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ABSTRACT 
Aim: This study aimed to examine the validity of EQ-5D-5L among HFrEF patients in Malaysia, and to 
explore the measurement equivalence of three main language versions.
Methods: We surveyed HFrEF patients from two hospitals in Malaysia, using Malay, English or Chinese 
versions of EQ-5D-5L. EQ-5D-5L dimensional scores were converted to utility scores using the 
Malaysian value set. A confirmatory factor analysis longitudinal model was constructed. The utility and 
visual analog scale (VAS) scores were evaluated for validity (convergent, known-group, responsiveness), 
and measurement equivalence of the three language versions.
Results: 200 HFrEF patients (mean age ¼ 61 years), predominantly male (74%) of Malay ethnicity 
(55%), completed the admission and discharge EQ-5D-5L questionnaire in Malay (49%), English (26%) 
or Chinese (25%) languages. 173 patients (86.5%) were followed up at 1-month post-discharge 
(1MPD). The standardized factor loadings and average variance extracted were � 0.5 while composite 
reliability was � 0.7, suggesting convergent validity. Patients with older age and higher New York 
Heart Association (NYHA) class reported significantly lower utility and VAS scores. The change in utility 
and VAS scores between admission and discharge was large, while the change between discharge and 
1MPD was minimal. The minimal clinically important difference for utility and VAS scores was ±0.19 
and ±11.01, respectively. Malay and English questionnaire were equivalent while the equivalence of 
Malay and Chinese questionnaire was inconclusive.
Limitation: This study only sampled HFrEF patients from two teaching hospitals, thus limiting the gen
eralizability of results to the entire heart failure population.
Conclusion: EQ-5D-5L is a valid questionnaire to measure health-related quality of life and estimate 
utility values among HFrEF patients in Malaysia. The Malay and English versions of EQ-5D-5L appear 
equivalent for clinical and economic assessments.

PLAIN LANGUAGE SUMMARY
EQ-5D is the most commonly used questionnaire to measure patients’ health-related quality of life in 
clinical trials and health technology assessments. To increase confidence over clinical trial findings that 
heart failure interventions improve health-related quality of life and quality-adjusted life years (number 
of years alive with equivalence health-related quality of life), the questionnaire used to measure 
health-related quality of life needs to be validated in the specific population. Since EQ-5D-5L has not 
been validated in Malaysia’s heart failure with reduced ejection fraction (HFrEF) population, this study 
evaluated the psychometric properties (validity) of EQ-5D-5L among HFrEF patients in Malaysia and 
the equivalence of different versions of languages (i.e. Malay, Chinese and English) of EQ-5D-5L in 
measuring the health-related quality of life. The findings suggested that EQ-5D-5L is a valid question
naire to measure the health-related quality of life in HFrEF patients and estimate the quality-adjusted 
life years. The Malay and English versions of EQ-5D-5L appear to be equivalent for use in clinical trials 
and health technology assessments.
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Introduction

In Malaysia, the prevalence of heart failure (HF) is one of 
the highest worldwide (6.7%)1 and HF accounted for about 
6-10% of all acute admissions2. HF is not only associated 
with high mortality but debilitating physical symptoms 
including shortness of breath, fatigue, physical limitations, 
and sleeping difficulties, which affect patients’ psychological, 
social, and spiritual well-being3. Studies also showed that the 
health-related quality of life (HRQoL) of HF patients was the 
worst among other cardiovascular diseases4,5. Besides symp
toms burden, hospitalization due to worsening of HF also 
places considerable stress to HF patients, markedly reducing 
their HRQoL6,7. Therefore, the three major treatment goals 
for HF patients include reduction in mortality, prevention of 
recurrent hospitalizations, and improvement in clinical symp
toms, functional capacity, and HRQoL2,8,9.

EQ-5D questionnaire is the most commonly used patient- 
reported outcome measure (PROM) to measure HRQoL in 
clinical trials as it exhibits excellent psychometric properties 
across a broad range of populations and conditions including 
cardiovascular diseases, diabetes, lung, cancer, musculoskel
etal/orthopedic, mental health and autoimmune conditions10. 
Many pharmacoeconomic guidelines and health technology 
assessment (HTA) authorities also recommended the use of 
EQ-5D in estimating utility value and subsequent quality- 
adjusted life-years for technology adoption decisions11–13. 
While HRQoL is influenced by many factors, including socio- 
cultural characteristics, variations in life experiences, adapta
tion to suboptimal health conditions and healthcare 
costs14–16, psychometric testing of EQ-5D in a given socio- 
cultural setting and disease-specific population is important 
to improve the validity of future clinical and economic evalu
ations, enabling patient-centric healthcare decisions17,18.

