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ABSTRACT: Background: Hip fractures among older adults lead to significant morbidity and mortality, often
complicated by pre-existing cognitive impairment. Understanding the longitudinal trajectories of functional ability
and quality of life (QoL) among this specific population is crucial for customized interventions development. The
present study compared the three-month trajectories of functional ability and QoL among older adults after hip
fracture, specifically differentiating between those with and without cognitive impairment. Methods: A three-month
longitudinal comparison analysis was conducted with 647 older adults following hip fracture. Participants were
stratified by cognitive status (intact [n = 377] vs. impaired [n = 270]). Repeated measures analysis of variance (RM-
ANOVA) and generalized estimating equations (GEEs) were employed to compare the trajectories of the functional
ability, functional mobility and QoL utility score. Results: RM-ANOVA showed significant changes over time for
functional ability, functional mobility, and QoL. A significant interaction between time and cognitive status was
found for functional ability (p < 0.001,ω2 = 0.011) and functional mobility (p < 0.001,ω2 = 0.013), suggesting differing
recovery patterns based on cognitive status. GEE analyses confirmed that the cognition-intact group experienced a
notable deterioration in QoL over time. However, the pace of QoL decrease was not statistically different between the
two groups. Moreover, the group with cognitive impairment showed a significantly faster decline in both functional
ability and mobility (p < 0.001) over three-month follow-up. Conclusions: Cognitive impairment among older adults
after hip fracture is associated with a significantly poorer baseline condition and, critically, an accelerated decline in
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functional ability and mobility over the initial three-month recovery period. These findings underscore the need for
early identification and tailored support strategies for cognitively impaired individuals to mitigate functional decline
and improve post-fracture outcomes.
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1 Introduction

Hip fractures are a significant injury among older adults, with the global incidence and related disability
increasing as populations age [1]. Recent worldwide epidemiological studies have showed that while age-
standardized incidence has stabilized or decreased in specific contexts, demographic changes suggest that the
absolute number of hip fractures is expected to nearly double by 2050 [2]. These fractures are significantly
associated with increased mortality, with one-year all-cause mortality rates often reported between 15% and
30% reported in recent studies, surpassing those of numerous chronic diseases among older populations [3,4].

Hip fractures significantly impair mobility and daily activities among older individuals [5]. Longitudinal
studies consistently demonstrate that a significant number of survivors have ongoing mobility impairments,
are unable to ambulate independently, and necessitate assistance with fundamental activities of daily living
(ADLs) at one-year post-event [4,6,7]. These functional impairments often lead to transitions from home
to residential or nursing care, indicating both physical and cognitive disability following a fracture [8,9].
Following hip fracture, health-related quality of life (QoL) declines significantly and often remains below
pre-fracture levels for prolonged periods, as reflected across key domains including mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression [7,10].

Functional independence and QoL measurements have emerged as essential goals in hip fracture
research and clinical care to capture patient-centered outcomes [11,12]. The Barthel Index (BI) has been
extensively utilized to evaluate fundamental ADL performance, has shown sensitivity to changes in hip
fracture cohorts, and facilitates comparisons across different time intervals and clinical subgroups [11–13].
The EuroQol Five-Dimension Three-Level (EQ-5D-3L) instrument offers a preference-based assessment
of health-related QoL and has been utilized in several hip fracture cohorts and deemed appropriate for
cost-utility studies [14–16]. The joint evaluation of BI and EQ-5D-3L trajectories provides a comprehensive
perspective on recovery, encompassing both clinician-assessed functionality and patient-reported health
status [12,17,18].

Cognitive impairment is common among older adults with hip fractures and significantly complicates
their clinical trajectory [19]. Cross-sectional and longitudinal studies indicate that a significant proportion
of patients with hip fractures possess pre-existing dementia or mild cognitive impairment, with numerous
others experiencing delirium or abrupt cognitive deterioration during hospitalization [20,21]. Cognitive
impairment can negatively impact recovery through multiple mechanisms, such as challenges in compre-
hending and adhering to rehabilitation directives, compromised decision-making abilities, and diminished
participation in therapeutic sessions [21,22]. Moreover, cognitive impairment correlates with an elevated
risk of postoperative delirium, inadequate pain evaluation and treatment, and an increased incidence of
medical problems, all of which may hinder early functional improvements [23,24].

