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Minimal short-term decline in functional sl

performance and quality of life predicts better
long-term outcomes for both in older Taiwanese
adults after hip fracture surgery: a prospective
study

Tzu-1Yang'", Yi-Jie Kuo?3", Shu-Wei Huang®* and Yu-Pin Chen®*"

Abstract

Background Hip fracture can lead to long-term loss of mobility and self-care ability in older adults. Despite initial
decreases in functional performance after hip fracture surgery, patients tend to gradually recover. However, recovery
can vary, with some regaining their abilities quickly while others becoming functionally dependent. In this study,
we investigated whether the level of short-term postoperative decline in activity of daily living (ADL) performance
and quality of life (Qol) can predict the 1-year outcomes for both following hip fracture surgery in older Taiwanese
adults.

Methods This prospective cohort study included 427 older adults (=60 years) who underwent hip fracture surgery
at a single tertiary medical center in Taiwan between November 2017 and March 2021. We collected pre-fracture
data, including the patients’"demographics, Charlson comorbidity index (CCl) scores, and responses to a questionnaire
(Short Portable Mental State Questionnaire [SPMSQ]) for dementia screening. Moreover, their scores on the EuroQol-
5D questionnaire (for evaluating Qol) and the Barthel Index (for assessing ADL performance) were collected at pre-
fracture status and at 3- and 12-months following surgery. Changes in ADL and QoL three months post-surgery com-
pared to pre-fracture status were evaluated, and the associations of these parameters (and other potential factors)
with 1-year outcomes for ADL and QoL were investigated.

Results We analyzed the data of 318 patients with hip fracture and complete follow-up data regarding ADL per-
formance and QoL at 3- and 12-months post-surgery. After adjusting for covariates, multivariate linear regression
revealed that changes in ADL and QoL at 3 months post-surgery from pre-fracture status were positively and signifi-
cantly associated with 1-year outcomes for both (p <.001 for both). Furthermore, pre-fracture CCl and SPMSQ scores
were independent predictive factors associated with 1-year ADL outcomes (p=.042 and <.001, respectively).

Conclusions Patients who exhibit a smaller decline in functional performance and quality of life three months
after hip fracture surgery from pre-fracture status are likely to have improved long-term ADL and QoL.
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Introduction

Hip fracture is a major concern for the older adults. It is
associated with high postoperative mortality and mor-
bidity rates, as well as substantial healthcare costs [1, 2].
Despite the decreasing incidence global rate of hip frac-
ture, the number of cases has increased in some Asian
countries [3]. The number of hip fracture cases in Asia is
estimated to increase from 1,124,060 in 2018 to 2,563,488
by 2050, with a corresponding increase (from 9.5 to 15
billion US dollars) in the direct cost of hip fracture treat-
ment [4].The risk of hip fracture has been increasing
with the age of the population[5]; thus, clinicians must
adopt various measures and effective treatment proto-
cols to prevent a poor prognosis in older adults with hip
fracture.

Our previous research found that one-third of older
patients with hip fracture experience severe dependence
on daily activities a year after surgery[6]. We also identi-
fied pre-fracture performance in daily activities as a criti-
cal predictor of both quality of life (QoL) and long-term
functional outcomes [6]. In another study, we prospec-
tively investigated the changes in the activity of daily liv-
ing (ADL) and quality of life (QoL) within 1 year after hip
fracture surgery in older patients [7]. The patients exhib-
ited the poorest ADL performance and QoL 3 months
postoperatively; nevertheless, gradual improvements
were noted at 1-year follow-up, but their functional
performance and QoL remained poorer than they were
before the hip fracture [7]. Hip fracture may result in
long-lasting effect on functional loss and reduced quality
of life in the older adults. This raises our concern regard-
ing the determining factors that influence a patient’s
recovery.

The variability in recovery among older adults from
physical stressors like illness or injury is well known.
Physical resilience, which refers to the ability to endure
or recover from functional decline caused by acute or
chronic health stressors [8], may play a key role in older
adults’ recovery from significant stressors. Greater resil-
ience could result in better recovery from major illnesses
and enhance predictions of functional recovery[9]. One
study divided patients into three resiliency groups after
a hip fracture and found that pre-fracture function was
the strongest predictor of high resilience [10]. Further-
more, another study recognized both ADL and QoL as
appropriate tools for evaluating physical resilience [11].
This aligns with our prior research that found pre-frac-
ture performance in daily activities is a critical factor in

long-term functional outcomes [6]. On the other hand,
considering the quick and complete recoveries commonly
observed in older adults with high physical resilience, we
hypothesized that patients who have a smaller degree of
functional loss three months after hip fracture surgery
may have better long-term outcomes. This hypothesis
can serve as a useful clinical reference in advocating for
early postoperative interventions, such as multidiscipli-
nary rehabilitation, to enhance long-term outcomes for
older adults who underwent hip fracture surgery [12].
However, evidence on the links between short- and long-
term outcomes is scarce.