EQ-5D-5L has been validated in the German HF popula
tion19. In Malaysia, despite EQ-5D-5L being validated in the 
general population20 and other disease populations21,22, the 
psychometric properties of EQ-5D-5L among the heart failure 
with reduced ejection fraction (HFrEF) population in Malaysia 
and the subsequent mapping of utility values remained 
unclear. Given the frequent use of EQ-5D-5L in HFrEF 
research studies including clinical trials and economic evalua
tions23,24 and reviews have shown that utility was one of the 
model drivers and a source of heterogeneity in HFrEF eco
nomic evaluations24–26, this study aimed to examine the val
idity of EQ-5D-5L in measuring HRQoL and estimating utility 
values among HFrEF patients in Malaysia.

Besides that, although four languages of EQ-5D-3L (Malay, 
English, Chinese, and Tamil) have been validated through 
construct and content validation in Malaysia27,28, no study 
examined the measurement equivalence among different 
languages before being used in clinical trials and economic 
assessment. As Malaysia is a multi-cultural and multi-ethnicity 
country, evidence of measurement equivalence among differ
ent languages of EQ-5D-5L is essential to ensure the diversity 
of populations in future studies that evaluate HRQoL using 
EQ-5D-5L. Therefore, this study also explored the measure
ment equivalence of the Malay, English and Chinese versions 
of the EQ-5D-5L among HFrEF populations in Malaysia.

Methods

A prospective cohort study was conducted on HFrEF patients 
admitted into two teaching hospitals in Malaysia between 
June 2022 to April 2023. Key inclusion criteria included (1) 
patients aged �18 years old, (2) diagnosed with heart failure 
(ICD-10 diagnosis I50.9), (3) evidence of left ventricular ejec
tion fraction �40%, and (4) hospitalized for more than 24 h 
with signs and symptoms of fluid overload, requiring intra
venous diuretics. Exclusion criteria were (1) critically ill, (2) 
active contagious infection, (3) passed away during index 
hospitalization, and (4) unable to comprehend or provide 
consent (see detailed inclusion and exclusion criteria in 
Appendix 1). This study was conducted in accordance with 
STROBE and COSMIN guidance (see details in Appendix 2 
and 3)29,30.

Convenience sampling was used to recruit patients based 
on patients’ willingness to participate until the minimum 
sample size (n¼ 50 for each language) was achieved. HRQoL 
was evaluated using EQ-5D-5L questionnaire, which com
prised (1) five questions, encompassing five dimensions: 
mobility, self-care, usual activities, pain/discomfort, and anx
iety/depression, and (2) a visual analog scale (VAS), ranging 
from 100 (“the best imaginable health state” or “the best 
health state you can imagine”) to 0 (“the worst imaginable 
health state” or “the worst health you can imagine”). The 
Malay, English, and Chinese versions of EQ-5D-5L, developed 
through translations commissioned by the EuroQol Group, 
were used depending on participants’ preferences to ensure 
adequate representation of the study population based on 
the diversity of the Malaysian population. These three lan
guages were selected because they are the most commonly 
used languages in Malaysia whereas the use of Tamil lan
guage in Malaysia has been largely dominated by English 
and Malay language31. The permission to use the three lan
guage versions has been obtained from EuroQol Group 
before data collection.

EQ-5D-5L data were collected at 3 time-points: admission, 
discharge and 1-month post-discharge (1MPD). These time- 
points were chosen because HRQoL could be impacted by 
hospitalization24,32 and changes in health status were 
reported in HF population between discharge and 1-month 
post-discharges6,33. Given that there was no significant differ
ence in the HRQoL scores between self-completion and 
assisted-completion and between face-to-face and telephone 
interviews34, a mix-mode of administration was used to maxi
mize response rates. Both admission and discharge EQ-5D-5L 
data were collected through face-to-face interviews and 
assisted with physical copies of questionnaire. 1-month post- 
discharge EQ-5D-5L data were collected through phone 
interviews by the same trained interviewers. The interviewers 
were trained to follow the scripted questionnaire to ensure 
consistency in eliciting HRQoL.

Further explanation or assistance was provided to the par
ticipants if needed. Eligible patients were asked for informed 
consent before data collection. Baseline demographics, clin
ical information, comorbidities, and medication history were 
obtained from the electronic medical records. All data were 
de-identified to protect patient confidentiality. Ethics 
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approval has been granted by the ethics committees of the 
participating centers (202234-11050; REC/07/2022 (OT/MR/3); 
32518).

Sample size

Given no clear recommendations on the sample size required 
for PROM validation studies, the sample size was determined 
using the rule of thumb (i.e. 5-10 participants for every 
item)30,35. As EQ-5D-5L questionnaire has five items with 
three language versions, the estimated sample size was 150 
(50 for each language).