Prior research has demonstrated that cognitive impairment correlates with poorer post–hip fracture
outcomes, including reduced functional recovery, diminished mobility, and lower health-related quality of
life [25]. However, a significant gap remains regarding understanding the longitudinal patterns of functional
ability and QoL [25,26]. The extant literature has concentrated on isolated endpoints rather than the rate
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and pattern of change over time [27]. Therefore, it is crucial to determine whether cognitive impairment
not only leads to inferior outcomes but also hastens decline or modifies the recovery trajectory in functional
ability and QoL during the pivotal initial three-month period [7,28]. A comprehensive evaluation is essential
to assess various domains, including overall function, mobility, and patient-reported QoL, while considering
influential factors such as age, comorbidities, and social support that may impact these trajectories [16,29].

The extant literature is limited by a lack of prospective data investigating how short-term functional
changes forecast long-term outcomes, especially among patients with cognitive impairment [7,30]. Given
these gaps, the aim of the present study was to longitudinally examine the trajectories of functional ability
and QoL over a three-month period among older adults following hip fractures, specifically comparing
individuals with and without cognitive impairment. It was hypothesized that cognitive impairment would
moderate longitudinal functional changes. More specifically, a significant interaction between time and
cognitive status for objective functional outcomes was expected, such that individuals with cognitive
impairment would demonstrate steeper declines over the follow-up period compared with cognitively intact
individuals. Given the multidimensional and subjective nature of QoL—and prior inconsistencies regarding
its temporal course after hip fracture—QoL trajectories were examined in an exploratory manner without
specifying a directional hypothesis for group differences. This approach allowed for the possibility that
perceived health status may not parallel objective functional change.

2 Methods

2.1 Study Design, Participants, and Procedure

The present study comprised a three-month prospective longitudinal comparative design to examine
the trajectories of functional ability and QoL among older adults following hip fractures, categorized by
cognitive status (i.e., impaired vs. intact). A total of 647 participants admitted for hip fractures were recruited
from a medical center in Taipei (Taipei Municipal Wanfang Hospital) and followed up for three months.
Participants were recruited between November 2017 and November 2024. Follow-up data were collected
three months after surgery. Therefore, the follow-up assessment period occurred between February 2018
and February 2025.

Eligible participants were those who had sustained a hip fracture, received operative management,
completed baseline assessment during the peri-discharge period, and had available data on cognitive status,
functional ability, functional mobility, and health-related quality of life. Participants were excluded if they
had incomplete baseline or follow-up outcome data, missing cognitive classification, major concurrent
trauma, severe medical instability, or pre-existing conditions that substantially limited valid assessment of
postoperative functional recovery.

Because the study was designed to investigate recovery trajectories after hip fracture, no healthy
control group was included. Potential participants were approached by trained research assistants during
their hospital stay when feeling better after their operation. Potential participants were approached for
interview on the first or second day after their operation. However, if a patient was not in a suitable
condition to participate (e.g., admission to the intensive care unit or other personal or clinical factors), the
interview was postponed. In such cases, the interview was conducted once the patient’s condition had
sufficiently stabilized and they were able to participate. In such cases, the interview was conducted once
the patient’s condition had sufficiently stabilized and they were able to participate. However, all postponed
interviews were completed within the index hospitalization and before discharge.

All interviews were completed during the same hospitalization period. The research assistants asked
the participants to complete a survey (see Section 2.2 below for details) in person to evaluate their pre-injury
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(i.e., before hip fracture) conditions. Three months after discharge, the research assistants contacted the
participants again via telephone interview to evaluate their functional ability and QoL at that moment. For
participants with moderate or severe cognitive impairment who were unable to provide reliable responses
independently, data were obtained with assistance from proxy respondents, primarily family members or
primary caregivers who were familiar with the participant’s pre-fracture functional status, daily activities,
and general health condition.

Participants were classified into two groups according to their cognitive status: individuals with intact
cognitive abilities (n = 377) and those with cognitive impairment (n = 270). Cognitive status was assessed
using the Short Portable Mental Status Questionnaire (SPMSQ), a concise evaluative instrument created by
Pfeiffer (1975) to assess intellectual and cognitive functions (memory, orientation, and mathematical ability)
in older adults [31]. This instrument comprises 10 straightforward questions to identify early cognitive
decline. The scoring outcomes are categorized as follows: 0–2 errors = normal cognitive performance, 3–4
errors = mild cognitive impairment: 5–7 errors = moderate cognitive impairment; 8 or more errors = severe
cognitive impairment. As aforementioned, the present study categorized the participants into two groups:
those without cognitive impairment (0–2 errors) and those with cognitive impairment (3 or more errors).

