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Abstract

Background: While lung transplantation (LTx) improves health related quality of life (HRQL) in 

cystic fibrosis (CF), the determinants of this improvement are unknown. In other populations, 

frailty—a syndrome of vulnerability to physiologic stressors—is associated with disability and 

poor HRQL. We hypothesized that improvements in frailty would be associated with improved 

disability and HRQL in adults with CF undergoing LTx.

Methods: In a single-center prospective cohort study from 2010–2017, assessments of frailty, 

disability, and HRQL were performed before and at 3- and 6-months after LTx. We assessed frailty 

by the Short Physical Performance Battery (SPPB). We assessed disability with the Lung 

Transplant Valued Life Activities Scale (LT-VLA) and HRQL by the Medical Outcomes Study 

Short Form Physical and Mental Component Summary scales (SF12-PCS, -MCS), the Airway 

Questionnaire 20-Revised (AQ20R), and the Euroqol 5D (EQ5D). We tested the association of 

concurrent changes in frailty and lung function on disability and HRQL by linear mixed effects 

models adjusted for sex and body mass index.

Results: Among 23 participants with CF, improvements in frailty and lung function were 

independently associated with improved disability and some HRQL measures. For example, each 

1-point improvement in SPPB or 200mL improvement in FEV1 was associated with improved LT-

VLA disability by 0.14 (95%CI: 0.08 to 0.20) and 0.07 (95%CI: 0.05 to 0.09) points and improved 

EQ5D by 0.05 (95%CI: 0.03 to 0.07) and 0.02 (95%CI: 0.01 to 0.03) points, respectively.

Conclusion: Improvement in frailty is a novel determinant of improved disability and HRQL in 

adults with CF undergoing LTx.

Corresponding Author: Alyssa A. Perez, MD, EdM, alyssa.perez@ucsf.edu, Phone: 415-353-4145, Mailing Address: 505 Parnassus 
Ave M1083 San Francisco, CA 94143. 

Disclosures: none

Conflicts of Interest Statement: we have no conflicts of interest

HHS Public Access
Author manuscript
Pediatr Pulmonol. Author manuscript; available in PMC 2021 June 01.

Published in final edited form as:
Pediatr Pulmonol. 2020 June ; 55(6): 1406–1413. doi:10.1002/ppul.24747.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Survival in patients with cystic fibrosis (CF) is improving. For many, however, the natural 

history of the disease is the development of advanced lung disease and progressive 

respiratory failure1,2. For those patients, lung transplantation remains a key therapeutic 

option3. Lung transplantation aims to extend survival, reduce disability, and improve health 

related quality of life (HRQL). CF remains the third most common indication for lung 

transplantation, accounting for 16% of lung transplants performed in the United States4.

Studies demonstrate that patients with CF derive the largest survival and HRQL benefit from 

lung transplantation when compared to other disease indications5–11. For some, however, 

this benefit is not realized5. We recently found that between 20 and 40% of all transplant 

recipients failed to derive a large improvement in HRQL by one-year after transplant, 

including those with CF5. This lack of improvement was not explained by baseline 

demographics or routinely collected clinical factors. A lack of understanding of why some 

patients fail to derive a HRQL benefit hinders the development of practices or interventions 

to ensure that lung transplantation provides maximum benefit. Although it is assumed that 

improved lung function from lung transplantation is the primary cause of improved HRQL, 

few studies have confirmed this5,8. Even less well studied are extra-pulmonary determinants 

of HRQL.

We recently identified that physical frailty is prevalent in candidates for lung transplantation, 

including patients with CF. Originally a geriatric construct, frailty is a systemic condition 

resulting from an accumulation of physiologic deficits across multiple interrelated 

systems12,13. In community-dwelling older populations, frailty is associated with poor 

HRQL12. In lung transplantation, frailty is associated with disability and death before and 

after transplant13,14. Further, frailty has been associated with worse HRQL before lung 

transplant15. Given this emerging literature, we hypothesized that changes in frailty may be 

a novel determinant of the changes in disability and HRQL observed after transplant. 

Preliminary results have been reported in abstract form16.