Statistical analysis

EQ-5D-5L dimensional scores (e.g. 11111) were converted to 
utility scores using published Malaysian population value 
sets, derived using the time trade-off method36. The 
Malaysian utility scores ranged from −0.442 (health state 
worse than death) to 1 (best health state), with “0” being the 
health state at death. The visual analog scale (VAS) is a 
20 cm-length scale, ranging from 0 (worst health state) to 
100 (best health state), and the scores represented the 
patients’ overall perceived health on the measurement day. 
Descriptive statistics were used to summarize the baseline 
characteristics of participants and EQ-5D-5L outcomes. 
Comorbidities were summarized using Charlson’s 
Comorbidity Index (see Appendix 4). Categorical variables 
were examined using a chi-square/Fisher exact test. 
Continuous variables were compared with Kruskal-Wallis test. 
EQ-5D-5L validity (convergent known-group and responsive
ness)and measurement equivalence (different languages) 
were tested based on the COSMIN checklist30. Analyses were 
performed on complete cases using SPSS and R, with statis
tical significance set at a p< 0.05.

Floor and ceiling effects

Floor effects on the EQ-5D-5L were considered present when 
>15% of the patients at each measurement time-points 
reported “55555” (severe problem), and ceiling effects when 
>15% of the patients at each measurement time-points 
reported “11111” (no problem)10,20.

Validity

A confirmatory factor analysis (CFA) longitudinal ordered- 
categorical model was constructed with HRQoL as the latent 
factor and EQ-5D-5L dimensions as the observed factors. As 
EQ-5D-5L dimensions were measured on an ordinal scale, a 
diagonal weighted least squares37 estimation method was 
used to measure standardized factor loadings, average vari
ance extracted and composite reliability38,39. Convergent val
idity of EQ-5D-5L dimensions was assessed with standardized 
factor loadings and average variance extracted � 0.50 as 
acceptable threshold whereas composite reliability with a 
value of � 0.7 as acceptable threshold38.

Known-group validity of the utility scores was evaluated 
by comparing subgroups of patients known to differ in 
health status using linear mixed effects regression model (i.e. 
unadjusted, model 1 and model 2)40,41. The known groups 
were defined by age and NYHA. We hypothesized that older 
patients (�60 years old) have lower HRQoL compared with 
younger patients (<60 years old) while patients with high 
NYHA class have reduced HRQoL compared to those with 
lower NYHA class (see details in Appendix 5)40,42. Model 1 
was adjusted for language, rater, center and accounted for 
repeated measures and within-patient variance whereas 
Model 2 was adjusted for age, gender, ethnics, language, 
rater, center for each group and accounted for repeated 
measures and within-patient variance.

Responsiveness, also known as longitudinal validity, was 
measured in effect size (ES) and standard response mean 
(SRM). Both ES and SRM are standardized measures of 
change over time in health, independent of sample size and 
were classified according to Cohen’s rule of thumb, as large 
(�0.8), moderate (0.5–0.79) or small (<0.5). It was hypothe
sized that there is a large change in utility and VAS scores 
between admission and discharge while the change between 
discharge and 1MPD is minimal. Minimal clinically important 
difference (MCID) was determined using distribution-based 
method43. Half-SD was computed at baseline while one-SEM 
was computed at admission, discharge, and follow-up 
respectively using mean intraclass coefficients (ICC) due to 
the absence of Malaysia-specific ICC (see formulae and 
details in Appendix 6). Sensitivity analyses were conducted 
using Brunei’s ICC to explore the uncertainty associated with 
ICC44. The minimal detectable change (MDC) is the smallest 
detectable change after considering the measurement error 
at the individual level. The ratios of MCID to MDCg were cal
culated for half SD and one-SEM (MCID:MDC >1 indicates 
real minimal important change, instead of measurement 
error)43.

Measurement equivalence

The equivalence of Malay, English and Chinese EQ-5D-5L 
questionnaire in deriving utility and VAS score was examined 
using the methodology for assessing therapeutic equivalence 
in clinical trials17,45–48. Linear mixed models were used to 
estimate the between-language difference (Malay language 
was used as the reference language due to its established 
psychometric properties in Malaysia20,28, with or without 
adjustment for the influence of variables which significantly 
differed among the three languages (i.e. age, gender, ethnics, 
marital status, Type 2 Diabetes, and prior percutaneous cor
onary intervention). In line with the commonly accepted 
practice of equivalence studies17,45,47,48, 90% confidence 
interval (90% CI) of utility and VAS coefficient estimates were 
used to compare with the equivalence margins derived from 
the minimal clinically important difference (MCID). It was 
hypothesized that (1) English and Chinese EQ-5D-5L are 
equivalent to Malay version if the 90% CI of estimates are 
entirely within the equivalence margin, (2) English and 
Chinese EQ-5D-5L could be either equivalent or not- 

JOURNAL OF MEDICAL ECONOMICS 609

https://doi.org/10.1080/13696998.2024.2337563
https://doi.org/10.1080/13696998.2024.2337563
https://doi.org/10.1080/13696998.2024.2337563


equivalent to the Malay version if 90% CI of estimates par
tially overlap with the equivalence margin, (3) English and 
Chinese EQ-5D-5L are not-equivalent to Malay version if 90% 
CI of estimates fall entirely outside of the equivalence mar
gin17,46. Sensitivity analyses were conducted using different 
equivalence margins and 95% CI (see hypothesis diagram 
and sensitivity analyses in Appendix 7).