Informed consent was obtained from each participant in strict conformity with the Declaration of
Helsinki throughout the entire study procedure, and the study was approved by the Institutional Review
Boards in TaipeiMedical University (approval no.: TMU-JIRBN201709053) on 23October 2017. For participants
with moderate or severe cognitive impairment who lacked the capacity to provide independent informed
consent, surrogate consent was obtained from a legally authorized representative or an appropriate family
proxy, such as next of kin or a primary family caregiver, in accordance with the institutional review
board-approved protocol.

2.2 Measures

2.2.1 Demographics and Clinical Characteristics at Baseline

Baseline data included demographic information, including age, sex, education level, marital status,
living arrangement, and primary caregiver. The clinical variables assessed included body mass index (BMI)
and the American Society of Anesthesiologists (ASA) Physical Status Classification Grading (I–V), a widely
used framework for assessing and communicating a patient’s preoperative health status [32]. It categorizes
patients based on their overall physical condition and the severity of systemic disease, ranging from ASA I
(indicating a healthy patient with no systemic illness) to ASA V (indicating a moribund patient who is not
expected to survive without the operation) [32].

2.2.2 Functional Ability at Baseline and Three-Month Follow-Up

Functional ability was assessed using the BI. The BI comprises 10 components that evaluate an individual’s
capacity to execute fundamental activities of daily living (ADLs), including feeding, bathing, grooming,
dressing, bowel control, bladder control, toilet use, transfers (between bed and chair), mobility (on flat
surfaces), and stair climbing. Each item is evaluated on an ordinal scale (typically 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 [33]. The BI Mobility sub-score, a segment of the BI, specifically assesses
mobility function. Higher scores indicate enhanced mobility. Functional mobility was assessed using the
“mobility on flat surfaces” item of the BI, which has a theoretical scoring range from 0 to 15, with higher
scores indicating greater independence in mobility on flat surfaces.
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2.2.3 Quality of Life at Baseline and Three-Month Follow-Up

QoL was evaluated using the European Quality of Life Five-Dimension Three-Level Version (EQ-
5D-3L). The EQ-5D-3L is a commonly used, general, preference-based tool for evaluating health-related
quality of life. It consists of five individual dimensions—mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression—each evaluated on a three-tier scale (1 = no problems, 2 = moderate problems,
3 = significant problems). This results in 243 potential health states, which are transformed into a singular
utility index (0 = deceased to 1 = optimal health) by population-derived preference weights. The EQ-5D-3L
health states were converted into utility index scores using the Taiwan EQ-5D-3L value set. Elevated
utility values signify improved self-reported health state, enabling both cross-sectional comparisons and
longitudinal monitoring of health outcomes following hip fracture surgery [34].

2.3 Data Analysis

Descriptive statistics were used to characterize the participants. Categorical variables are presented as
frequencies and percentages, and continuous variables are presented as means and standard deviations
(Mean ± SD). Baseline differences between the cognition-intact and cognitively-impaired groups were
analyzed using independent t-tests and chi-square tests for categorical variables. To examine the longitudinal
changes in functional ability and QoL, and the influence of cognitive status, a two-way repeated measures
analysis of variance (RM-ANOVA) was conducted. This analysis assessed the main effects of time (baseline
vs. three-month follow-up) and group (cognition intact vs. cognitive impairment), as well as their interaction
(time × cognitive status). The effect size for RM-ANOVA was reported using omega squared (ω2), with
values of ~0.01, ~0.06, and ~0.14, indicating small, medium, and large effects, respectively [35].

Generalized estimating equation (GEE) analyses were performed to model the trajectories of the BI, BI
Mobility sub-score, and EQ-5D-3L utility score over time, accounting for the correlation between repeated
measurements within individuals and adjusting for potential confounders. The GEE model included group
(cognition intact as a reference), time (baseline as a reference; i.e., baseline was coded 0 and follow-up was
coded 3 to indicate the third month after baseline), and the interaction term Group × Time (intact at baseline
as a reference). The covariates included in the GEE model were sex (female as reference; i.e., female was
coded 0 and male was coded 1), age (treated as a continuous variable), educational level (elementary/below
as reference [coded 0]; and other levels were collapsed into one category of junior high/above [coded 1]),
living status (with family as reference [coded 0]; and living alone and living in nursing home were collapsed
into one category of living without any family members [coded 1]), BMI (treated as a continuous variable),
and ASA grade (treated as a continuous variable). Unstandardized coefficients (B) and standard errors (SEs)
were reported in the GEE models.

