
The global population is rapidly aging, leading to an in-
crease in the prevalence of osteoporosis and its severe con-

sequences such as fragility hip fractures among geriatrics.1) 
Fragility hip fractures are associated with higher mortality, 
morbidity, and disability rates,2) significantly impacting 
patients’ health and imposing an economic burden on 
society if left unaddressed.3) Therefore, it is imperative to 
make serious efforts to improve the quality of care for pa-
tients with fragility fractures to prevent continued strain 
on the economy and society.

Fragility hip fractures are a severe condition with a 
1-year mortality rate of approximately 15%–36%.4) It can 
seriously impact physical activity, particularly the ability to 
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perform daily tasks and walking ability, which can affect 
the independence of older adults.5) Previous studies have 
highlighted the impact of hip fractures, with only 60% of 
patients able to walk independently at 1 year6) and only 
49% at 2 years.7) Nygard et al. reported that only 21% of 
patients could walk without a gait aid at the 1-year follow-
up.8) Only 23% to 50% of patients may return to their pre-
fracture physical condition at the 1-year follow-up.6) Age is 
a significant factor in the potential for functional recovery, 
with recovery rates progressively declining with age.9)

Patients who were independent before their fracture 
have a higher chance (approximately 70%) of returning to 
their basic activities of daily living (ADL). However, those 
who were more dependent before their fracture are less 
likely to recover.10) The loss of ADL function after a fragil-
ity hip fracture is associated with poor quality of life. The 
primary objective of treating fragility hip fractures is to 
help patients regain their independence and return to their 
pre-fracture level of functioning. To achieve this, interven-
tions are required to aid in the recovery of ADL following 
a fragility hip fracture.

Most studies (73.5%) have investigated functional 
recovery at a short-term follow-up (range, 1–6 months), 
with few studies investigating the long-term impact of 
hip fractures on physical function beyond 6 months.11) 
Furthermore, knowledge regarding the determinants of 
the long-term impact of hip fracture on ADL varies across 
studies. This study aimed to address this gap by exploring 
prognostic factors associated with the ability to return to 
the pre-fracture functional status at 1 year following a fra-
gility hip fracture. By identifying these factors, we can im-
prove our understanding of the long-term outcomes of hip 
fractures and develop targeted interventions to enhance 
functional recovery in patients.

METHODS
All procedures in studies involving human participants 
were performed in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The 
methodology used in this study was authorized by the 
Siriraj Institutional Review Board (No. 512/2022). The 
study was recorded in the Thai Clinical Trials Registry 
(TCTR20230330009) in Thailand. Given the retrospective 
design of this study, the need for informed consent was 
waived by the Scientific Ethics Committee of the Siriraj 
Institutional Review Board.

Design and Setting
We employed a retrospective observational cohort design 
to investigate prognostic factors associated with the ability 
to return to the pre-fracture functional status at 1 year fol-
lowing a fragility hip fracture. We recruited patients with 
fragility hip fractures admitted to a university-affiliated 
tertiary care center between July 2016 and September 
2018. 

Study Patients
To extract and analyze patient information from electronic 
medical records, we retrieved the International Classifica-
tion of Diseases, 10th Revision (ICD-10) diagnosis codes 
S7200 (neck fracture of the femur) and S7210 (intertro-
chanteric fracture of the femur). Eligible patients were 50 
years or older, had hip fractures resulting from low-energy 
trauma, and had a follow-up period of at least 1 year or 
until death. We included patients who were 50 years or 
older because fragility hip fractures can happen as early as 
age 50 years.12) Additionally, patients older than 50 years 
with fragility fractures are at increased risk for recurrent 
fractures13) and should be screened for osteoporosis, ac-
cording to clinical practice guideline recommendations.14) 
We excluded patients with multiple fractures or fractures 
resulting from malignancy, as determined by a pathologi-
cal examination.

Treatment Protocol
A multidisciplinary care team consisting of orthopedic 
surgeons, geriatricians, physical therapists, nurses, and 
experts in metabolic bone disease provided the necessary 
services per our center’s fragility hip fracture protocol.15) 
Preoperative medical optimization was carried out follow-
ing an evaluation by a geriatrician. If the patient’s condi-
tion was suitable, an orthopedic surgeon performed the 
operative procedure. For patients with a low chance of 
survival, conservative treatment was chosen.

To prevent complications from extended immobil-
ity, a physical therapist initiated an individualized reha-
bilitation program for each patient as soon as possible. 
For both the patients who underwent surgery or received 
conservative treatment, the multidisciplinary care team 
approach continued to be crucial to the patient’s recovery. 
All patients were urged to mobilize early. Physical thera-
pists advised patients to use the walker to ambulate with 
weight-bearing as tolerated as soon as possible after sur-
gery, as long as it was safe to do so. During their hospital 
stay, each patient typically had a daily 45-minute physi-
cal therapy session. Additionally, the physical therapists 
determined the risk of falling and created suitable home 
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exercise regimens. The entire procedure of providing 
care was adaptable and took each patient’s condition into 
consideration. The advice for continued patient care was 
given to the caregivers as well. A metabolic bone disease 
specialist carefully reviewed the patient’s clinical profile 
and laboratory results to ensure the appropriate initiation 
of anti-osteoporotic medication.16) Before discharge from 
the hospital, patients and caregivers received education 
on osteoporosis and participated in a program to prevent 
falls.17,18) Follow-up care was provided through phone con-
tact with patients after discharge, at 3 months, and then 
annually.