Results

Study demographics

A total of 200 HFrEF patients completed admission and dis
charge EQ-5D-5L in Malay (49%, 98/200), English (26%, 52/ 
200) and Chinese (25%, 50/200) languages. 173 patients 
(86.5%) completed 1-month post-discharge follow-up (see 
Figure 1).

Study demographics were described in Table 1. The mean 
age of study population was 61 ± 13.7 years old, predomin
antly male (74%), of Malay ethnicity (55%), with household 
income below USD1017 per month (92.5%), married (84.5%), 
and unemployed (73.5%). Most had recurrent HF hospitaliza
tion (67.5%), with HF diagnosis within a year (62.5%). The 
mean length of hospital stay was 5 ± 4.2 days. The overall 
median utility score was 0.09 (admission), 0.77 (discharge) 
and 0.85 (1MPD) while VAS score was 40 (admission), 70 (dis
charge) and 75 (1MPD).

Floor and ceiling effects

No floor effect (“11111”) was observed at all three time- 
points. However, the ceiling effect (“55555”) was seen at dis
charge (17%) and 1MPD (27.5%).

Validity

CFA model was presented in Figure 2. The standardized factor 
loadings for all dimensions were acceptable, with anxiety and 
depression being the lowest loading, across the three time- 
points. Convergent validity was demonstrated with average 
variance extracted � 0.5, and composite reliability � 0.7.

For known-group validity, HFrEF patients in higher NYHA 
class have significantly lower utility and VAS scores and older 
HFrEF patients have significantly lower utility scores (Table 2). 
Unadjusted and adjusted models showed similar findings.

The change in utility and VAS scores between admission 
and discharge was large (ES and SRM � 0.8), while the 

change in utility and VAS scores between discharge and 
1MPD was small (ES and SRM < 0.5). The MCID for utility 
and VAS scores was ±0.19 and ±11.01, respectively. The 
MCID/MDC ratios were greater than 1 (Table 3), indicating a 
real minimal important change, instead of measurement 
error)43. Sensitivity analysis using ICC of 0.626 (utility) and 
0.521 (VAS) minimally increased the MCID to 0.21 (utility) 
and 12.18 (VAS) (Appendix 8).

Measurement equivalence

Using Kruskal-Wallis test, the utility and VAS scores were not 
statistically different (p> 0.05) among the three languages 
(Figure 3).

Using unadjusted linear mixed model, English and Chinese 
language were equivalent to Malay language in measuring 
utility and VAS scores, with the 90% confidence levels lie 
entirely within the equivalence margin for utility (−0.19, 
þ0.19) and VAS scores (-11.01, þ11.01). After adjusting for var
iables, the confidence interval of Chinese language marginally 
overlapped with the equivalence margins but the estimates 
were within the equivalence margin (Figure 4). This suggested 
a potential but not conclusive measurement equivalence 
between Chinese and Malay language. Sensitivity analyses 
using different equivalence margins (based on MCIDs 
obtained from Brunei’s ICCs) and 95% confidence intervals 
suggested that the measurement equivalence of Malay and 
Chinese versions was sensitive to the equivalence margin and 
confidence intervals used (Appendix 9).

Discussion

Despite different languages of EQ-5D-5L being used in heart 
failure clinical trials in Malaysia, a multicultural and multi-eth
nic setting, this is the first study to examine the validity of 
EQ-5D-5L and to explore the equivalence of Malay, English 
and Chinese versions of EQ-5D-5L in measuring HRQoL in 
Malaysia, providing evidence to support the use of different 
languages of EQ-5D-5L in HFrEF clinical trials and economic 
evaluations.

Consistent with many studies6,19,24,40, our study confirmed 
that EQ-5D-5L is a valid PROM to measure the HRQoL among 
HFrEF patients in Malaysia. The observed large effect size 
between admission to discharge among HFrEF patients sug
gested that EQ-5D-5L has large responsiveness and is cap
able of capturing large impact of HF hospitalization on 
HRQoL of HFrEF patients. The observed ceiling effects at 

Figure 1. Flow diagram for patient recruitment.
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Table 1. Baseline demographics of heart failure patients.
Variables Total (N¼ 200) Malay (n¼ 98) English (n¼ 52) Chinese (n¼ 50) p-valuea

Mean age (SD) 61.4 (13.7) 59.9 (12.9) 60.9 (11.9) 64.7 (16.4) 0.090
�60 years, n (%) 121 (60.5) 54 (55.1) 34 (65.4) 33 (66.0) 0.309