On the basis of potential prognostic factors in the older
adults, a stratified care approach can be developed for
providing intensive care to older patients with hip frac-
ture who have a high risk of poor outcomes [13]. Several
factors, such as age, sex, cognitive impairment, and pre-
fracture Charlson comorbidity index (CCI) score, serum
hemoglobin level, serum albumin level, and surgical fac-
tors including delay in operation for predicting the func-
tional outcomes of hip fracture surgery in older patients
exhibit high variance [14—17]. The present study aimed
to evaluate the impact of short-term functional changes
from pre-fracture on long-term outcomes and compare
their association with other established clinical predic-
tors. We examined changes in ADL performance and QoL
at 3 months after hip fracture surgery in older Taiwanese
patients and compared the predictive value of these fac-
tors with other independent factors for 1-year outcomes.

Patients and methods

Study design

This prospective cohort study included 427 older adults
who underwent hip fracture surgery at a single medi-
cal center, Wan Fang Hospital, Taipei, Taiwan, between
November 2017 and March 2021. The inclusion crite-
ria were age>60 years and a diagnosis of hip fracture,
including intracapsular proximal femoral neck fracture
and extracapsular (i.e., basal neck, subtrochanteric, or
intertrochanteric) fracture. The patients underwent hip
hemiarthroplasty or open reduction with internal fixa-
tion (with intramedullary nails or in situ cannulated or
dynamic hip screws). Patients were excluded if they had
undergone hip fracture surgery because of a primary con-
dition other than hip fracture, such as avascular necrosis
of the femoral head, infection, tumor metastasis, trauma,
or osteoarthritis.
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All patients received standard postoperative care
and in-home rehabilitation after surgery, but the actual
approach was tailored to each individual, taking into
account their specific conditions and the preferences of
the experts overseeing their care. Recovery efforts began
promptly after hip fracture surgery, usually within 24 h,
with the main objectives of preserving pre-fracture
strength and preventing complications associated with
immobility [18]. Early mobilization is prioritized, such as
sitting in a chair shortly after surgery to minimize pres-
sure sores, blood clots, and to aid in standing up. Patients
receive instructions for daily exercises targeting the core,
arms, and legs to strengthen their muscles. Over time,
they are gradually encouraged to shift weight onto the
uninjured leg, starting from the first day. Ambulation
exercises begin after 4 to 8 days, assuming individuals
can comfortably bear their full weight and maintain bal-
ance. The rehabilitation program may also incorporate
stair-climbing exercises, fall prevention techniques, and
guidance on using assistive devices like canes. During
hospitalization, all patients receive training from pro-
fessional physical therapists, and within the first three
months after discharge.

Following discharge, the physical therapy facet of the
intervention is designed to pinpoint and rectify issues
tied to the strength of the upper and lower extremities,
balance, transitioning between positions, walking, and
stair climbing. The interventions aim to enhance walk-
ing proficiency, the ability to shift between positions,
and bed mobility. This encompasses educating partici-
pants on safer and more effective techniques, providing
assistance with using assistive tools, and implementing
environmental adaptations. These in-home rehabilitation
programs are all overseen by skilled physical therapists
and adhere to the principles of systematic home-based
physical and functional therapy as outlined in the publi-
cation by Tinetti et al. [19]. Regular monthly check-ups
are conducted to evaluate the progress and effectiveness
of home rehabilitation, as well as to offer pertinent guid-
ance. This study was approved by the Ethics Committee
of Taipei Medical University (TMU-JIRB N201709053).
All participants provided written informed consent for
participation in this study and the publication of their
data.