Baseline scores were not entered as separate covariates in the GEE models because the models treated
baseline and three-month follow-up scores as repeated outcome measurements. Therefore, baseline values
were incorporated directly into the response structure of the longitudinal GEE analysis. The model included
group, time, and the group-by-time interaction, which allowed the estimate baseline group differences,
overall time effects, and differential change over time between cognitive groups. For the longitudinal GEE
analysis, a complete-case approach was used. Only participants with complete baseline and three-month
follow-up data were included in the models. Participants with missing follow-up data were excluded, and no
missing data imputation was performed. Statistical significance was determined using the p-value, which
indicates the probability of obtaining the observed results, or results more extreme, if the null hypothesis
were true. A p-value below the predetermined significance threshold, commonly 0.05, was interpreted as
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evidence against the null hypothesis. Statistical analyses were conducted using the SPSS version 29 (IBM
Corp., Armonk, New York, United States).

3 Results

A total of 647 older adults admitted for hip fractures (377 [58.3%] cognitive intact; 270 [41.7%] cognitive
impaired) were included in the longitudinal study. Among participants with cognitive impairment, 84 were
classified as having mild impairment, 81 as having moderate impairment, and 105 as having severe impairment,
representing 31.1%, 30.0%, and 38.9% of the cognitively impaired subgroups, respectively. Participants in the
cognitively impaired group were significantly older (mean age: 85.65 ± 7.27 years) than those in the cognitively
intact group (79.55 ± 7.97 years, p < 0.001). Moreover, individuals with cognitive impairment presented with
lower BMI (p = 0.023), significantly poorer health-related QoL as assessed using the EQ-5D-3L Utility score
(0.80 ± 0.20 vs. 0.94 ± 0.11, p < 0.001), lower overall functional independence (BI total score: 79.52 ± 23.08 vs.
95.58 ± 9.61, p < 0.001), and reduced mobility (BI mobility sub-score: 12.46 ± 3.63 vs. 14.30 ± 1.96, p < 0.001).
Regarding medical comorbidities, the cognitively impaired group had a higher proportion of participants with
higher ASA grades (Grade III: 66.7% vs. 44.6%, p < 0.001). Table 1 reports additional baseline comparisons
between the two groups. Fig. 1 illustrates the changes in EQ-5D-3L utility score, BI total score, and BI mobility
sub-score from baseline to three-month follow-up according to cognitive status.

Table 1: Descriptive Characteristics of Participants (N = 647).

Variable Category N = 647
Cognitive Status

Without Impairment With Impairment p-ValueN (377) N (270)

Sex, n (%) Male 192 (29.7%) 122 (32.4%) 70 (25.9%) 0.77
Female 455 (70.3%) 255 (67.6%) 200 (74.1%) -

Age, Mean (SD) 82.10 (8.25) 79.55 (7.97) 85.65 (7.27) <0.001
BMI, Mean (SD) 22.52 (4.05) 22.83 (3.93) 22.10 (4.18) 0.023
EQ-5D-3L Utility
score, Mean (SD) Baseline 0.88 (0.17) 0.94 (0.11) 0.80 (0.20) <0.001

BI Total score, Mean
(SD) Baseline 88.88 (18.40) 95.58 (9.61) 79.52 (23.08) <0.001

BI Mobility
sub-score, Mean

(SD)
Baseline 13.53 (2.92) 14.30 (1.96) 12.46 (3.63) <0.001

ASA Grading, n (%) I 5 (0.7%) 4 (1.1%) 1 (0.4%) <0.001
II 282 (43.6%) 199 (52.8%) 83 (30.7%) -
III 348 (53.8%) 168 (44.6) 180 (66.7%) -
IV 11 (1.7%) 5 (1.3%) 6 (2.2%) -
V 1 (0.2%) 1 (0.3%) 0 (0%) -

