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Abstract

Background: The EuroQoL five-dimension, 3-level (EQ-5D-3L) instrument is widely used to assess health-related quality of life
(HRQoL). However, its longitudinal validity among older adults after hip fracture surgery remains unclear. The present study examined

the psychometric properties of EQ-5D-3L, with emphasis on factorial validity, temporal invariance, and score stability. Methods: A
total of 719 older adults who underwent hip fracture surgery completed the EQ-5D-3L at baseline and 562 completed the EQ-5D-3L at
3 months postoperatively. Results: Confirmatory factor analysis (CFA) supported a single-factor structure at both time points (baseline:
comparative fit index [CFI] = 0.988, Tucker—Lewis index [TLI] = 0.975; 3 months: CFI=0.997, TLI=0.993). Temporal invariance was
mostly supported (ACFI < 0.01) across configural, metric, and scalar models. However, the correlation between baseline and follow-up

utility scores was nonsignificant (» = 0.072, p = 0.052), indicating varied recovery patterns. Conclusions: These findings support the
EQ-5D-3L as a valid longitudinal measure of HRQoL among older adults following hip fracture surgery.
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1. Introduction

The global population is aging rapidly, leading to an
unprecedented increase in the incidence of hip fractures and
their associated health burdens (Harris et al., 2024). Ac-
cording to the Global Burden of Disease Study 2019, the
incidence of hip fractures among adults aged =55 years
reached 681.35 per 100,000 population in 2019 (95% uncer-
tainty interval [UI] 508.36—-892.27), with a steadily increas-
ing trend over the past three decades (Feng et al., 2023).
The incidence of hip fractures among older adults in Tai-
wan (where the present study was conducted) is 232.1 per
100,000 among women and 100.3 per 100,000 among men
(Lin et al., 2018).

Hip fractures among older adults are associated with
a one-year mortality rate of 14% to 28%, and the num-
ber of global hip fractures is projected to nearly double by
2050 compared with 2018 (Sing et al., 2023). One study re-
ported a five-fold to eight-fold increase in the risk of mortal-

ity within the first three months following a fracture, with
this risk continuing to increase over the subsequent years
(Haentjens et al., 2010). Although operations are typical
among older adults following hip fractures, comorbidities
and mortality remain high (Sullivan et al., 2019; Yoon et
al., 2021). Therefore, how to elevate care for older adults
following hip fracture surgery is crucial among healthcare
professionals, including mental healthcare providers. Sub-
sequently, monitoring older adults following hip fracture
surgery is important (Min et al., 2021), and health-related
quality of life (HRQoL) could be a critical assessment out-
come (Chiang et al., 2022).

Hip fractures among older adults (including those who
have undergone surgery) often result in a significant loss of
independence and a notable decline in HRQoL (Orive et al.,
2015), imposing personal and societal costs (Deutschbein
et al., 2023). Previous studies indicate that nonoperative
groups experience significantly higher mortality rates in
both the short-term (one month) and medium-term (up to
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one year) compared to surgical groups, particularly among
nonoperative patients with more severe baseline conditions,
such as significant comorbidities and low functional status
(de Jong et al., 2025; Randall et al., 2025; Kim et al., 2020;
Yoon et al., 2021). A meta-analysis from the Asia Pacific
region indicated that the one-year mortality rate for hip frac-
ture patients undergoing surgery was approximately 15% to
18% in Asian countries (Harvey et al., 2024). Moreover,
postoperative HRQoL data have indicated an improvement
in both physical and psychological quality of life scores at
three months post-surgery when compared to preoperative
conditions (Capastraru et al., 2025).

The European Quality of Life five-dimension 3 level
questionnaire (EQ-5D-3L) is one of the most widely used
generic instruments for assessing HRQoL and is valued for
its brevity, simplicity, and suitability for economic eval-
uations (Kaplan and Hays, 2022; Svedbom et al., 2023).
Within the population experiencing hip fractures, HRQoL
is acknowledged as the paramount outcome measure (Gjert-
sen et al., 2016). The EQ-5D-3L is the most prevalent in-
strument and is incorporated into the UK Core Outcome Set
for hip fracture research (Parsons et al., 2020). Prospec-
tive research has demonstrated a substantial decline in EQ-
5D utility scores, from 0.62 (out of 1) prior to the frac-
ture to 0.16 at one-month post-fracture (Amarilla-Donoso
et al., 2020), with the most affected domains being self-
care, daily activities, and mobility (Amarilla-Donoso et al.,
2020). Therefore, using a standardized instrument such as
the EQ-5D-3L is crucial for evaluating clinical and rehabil-
itation outcomes.

Prior research has established the validity and exten-
sive application of the EQ-5D-3L within the population
at large through national (Stavem et al., 2018) and cross-
national norming (Janssen et al., 2019), as well as valid-
ity and feasibility assessments among older adults (Buch-
holz et al., 2022). However, longitudinal research among
postoperative patients, especially those with hip fractures,
has been inconsistent. Specific studies have demonstrated
significant responsiveness in the initial months (Parsons et
al.,2018; Kang, 2021), while others have indicated plateaus
or minimal changes over extended follow-up periods (Am-
phansap and Sujarekul, 2018). Outcomes are also affected
by mortality during follow-up and by potential response
shifts (Parsons et al., 2018; Svedbom et al., 2023).