Evaluation of clinical parameters

We collected data regarding the patients’ basic character-
istics, including age, sex, body mass index (BMI) and pre-
fracture residence (home or care institution from their
medical records as well as preoperative laboratory data,
such as the levels of hemoglobin, serum sodium, creati-
nine, and albumin—predictors of hip fracture surgery
outcomes in older patients [7, 20, 21]. CCI scores were
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determined to reflect the patients’ underlying comor-
bidities. In addition, we assessed surgical delay, which
is the period between a patient’s falling accident and
surgery. From the surgical records, we extracted the fol-
lowing information: hip fracture type (femoral neck or
periprosthetic), previous contralateral hip fracture, sur-
gical methods (internal fixation and hemiarthroplasty),
intraoperative blood loss, and surgery duration. Further-
more, we interviewed the patients or their caregivers to
obtain the patients’ pre-fracture data (upon admission for
surgery). Their handgrip strength was assessed to screen
for sarcopenia, and the Short Portable Mental Status
Questionnaire (SPMSQ) was administered to screen for
dementia [22]; the aforementioned conditions may influ-
ence patients’ physical function recovery [23]. All assess-
ments were performed by a clinician within 1 week of
admission.

The primary outcomes measured one year after hip
fracture surgery were activities of daily living (ADL)
and quality of life (QoL), evaluated using the Barthel
Index (BI) and EuroQol-5D-3L (EQ-5D-3L) question-
naire, respectively [24, 25]. The pre-fracture status of EQ-
5D-3L scores and BI was recorded at admission through
a report by the patient or their caregiver. EQ-5D-3L
scores and BI were reassessed through telephone inter-
views at 3- and 12-month postoperative follow-ups. We
defined changes in Activities of Daily Living (ADL) and
Quality of Life (QoL) at 3 months post-surgery compared
to the pre-fracture status by subtracting the EQ-5D-3L
and BI scores at the pre-fracture status from the scores
at 3 months after surgery, respectively. And this was the
main focus of the study to investigate the association
with one-year outcomes.

Instruments

The EQ-5D-3L questionnaire is an international instru-
ment used for assessing health-related QoL [25]. We used
the three-level version of the EQ-5D-3L questionnaire
(EQ-5D-3L), which evaluates patients’ health-related
QoL as having no problems, some problems, or major
problems. The five dimensions of this questionnaire are
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. The scale is numbered from 0 to 100,
with “100” means the best heath and “0” means the worst
health. The value attributed to EQ-5D-3L profile was pre-
sented based on a set of weights that reflect. The value is
anchored at 1(representing full health) and 0 (indicating
a state as serve as being dead) [25]. In the present study,
the Chinese version of the EQ-5D-3L questionnaire was
used, which has exhibited high levels of agreement (intra-
class correlation coefficient>0.75) and relatedness (con-
vergent validity; Pearson’s correlation coefficient >0.95)



Yang et al. Journal of Orthopaedic Surgery and Research (2023) 18:791

with the versions from the United Kingdom, Japan, and
Korea [26].

The Bl is used to evaluate individuals’ mobility and per-
formance in ADLs. Total scores on this 10-item ordinal
scale range from O to 100 [24]. A higher score (BI) indi-
cates greater functional independence. The Bl is also used
to assess functional recovery in patients who undergo
hemiarthroplasty after a femoral neck fracture [27]. The
Chinese version of this scale exhibited moderate to excel-
lent validity (intraclass correlation coefficient=0.94) and
interrater reliability (kappa value =0.53-0.94) [28].

The SPMSQ is a 10-item cognitive screening instru-
ment. The questionnaire is used to obtain data regarding
individuals’ temporal and spatial orientation, memory,
basic knowledge (date, day of the week, name of their
current location, phone number, date of birth, age,
names of the present and previous ministers, and name
of their mothers), and ability to perform simple calcula-
tions (counting backward from 20 by 3’s). The total score
ranges from 0 to 10, and a score of >3 indicates a clinical
or neuropsychological condition [29]. The total number
of errors is correlated with a clinical diagnosis of organic
brain impairment or dementia. The Chinese version of
this scale was validated in an earlier study (Cronbach’s
alpha=0.69) [22].

Measurement of handgrip strength

The patients’ maximum isometric handgrip strength was
measured using a handheld dynamometer (Sammons
Preston, Bolingbrook, IL, USA). The participants were
instructed to squeeze the device three times as hard as
they possibly could using one hand while sitting with
their elbow flexed and wrist in a neutral position [30].
The assessor was blinded to the patients’ reports. The
Asian Working Group for Sarcopenia defines low hand-
grip strength as<28 kg for men and <18 kg for women.
[31].