Living
Arrangement, n (%) With family 551 (85.1%) 335 (88.9%) 216 (80%) <0.001

Living alone 58 (9%) 33 (8.7%) 25 (9.3%) -
Nursing home 38 (5.9%) 9 (2.4%) 29 (10.7%) -

Primary Caregiver,
n (%) Family 502 (77.6%) 321 (85.1%) 181 (67%) <0.001

Nursing home 33 (5.1%) 8 (2.1%) 25 (9.2%) -
Foreign caregiver 81 (12.5%) 30 (8%) 51 (18.9%) -
Friends/neighbour 19 (2.9%) 14 (3.7%) 5 (1.9%) -

Nursing 12 (1.9%) 4 (1.1%) 8 (3%) -
Education Level, n

(%) Elementary/below 367 (56.8%) 178 (47.2%) 189 (70%) <0.001
Junior high school 81 (12.5%) 46 (12.2%) 35 (13%) -

Senior high
school 114 (17.6%) 83 (22%) 31 (11.4%) -

College/University 79 (12.2%) 65 (17.3%) 14 (5.2%) -
Postgraduate 6 (0.9%) 5 (1.3%) 1 (0.4%) -
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Table 1: Cont.

Variable Category N = 647
Cognitive Status

Without Impairment With Impairment p-ValueN (377) N (270)

Marital Status, n (%)
Married 439 (67.9%) 271 (71.9%) 168 (62.3%) 0.226

Widow/Widowe 178 (27.5%) 85 (22.5%) 93 (34.4%) -
Unmarried 18 (2.7%) 12 (3.2%) 6 (2.2%) -
Divorced 12 (1.9%) 9 (2.4%) 3 (1.1%) -

European Quality of Life 5-Dimension 3-Level Version; BMI = Body Mass Index; ASA = American Society of Anesthesiologists
Physical Status Classification; BI = Barthel Index.

  
(a) (b) (c) 

Figure 1: Trajectories of Barthel Index (BI) total score (a), BI sub-score (b), and European Quality of Life 5 Dimensions
3 Level Version (EQ-5D-3L) utility score (c) over three months by cognition status. Error bars represent 95% confidence
intervals (95% CIs) around the group means.

The RM-ANOVA showed significant changes over time for EQ-5D-3L utility score (p < 0.001,ω2 = 0.106),
the BI (p < 0.001,ω2 = 0.146), and BI Mobility sub-score (p < 0.001,ω2 = 0.121), indicating a decline in QoL,
functional independence, and mobility over the three-month follow-up period (Table 2). Cognitive status had
a significant main effect on all three measures: EQ-5D-3L utility score (p < 0.001,ω2 = 0.123), BI (p < 0.001,
ω2 = 0.139), and BI Mobility sub-score (p < 0.001,ω2 = 0.087), indicating overall differences in these scores
between the cognition-intact and cognition-impaired groups, with the latter group consistently showing lower
scores. A significant interaction effect between time and cognitive status was observed for the BI (p < 0.001,
ω2 = 0.011) and BI Mobility sub-score (p < 0.001, ω2 = 0.013). This suggests that the change in functional
independence and mobility over time differed significantly based on cognitive status, although the interaction
effects were small. No such interaction was found for the EQ-5D-3L utility score (p = 0.09).

The GEE analysis, adjusted for various covariates, further explored the trajectories of QoL and functional
ability (Table 3). At baseline, individuals with cognitive impairment demonstrated significantly diminished QoL
(EQ-5D-3L utility score, B = −0.114, p < 0.001), inferior overall functional ability (BI, B = −11.569, p < 0.001), and
decreased mobility (BI Mobility sub-score, B = −1.221, p < 0.001) compared with those with intact cognition.
The EQ-5D-3L utility score showed a significant overall decline over time (B = −0.028, p < 0.001). However,
the interaction term for Group × Time for EQ-5D-3L was nonsignificant (B = −0.009, p = 0.112), indicating
that the rate of decline in QoL did not significantly differ between the cognitively impaired and intact groups.
In contrast, for functional ability measures, a significant Group × Time interaction was found for both the BI
(B = −3.113, p < 0.001) and the BI Mobility sub-score (B = −0.633, p < 0.001), indicating that participants in
the cognitively impaired group experienced a significantly faster decline in both overall functional ability and
mobility over the three-month period compared to those in the cognitively intact group.
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Table 2: Repeated Measures Analysis of Variance (RM-ANOVA) for examining time (baseline vs. three-month
follow-up) and group (cognition intact vs. cognitive impaired) in EQ-5D-3L utility score, Barthel Index (BI), and BI
mobility sub-score.