Gender, n (%) 0.070
Male 148 (74.0) 75 (76.5) 42 (80.8) 31 (62.0)
Female 52 (26.0) 23 (23.5) 10 (19.2) 19 (38.0)

Ethnicity, n (%) <0.05�#

Malay 110 (55.0) 85 (86.7) 25 (48.1) –
Chinese 56 (28.0) – 6 (11.5) 50 (100.0)
Indian 33 (16.5) 12 (12.2) 21 (40.4) –
Others 1 (0.5) 1 (1.0) – –

Married, n (%) <0.05�

No 28 (14.0) 6 (6.1) 7 (13.5) 15 (30.0)
Yes 169 (84.5) 77 (78.6) 44 (84.6) 34 (68.0)
Unknown 3 (1.5) 1 (2.0) 1 (1.9) 1 (2.0)

Employed (n, %) 0.236
No 147 (73.5) 38 (76.0) 35 (71.2) 33 (66.0)
Yes 53 (26.5) 12 (24.0) 15 (28.8) 17 (34.0)

Income group (n, %) 0.466#

B40 (<USD 1,017) 185 (92.5) 91 (92.9) 49 (94.2) 45 (90.0)
M40 (USD 1,017 - USD 2,299) 4 (2.0) 2 (2.0) 2 (3.8) –
T20 (�USD 2,299) 6 (3.0) 2 (2.0) 1 (1.9) 3 (6.0)
Unknown 5 (2.5) 3 (3.1) – 2 (4.0)

Smoking (n, %) 0.710
Non-smoker 97 (48.5) 46 (46.9) 23 (44.2) 28 (56.0)
Active smoker 42 (21.0) 20 (20.4) 13 (25.0) 9 (18.0)
Ex-smoker 59 (29.5) 31 (31.6) 16 (30.8) 12 (24.0)
Unknown 2 (1.0) 1 (1.0) – 1 (2.0)

Mean BMI, kg/m2 (SD) 26.4 (6.1) 26.9 (6.2) 27.2 (6.2) 24.7 (5.7) 0.076
Underweight (<18.5 kg/m2), n (%) 9 (4.5) 2 (2.0) 1 (1.9) 6 (12.0)
Normal (18.5-22.9 kg/m2), n (%) 47 (23.5) 22 (22.4) 12 (23.1) 13 (26.0)
Overweight (23-27.4 kg/m2), n (%) 62 (31.0) 33 (33.7) 12 (23.1) 17 (34.0)
Obese (�27.5 kg/m2), n (%) 71 (35.5) 35 (35.7) 24 (46.1) 12 (24.0)
Unknown, n (%) 11 (5.5) 6 (6.1) 3 (5.8) 2 (4.0)

Reason for HF hospitalization 0.240
De novo 64 (32.5) 26 (26.5) 18 (34.6) 21 (42.0)
Recurrent 135 (67.5) 72 (73.5) 34 (65.4) 29 (58.0)

Primary cause of heart failure, n (%) 0.176
Non-ischemic 67 (33.5) 37 (37.8) 12 (23.1) 18 (36.0)
Ischemic 133 (66.5) 61 (62.2) 40 (76.9) 32 (64.0)

Years since HF diagnosis, n (%) 0.405#

<1 year 125 (62.5) 56 (57.1) 34 (65.4) 35 (70.0)
1-4 years 58 (29.0) 33 (33.7) 13 (25.0) 12 (24.0)
�5 years 13 (6.5) 9 (9.2) 2 (3.8) 2 (4.0)
Unknown 4 (2.0) – 3 (5.8) 1 (2.0)

Mean length of hospital stay, days (SD) 5.2 (4.0) 5.0 (4.4) 5.2 (3.2) 5.7 (3.9) 0.240
Mean CCI, scores (SD) 3.7 (1.7) 3.7 (1.6) 3.8 (1.7) 3.6 (1.7) 0.815
Comorbidities, n (%)

Hypertension 130 (65.0) 69 (70.4) 34 (65.4) 27 (54.0) 0.1407
Dyslipidemia 73 (36.5) 36 (36.7) 24 (46.2) 13 (26.0) 0.1069
Type 2 Diabetes 128 (64.0) 68 (69.4) 36 (69.2) 24 (48.0) <0.05�

Obesity 71 (35.5) 35 (35.7) 24 (46.2) 12 (24.0) 0.051
Prior ischemic heart disease 118 (59.0) 54 (55.1) 35 (67.3) 29 (58.0) 0.347
Prior stroke / TIA 23 (11.5) 13 (13.3) 5 (9.6) 5 (10.0) 0.744
Atrial fibrillation 49 (24.5) 20 (20.4) 14 (26.9) 15 (30.0) 0.393
Prior CABG 15 (7.5) 5 (5.1) 4 (7.7) 6 (12.0) 0.297#