Statistical analysis
Statistical analyses were performed using SPSS Statis-
tics (version 22; IBM Corporation, Armonk, NY, USA).
Categorical variables are presented as frequencies and
percentage values, whereas continuous variables are pre-
sented in terms of means + standard deviations. Univari-
ate analyses were performed for identifying potentially
significant predictors of 1-year surgical outcomes. Due
to distribution of the EQ-5D-3L scores and BI, the nor-
mality, using the K-S test, assumption may be violated; as
a result, the log transformation was conducted for ADL
performance and QoL to strengthen normality.

The Mann—Whitney U test was used to compare con-
tinuous variables. Pearson correlation analysis was per-
formed to analyze the correlation between the patients’
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ADL performance and QoL 1 year after surgery and the
potential predictors identified in the univariate analyses.
Additionally, the correlation between the BI and EQ5D
scores before surgery, at 3 months postoperatively, and
at 1 year postoperatively was investigated. The predictors
that differed significantly (p <0.05) in the univariate anal-
yses were included in multivariate linear regression mod-
els to calculate the beta coefficient with 95% confidence
intervals. Two linear regression models were constructed,
one each with the patients’” ADL performance and QoL
at 1-year follow-up as the dependent variable. In addi-
tion, patients were classified into three groups (improve-
ment/maintenance, decline <50%, decline>50%) based
on changes in ADL and QOL three months post-surgery
compared to their pre-fracture status. To detect differ-
ences in 1-year outcomes following hip fracture surgery,
an Analysis of Variance (ANOVA) was conducted fol-
lowed by a post hoc test with Bonferroni correction. Sta-
tistical significance was set at p <0.05.

Results
Overall, 401 patients with hip fracture were eligible
for enrollment (Fig. 1). In total, 83 participants died or
were lost to follow-up within 1 year of hip fracture sur-
gery. Thus, we analyzed the data of 318 patients (men,
97 [30.5%]; mean age, 80.23+9.29 years). Table 1 sum-
marizes the patients’ basic characteristics. Among the
patients, 58.5% had femoral neck fractures and 41.5%
had pertrochanteric fracture. 4.1% of the patients expe-
rienced a contralateral hip fracture. Furthermore, 182
patients (57.2%) received open reduction and internal
fixation, while the remaining (42.8%) patients under-
went hemiarthroplasty. The majority of patients, 92.1%,
live in a home before hip fracture. The patients’ mean
BMI was 22.37 +3.85 kg/m? Upon admission, the mean
SPMSQ score was 2.98+3.56, handgrip strength was
12.88+8.52 kg, CCI score was 4.75+1.61, and surgi-
cal delay was 3.64+9.03 day. Their mean BI score was
87.99 £19.30 at pre-fracture, 73.38 £ 27.28 at the 3-month
follow-up, and 74.62+30.24 at the 1-year follow-up.
The EQ-5D-3L score was 0.88+0.17 at pre-fracture,
0.78+0.22 at the 3-month follow-up, and 0.79£0.23 at
the 1-year follow-up. Figures 2 and 3 illustrate the corre-
lations between the preoperative baseline BI and EQ-5D
score and at 3 months, as well as 1 year after the opera-
tion, respectively. Both of them were positively associated
with the outcomes at 3 months and 1 year after surgery.
The results of the univariate analyses indicated age,
BM]I, fracture type (femoral neck or periprosthetic), pre-
fracture residence, SPMSQ score, handgrip strength, CCI
score, preoperative hemoglobin level, serum albumin
level, surgical delay, and change in ADL by 3 months after
surgery to be independently associated with the patients’
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427 participants underwent surgery for a hip fracture

v

Excluded: (n=26)
* Surgery for avascular necrosis or osteoarthritis(n=18)
* Declined to participate (n=8)

v

Eligible for enrollment (n=401)

_| Loss of follow-up (n=19)

Died (n=29)

¥

Complete 3-months follow-up (n= 353)

v

Loss of follow-up (n=18)

Died (n=17)

A 4

Complete 1-year follow-up (n=318)

Fig. 1 Flowchart for participant enrollment

BI scores at the 1-year follow-up. In addition, age, frac-
ture type, SPMSQ score, handgrip strength, CCI score,
preoperative hemoglobin level, serum albumin level, sur-
gical delay, and change in QoL score by 3 months after
surgery were independently associated with the patients’
EQ-5D-3L scores at the 1-year follow-up [see Additional
file 1: Table S1 ].