While previous psychometric evaluations have ex-
plored the properties of the EQ-5D-3L among diverse pop-
ulations (Amphansap and Sujarekul, 2018; Buchholz et al.,
2022; Janssen et al., 2019; Parsons et al., 2018; Stavem
et al., 2018; Svedbom et al., 2023), no previous study has
rigorously examined its temporal measurement invariance
specifically among older Taiwanese adults recovering from
hip fracture surgery. This particular population, character-
ized by significant health changes and adaptive processes
following major surgery, presents a unique context where
temporal measurement invariance may be compromised.

More specifically, phenomena such as ‘response shift’—
where an individual’s internal frame of reference for health
status can alter over time due to experience or adaptation—
could affect the stability of the EQ-5D-3L’s measurement
properties between assessment points. Therefore, under-
standing the temporal stability of the EQ-5D-3L in this
critically vulnerable and dynamically changing health state
is crucial for accurate interpretation of HRQoL outcomes,
representing a key contribution of the present study.

Because subjective HRQoL offers a holistic perspec-
tive encompassing physical function, emotional well-being,
and social participation, HRQoL at baseline could be a po-
tential predictor for subsequent activities of daily living.
More specifically, when an older adult has a better HRQoL
at baseline, the older adult should have good physical func-
tion (although self-perceived) to perform activities of daily
living (ADLs). In this regard, good HRQoL at baseline
could predict ADL performance at three-month follow-up.
Therefore, the present study used HRQoL at baseline to pre-
dict ADLs at three months post-surgery.

Although the inconsistency could be due to the dif-
ferent time points (i.e., HRQoL improved in the short-term
and then plateaued in the long-term), the assumption of
measurement equivalence across time (aka temporal invari-
ance) has never been evaluated. Without the temporal in-
variance evidence, it is hard to conclude if the findings
across time are robust. That is, changes in how patients
assess their HRQoL over time, especially in terms of mo-
bility, self-care, and usual activities, might be different be-
cause the individuals may interpret the same items in dif-
ferent ways (Svedbom et al., 2023). Moreover, prior find-
ings regarding responsiveness need to be built on the as-
sumptions of supported temporal invariance. Therefore, the
present study examined if the EQ-5D-3L was temporally in-
variant across different assessment timepoints among older
adults following hip fracture surgery. More specifically,
and based on the aforementioned literature, the present
study aimed to: (i) test the factor structure of the EQ-5D-
3L using confirmatory factor analysis (CFA) and (ii) ver-
ify temporal invariance (including configural, metric, and
scalar invariance) across time.

The remainder of the present paper is structured as fol-
lows: Section 2 details the research methods, including par-
ticipant and study design, instruments used, and data anal-
ysis. Section 3 presents the key results of the temporal in-
variance and validity analyses. Section 4 provides an in-
depth discussion of these results, their implications, and the
study’s limitations. Finally, Section 5 concludes the paper
with a summary of the study’s findings and specific clinical
recommendations.

2. Materials and Methods
2.1 Participants and Study Design

A longitudinal observational study design was utilized
to assess the psychometric characteristics and validity of
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the EQ-5D-3L among older individuals post-hip fracture
surgery. A total of 719 patients were consecutively re-
cruited at discharge (baseline; 0 months) from Taipei Mu-
nicipal Wan Fang Hospital, a tertiary medical center in Tai-
wan, and subsequently re-evaluated at three months post-
surgery. The recruitment period spanned from October
2017 to January 2025.

Baseline data were collected at the time of hospital dis-
charge, defined as the point when patients were medically
stable for transition from acute care to a home or non-acute
care setting (e.g., home-based rehabilitation or a short-term
nursing facility). Importantly, the baseline assessment of
HRQoL using the EQ-5D-3L was based on patients’ retro-
spective recall of their pre-fracture (i.e., pre-morbid) health
status rather than their immediate postoperative condition.
This approach was adopted to establish an individualized
reference point reflecting patients’ perceived health prior to
the hip fracture event, thereby enabling a more meaningful
evaluation of postoperative changes over time.

Participants were eligible if they had undergone sur-
gical management for hip fracture, were proficient in Man-
darin or Taiwanese, and provided written informed con-
sent. Exclusion criteria comprised participants who had
a significant cognitive impairment (Mini-Mental State Ex-
amination score <18) and/or comorbid conditions preclud-
ing reliable follow-up. Patients with postoperative compli-
cations were included, provided they were medically sta-
ble for discharge and capable of participating in follow-up
assessments. However, individuals with severe complica-
tions that substantially impaired cognitive or communica-
tive function (e.g., persistent delirium or acute stroke) were
excluded to preserve the validity of self-reported outcomes.
Participants with minor, clinically manageable postopera-
tive complications were not excluded, thereby maintaining
the representativeness of a real-world clinical cohort.