Prior PCI 41 (20.5) 22 (22.4) 15 (28.8) 4 (8.0) <0.05�

Prior device implantation 12 (6.0) 4 (4.1) 5 (9.6) 3 (6.0) 0.404#

Liver diseases 23 (11.5) 8 (8.2) 6 (11.5) 9 (18.0) 0.207
Lung diseases (COPD / Asthma) 17 (8.5) 6 (6.1) 6 (11.5) 5 (10.0) 0.406
Anemia 103 (51.5) 52 (53.1) 22 (42.3) 29 (58.0) 0.259

Mean eGFR at admission, ml/min/1.73m2 58.6 (25.0) 55.5 (26.3) 63.9 (21.7) 59.0 (25.2) 0.186
>90, n (%) 38 (19.0) 17 (17.3) 13 (25.0) 8 (15.4)
60–89, n (%) 67 (33.5) 31 (31.6) 15 (28.8) 21 (40.4)
30–59, n (%) 62 (31.0) 30 (30.6) 20 (38.5) 12 (23.1)
15–29, n (%) 25 (12.5) 15 (15.3) 4 (7.7) 6 (11.5)
<15, n (%) 8 (4.0) 5 (5.1) 0 (0) 3 (5.8)

Mean LVEF, % (SD) 26.6 (7.6) 27.0 (7.6) 25.9 (8.1) 26.4 (7.3) 0.677
�10%, n (%) 3 (1.5) 1 (1.0) 1 (1.9) 1 (2.0)
11–20%, n (%) 52 (26.0) 25 (25.5) 14 (26.9) 13 (26.0)
21–30%, n (%) 87 (43.5) 42 (42.9) 21 (40.4) 24 (48.0)
31–40%, n (%) 58 (29.0) 30 (30.6) 16 (30.8) 12 (24.0)

(continued)
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discharge and post-discharge, on the other hand, could 
be explained by acute HF hospitalization being a key 
source of distress for HFrEF patients and it substantially 
impacted patients’ HRQoL24,32,49. Upon discharge, patients 
experienced a large improvement in symptoms and func
tional capacity, and this allowed immediate comparison in 
terms of HRQoL. Given that ceiling effect was the common 
inherent limitation of EQ-5D which applied to many other 
populations10, disease-specific PROMs such as Kansas City 
Cardiomyopathy Questionnaire (KCCQ) should be routinely 

administered in clinical settings, alongside EQ-5D (a generic 
PROM).

This study focused on validating EQ-5D-5L because 
EQ-5D-5L is the PROM recommended in Malaysia 
Pharmacoeconomics Guidelines for economic evaluations13. 
Using a generic PROM allows estimation of a standardized 
parameter (i.e. quality-adjusted life years) and eases direct 
comparison between diseases during technology adoption 
decisions. Secondly, there was an established value set, 
allowing direct mapping of EQ-5D-5L response into a single 

Table 1. Continued.
Variables Total (N¼ 200) Malay (n¼ 98) English (n¼ 52) Chinese (n¼ 50) p-valuea

NYHA at 1-month post-discharge, n (%) 0.611
Class I 72 (36.0) 32 (32.7) 19 (36.5) 21 (42.0)
Class II 55 (27.5) 29 (27.5) 13 (25.0) 13 (26.0)
Class III 20 (10.0) 13 (10.0) 5 (9.6) 2 (4.0)
Class IV 26 (13.0) 11 (13.0) 7 (13.5) 8 (16.0)
Missing 27 (13.5) 13 (13.3) 8 (15.4) 6 (12.0)

Median utility score (IQR)
Admission 0.09 

(-0.17, 0.48)
0.11  

(-0.18, 0.48)
0.03  

(-0.23, 0.21)
0.18  

(-0.09, 0.51)
0.091

Discharge 0.77  
(0.50, 0.92)

0.76  
(0.41, 0.92)

0.72 (0.63, 0.94) 0.80 (0.65, 0.92) 0.376

1-month post-dischargeb 0.85  
(0.59, 1.00)

0.85 (0.58, 1.00) 0.93 (0.56, 1.00) 0.85 (0.65, 1.00) 0.479

Mean VAS score (SD)
Admission 40  

(20, 50)
45  
(20, 50)

30  
(19.3, 42.5)

40  
(30, 50)

0.080

Discharge 70  
(50, 80)

70  
(51.3, 80)

65  
(50, 80)

70  
(55, 80)

0.173

1-month post-dischargeb 75  
(60, 85)

75  
(60, 85)

75  
(67.5, 86.3)

70  
(58.8, 80)

0.395

Data presented in n (%) unless otherwise stated. eGFR was calculated based on MDRD equation. 1MPD: 1-month post-discharge; BMI, body mass index; BP, blood 
pressure; CABG, coronary artery bypass graft; CCI, Charles Comorbidity Index, COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration 
rate; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; n, number of patients; N, total number of patients; PCI, percutaneous coron
ary intervention; SD, standard deviation; TIA, transient ischemic attack. MYR to USD conversion using the exchange rate of MYR1¼USD 0.21 as of 19/10/2023.
aChi-square test (when each cell frequency � 5%) and Fisher’s test (when each cell frequency < 5%) were used for categorical variables; Kruskal-Wallis test 
(non-parametric) were used for numerical variables.
#Fisher’s test was used to examine the differences among different languages.
�Statistically significant with p-value <0.05.
bn¼ 129 for 1-month follow up (Malay: 43; English: 42; Chinese: 44).