Data Collection
We extracted the following data from electronic medical 
records: age, sex, body mass index, Charlson Comorbidity 
Index (CCI) score, pre-fracture ambulatory status (bed-
ridden, dependent, or independent), pre-fracture Barthel 
index (BI) score, pre-fracture EuroQol-visual analog scale 
(EQ-VAS) score, type of fracture (femoral neck fracture or 
intertrochanteric fracture), and type of treatment (conser-
vative, dynamic hip screw fixation, multiple screw fixation, 
cephalomedullary nailing, or arthroplasty). The BI is a 
validated instrument for assessing the functional perfor-
mance of fundamental abilities for ADL and mobility in 
older patients.19) It consists of ten items, each ranked on a 
scale and assigned a certain number of points. To evaluate 
patients’ ability to perform ADLs at 1 year after their hip 
fracture, we conducted telephone interviews with the pa-
tients and determined their BI scores.

The total BI score ranges from 0 to 100, with a high-
er BI score indicating a greater chance of a patient being 
able to live independently at home. The scores are grouped 
into five categories (Table 1). Total dependence is signified 
by a score of less than 20, whereas high, moderate, and 
mild dependence are represented by scores of 20–39, 40–
59, and 60–79, respectively. A score of 80–100 indicates in-
dependence.19) The BI has been validated for evaluating a 
patient’s functional return after hemiarthroplasty20) and for 

telephone interviews.21) If the BI scores at the pre-fracture 
state and at 1 year are in the same category, the patient has 
been able to return to their pre-fracture functional status.

The EQ-VAS is a self-evaluation questionnaire. It 
asks patients to rate their current state of health on a VAS 
ranging from 0 (worst potential health status) to 100 (best 
potential health status).22) To maintain linearity assump-
tions, continuous data were classified according to previ-
ously published cutoff criteria. These criteria were age < 80 
years,23) CCI score < 5,24) pre-fracture BI score ≥ 60,19) and 
pre-fracture EQ-VAS score ≥ 65.25)

Statistical Analysis
Data distribution was examined using histograms and the 
Shapiro-Wilk test. The mean and standard deviation are 
reported for normally distributed continuous data, where-
as for non-normally distributed data, the median and in-
terquartile range are presented. Fisher’s exact test was used 
to compare categorical data, with results shown as counts 
and percentages.

Univariable logistic regression analysis was per-
formed to evaluate the effect size of each parameter, and 
the resulting univariable odds ratio was reported. The 
primary endpoint was the ability to return to the pre-frac-
ture ADL status at 1 year. To assess the predictors of this 
endpoint, multivariable logistic regression modelling was 
used, and the multivariable odds ratio (mOR) and 95% 
confidence intervals (CIs) were reported using a full mod-
el approach. All predictors were entered into the model. 
Statistical analysis was conducted using Stata 16 (StataCorp 

Table 1. Categories of Barthel Index Score

Category Barthel index score

Total dependence < 20

High dependence 20–39

Moderate dependence 40–59

Mild dependence 60–79

Independence 80–100

410 Patients with fragility hip fractures aged 50 years or older
and a minimum follow-up period of 1 year or until death

Exclusion
5 Patients with

multiple fractures

284 Returned to pre-fracture
activities of daily living status

at 1 year

121 Did not return to pre-fracture
activities of daily living status

at 1 year

405 Data collection for final analysis

Age

Sex

Body mass index

Charlson comorbidity index

Pre-fracture ambulatory status

Pre-fracture Barthel index

Pre-fracture EuroQol-visual analog scale

Type of fracture

Type of treatment

Fig. 1. Flowchart of the patient recruitment process. 
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LLC), and a two-tailed probability (p)-value of < 0.05 was 
considered statistically significant.

RESULTS
A total of 471 patients were admitted with fragility hip frac-
tures from July 2016 to September 2018. During the 1-year 
follow-up, 61 patients died, and 5 patients were excluded 
due to multiple fractures. Therefore, the analysis included 
405 patients aged 50 years or older with low-energy hip 
fractures and at least a 1-year follow-up period (Fig. 1).

Of the 405 patients, 284 (70.1%) managed to return 
to their pre-fracture ADL status (Table 2). Compared to 
patients who were unsuccessful in regaining their pre-frac-
ture ADL status, those who achieved this outcome were 
significantly younger (p < 0.001), were more likely to have 
a CCI score < 5 (p < 0.001), were less likely to be bedrid-
den during the pre-fracture period (p < 0.001), underwent 
conservative treatment options less often (p < 0.001), and 
had higher pre-fracture BI and EQ-VAS scores (p for each, 
< 0.001).