Materials and Methods

Study design, participants, and setting:

We evaluated lung transplant candidates with CF enrolled in the University of California San 

Francisco (UCSF) “Breathe Again” study. Breathe Again is a prospective cohort study 

focused on evaluating the impact of lung transplantation on patient centered outcomes as 

well as potential pulmonary and extra-pulmonary determinants of this impact. As previously 

described, candidates for first-time lung transplantation at UCSF aged ≥18 years were 

enrolled between February 2010 and January 20175. At enrollment, assessments of frailty 

were performed and a multi-instrument HRQL battery was administered. While on the 

waitlist for lung transplant, assessments were repeated every three months. Assessments 

were also repeated at the time of a major clinical changes including terminal hospitalization 

leading up to transplant. After transplant, the same frailty and HRQL battery was performed 

at 3- and 6-months after transplantation. Our program does not have strict requirements for 

rehabilitation before or after transplant. Pulmonary rehabilitation is frequently recommended 
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in the pre-lung transplant evaluation process in order to improve frailty and conditioning 

ahead of transplant. Following transplant, rehabilitation is tailored to patient specific needs 

ranging from home physical therapy at a minimum, outpatient pulmonary rehabilitation, to 

acute inpatient rehabilitation for a small subset of patients.

Conceptual Model: We utilized a conceptual model of disablement developed by Nagi 

and later adopted by the Institute of Medicine to test the relationship between CF, frailty, 

disability, and HRQL in patients with CF17. In this model, disease results in impaired organ 

functioning. This impairment leads to functional limitations, which can be measured in a 

lab-based setting (e.g., pulmonary function testing, distance walked in six minutes, or 

measures of frailty). Functional limitations, in turn, result in disability, defined as limitations 

in performing activities in daily life. In this model, functional limitations and disability are 

“upstream” precursors to HRQL. Applied to CF, we hypothesized that the systemic nature of 

the disease results in both decreased lung function (low forced expiratory volume in one 

second, FEV1) as well as frailty (Figure 1). Our work has previously shown that the 

association between frailty and disability and mortality is independent of body mass index 

(BMI) when all diagnostic indications for lung transplantation are considered together18. 

Low BMI has been shown to portend shortened survival in CF patients with low lung 

function3. Given the clinical importance of BMI in CF care, we recognized that low BMI 

could be considered as a surrogate measure for aspects of frailty such as sarcopenia19. Thus, 

in our conceptual model, we considered an alternative relationship in which BMI could itself 

be a contributor to frailty, disability, and HRQL (Figure 1).

Exposure variables:

Frailty—Frailty was assessed by the Short Physical Performance Physical Battery 

(SPPB)20,21. The SPPB has three timed components: chair stands, balance, and gait speed. 

Each component of the SPPB has a score range of 0–4 with an aggregate range of 0–1221. 

Lower scores denote worse frailty. Frailty can be evaluated as a binary (frail, ≤ 7) or ordinal 

scale (0–12)21. Our prior work has demonstrated a change in SPPB score by one point is 

clinically significant13,14.

FEV1: Lung function was measured by spirometry routinely performed in our clinical 

pulmonary function lab at clinic visits after transplantation. Spirometry was performed 

according to ATS guidelines22. These data were abstracted from the medical records at the 

same time points as HRQL measures (i.e., before and at 3- and 6-months after 

transplantation).

Outcome Variables:

Disability—Disability was assessed using the Lung Transplant Valued Life Activities Scale 

(LT-VLA)23. The LT-VLA is a 15-item self-rated measure of physical disability specific for 

advanced lung disease and lung transplantation23. The LT-VLA measures patient-reported 

ability to complete daily life activities across a hierarchy of three domains. These domains 

include activities required for survival such as activities of daily living (ADLs); activities 

associated with one’s principal productive social roles such as being able to work for pay; 

and activities that provide enjoyment and life satisfaction such as traveling or visiting friends 
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and family23. The LT-VLA provides a more comprehensive understanding of how lung 

disease affects a person’s ability to perform a broad range of life activities than measures of 

(instrumental) ADLs.

For the 15 items, participants rate the level of difficulty in performing a given activity on a 

4-point scale (0=no difficulty, 1=some, 2=a great deal, 3=unable to perform). Participants 

can also respond “does not apply”. Thus, participants only report disability in life activities 

that are personally meaningful23. Scored items are summed and divided by total rated items 

yielding a summary score with a range from 0–3. Higher scores denote worse disability and 

a change of 0.3 is considered clinically significant23.