The multivariate linear regression analyses revealed
that the changes in ADL and QoL by 3 months post-
surgery from pre-fracture status were significantly
associated with the corresponding outcomes at 1-year
follow-up (unstandardized coefficient [f]=0.019 and
0.319, respectively; p<0.001 for both). The explana-
tory power of the BI model was reasonable (adjusted
7*=0.417), and the explanatory power of the EQ-5D-3L
was modest (adjusted r*=0.263). SPMSQ score was sig-
nificantly and negatively associated with both BI and EQ-
5D-3L score at 1-year follow-up (f=—0.13 and—0.028,
respectively; p<0.001 for both). Furthermore, CCI score
was negatively associated with ADL at 1-year follow-up
(B=-2.602; p<0.001) (Table 2).

Figure 4 depicts the disparities in one-year outcomes
following hip fracture surgery among three groups of
changes in ADL and QoL three months post-surgery
compared to the pre-fracture status. In the ADL category,
there were 107 (33.6%) patients in the improvement/

maintenance group, 169 (53.1%) in the decline<50%
group, and 42 (13.3%) in the decline>50% group. In
the QOL group, there were 136 (42.8%) patients in the
improvement/maintenance group, 154 (48.4%) in the
decline<50% group, and (8.8%) 28in the decline>50%
group. The ANOVA with Bonferroni post hoc analysis
revealed a significant difference in 1-year outcomes for
both ADL and QOL between the improvement/main-
tenance group and the decline>50% group (p<0.001),
as well as between the decline<50% group and the
decline >50% group (p <0.001).

Discussion

In this prospective study, we discovered that the extent
of the decline in BI and EQ-5D-3L score three months
after surgery was significantly associated with the cor-
responding outcomes 1 year after hip fracture surgery
in the older adults. Additionally, the severity of cogni-
tive impairment, as evaluated using the patients’ SPMSQ
scores at admission, predicted ADL and QoL outcomes
at one-year follow-up. Patients with higher comorbidi-
ties had poorer ADL outcomes one year after hip fracture
surgery. Our findings suggest that the ability of a patient
to withstand short-term functional decline following
hip fracture surgery could influence their long-term
outcomes. This underlines the significance of advanced
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Table 1 Clinicodemographic characteristics of the study
population
Clinical characteristics (N=318) Mean £SD/ Min  Max

number

(percentage)
Age (years) 80.23+£9.29 61 99
Sex
Male 97 (30.5%)
Female 221 (69.5%)
BMI 22.37+3.85 140 408
Fracture type
Femoral neck 186 (58.5%)
Pertrochanteric 132 (41.5%)
Surgical methods
Internal fixation 182 (57.2%)
Hemiarthroplasty 136 (42.8%)
Previous contralateral hip fracture
Yes 13 (4.1%)
No 305 (95.9%)
Pre-fracture residence
Dwelling in a home 293 (92.1%)
Inhabiting a care institution 25 (7.9%)
SPMSQ score 298+3.56 0 10
Handgrip strength (kg) 12.88+8.52 0 493
Charlson comorbidity index score 475+161 1 11
Laboratory parameters
Preoperative Hb level (g/dL) 12.23+£1.17 7.0 16.50
Creatinine level (mg/dL) 1224145 022 1399
Sodium level (mmol/L; n=316) 136.86+3.88 1180 1480
Albumin level (g/dL; n=292) 3.11+036 1.8 44
Surgical data
Surgical delay (day) 3.64+9.03 013 1248
Surgery duration (min) 80+33 22 240
Intraoperative blood loss (cc; n=314) 110+105 10 750
Bl score at pre-fracture 87.99+19.30 0 100
Bl score at 3 months 73.38+27.28 0 100
Bl score at 1 year 74.62+30.24 0 100
EQ-5D-3L score at pre-fracture 0.88+0.17 018 1
EQ-5D-3L score at 3 months 0.78+0.22 0 1
EQ-5D-3L score at 1 year 0.79+0.23 0.1 1

BMI—body mass index; SPMSQ—Short Portable Mental Status Questionnaire;
Hb—hemoglobin; and SD—standard deviation; Bl—Barthel Index; EQ-5D-3L,
EuroQol-5D-3L

rehabilitation services and efficient interventions for
improving patients’ early recovery, from a healthcare
delivery and policy standpoint.