Figure 2. Confirmatory factor analysis of EQ-5D-5L dimensional scores.
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utility value in Malaysia and hence quantification of HRQoL 
whereas KCCQ mapping into EQ-5D-5L and utility values is 
non-linear and the changes in utility values may not map 
perfectly with KCCQ50. Lastly, EQ-5D-5L is often used in 
multinational heart failure clinical trials, validation of EQ-5D- 
5L in this disease population improves the validity of the trial 
outcomes.

Evidence showing measurement equivalence for different 
languages of EQ-5D-5L is also essential as it allows the 

inclusion of all ethnicities and cultures in any clinical trials or 
economic evaluations involving EQ-5D-5L, regardless of lan
guage barrier. Consistent with Wang et al. from Singapore17, 
our linear mixed models (both adjusted and unadjusted) 
found measurement equivalence between the Malay and 
English versions of EQ-5D-5L. On the other hand, comparing 
Malay and Chinese versions of EQ-5D-5L, the unadjusted 
model showed that Malay is equivalent to Chinese in esti
mating both utility and VAS scores whereas the adjusted 

Table 2. Known group validity of EQ-5D-5L utility and VAS scores.
Groups Utility scores VAS scores

Coeff. Estimates (95%CI) p-value Coeff. Estimates (95%CI) p-value

(A) Unadjusted model
Age
<60 years old Reference Reference
�60 years old −0.093 (−0.175, −0.010) 0.027 −5.47 (−9.59, −1.34) 0.009

NYHA
Class I Reference Reference
Class II −0.151 (−0.224, −0.079) <0.001 −10.61 (−15.03, −6.20) <0.001
Class III −0.382 (−0.485, −0.280) <0.001 −13.49 (−19.72, −7.26) <0.001
Class IV −0.532 (−0.625, −0.439) <0.001 −19.03 (−24.67, −13.39) <0.001

(B) Adjusted model 1a

Age
<60 years old Reference Reference
�60 years old −0.114 (−0.195, −0.033) 0.006 −5.28 (−9.46, −1.11) 0.013

NYHA
Class I Reference Reference
Class II −0.164 (−0.236, −0.092) <0.001 −11.01 (−15.47, −6.56) <0.001
Class III −0.373 (−0.474, −0.271) <0.001 −13.77 (−20.04, −7.49) <0.001
Class IV −0.536 (−0.628, −0.444) <0.001 −18.84 (−24.54, −13.14) <0.001

(C) Adjusted model 2b

Age
<60 years old Reference Reference
�60 years old −0.099 (−0.180, −0.018) 0.016 −9.53 (−9.53, −1.14) 0.013

NYHA
Class I Reference Reference
Class II −0.161 (−0.234, −0.088) <0.001 −10.61 (−15.10, −6.12) <0.001
Class III −0.348 (−0.455, −0.242) <0.001 −13.43 (−19.95, −6.91) <0.001
Class IV −0.533 (−0.629, −0.437) <0.001 −17.24 (−23.13, −11.35) <0.001

Coeff: coefficient; 95%CI ¼ 95% confidence interval; 1MPD: 1-month post discharge.
aAdjusted for language, rater, and center for each group, accounting for repeated measures and within-patient variance.
bAdjusted for age, gender, ethnicity, language, rater, center for each group, accounted for repeated measures and within- 
patient variance.

Table 3. Responsiveness and minimal clinically important difference of EQ-5D-5L at different time-points.
Utility score VAS score

Responsiveness Admission vs Dischargea Discharge VS 1MPDbf Admission vs Dischargea Discharge VS 1MPDbf

Effect size (95% CI)c

Glass’ delta 1.30 (1.07, 1.52) 0.15 (−0.06, 0.36) 1.38 (1.15, 1.61) 0.17 (−0.05, 0.38)
Cohen’s D 1.38 (1.16, 1.60) 0.15 (−0.05, 0.35) 1.44 (1.22, 1.66) 0.16 (−0.04, 0.36)
Hedges G 1.38 (1.16, 1.60) 0.15 (−0.05, 0.35) 1.44 (1.22, 1.65) 0.16 (−0.04, 0.36)

SRM 1.27 (1.08, 1.45) 0.06 (−0.08, 0.20) 1.20 (1.02, 1.38) 0.14 (0.00, 0.28)