HRQL—HRQL is, by definition, multi-dimensional24. In order to capture the broad array of 

dimensions relevant to lung transplant recipients, a battery of generic and respiratory 

disease-specific instruments was used. To assess generic HRQL, the Medical Outcomes 

Study Short Form Physical and Mental Component Summary Scales (SF12-PCS and -MCS) 

were used25,26. The SF12-PCS and -MCS have a range of 0 to 100 points. The normative 

population mean is 50 points with a standard deviation of 10. Higher scores denote better 

HRQL and a change of five points is considered clinically significant25,26. We assessed 

health utility with the Euroqol 5D (EQ5D)27. The EQ5D has a range of −0.11 to 1 points. 

Higher scores denote better HRQL and a change of 0.06 points is considered clinically 

significant27. We assessed respiratory specific HRQL with the Airway Questionnaire 20-

Revised (AQ20-R). The AQ20-R has a range of 0 to 20 points. Lower scores denote better 

HRQL and a change of 1.75 points is considered clinically significant28,29. The AQ20-R was 

used in lieu of the Cystic Fibrosis Questionnaire Revised (CFQ-R) because the Breathe 

Again study evaluated HRQL outcomes in all lung transplant recipients30.

Other Variables

Baseline demographic and clinical variables were collected from the electronic medical 

record (Epic ®). Data collected included participant age at transplant, sex, preoperative 

FEV1, preoperative forced vital capacity (FVC), BMI, and Lung Allocation Score (LAS). 

Pre-transplant baseline assessments were defined as those collected most proximal to the 

date of transplant.

Analytic Approach

The differences in frailty, BMI, lung function, disability, and HRQL between baseline and 6-

months after transplantation were estimated using linear mixed effects models with study 

wave as a categorical variable and a subject-specific random effect to account for correlation 

among serial outcome measures of the same individual. Next, we utilized linear mixed 

effects models to evaluate the impact of changes in frailty and FEV1 on changes in disability 

and HRQL from before through 6-months after transplantation. We included both frailty and 

FEV1 in our models to test their independent associations with our outcomes of interest. 

Since our sample size limited the number of covariates we could include, we limited our 

models to adjust for sex and BMI. Sex and BMI were selected based upon their 

hypothesized relationship between our exposures and outcomes of interest.
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Low BMI is thought to be associated with frailty based on its role as a putative surrogate 

measure of sarcopenia, defined as low muscle mass and peripheral muscle strength or 

function19,31. Although we hypothesized that the association between frailty and disability 

and mortality is independent of BMI based on our prior work, we recognized the potential 

for alternative associations in CF32. In CF, we considered the possibility that frailty lies on 

the causal pathway between BMI and disability and HRQL (Figure 1)33,34. To evaluate this 

possibility, we tested the association of change in BMI on disability and HRQL in 

unadjusted linear mixed effects models and with models including SPPB and FEV1.

While uncommon, some participants did not complete all assessments. Missing data was not 

imputed because the maximum likelihood methods used to fit mixed effects models provide 

valid estimates for missing values5,35,36.

Analyses were conducted using Stata 15 (StataCorp, College Station, Texas) and SAS 9.4 

(SAS Institute Inc, Cary, North Carolina).

Results

Over the study period, three hundred ninety-two lung transplant candidates were enrolled in 

“Breathe Again.” Of these, 259 underwent lung transplantation, including 23 participants 

with CF (Figure 2).

The 23 participants were 52% female with a mean age of 31.0 (standard deviation (±) 7.9 

years). Mean lung allocation score (LAS) was 49.9 (±18.3); median LAS was 43 

(Interquartile range [IQR]: 38–53). The mean SPPB score was 9.8 (± 2.5); median SPPB 

score was 11 (IQR: 9–12) and 22% were frail by an SPPB cutoff of ≤ 7 (Table 1). No 

participants died during the study period.