The recovery rate of older adults from hip fracture
may depend on their physical resilience. Physical resil-
ience refers to the capacity to recover physical health
or to withstand functional decline resulting from physi-
cal stressors [32]. After hip fracture surgery, physical
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resilience has been linked to overall functional status
and quality of life. Research has shown that patients with
greater physical resilience have reduced disability and
improved functional outcomes during rehabilitation [9,
33]. In the present studies, ADL, QoL, handgrip strength,
and SPMSQ score were reported as trajectories of func-
tional recovery and related to physical resilience[10, 34,
35]. Furthermore, another study recognized both ADL
and QoL as appropriate tools for evaluating physical
resilience [11]. In our study, we identified patients with
minimal decline in ADL and QoL three months after sur-
gery as being highly physically resilient, leading to better
outcomes one year after the hip fracture.

Moreover, our research illuminates a swift recovery
trend observed in patients with strong physical resil-
ience following hip fracture surgery. This revelation
offers valuable guidance for clinical strategies aimed at
mitigating short-term functional decline and enhancing
long-term outcomes for older adults. Our study has also
unveiled the potential of short-term functional recovery
as a predictor for long-term ADL and QoL outcomes
in older adults undergoing hip fracture surgery. Addi-
tionally, in comparison with the group that showed no
decline, our study identifies a noteworthy difference in
1-year outcomes for both ADL and QOL among patients
experiencing a decline in ADL and QOL three months
post-surgery compared to their pre-fracture status.
Moreover, those with a decline exceeding 50% demon-
strated even more unfavorable one-year outcomes. This
underscores the significance of these clinical indicators as
invaluable cues for clinicians in practical clinical assess-
ments to forecast functional outcomes. This novel insight
represents a previously unrecorded aspect in the existing
literature, accentuating the critical role that early recov-
ery plays in forecasting outcomes over the long term. It
is crucial to acknowledge that these outcomes do indeed
highlight variations in individual adherence to rehabili-
tation protocols. This variation can be attributed to the
fact that our study adopted a personalized approach to
rehabilitation, tailoring it to each patient’s condition and
expert recommendations. This diversity could poten-
tially account for some of the observed early functional
changes. To enhance short-term functional recovery
following hip fracture, it appears that early postopera-
tive rehabilitation programs could offer advantages for
older adults following surgery. This notion is supported
by the work of Pioli et al., who compared care plans from
three medical centers for patients aged over 75 follow-
ing hip fracture. They found that those who received
early rehabilitation exhibited minimal functional decline
six months after the fracture [36]. Consequently, our
interpretation of these research findings emphasizes
the significance of advanced rehabilitation services
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and efficacious interventions in promoting early recov-
ery among patients. However, the specific strategies for
intervention still necessitate further rigorous experimen-
tal validation.

In the present study, in addition to the short-term
changes in ADL performance and QoL, cognitive impair-
ment was identified as a predictor of these outcomes
at 1 year after hip fracture surgery. After hip fracture,
patients with intact cognitive function have exhibited
considerably greater improvements in ADL perfor-
mance compared with patients with moderate cogni-
tive impairment [37]. Several large clinical studies have
shown that cognitive impairment is a strong predictor
of limited functional recovery during rehabilitation for
older patients after hip fracture [38]. These findings are
consistent with our finding that the SPMSQ score was
negatively associated with the BI and EQ-5D-3L score at
1-year follow-up.

We found that comorbidities played a role in deter-
mining postoperative functional outcomes. The results
from our multivariate analyses indicated that a high CCI
score is a predictor of poor functional outcomes at 1 year
after hip fracture surgery. This finding corroborates that
of another study reporting that comorbidities contribute
to delayed and poor functional recovery after hip frac-
ture [39]. Furthermore, Hsiao et al. reported that patients
with hip fracture who have CCI scores of >3 have a 19%
higher risk of repeat osteoporotic fracture than those
with CCI scores of 0 at 1-year follow-up [40]. Compared
to the beta coefficients attributed to SPMSQ score and
CCI, the beta coefficient corresponding to ADL and
QOL exhibited relatively low values. The predictive effect
for long-term outcome was modest. This implies that
although the alterations in ADL and QoL three months
post-surgery compared to the pre-fracture status are
innovative and substantial predictive factors, baseline
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Table 2 Multivariate linear regression results for predicting ADL performance and QoL 1 year after hip surgery
Variable Bata coefficient p value 95% Cl