MCID Admission Discharge 1MPDf Mean Admission Discharge 1MPDf Mean

MCID (half SD) 0.20 0.20 10.40 10.40
MCID (one SEM)d 0.20 0.18 0.19 0.19 11.98 11.04 11.84 11.62
Mean MCID 0.19 11.01
MDCi 0.56 0.49 0.52 0.53 33.21 30.60 32.81 32.21
MDCg 0.04 0.03 0.04 0.04 2.35 2.16 2.49 2.34
MCID:MDC (half SD)e 5.16 4.45
MCID:MDC (one SEM)e 4.98 4.97

CI: confidence interval; MCID: minimal clinically important difference; MDC: minimal detectable change; MDCi: minimal detectable change for individual; MDCg: 
minimal detectable change for group. SEM: standard error measurement.
aEffect size is measured by the mean change of scores between discharge and admission.
bEffect size is measured by the mean change of scores between 1-MPD and discharge.
cEffect size was interpreted as large (�0.8), moderate (0.5–0.79) or small (<0.5) with 95% confidence interval.
dMCID (one SEM) was calculated using r¼ 0.731 (utility scores) and r¼ 0.668 (VAS scores).
eMCID:MDC >1 indicates real minimal important change, instead of measurement error.
fAll data involving 1MPD were calculated using the complete datasets, where N¼ 173.
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model could not determine the equivalence between Malay 
and Chinese versions. The fact that the Chinese versions 
were all responded by Chinese patients and Chinese was 
more likely to endure health problems than other ethnic
ities17,51 suggested that there could be other confounding 
factors related to cultural, educational or socioeconomic sta
tus influencing the HRQoL that were not adjusted in this 
model. This warrants further studies on the differences in 
health-related quality of life between Chinese and other 
ethnicities. Studies with larger sample size can be consid
ered to determine the equivalence, in view of high variabil
ity in the utility and VAS score for the Chinese language as 
observed from the large confidence intervals. Value of infor
mation analysis can also be applied to assess whether 
resources should be allocated to repeat the study with a 
larger sample size.

We used the MCID estimated in this study as the equiva
lence margin for the non-inferiority comparison and meas
urement equivalence tests. The large MCID and the finding 
of Malay and Chinese equivalence tests was sensitive to the 

equivalence margins and confidence intervals warrant a test- 
retest reliability study to estimate the country-specific ICC to 
improve the precision of equivalence margins and thus the 
measurement equivalence.

Given that Malaysia is a multi-cultural and multi-ethnicity 
country, future studies should not be refrained from using 
different versions of languages of EQ-5D-5L questionnaire 
but to include language as one of the confounding factors 
and adjust for language in the analysis. This prevents 
inequality and underrepresentation of certain population in 
future research studies including clinical trials, observational 
studies and registries that used EQ-5D-5L, diversifying the 
populations and accounting for different social determinants 
in the HRQoL outcomes.

Study limitations

First, this study only sampled HFrEF patients from two teach
ing hospitals, and this limited the generalizability of results to 
the entire Malaysian HF population, particularly heart failure 

Figure 3. Response distribution of utility and VAS scores for different languages.
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patients with mid-range ejection fractions (HFmrEF) and heart 
failure patients with preserved ejection fractions (HFpEF) and 
the higher-income group or privately-insured patients who 
often do not present to the teaching hospitals. Future studies 
could validate EQ-5D-5L questionnaire among HFpEF patients 
and include other centers to verify this study finding. Second, 
the convenience sampling may have led to selection bias, as 
patients with poorer health could be less willing to participate 
and patients who passed away during the index hospitaliza
tion were not included in the study. However, based on the 
follow-up NYHA, it was observed that all severity groups were 
included in the study. Third, our sample size for each lan
guage is relatively small to be conclusive. Therefore, we used 
linear mixed model approach to utilise all available 

information and increase the number of observations. Besides 
that, the linear mixed model accounted for repeated measure
ments and within-patient correlations, increasing the precision 
and reducing bias42,46,52. Lastly, this study assumed missing 
data occurred randomly and analyzed the data using com
plete cases, which could potentially introduce bias. The small 
loss to follow-up at 1MPD and similar findings observed at 
discharge and 1MPD suggested that the study findings were 
likely not influenced by missing data.

Conclusion

EQ-5D-5L is an appealing PROM for measuring the HRQoL 
in a multi-cultural and multi-ethnicity Malaysian population 

Figure 4. Influence of language versions of EQ-5D-5L on utility and VAS scores.
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with HFrEF. The utility estimates derived from EQ-5D-5L and 
Malaysian tariffs are valid, providing prognostic stratification 
for HFrEF patients in Malaysia. Malay and English versions of 
EQ-5D-5L appear to be equivalent in eliciting the utility value 
of HFrEF patients for clinical and economic assessments.
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