Participants experienced improvements in frailty, lung function, disability, and HRQL after 

lung transplantation (Table 2). Overall, SPPB improved by 1.1 point (95% CI −0.2, 2.4) 

which is 1.1-fold what is considered to be clinically significant. Of the five subjects who 

were frail before lung transplant, four subjects were not frail six months after lung transplant 

with a change in SPPB of 3.8 (95% CI 0.3, 7.3) (Figure 3). FEV1 improved by 2.4L (95% CI 

2.2, 2.7) which is 12.0-fold what is considered to be clinically significant. Participants 

reported marked improvements in disability and HRQL. HRQL improvements were greatest 

in generic physical and respiratory-specific HRQL. The SF12-PCS improved by 33.0 (95% 

CI 28.9, 37.1), 6.6-fold what is considered to be clinically significant. The AQ20-R 

improved by 12.41 (95% CI 11.19, 13.64), 7.1-fold what is considered to be clinically 

significant. Overall, improvements ranged from 1.5 – 7.1-fold the clinically significant 

difference by instrument.

Improvements in frailty were associated with improvements in LT-VLA disability, SF12-

MCS, and EQ5D, independent of changes in lung function (Table 3). For example, each one-

point improvement in SPPB was associated with a 0.14-point improvement in LT-VLA 

disability (95%CI: 0.08 to 0.20) and 1.4-point improvement in generical mental health 

HRQL (95%CI: 0.7 to 2.0) (Table 3). We also found that improvements in lung function 

were associated with improvements in all measures of disability and HRQL, independent of 
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changes in frailty. For example, each 200mL improvement in FEV1 was associated with a 

2.1-point improvement in generic physical HRQL SF12-PCS (95%CI: 1.7 to 2.5) and 0.78-

point improvement in respiratory HRQL AQ20-R (95%CI: 0.64 to 0.92) (Table 3).

Finally, as hypothesized, changes in BMI were not associated with improvements in any 

measure of disability or HRQL (Table 3). For example, each 1-point increase in BMI was 

associated with a 0.03-point change in LT-VLA disability (95%CI: −0.01 to 0.08), a −0.9-

point change in generic physical HRQL SF12-PCS (95%CI: −2.0 to 0.1), and 0.01-point 

change in respiratory HRQL AQ20-R (95%CI: −0.39 to 0.42) (Table 3).

Discussion

In this single-center prospective cohort study, we found that lung transplantation results in 

marked improvements in disability and HRQL for patients with cystic fibrosis. We found 

that frailty is a reversible process after lung transplant; four of five patients who were frail 

before lung transplant were no longer frail six months after lung transplant. Further, we 

found that improvements in frailty as well as in lung function were independently associated 

with improvements in disability and HRQL. Finally, we found that changes in BMI were not 

associated with changes in disability or HRQL suggesting that the impact of frailty on 

HRQL after lung transplantation cannot be explained by improvements in BMI. Taken as a 

whole, our findings support frailty as a novel determinant of disability and HRQL in patients 

with CF undergoing lung transplantation.

Our findings suggest that frailty may be an important determinant in disability and HRQL 

both before and after lung transplantation. CF is a well-described systemic inflammatory 

disease37. CF patients are vulnerable to putative causes of frailty. Abnormal fluid transport 

results in the accumulation of thick mucus in the airways, pancreas, and intestines38. The 

result is chronic lung infection, airway inflammation, exocrine pancreas dysfunction, 

malabsorption, and malnutrition37,38. Over time, increased energy expenditure due to work 

of breathing, malnutrition, and anorexia due to chronic inflammation result in weight loss, 

muscle loss, and the development of sarcopenia19,37,38. Frailty measures may capture the 

summative negative impact of these extra-pulmonary CF manifestations on disability and 

HRQL in a distinct manner from lung function. After lung transplantation, weight gain is 

expected with improvement of some of these disease manifestations32. We did not find that 

changes in BMI were associated with improvements in disability or HRQL. Prior work has 

demonstrated that BMI is a poor measure of muscle mass and surrogate marker for 

sarcopenia18. Prior work has also demonstrated that low BMI does not portend worse 

outcomes after lung transplant39. Thus, it is possible that frailty is a more accurate 

assessment of sarcopenia than is BMI.