Participants with complete data at baseline and three-
month follow-up were included in the primary analysis. To
assess potential attrition bias, participants who were lost
to follow-up were identified, and baseline characteristics
were compared between completers and non-completers.
At each time interval, trained research assistants performed
structured interviews and examined medical records to
gather demographic and clinical information. All meth-
ods received approval from the Institutional Review Boards
at Taipei Medical University (approval no.: TMU-JIRB
N201709053), and signed informed consent was acquired
from each participant in accordance with the Declaration of
Helsinki.

2.2 Instruments
2.2.1 European Quality of Life 5 Dimensions 3 Level
Version (EQ-5D-3L)

The EQ-5D-3L (EuroQol, 1990) is a commonly uti-
lized, general, preference-based instrument for evaluat-
ing health-related quality of life. It consists of five in-
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dividual dimensions—mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression—each evaluated
on a three-tier scale (1 = no problems, 2 = moderate prob-
lems, 3 = significant problems). This scoring produces 243
potential health states, which were transformed into a sin-
gle utility score (0 = deceased to 1 = optimal health) by
population-derived preference weights, and was considered
a continuous scale (Lee et al., 2013). Elevated utility val-
ues signify improved self-reported health state, enabling
both cross-sectional comparisons and longitudinal moni-
toring of health outcomes following hip fracture surgery.
The EQ-5D-3L has demonstrated acceptable internal con-
sistency (Cronbach’s a = 0.60) and moderate correlation
with Short-Form 36, a commonly used HRQoL measure (r
~ 0.60), consistent with its multidimensional construct and
established use among Taiwanese populations (Liu et al.,
2021).

2.2.2 Barthel Index (BI)

The BI consists of 10 components that evaluate an in-
dividual’s capacity to execute fundamental ADLs, includ-
ing feeding, bathing, grooming, dressing, bowel control,
bladder control, toilet usage, transfers (between bed and
chair), mobility (on flat surfaces), and stair climbing. Each
item is evaluated on an ordinal scale (often 0, 5, 10, or 15
points), with the aggregate of item scores producing a total
score between 0 and 100. A superior total score indicates
enhanced functional independence. The BI, initially cre-
ated to assess disability in stroke rehabilitation, exhibits ro-
bust inter-rater reliability (intraclass correlation coefficients
>0.90), significant test-retest stability, and commendable
concurrent validity with alternative physical function as-
sessments (Collin et al., 1988; Mahoney and Barthel, 1965).
In the present study, trained evaluators conducted the BI
through a structured interview at baseline and a three-month
follow-up. Total score and mobility subscore (i.c., Item 6)
were retained for further analysis. The BI exhibited fair-
to-moderate inter-rater reliability at the item level and good
reliability for the total score, indicating robust assessment
of functional independence (Sainsbury et al., 2005).

2.3 Data Analysis
2.3.1 Descriptive Statistics, Internal Consistency, and Test
of EQ-5D-3L Utility Score Difference Across Time
Means, standard deviations (SDs), frequencies, and
percentages of participant characteristics, and instrument
scores with item distributions at baseline and follow-up
were analyzed. Moreover, internal consistency of the EQ-
5D-3L was calculated using McDonald’s o for both time
points (i.e., baseline and three-month follow-up). In ad-
dition, a paired #-test with Cohen’s d was used to exam-
ine if the participants’ EQ-5D-3L utility score significantly
changed between the two time points.
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2.3.2 Confirmatory Factor Analysis (CFA)

The single-factor structure of the EQ-5D-3L was eval-
uated using CFA with a diagonally weighted least squares
(DWLS) estimator to address the ordinal item configura-
tion. The single-factor structure was evaluated at both time
points separately (i.e., baseline and three-month follow-up).
The model fit was assessed using y?, comparative fit index
(CFI), Tucker-Lewis index (TLI), root mean square error
of approximation (RMSEA), and standardized root mean
square residual (SRMR). Acceptable criteria were CFI/TLI
>0.95, RMSEA <0.08, and SRMR <0.08 (Hu and Bentler,
1999).

2.3.3 Assessment of Temporal Invariance

Nested models included configural invariance, met-
ric invariance, and scalar invariance models over time (i.e.,
baseline vs. three-month follow-up) and were constructed
to examine temporal invariance of the EQ-5D-3L. Model
comparisons (i.e., metric invariance model vs. configural
invariance model, and scalar invariance model vs. met-
ric invariance model) were performed to evaluate whether
temporal invariance was supported. Temporal invariance
is supported when ACFI <0.01 together with ARMSEA
<0.015 and ASRMR <0.03 (Chen, 2007).

2.3.4 Predictive Validity

Pearson correlations were first used to assess the re-
lationships between EQ-5D utility score and BI scores (in-
cluding total score and mobility subscore) at both baseline
and three-month follow-up. Based on Cohen’s definition
of effect size, an |r| >0.50 is considered strong; between
0.3 and 0.5 is medium; and between 0.1 and 0.3 is weak
(Cohen, 1988). Then, two regression models with fore-
casted three-month outcomes (BI total score and mobility
subscore) as dependent variables were constructed utilizing
the following variables: baseline EQ-5D-3L utility score
and demographic factors. The assumptions of linearity, ho-
moscedasticity, multicollinearity (variance inflation factor
[VIF] <5), and normality of residuals were met for both re-
gression models.