Mean ± SD F-Value/p-Value (ω2)

Baseline Follow-Up Time Comparison Group Comparison Time × Cognitive
Status

EQ-5D-3L utility
score 234.463/<0.001 (0.106) 181.786/<0.001 (0.123) 2.880/0.09 (<0.001)

Cognition intact 0.94 ± 0.11 0.83 ± 0.17 - - -
Cognition impaired 0.80 ± 0.20 0.65 ± 0.24 - - -
BI 381.072/<0.001 (0.146) 209.300/<0.001 (0.139) 26.010/<0.001 (0.011)
Cognition intact 95.58 ± 9.61 82.31 ± 20.86 - - -
Cognition impaired 79.52 ± 23.08 56.85 ± 30.39 - - -
BI Mobility sub-score 247.550/<0.001 (0.121) 123.700/<0.001 (0.087) 25.410/<0.001 (0.013)
Cognition intact 14.30 ± 1.96 12.28 ± 4.09 - - -
Cognition impaired 12.46 ± 3.63 8.53 ± 5.71 - - -

ω2 was used to examine the effect size derived from RM-ANOVA, value ~0.01 indicates small; ~0.06 medium; and ~0.14 large effect;
SD = Standard Deviation; EQ-5D-3L = European Quality of Life 5 Dimensions 3 Level Version; BI = Barthel Index; All reported
tests were conducted with one degree of freedom (df = 1).

Several other factors independently influenced these results. Increasing age was associated with a lower
QoL (B = −0.002, p = 0.004) and overall functional ability (B = −0.251, p = 0.007). Poorer general health,
indicated by a higher ASA grade, was strongly associated with declines across all three measures: EQ-5D-3L
(B = −0.053, p < 0.001), BI (B = −7.082, p < 0.001), and BI Mobility sub-score (B = −1.151, p < 0.001). Living
without family was also a significant predictor of diminished QoL (B = −0.054, p < 0.001), total functional
capacity (B = −9.209, p < 0.001), and mobility (B = −1.507, p < 0.001). Sex, BMI, and educational level did not
show significant independent effects on the trajectories of these outcomes in the GEE model.

Table 3: Generalized estimating equation results comparing the trajectories of quality of life and functional ability
between groups with and without cognition impairment (N = 647).

B (SE)/p-Value

EQ-5D-3L Utility Score BI BI Mobility Sub-Score

Group (Ref. = intact) −0.114 (0.0151)/<0.001 −11.569 (1.6262)/<0.001 −1.221 (0.2700)/<0.001
Time (Ref. = baseline) −0.028 (0.0078)/<0.001 −1.239 (0.8347)/0.138 −0.028 (0.1763)/0.874
Sex (Ref. = female) −0.022 (0.0122)/0.069 −2.199 (1.4402)/0.127 −0.358 (0.2564)/0.163
Age −0.002 (0.0008)/0.004 −0.251 (0.0932)/0.007 −0.030 (0.0163)/0.070
BMI 0.001 (0.0014)/0.388 0.221 (0.1675)/0.187 0.033 (0.0323)/0.314
ASA Grading −0.053 (0.0108)/<0.001 −7.082 (1.2660)/<0.001 −1.151 (0.2388)/<0.001
Educational level (Ref. = elementary) 0.003 (0.0091)/0.749 0.643 (1.0770)/0.551 −0.071 (0.1967)/0.717
Living status (Ref. = with family) −0.054 (0.0155)/<0.001 −9.209 (1.8927)/<0.001 −1.507 (0.3506)/<0.001
Group × Time (Ref. = intact at baseline) −0.009 (0.0059)/0.112 −3.113 (0.6496)/<0.001 −0.633 (0.1313)/<0.001

Note. B = unstandardized coefficient; SE = standard error; Ref. = reference group; intact = cognition intact; EQ-5D-3L = European
Quality of Life 5 Dimensions 3 Level Version; ASA = American Society of Anesthesiologists Physical Status Classification;
BI = Barthel Index; BMI = Body Mass Index.