Lower limit Upper limit
Bl at 1-year follow-up (R? = 0.439; adjusted R? = 0.417)
Age (years) 0.015 0.165 -0.006 0.036
BMI 0014 0.515 -0.029 0.058
Fracture type (Ref: FNF) —-0.043 0814 —0.401 0315
Pre-fracture residence (Ref: household) -0.279 0.073 —-0.584 0.026
SPMSQ score —-0.130 <0.001 —-0.183 -0.076
Handgrip strength (kg) —0.003 0.828 —-0.026 0.021
Charlson comorbidity index score —2.602 <0.001 —4.579 —-0.625
Preoperative Hb level (g/dL) -0.014 0.788 —0.120 0.091
Albumin level (g/dL) 0439 0.086 -0.062 0.939
Surgical delay (day) —0.007 0.728 —0.001 0.001
Short-term change in BI 0.019 <0.001 0.012 0.027
EQ-5D-3L at 1-year follow-up (R? = 0.289; adjusted R? = 0.263)
Age (years) —0.004 0.191 —-0.009 0.002
Fracture type (Ref: FNF) —0.069 0.127 -0.157 0.020
SPMSQ score —-0.028 <0.001 —0.041 -0.014
Handgrip strength (kg) 0.005 0.099 —0.001 0011
Charlson comorbidity index score —0.021 0.173 —0.052 0.009
Preoperative Hb level (g/dL) —-0.012 0.365 -0.038 0014
Albumin level (g/dL) 0.037 0.569 —0.090 0.163
Surgical delay (day) —-0.061 0.243 —0.004 0.001
Short-term change in EQ-5D-3L score 0.319 0.001 0.125 0.513

Bold values indicate significant P < 0.05

Adj.B—adjustment beta coefficient: ADL—activity of daily living; BMI, body mass index; FNF—femoral neck fracture; Ref—reference; SPMSQ—Short Portable Mental
Status Questionnaire; Hbo—hemoglobin; Bl—Barthel Index; EQ-5D-3L, EuroQol-5D-3L; QoL—quality of life, and Cl—confidence interval
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Fig.4 Comparison of 1-year outcomes in ADL a and QOL b among three groups based on changes in ADL and QoL three months post-surgery

compared to the pre-fracture status

cognitive impairment and comorbidities exert a stronger
influence than changes in ADL and QoL. Ultimately, the
pre-fracture baseline status holds greater significance
than postoperative dynamic changes.

Prior studies have also identified serum hemoglobin
levels, serum albumin levels, handgrip strength, long

surgical delays, and institutional care as predictors of
functional outcomes after hip fracture surgery [15, 41,
42]. These variables demonstrated statistically signifi-
cant association during the univariate analysis phase.
However, the results of our multivariate linear regres-
sion analysis showed that these variables were not
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significantly associated with 1-year functional out-
comes in older adults following hip fracture surgery.
This phenomenon can be rationalized by the attenu-
ation of their impact within the multivariate model,
which accommodated the incorporation of various
covariates [43].

Limitations

This study has some limitations. First, due to the small
sample size, our findings may not represent all older
adults in Taiwan. Second, the functional outcomes were
reported by the caregivers or patients, which may have
introduced imprecision and observer biases. Third, we
did not evaluate the effects of various factors of postoper-
ative rehabilitation regimens, such as the intensity, dura-
tion, and patients’ compliance; these may be predictors
of functional recovery after hip surgery and could poten-
tially account for some of the observed early functional
changes. Furthermore, we did not consider postoperative
confounding factors, such as psychiatric medication use,
mental state, quality of care from caregivers, and living
conditions during follow-up, which are believed to affect
the outcomes of hip surgery in older adults. Future stud-
ies should therefore gather more accurate data on these
specific rehabilitation aspects and potential confounding
factors. Finally, we studied only the 1-year postoperative
functional outcomes in older adults with hip fracture.
Thus, studies employing long-term follow-ups are war-
ranted to determine the natural course of recovery and
its clinical effects on functional outcomes in a similar
cohort. It would be beneficial for future studies to inves-
tigate the factors contributing to functional decline up to
3 months.

Conclusions

We demonstrated that short-term functional recovery
may predict long-term ADL and QoL outcomes follow-
ing hip fracture surgery in older adults. Patients who
experience a smaller decline in functional ability and
quality of life will have better ADL and QoL outcomes
after one year.
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