2.3.5 Software Programs

All psychometric and regression analyses were con-
ducted using JASP version 0.19.3 (University of Amster-
dam, Nieuwe Achtergracht 129B, Amsterdam, The Nether-
lands). Expectation-maximization for missing data and
DWLS estimation were applied using JASP’s structural
equation modeling module as indicated.

3. Results

There were 157 participants lost to follow-up (n =
157; i.e., non-completers), and their baseline characteris-
tics were compared with those who were not lost to follow-
up (i.e., completers). Supplementary Table 1 shows that
there were no significant differences between completers

and non-completers with regard to age (p = 0.56) and gen-
der distribution (p = 0.87). However, completers had sig-
nificantly better EQ-5D-3L utility score (0.87 vs. 0.82; p =
0.01), BI total score (88.15 vs. 81.40; p < 0.001), and BI
mobility subscore (13.43 vs. 11.94; p < 0.001) than non-
completers.

A total of 719 older adults (28.7% male, 71.3% fe-
male) were included (Table 1). Their mean age was 82.1
years (SD = 8.26), and mean body mass index (BMI) was
22.5(SD =4.01). At baseline, participants reported a mean
EQ-5D-3L utility score of 0.87 (SD = 0.18), which de-
creased to 0.45 (SD =0.26) at three-month follow-up. Mean
BI total score decreased from 88.15 (SD = 18.26) at base-
line to 69.23 (SD = 30.13) at follow-up. The BI mobility
subscore decreased from 13.43 (SD = 3.10) to 12.25 (SD
= 11.60) at follow-up. Most participants lived with family
(84.8%), and the primary caregiver was a family member
in 77.2% of cases. Educational attainment was low: 57.0%
had elementary education or below, and only 11.8% had
attended college or university. The majority were married
(66.8%), with 28.4% widowed. Moreover, the EQ-5D-3L
utility scores were significantly different between baseline
(M =0.87) and three-month follow-up (M =0.45; p <0.001;
Cohen’s d =—-0.603).

Table 2 shows the distribution of responses for each
EQ-5D-3L dimension at both time points. At baseline,
>70% of participants reported no problems (level 1) on
each item, with <6% reporting extreme problems (level
3) across dimensions. By three months, reports of mod-
erate (level 2) and extreme problems (level 3) increased
markedly. For example, the proportion reporting some
problem self-care rose from 22.1% to 41.3%, and extreme
problem self-care from 5.0% to 17.7%, indicating substan-
tial deterioration in perceived health status following hip
fracture surgery. Moreover, internal consistency of the EQ-
5D-3L was good at both baseline (o [95% CI] = 0.813
[0.791-0.834]) and at three-month follow-up (@ [95% CI]
=0.851[0.834-0.868]).

CFAs testing single-factor structure for the EQ-5D-3L
at baseline and three months are summarized in Table 3.
At baseline, the model demonstrated acceptable fit: ¥*(5)
=39.56, p < 0.01; CFI = 0.988; TLI = 0.975; RMSEA =
0.098; SRMR = 0.061. At three months, the fit improved
further: y2(5) =33.03, p <0.01; CFI = 0.997; TLI = 0.993;
RMSEA = 0.088; SRMR = 0.056. Both timepoint mod-
els met or approached conventional thresholds for good fit
(CFI/TLI =0.95; RMSEA/SRMR <0.08), supporting the
unidimensional factorial structure of the EQ-5D-3L across
assessments.

Table 3 additionally reports nested model compar-
isons testing temporal invariance. Configural invariance
(M1) yielded %*(10) = 72.92, CFI = 0.994; RMSEA =
0.094; SRMR = 0.059. Metric invariance (M2) produced
no change in CFI (ACFI = 0.000), and improved RMSEA
by —0.015, although SRMR increased slightly by 0.014.
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Table 1. Descriptive characteristics of participants (N = 719).

Variable Category N (%) Mean (SD)
Male 206 (28.65%)
Sex
Female 513 (71.35%)
Age 719 (100.00%) 82.1 (8.26)
Body mass index (kg/m?) 719 (100.00%) 22.5 (4.01)
EQ-5D-3L
. Baseline 719 (100.00%) 0.87 (0.18)
Utility score
3-month follow-up 719 (100.00%) 0.45 (0.26)*
Barthel Index
Baseline 719 (100.00%)  88.15 (18.26)
Total score
3 months follow-up 719 (100.00%)  69.23 (30.13)
. Baseline 719 (100.00%) 13.43 (3.10)
Barthel Index mobility subscore
3-month follow-up 719 (100.00%)  12.25 (11.60)
With family 610 (84.84%)
Living arrangements Living alone 62 (8.62%)
Nursing home 47 (6.54%)

Family
Nursing home

Primary caregiver

Friends/neighbor

Nursing

Foreign caregiver

555 (77.19%)
41 (5.70%)
88 (12.24%)
22 (3.06%)
13 (1.81%)

Elementary/below
Junior high school

Education level

Senior high school

410 (57.02%)
92 (12.80%)
125 (17.39%)

College/university 85 (11.82%)
Postgraduate 7 (0.97%)

Married 480 (66.76%)

Widower/widow 204 (28.37%)

Marital status

Unmarried

Divorced

21 (2.92%)
14 (1.95%)

EQ-5D-3L, European Quality of Life 5 Dimensions 3 Level Version. * The paired #-test for
EQ-5D-3L utility scores (Baseline vs. three-month follow-up) was p <0.001 (¢ [718] =-16.18,

Cohen’s d =—0.603).