4 Discussion

The present study elucidated the divergent functional ability and QoL trajectories of older adults
following hip fractures, demonstrating that cognitive impairment is a critical determinant of functional
outcomes. More specifically, individuals with cognitive impairment experienced a significantly accelerated
decline in both overall functional ability andmobility over the three-month post-fracture period compared to
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those with intact cognition, a finding that aligns with existing evidence suggesting that cognitive impairment
exacerbates functional limitations in aged care settings [29]. This accelerated deterioration may be attributed
to the complex interplay of cognitive deficits and physical challenges, where difficulties in adhering to
rehabilitation protocols, poorer pain management, and increased susceptibility to complications compound
the effects of underlying frailty [27,36]. Indeed, while enhanced rehabilitation strategies and geriatrician-led
recovery may offer some benefits for individuals with cognitive impairment following hip fracture surgery,
the certainty of evidence remains low, and the optimal care model for this population is unclear [37]. The
present study’s findings corroborate previous research indicating that cognitive impairment is a robust
predictor of limited functional recovery during rehabilitation among older patients after hip fractures [7,36].

The RM-ANOVA demonstrated a statistically significant decline in EQ-5D-3L utility scores over the
three-month follow-up period. However, the time-by-cognitive status interaction was not statistically
significant, indicating that the pattern of change in QoL did not differ significantly between cognitively
impaired and cognitively intact patients. Although patients with cognitive impairment had lower utility
scores across the assessment period, the GEE analysis similarly showed no significant difference in the rate
of utility-score change between cognitive-status groups. These findings suggest that cognitive impairment
was associated with poorer perceived health status overall, but not with a statistically distinguishable
acceleration of QoL decline during the three-month follow-up. Interpretation should nevertheless consider
the potential influence of self- or proxy-reported EQ-5D-3L assessments, particularly among participants
with cognitive impairment because proxy ratings may not fully reflect patients’ subjective QoL [38].

Moreover, the profound baseline disparities observed in the cognitively impaired group—characterized by
older age, lower BMI, poorer general health, and less supportive living arrangements—underscore the concept
of cumulative disadvantage, where pre-existing vulnerabilities predispose these individuals to exacerbated
adverse outcomes following a physiological stressor such as a hip fracture [30,39]. These pre-existing vulnerabil-
ities, including advanced age and higher ASA grading indicative of poorer general health, were identified as
significant independent predictors of diminished recovery across functional and QoL domains, emphasizing
the necessity for holistic geriatric assessments that extend beyond cognitive status alone [40].

Such comprehensive evaluations must incorporate modifiable social determinants because the present
study’s results indicated that livingwithout familywas a notable predictor of diminishedQoL, total functional
capacity, and mobility, independent of clinical factors [7,37]. Consequently, healthcare systems must pri-
oritize the integration of specialized multidisciplinary rehabilitation pathways that address the complex
interplay of cognitive, medical, and social needs to mitigate the accelerated functional decline observed
among this high-risk population [41]. Therefore, future research should focus on validating multidis-
ciplinary interventions that specifically target the synergistic effects of cognitive deficits and medical
comorbidities on postoperative recovery [42].

There is also a critical need to recognize and act upon the risk of poor outcomes among the hip fracture
subpopulation that presents with multiple risk factors, because the integration of documentation regarding
pre-fracture functional status and cognitive impairment can potentially lead to enhanced postoperative
care that encourages greater mobility [30]. This necessitates a paradigm shift towards multidimensional
rehabilitation interventions that address physical, mental, and social health simultaneously rather than
focusing solely on physical functioning [36]. By adopting a holistic framework that encompasses cognitive
support, optimized medical management, and enhanced social engagement, clinicians can better tailor
patient-centered care plans to facilitate smoother transitions from the perioperative period to post-acute
rehabilitation [43].
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Multidisciplinary hospital treatment, including rapidmobilization, is suggested as the first essential step
for the optimization of care immediately after a hip fracture, with subsequent subacute exercise interventions
to improve mobility [44]. To achieve optimal recovery, an integrated multidisciplinary team comprising
orthopedic surgery, geriatric evaluations, and rehabilitation medicine is required to manage these poor
outcomes because comprehensive multidisciplinary treatment has been shown to improve gait function
more effectively than usual treatment at four- and twelve-months post-surgery [45].