Notably, it has been found that pre-transplant frailty increases mortality both before and 

after lung transplantation13,14. Importantly, emerging literature suggests that lung disease 

related frailty reverses after lung transplantation40. Thus, while pre-transplant frailty is a risk 

factor for death after transplant, current measures of frailty do not distinguish between lung 

related and other causes of frailty. For this reason, frailty should not be viewed as a 

contraindication to lung transplantation40,41.
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Compared to other diffuse lung diseases, patients with CF experience the greatest 

improvements in HRQL after lung transplantation5–11. This consistent finding across studies 

offers opportunity for future research efforts. Careful evaluation of patients with CF 

undergoing lung transplantation could identify reasons why other patient groups fail to 

achieve improved HRQL after lung transplantation. The observed relationship between 

frailty and HRQL in this study also suggests that frailty may be a latent factor after lung 

transplantation and a potential target for intervention. Interventions to improve frailty are 

largely speculative and rehabilitation based in advanced lung disease including cystic 

fibrosis. These include home based exercised regimens, pulmonary rehabilitation, and 

physical therapy as well as nutritional42–47. Interventions designed to improve frailty may be 

useful to maximize HRQL outcomes after lung transplantation.

Our study is not without limitations. Although prospective, this is a single center study. 

Additionally, while the overall number of participants in the “Breathe Again” study is large 

for studies of HRQL in lung transplantation, the number of participants with CF was 

modest. Further, while a battery of well-validated instruments was used to assess HRQL 

across multiple domains, the CF specific Cystic Fibrosis Questionnaire Revised (CFQ-R) 

instrument was not used30,48. This was because “Breathe Again” was a study of all lung 

transplant recipients.

Despite these limitations, our study had several notable strengths. This was a multi-year 

prospective study that followed a cohort of participants longitudinally over time. We had 

minimal missing data and no loss to follow up. Further, this was the first study since 2004 to 

focus in-depth on patient-centered outcomes in patients with CF undergoing lung 

transplantation10. Since then, the system for lung allocation was overhauled in the U.S., with 

sicker patients now being prioritized for transplant49. This study provides contemporary CF-

specific estimates of the impact of lung transplantation on disability and HRQL. 

Additionally, by comprehensively measuring multiple potential predictors at the same time, 

we were able to identify the novel effect of frailty on patient-centered outcomes independent 

of lung function.

In conclusion, patients with CF experience robust improvements in disability and HRQL 

after lung transplantation. The role of frailty in determining HRQL outcomes after lung 

transplantation in patients with cystic fibrosis is a potential area for future interventions to 

optimize HRQL after transplant.
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Figure 1: 
Conceptual model of the relationship between cystic fibrosis, frailty, disability, and HRQL. 

FEV1, Forced expiratory volume in 1 second; BMI, body mass index; HRQL, health related 

quality of life.
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Figure 2: 
Flow chart of Breathe Again study participants
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Figure 3: 
Frailty trajectory after lung transplant. CF, cystic fibrosis; LTx, lung transplantation.
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Table 1:
Baseline Demographic and Clinical Variables of Cystic Fibrosis Cohort

Data presented as mean ± SD or n (%)

Age, years 31.0 ± 7.9

Female 12 (52%)

White 21 (91%)

Black/African American 1 (4.4%)

Other 1 (4.4%)

LAS 49.9 ±18.3 (range 34.0–94.0)

FEV1 liters 0.9 ± 0.5

FVC, liters 1.7 ± 0.6

BMI kg/m2 20.4 ± 2.7 (range 15.9–27.0)

6MWD, meters 331.2 ± 154.7 (range 69.5–701.0)

Frail pre-transplant 5 (21.7%)

Inpatient pre-transplant 6 (26.1%)

Mechanical ventilation pre-transplant 4 (17.4%)

ECMO pre-transplant 2 (8.7 %)

LAS = lung allocation score (range 0–100); FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; BMI = body mass index; 

6MWD = 6-minute walk distance; SPPB = short physical performance battery. Frail defined as SPPB ≤ 7; ECMO = extracorporeal membrane 
oxygenation.
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Table 2:
Changes in Frailty, BMI, Lung Function, Disability, and HRQL

Baseline
Three months after 

LTx Six months after LTx Difference*, 95% 
confidence interval MCID*

SPPB (MCID=1) 9.8 (± 2.5) 11.4 (± 0.9) 10.8 (± 2.7) 1.1 (−0.2, 2.4) 1.1-fold

BMI
λ

 (m/kg2)
20.4 (± 2.7) 20.9 (± 2.9) 21.7 (± 3.0) 1.5 (1.0, 2.1) N/A

FEV1
° (L) (MCID=200cc) 0.9 (± 0.5) 3.1 (± 0.7) 3.3 (± 0.7) 2.4 (2.2, 2.7) 12.0-fold