Scalar invariance (M3) demonstrated a small decline in CFI
(ACFI=-0.007) and marginal increases in RMSEA and de-
creases in SRMR (ARMSEA = 0.023; ASRMR = —-0.003).
All ACFI values remained within the <0.01 criterion, indi-
cating support for full temporal invariance of factor load-
ings and item thresholds over the three-month period.

Zero-order correlations in Table 4 indicate strong
cross-sectional associations between EQ-5D-3L utility and
functional measures. At baseline, utility correlated with BI
total (=0.800, p <0.001) and mobility subscore (»=0.652,
p < 0.001). At follow-up, correlations attenuated but re-
mained significant for BI total (» = 0.269, p < 0.001) and
were negligible for mobility (» = 0.009, p = 0.817), reflect-
ing differential predictive strength across domains. Util-
ity scores showed a modest negative relationship with age
(baseline » = -0.217, p < 0.001; follow-up r =—-0.062, p =
0.095) but no meaningful associations with BMI.
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Two multiple linear regressions were conducted to un-
derstand how baseline EQ-5D-3L was associated with BI
(including its total score and mobility subscore) at three
months (Table 5). Both models were significant at the
model level: F (16, 702)=15.982, p <0.001, R’ =0.267 for
Bl total score; F (16, 702) = 4.46, p <0.001, R?=10.092 for
BI mobility subscore. When examining the predictors used
in the regression models, baseline EQ-5D-3L performed as
a strong factor explaining BI total score (B = 0.392; p <
0.001) and BI mobility subscore (f = 0.147; p <0.001).

4. Discussion

The present study examined the factor structure of the
EQ-5D-3L through CFAs and confirmed its single-factor
structure at both time points. This single-factor structure
was supported for its temporal invariance over time and
within pertinent groups among a population of older indi-
viduals following hip fracture surgery. Measurements us-
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Table 2. Distribution of the item scores among European
Quality of Life 5 Dimensions 3 Level Version (EQ-5D-3L) at
baseline and at three-month follow-up (N = 719).

n%
EQ-5D-3L Scorel  Score2  Score3
Baseline
Item 1 508 (70.7) 202 (28.0) 9(1.3)
Item 2 524 (72.9) 159 (22.1) 36 (5.0)
Item 3 510(71.0) 171 (23.7) 38(5.3)
Item 4 587 (81.6) 127 (17.7) 5(0.7)
Item 5 586 (81.5) 124 (17.2) 9(1.3)
Three-month follow-up
Item 1 235(32.7) 425(59.1) 59 (8.2)
Item 2 295 (41.0) 297 (41.3) 127 (17.7)
Item 3 309 (43.0) 310 (43.1) 100 (13.9)
Item 4 597 (83.0) 115 (16.0) 7(1.0)
Item 5 570(79.3) 138 (19.2) 11 (1.5)

ing the EQ-5D-3L were performed at baseline and three
months after surgery. To the best of the authors’ knowledge,
the present study is the first psychometric investigation of
the EQ-5D-3L that has been conducted among a population
of older individuals with hip fractures in Taiwan.

The present study provides real-world data on the va-
lidity and temporal invariance of the EQ-5D-3L among
older individuals with hip fractures, which supplements
the psychometric evidence of EQ-5D-3L in the literature
(Buchholz et al., 2018; Buchholz et al., 2022). Given that
various disorders may influence HRQoL in distinct ways
and yield diverse health profiles and utilities (Buchholz et
al., 2018), it is important to comprehend how the selection
of the EQ-5D-3L may impact the estimated utility of pa-
tients with hip fractures in Taiwan.

As aforementioned, the CFA results showed that the
single-factor structure of the EQ-5D-3L was confirmed at
both measurement times (i.e., baseline and three months
after surgery). Although RMSEA has a relatively higher
value (i.e., 0.098 at baseline and 0.088 at three-month
follow-up), all other fit indices were satisfactory (i.e., CFI
and TLI >0.95 together with SRMR <0.08). Therefore, the
single-factor structure consistently represents the EQ-5D-
3L construct across two time points. The slightly high value
of RMSEA in the borderline range (=0.09—0.10) can be
justified by the very simple factor structure of the EQ-5D-
3L. More specifically, the single-factor structure of the EQ-
5D-3L only had five degrees of freedom (df = 5). Therefore,
the CFI/TLI and SRMR provide more valuable insights in
this context (Kenny et al., 2015). Additionally, assessments
of temporal invariance confirmed that configural, metric,
and scalar invariance were achieved (ACFI = 0.000 for
metric; ACFI = —0.007 for scalar), adhering to the ACFI
<0.01 standard for validating the equality of factor loadings
and item thresholds. Moreover, the corresponding ARM-
SEA/ASRMR metrics also remained within the widely ac-

cepted range. This confirms that the comparison of latent
means and latent changes across time is free from measure-
ment bias (Chen, 2007; Cheung and Rensvold, 2002).

