ‘changed’ vs. ‘stable’ patients, thereby minimiz-

ing the probability of type-II error. Second, we

measured construct validity across a wide range of

clinically relevant anchors, including the SF-36, self-

reported disability days, self-reported symptom sever-

ity and MELD scores. Third, in addition to measuring

instrument validity and responsiveness, we ensured

that the SF-LDQOL is reliable in terms of its structure

as measured by Cronbach’s a. Fourth, with both gen-

eric and disease-targeted components, the hybrid

structure of the SF-LDQOL maximizes the spectrum of

HRQOL captured with the SF-LDQOL both in terms of

the breadth (with SF-36 component) and depth (with

disease-targeted component) of HRQOL information.19

The disease-targeted SF-LDQOL scales do not overlap

the domains covered by the SF-36 (e.g. physical func-

tioning, social functioning, general health perceptions,

etc.), but instead expand more deeply into the domains

hypothesized to be important to patient with advanced

liver disease (e.g. symptoms of liver disease, effects of

liver disease, liver-related health distress, etc). Thus,

this approach allows for measurement of different

aspect of health in patients with advanced liver

disease. Future use of the SF-LDQOL as a hybrid

instrument vs. as a combination of various compo-

nents ⁄ scales will depend on the goal of the evaluation.

For example, in a clinical trial evaluating a new treat-

ment for hepatic encephalopathy, the investigators

may decide to use concentration ⁄ memory, sleep and

MCS scales as their primary outcomes. Similarly, in a

trial of anti-viral treatment in patients with advanced

liver disease, the overall disease-targeted SF-LDQOL

score with or without general health and vitality scales

of SF-36 may be the relevant outcomes. In clinical

practice, the hybrid instrument may be useful in

screening individual patients comparing the relative

burden of liver disease with that of other chronic dis-

eases, and in differentiating the health benefits

produced by a wide range of disparate treatments in

patients with advanced liver disease.

Our study has several limitations. First, the sample

population was limited to English-speaking patients

and therefore cannot be generalized to non-English

speaking patients. Second, the sample consisted of

ambulatory patients with stable health insurance cover-

age who were referred for LT, limiting the generaliz-

ability of our findings to non-insured patients with

poor access to care and to patients not referred for LT.

Similarly, the SF-LDQOL was designed to measure the

HRQOL of patients with advanced chronic liver disease.

As a result, only patients with documented advanced

liver disease (i.e. cirrhosis) were included in this study.

It is plausible that some of the disease-targeted domains

(such as effects of liver disease, concentration ⁄ memory,

health distress, etc.) may be relevant to patients with

compensated noncirrhotic liver disease. However, in the

absence of properly designed studies including patients

with different stages of liver disease, the validity and

reliability of the SF-LDQOL in assessing HRQOL of

patients with less severe liver disease cannot be sup-

ported. Third, because of the small sample size of

patients who completed the sexual functioning ⁄
problems items, our responsiveness estimate for this

scale may not be sufficiently robust. The responsive-

ness values for sexual functioning ⁄ problems were low

(RS = 0.32). However, this may represent lack of signif-

icant change in sexual functioning ⁄ problems scale

scores with LT. Specifically, although we observed wide

between-group differences in eight of nine scale scores,

changes in scores in the sexual functioning ⁄ problem

scale were not significantly different between trans-

planted patients and nontransplanted patients. These

data are consistent with published reports suggesting

that transplantation fails to improve sexual dysfunction

in patients with advanced liver disease.43 In addition to

its limited responsiveness, the sexual functioning ⁄ prob-

lem scale applies only to the subset of population with

recent sexual activity, i.e. within the previous 4-week

and this may explain the proportion of missing data on

these items. Given these considerations, future research

will need to address whether this scale should remain

in the SF-LDQOL. Fourth, our MCID estimate will also

need to be confirmed using a larger sample size and

longer duration of patient follow-up.

In conclusion, our data provide evidence that the

SF-LDQOL is a reliable and valid measure of HRQOL in

patients with advanced liver disease. When adminis-

tered without the SF-36 core, it takes on average
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12 min to complete and provides rich information

across a wide range of physical, psychological and

social health domains targeted to liver disease patients.

The SF-LDQOL is sensitive to change in health status

over time and may prove useful for measuring HRQOL

in every day clinical practice and in clinical trials.

SUPPORTING INFORMATION

Additional supporting information may be found in

the online version of this article.

Table S1. Results of maximum R-squared stepwise

regression analyses1 and reliability testing

Table S2. Multitrait multi-item correlation matrix

Table S3. Disease-targeted items in the short form of

liver disease quality of life instrument (the SF-LDQOL)

Please note: Wiley-Blackwell are not responsible for

the content or functionality of any supporting material

supplied by the authors. Any queries (other than miss-

ing material) should be directed to the corresponding

author for the article
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