LT-VLA (MCID=0.3) 1.6 (± 0.6) 0.3 (± 0.2) 0.3 (± 0.6) −1.3 (−1.6, −1.1) 4.3-fold

SF12-PCS (MCID=5) 21.0 (± 7.2) 51.1 (± 8.8) 54.5 (± 8.4) 33.0 (28.9, 37.1) 6.6-fold

SF12-MCS (MCID=5) 46.3 (± 7.5) 56.7 (± 8.3) 53.5 (± 9.4) 7.6 (3.7, 11.5) 1.5-fold

AQ20-R (MCID=1.75) 15.00 (± 1.98) 3.37 (± 2.43) 2.58 (± 2.01) −12.41 (−13.64, −11.19) 7.1-fold

EQ5D (MCID=0.06) 0.56 (± 0.29) 0.90 (± 0.09) 0.90 (± 0.16) 0.34 (0.23, 0.46) 5.7-fold

Baseline, three months after LTX, and six months after LTX data presented as mean (± SD).

Differences were estimated by linear mixed effects models.

*
Difference and MCID between baseline and 6-months after LTx

λ
Range for BMI m/kg2: before LTx: 15.9–27.0; 6-months after LTx:16.1–28.6

°
Range for FEV1 L: before LTx: 0.4–2.8; 6-months after LTx: 2.1–5.0.

LTx = lung transplant; MCID = minimally clinically important difference. SPPB = short physical performance battery; range 0–12; lower score 

denotes worse frailty. BMI = body mass index, m/kg2. FEV1 = forced expiratory volume in 1 second. LT-VLA = Lung Transplant Valued Life 

Activies; range 0–3; higher score denotes more disability. SF12-PCS = Medical Outcomes Study Short Form 12 Physical Component Summary 
scale; range 0–100; higher scores denote better HRQL. SF12-MCS = Medical Outcomes Study Short Form 12 Mental Component Summary scale; 
range 0–100, higher scores denote better HRQL. AQ20-R = Airway Questionnaire 20-Revised; range 0–20; lower score denotes better HRQL. 
EQ5D = Euroqol 5D; range −0.11–1; higher scores denote better HRQL.
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Table 3:
Effects of Changes in Frailty, Lung Function, and BMI on Disability and HRQL

LT-VLA MCID=0.3 SF12-PCS MCID=5 SF12-MCS MCID=5 AQ20-R MCID=1.75 EQ5D MCID=0.06

Frailty
γ

 (SPPB) −0.14* (−0.2, −0.08) 0.4 (−0.7, 1.5) 1.4* (0.7, 2.0) −0.36 (−0.76, 0.04) 0.05* (0.03, 0.07)

Lung Function
γ 

(FEV1)
−0.07* (−0.09, −0.05) 2.1* (1.7, 2.5) 0.5* (0.2, 0.7) −0.78* (−0.92, −0.64) 0.02* (0.01, 0.03)

BMI
θ 0.03 (−0.01, 0.08) −0.9 (−2.0, 0.1) −0.2 (−1.1, 0.7) 0.01 (−0.39, 0.42) 0.01 (−0.01, 0.03)

Effect estimates (95% confidence intervals) reflect the change in disability or HRQL instrument per 1 point improvement in in SPPB, 200 mL 
improvement in FEV1, and 1 point improvement in BMI by linear mixed effect models.

γ
adjusted for FEV1 or SPPB; sex, and BMI.

θ
adjusted for FEV1, SPPB, and sex.

*
Denotes p<0.05.

SPPB = short physical performance battery; FEV1 = forced expiratory volume in 1 second; BMI = body mass index; MCID = mean clinically 

important difference; Disability: LT-VLA = Lung Transplant Valued Life Activies, higher score denotes more disability; HRQL: SF12-PCS = 
Medical Outcomes Study Short Form 12 Physical Component Summary scale, higher score denotes better HRQL; SF12-MCS = Medical Outcomes 
Study Short Form 12 Mental Component Summary scale, higher score denotes better HRQL; AQ20-R = Airway Questionnaire 20-Revised, lower 
score denotes better HRQL; EQ5D = Euroqol 5D, higher score denotes better HRQL.
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