The present study employed consecutive sampling
from a single tertiary center (Taipei Municipal Wan Fang
Hospital), which, while ensuring internal consistency, may
constrain external validity. Patients managed in alternative
care settings (e.g., regional hospitals or community facil-
ities), as well as those with severe complications leading
to prolonged acute care or early mortality, were likely un-
derrepresented, thereby limiting generalizability across the
full clinical spectrum of hip fracture populations in Taiwan.
Therefore, the observed temporal invariance and validity
of the EQ-5D-3L are most appropriately interpreted within
the context of older adults who are medically stable for dis-
charge and capable of participating in a structured follow-
up, rather than the broader population of all post-hip frac-
ture patients.

The findings also indicated a non-significant correla-
tion between baseline and three-month postoperative mea-
surements (» = 0.072; p = 0.052), suggesting that pre-
fracture HRQoL, assessed via recall, has limited predictive
value for short-term recovery outcomes. This likely reflects
the inherently heterogeneous and dynamic nature of post—
hip fracture recovery, where trajectories are shaped by in-
teracting factors such as postoperative complications, reha-
bilitation intensity, evolving comorbidities, and psychoso-
cial adaptation (Bellova et al., 2024; de Haan et al., 2024,
2025; Yoon et al., 2021). Consequently, baseline HRQoL
alone appears insufficient as a prognostic indicator of sub-
sequent health status.

Longitudinal studies have demonstrated that func-
tional recovery after hip fracture is highly heterogeneous,
with patients exhibiting very different trajectories, even
when they have similar demographic and clinical charac-
teristics (Amarilla-Donoso et al., 2020; Young et al., 2010).
Some patients experience rapid recovery with dramatic im-
provements in function within the first few weeks, whereas
others show slower recovery or even decline in function
over time. The study by Young et al. (2010) identified
specific outliers that exhibited recovery patterns that devi-
ated significantly from the group average. For example,
some patients who initially showed good recovery at two
months subsequently experienced functional deterioration
at one-year follow-up, and other patients with poor func-
tion at one month continued to improve progressively. In
addition to recovery heterogeneity, variability in postopera-
tive pain trajectories further complicates patient outcomes.
Other studies have identified variations in pain experience
that not only impact patient comfort but also affect early
mobilization, participation in rehabilitation, and ultimately
mid-term functional outcomes, contributing to inconsisten-
cies between baseline status and outcomes three months
later (Goto et al., 2020; Morrison et al., 2003).
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Table 3. Temporal invariance findings for the European Quality of Life S Dimensions 3 Level Version (EQ-5D-3L) (N =719).

Model
Model number v df CFI RMSEA SRMR Comparison Ayx*> Adf ACFI ARMSEA  ASRMR
EQ-5D-3L
M1 72.924*% 10 0.994 0.094 0.059 - - - - -
M2 76.419%* 14 0994 0.079 0.073 M2-M1 3.495 4 0.000 -0.015 0.014
M3 153.536* 18 0.987 0.102 0.070 M3-M2 77.117* 4 -0.007 0.023 —-0.003

*p-value < 0.01; %2, chi-square; df, degrees of freedom; CFI, comparative fit index; RMSEA, root mean square error of ap-
proximation; SRMR, standardized root mean square residual; Ay?, delta chi-square; Adf, delta degree of freedom; ACFI, delta
comparative fit index; ARMSEA, delta root mean square error of approximation; ASRMR, delta standardized root mean square

residual; M1, configural invariance; M2, metric invariance; M3, scalar invariance.

Table 4. Correlation of utility score the European Quality of Life S Dimensions 3 Level Version (EQ-5D-3L) with relevant
criteria (N =719).

r (p-value)/95% confidence interval of »

Baseline EQ-5D-3L

Follow-up three months EQ-5D-3L

Age ~0.217 (<0.001)/(-0.285, —0.146)
0.023 (0.54)/(~0.050, 0.096)

Body mass index

Baseline EQ-5D-3L

Follow-up three months EQ-5D-3L

Baseline Barthel Index (total score)

Follow-up three months Barthel Index (total score)
Baseline Barthel Index (mobility subscore)

Follow-up three months Barthel Index (mobility subscore)

~0.062 (0.10)/(~0.135, 0.011)
0.003 (0.94)/(~0.070, 0.076)
- 0.072 (0.052)/(~7.304 x 10#, 0.145)

0.072 (0.052)/(~7.304 x 10, 0.145) -
0.800 (<0.001)/(0.772, 0.825)
0.462 (<0.001)/(0.403, 0.518)
0.652 (<0.001)/(0.608, 0.692)
0.213 (<0.001)/(0.142, 0.281)

0.133 (<0.001)/(0.060, 0.204)
0.269 (<0.001)/(0.200, 0.336)
0.109 (0.003)/(0.037, 0.181)
0.009 (0.82)/(~0.065, 0.082)

Within these constraints, the confirmation of facto-
rial validity and longitudinal invariance (i.e., configural,
metric, and scalar) from baseline to three months sup-
ports the EQ-5D-3L as a practical instrument for mon-
itoring HRQoL during early post-hip-fracture rehabilita-
tion. Observed changes in utility scores over this interval
can be interpreted as likely reflecting changes in perceived
health, rather than measurement instability. The weak, non-
significant correlation between baseline and follow-up util-
ity scores underscores substantial inter-individual variabil-
ity in early recovery. The establishment of full scalar in-
variance indicates that observed changes in scores over time
can be interpreted as true changes in the underlying con-
struct rather than artifacts of measurement. Had scalar in-
variance not been supported, any observed longitudinal dif-
ferences could reflect shifts in item intercepts rather than
genuine clinical change, thereby compromising the validity
of change score interpretation.