Beyond cognitive status, recovery after hip fracture surgery among older adults is strongly influenced
by perioperative and postoperative clinical factors [46,47]. Comprehensive preoperative cardiovascular
assessment, optimization of hemodynamic stability, prevention and early recognition of postoperative
complications, and timely evaluation of rehabilitation readiness are essential components of care in this
vulnerable population [46]. Comorbidity burden may further limit physiological reserve and reduce the
capacity to participate effectively in postoperative rehabilitation, thereby increasing the risk of poor
functional recovery, reduced quality of life, and mortality [46,47]. Moreover, the physiological burden
associated with cardiovascular instability, perioperative complications, and reduced functional reserve
may further compromise cognitive resilience and heighten susceptibility to postoperative anxiety and
depressive symptoms in this vulnerable population [46,47]. Recent evidence also highlights the relevance of
preoperative cardiac risk factors among older adults undergoing hip fracture surgery, with atrial fibrillation
and elevated pulmonary artery systolic pressure identified as predictors of in-hospital mortality [46]. In
addition, emerging prediction models for myocardial injury after non-elective surgery may improve risk
stratification beyond conventional indices and support individualized perioperative monitoring and postop-
erative care planning [47]. These considerations suggest that cognitive impairment should be interpreted as
one important component of a broader risk profile that includes cardiovascular status, comorbidity burden,
perioperative stability, and rehabilitation potential.

The present study has several limitations that warrant consideration. First, the relatively short follow-
up period of three months restricted the ability to capture long-term recovery trajectories, stabilization,
or further decline, which is particularly relevant given the protracted nature of functional recovery after
hip fracture surgery. Second, the use of only two timepoints (baseline and three months) precluded the
detection of potential nonlinear recovery or decline patterns within or beyond the observed period. Third,
reliance on standardized and valid measures such as the BI, BI Mobility sub-score, and EQ-5D-3L utility
score, while appropriate, may have overlooked more specific or objective assessments of physical function
and psychological status that could provide deeper insights into patient challenges after surgery. Fourth,
the present study did not include measures of social activity or social engagement, which may be important
determinants of functional status and health-related quality of life among older adults. Future studies
should incorporate these factors to provide a more comprehensive understanding of recovery trajectories
after hip fracture.

Fifth, although educational level was included as a proxy socioeconomic indicator, the dataset did not
contain direct measures of socioeconomic status, such as income, occupation, household resources, or health
insurance status. Therefore, the potential influence of broader socioeconomic conditions on functional
recovery and health-related quality of life was not fully examined. Future longitudinal studies should
incorporate more comprehensive socioeconomic measures to better understand how social disadvantage
may shape recovery trajectories after hip fracture. A final limitation of the study was that orthopedic
characteristics, including fracture type (e.g., femoral neck or intertrochanteric fracture) and surgery type
(e.g., internal fixation or arthroplasty) were not collected. These factors may influence short-term functional
recovery, mobility outcomes, and rehabilitation trajectories after hip fracture.
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5 Conclusions

The present study showed pronounced baseline disparities between older adults with cognitive im-
pairment and their cognitively intact counterparts undergoing hip fracture surgery. Those with cognitive
impairment exhibited significantly poorer health status, lower QoL, and diminished functional ability and
mobility at baseline. Over the three-month postoperative period, both groups experienced declines in
functional independence and mobility. However, the cognitively-impaired cohort demonstrated significantly
accelerated deterioration in these domains, highlighting the critical influence of cognitive status on recovery
trajectories.

Notably, despite these functional differences, the rate of QoL decline did not differ significantly between
groups, indicating that factors beyond cognitive impairment may modulate perceived well-being follow-
ing surgery. Moreover, advanced age, elevated ASA grade, and absence of familial living arrangements
independently predicted poorer outcomes across QoL, functional capacity, and mobility measures. These
findings underscore the imperative for individualized postoperative management strategies that integrate
cognitive assessment alongside broader health and social determinants to enhance recovery outcomes and
QoL among individuals in this specific population.

Future research should examine the potential mediating role of functional ability in the relationship
between cognitive impairment and health-related quality of life after hip fracture. Studies with three or
more repeated assessments are needed to establish clearer temporal ordering between cognitive status,
functional recovery, and subsequent quality-of-life outcomes. Longitudinal mediation analysis or structural
equation modeling may help determine whether cognitive impairment influences quality of life directly or
indirectly through poorer functional recovery.
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