The lack of a significant correlation between the BI
mobility subscore and EQ-5D-3L utility score at three
months likely reflected both conceptual divergence and
temporal misalignment between the measures. The BI
assesses objective functional independence, whereas the
EQ-5D-3L assesses multidimensional, preference-based
HRQoL. Consequently, early gains in mobility may not
translate into improved perceived health, particularly in the
presence of persistent pain, fear of falling, and psychologi-
cal distress (Lee et al., 2013). This pattern suggests a tran-
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sient decoupling between physical recovery and subjective
health perception during the subacute phase, further com-
pounded by differential sensitivity and potential ceiling ef-
fects of the EQ-5D-3L (Garratt and Stavem, 2022).

Limitations

The present study had several limitations. First, al-
though the sample of 719 older adults provided adequate
power for CFA and longitudinal invariance testing, recruit-
ment from a single national context limited external valid-
ity. Replications in diverse languages, different health sys-
tems, and different care settings are warranted, ideally by
comparing country-specific value sets (tariffs) to evaluate
score comparability. Second, the three-month follow-up
may not adequately reflect long-term stability or sensitivity
to change during post-hip-fracture recovery. A prolonged
follow-up period (e.g., 612 months) is necessary to eval-
uate temporal invariance and responsiveness in the subse-
quent phases of rehabilitation.

Third, the EQ-5D-3L relies on self-report and a three-
level ordinal response structure, rendering it less sensitive
to transient health fluctuations, cognitive variability, and
emotional states. Moreover, its limited scaling is prone
to ceiling effects (baseline mean utility = 0.87) that may
mask subtle yet clinically meaningful changes. The depen-
dence on self-reported measures further introduces method-
ological constraints among individuals in this cohort. Even
without overt cognitive impairment, mild cognitive decline
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Table S. Linear regression analysis of baseline European Quality of Life 5 Dimensions 3 Level Version (EQ-5D-3L) utility scores

predicting total Barthel Index score and Barthel Index mobility subscore at three-month follow-up.

Outcome: total Barthel Index score at three-month

Predictor follow-up (R? = 0.267; adj. R? = 0.250; F [df] = 15.982
[16, 702]; p < 0.001; np? = 0.267)
B SE B t P

Baseline EQ-5D-3L 64.334 5.740 0.392 11.208 <0.001
Age —0.503 0.130 -0.138 -3.861 <0.001
Sex (Ref: male) 0.184 2.288 0.080 0.94
Educational level (Ref: elementary/below)

Junior high school —0.870 3.096 -0.281 0.78

Senior high school —4.400 2.770 —1.588 0.11

College/university 6.467 3.315 1.951 0.051

Postgraduate 5.011 10.042 0.499 0.62
Marital status (Ref: married)

Widower/widow -3.678 2.356 —-1.561 0.12

Unmarried -5.232 6.166 —0.848 0.40

Divorced -4.297 7.475 -0.575 0.57
Living arrangements (Ref: with family)

Living alone -2.221 4.324 -0.514 0.61

Nursing home —27.060 10.135 -2.670 0.008
Primary caregiver (Ref: family)

Nursing home 18.896 10.617 1.780 0.08

Foreign caregiver -7.214 3.148 —2.292 0.02

Friends/neighbor 0.667 7.054 0.095 0.93

Nursing 4.388 8.233 0.534 0.59

Outcome: Barthel Index mobility subscore at three-month
follow-up (R? = 0.092; adj. R? = 0.072; F [df] = 4.463
[16, 702]; p < 0.001; np? = 0.092)

Baseline EQ-5D-3L 9.273 2.458 0.147 3.772 <0.001
Age —0.153 0.056 —0.109 —2.737 0.006
Sex (Ref: male) 0.192 0.980 0.196 0.85
Educational level (Ref: elementary/below)
Junior high school 0.211 1.326 0.159 0.87
Senior high school 0.994 1.187 0.838 0.40
College/university 2.282 1.420 1.607 0.11
Postgraduate —0.675 4.301 —0.157 0.88
Marital status (Ref: married)
Widower/widow —-1.850 1.009 -1.834 0.07
Unmarried —0.612 2.641 -0.232 0.82
Divorced 2.502 3.201 0.782 0.44
Living arrangements (Ref: family)
Living alone 2.837 1.852 1.532 0.13
Nursing home —6.278 4.341 —-1.446 0.15
Primary caregiver (Ref: family)
Nursing home 4.040 4.547 0.889 0.38
Foreign caregiver -1.312 1.348 -0.973 0.33
Friends/neighbour 2.265 3.021 0.750 0.45
Nursing —2.254 3.522 —0.643 0.52

B, unstandardized coefficient; SE, standard error; B, standardized coefficient; adj. R?, adjusted R?; F (df)
indicates F-value and degrees of freedom for the model with the main predictor; ¢, ¢-statistics; np?, partial
eta-squared.
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may compromise comprehension, recall, and response con-
sistency, increasing susceptibility to measurement bias and
potentially attenuating the accuracy of HRQoL estimates
and their associations with functional outcomes. Fourth,
the present study has the potential for survival bias. The ex-
clusion of individuals who developed severe conditions or
experienced mortality prior to the follow-up assessment re-
stricts the generalizability of the findings because the study
cohort may not fully represent the complete spectrum of
outcomes within the broader population of older Taiwanese
adults recovering from hip fracture surgery.

Fifth, attrition bias may have been present in the study
because differences were observed between participants
who completed the follow-up and those lost to follow-up
at baseline. More specifically, variations in key character-
istics such as baseline HRQoL and functional status sug-
gest that participants who remained in the study may not be
fully representative of the initial sample. This differential
loss to follow-up could have potentially influenced the es-
timated outcomes and led to biased interpretations. There-
fore, the findings of the study should be interpreted with
caution. Finally, a further limitation arises from the use of
retrospective recall to assess baseline HRQoL because par-
ticipants completed the EQ-5D-3L at discharge by reflect-
ing on their pre-fracture health status. Such an approach
is susceptible to recall bias, whereby current postoperative
experiences may influence or distort recollection of prior
health, potentially leading to systematic overestimation of
baseline utility values. Such bias may have inflated the ap-
parent magnitude of decline at follow-up and affected the
accuracy of longitudinal comparisons.

Future research should extend follow-up to 6-12
months to evaluate responsiveness, establish minimal im-
portant change thresholds, and assess predictive validity
for clinically relevant outcomes, including readmission and
mortality. External validity could be strengthened through
multi-site and cross-national studies examining measure-
ment invariance across languages, cultures, and healthcare
systems, alongside comparisons of country-specific value
sets. In parallel, adequately powered, subgroup-specific
analyses are needed to evaluate temporal invariance across
clinically relevant strata, including fracture type, sex, and
cognitive status. Such targeted approaches would refine the
interpretability of the EQ-5D-3L and enhance its applica-
tion in personalized rehabilitation and outcome assessment
among older adults following hip fracture.

The observed sensitivity of the EQ-5D-3L in the mo-
bility, self-care, and usual activities dimensions, reflected
by an increased proportion of patients reporting moderate-
to-severe problems in these dimensions at three months,
underscores the need for intensified, individualized post-
operative functional ability program. This should include
routine and standardized program tailored to the needs of
older adults to mitigate persistent symptoms and support
functional recovery. Moreover, the lower HRQoL scores

&% IMR Press

among patients residing in nursing homes highlight the ne-
cessity of optimizing rehabilitation care in these settings.
Targeted strategies should encompass increased frequency
and intensity of supervised rehabilitation, enhancement of
mobility-supportive environments, and structured training
of nursing staff in postoperative hip fracture management
to improve continuity and quality of care.

In routine practice, brief, repeated EQ-5D-3L assess-
ments may facilitate early identification of patients at risk
of delayed or suboptimal recovery, enabling timely adjust-
ment of intervention strategies, including modulation of
therapy intensity, optimization of pain and mood manage-
ment, and reinforcement of environmental and social sup-
port. This finding further highlights the limited prognostic
value of baseline measures alone and supports a shift to-
ward longitudinal, adaptive care models. Continuous mon-
itoring of HRQoL and functional status is therefore essen-
tial to capture evolving recovery trajectories and inform
individualized clinical decision-making. From a research
standpoint, these results underscore the need for predic-
tive frameworks that integrate dynamic, multidimensional
factors rather than relying solely on static baseline indica-
tors. In interdisciplinary teams, utilizing EQ-5D-3L’s utility
score can help in discussing progress, promoting collabora-
tive decision-making, and yielding standardized outcomes
for assessing program efficacy. Moreover, implementing
country-specific value sets would likely improve sensitiv-
ity and interpretability.

5. Conclusions

The findings of the present study demonstrate that the
EQ-5D-3L possesses a stable and temporally valid single-
factor structure for assessing HRQoL among older adults
following hip fracture surgery. CFA conducted at two time
points showed a satisfactory model fit. The results of tem-
poral invariance testing confirmed full configural, metric,
and scalar invariance, indicating consistency of the mea-
surement structure over time. The correlation of EQ-5D-
3Ls utility score between baseline and three-month follow-
up was low and non-significant (» = 0.072; p = 0.052). This
result likely indicates clinical variation and individual sub-
jective perceptions of health recovery, rather than deficien-
cies in the instrument. The results support the validity of
the EQ-5D-3L as an instrument for longitudinal studies and
the evaluation of rehabilitation outcomes among older adult
patients with post-hip fracture surgery, illustrating its robust
ability to detect authentic changes in health status over time.
These findings hold implications for mental health profes-
sionals and interdisciplinary teams by identifying patients
at risk of poor or delayed recovery and yielding standard-
ized outcomes for assessing program efficacy.
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