Univariable logistic regression analysis revealed that 

Table 2. Comparison of the Demographic and Clinical Characteristics of All Patients and of Those in the Return and No Return to Pre-fracture 
Activities of Daily Living Status Groups

Patient characteristics Returned to pre-fracture activities of  
daily living status (n = 284)

Did not return to pre-fracture activities of 
daily living status (n = 121) p-value

Age (yr) 77 ± 10 81 ± 9 < 0.001

Age ≤ 80 yr 168 (59.2) 60 (49.6) 0.081

Female sex 209 (73.6) 93 (76.9) 0.534

BMI (kg/m2) 22.58 ± 3.96 22.05 ± 3.76 0.210

   < 18.5 kg/m2 42 (14.8) 20 (16.5) 0.380

   18.5 to < 25 kg/m2 170 (59.9) 78 (64.5)

   ≥ 25 kg/m2 72 (25.3) 23 (19)

Charlson comorbidity index score < 5 152 (53.5) 37 (30.6) < 0.001

Pre-fracture ambulatory status < 0.001

   Bedridden 5 (1.8) 9 (7.4)

   Dependent 27 (9.5) 21 (17.4)

   Independent 252 (88.7) 91 (75.2)

Femoral neck fracture 157 (55.3) 59 (48.8) 0.234

Treatment < 0.001

   Conservative treatment 3 (1.1) 15 (12.4)

   Dynamic hip screw 22 (7.7) 8 (6.6)

   Cephalomedullary nail 113 (39.8) 50 (41.3)

   Multiple screw fixation 14 (4.9) 3 (2.5)

   Arthroplasty 132 (46.5) 45 (37.2)

Pre-fracture BI 97.20 ± 5.59 83.02 ± 17.11 < 0.001

Pre-fracture BI ≥ 60 283 (99.6) 108 (89.3) < 0.001

Pre-fracture EQ-VAS 93.38 ± 7.68 81.61 ± 14.34 < 0.001

Pre-fracture EQ-VAS ≥ 65 283 (99.6) 106 (87.6) < 0.001

Values are presented as mean ± standard deviation or number (%). A p-value < 0.05 indicates statistical significance.
BMI: body mass index, BI: Barthel index, EQ-VAS: EuroQol-visual analog scale.
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CCI score, pre-fracture ambulatory status, surgical treat-
ment options, pre-fracture BI scores ≥ 60, and pre-fracture 
EQ-VAS scores ≥ 65 were statistically significant predictors 
(Table 3). In the multivariable logistic regression analysis, 
three predictors were identified as independent predictors 
of returning to pre-fracture ADL status at 1 year. The pre-
dictor with the most apparent effect size was pre-fracture EQ-
VAS scores ≥ 65 (mOR, 12.90; 95% CI, 1.3–127.72; p = 0.03). 
Other influential predictors were CCI scores < 5 (mOR, 1.96; 
95% CI, 1.15–3.33; p = 0.01) and surgical treatment options. 
These operative procedures comprised dynamic hip screw 
(mOR, 7.98; 95% CI, 1.57–40.60; p = 0.01), cephalomedul-
lary nail (mOR, 7.34; 95% CI, 1.69–31.83; p = 0.01), mul-
tiple screw fixation (mOR, 12.04; 95% CI, 1.71–84.83; p = 

0.01), and arthroplasty (mOR, 8.93; 95% CI, 2.10–38.01; p 
< 0.001).

DISCUSSION
Fragility hip fractures significantly impact physical activity, 
particularly the ability to perform ADL, which in turn af-
fects the independence of older adults.5) Patients often do 
not regain their pre-fracture ambulatory status. After a fra-
gility hip fracture, as few as 20% of patients recover to their 
pre-fracture ADL level within 6 months, and only 44.2% 
do so within a year of follow-up.26) Achieving pre-fracture 
functional status is a major concern following a hip fracture, 
as fewer than half of the patients attain this goal.27)

Table 3. Logistic Regression Analysis of Prognostic Factors of Returning to Pre-fracture Activities of Daily Living Status at 1 year

Patient characteristics
Univariable Multivariable

uOR 95% CI p-value mOR 95% CI p-value

Age ≤ 80 yr 1.47 (0.96–2.26) 0.08 1.10 (0.66–1.86) 0.71

Female sex 0.84 (0.51–1.38) 0.49 0.83 (0.48–1.43) 0.50

BMI < 18.5 kg/m2 (reference)

BMI 18.5 to < 25 kg/m2 1.04 (0.57–1.88) 0.90 0.94 (0.48–1.83) 0.86

BMI ≥ 25 kg/m2 1.49 (0.73–3.03) 0.27 1.30 (0.58–2.89) 0.52

Charlson comorbidity index < 5 2.61 (1.66–4.11) 0.01 1.96 (1.15–3.33) 0.01

Pre-fracture ambulatory status

   Bedridden (reference)

   Dependent 2.31 (0.67–7.94) 0.18 1.08 (0.20–5.64) 0.93

   Independent 4.98 (1.63–15.26) 0.01 1.58 (0.33–7.46) 0.57

Type of fracture

   Neck fracture 1.30 (0.85–1.99) 0.23 0.94 (0.35–2.55) 0.90

Treatment

   Conservative treatment (reference)

   Dynamic hip screw 13.75 (3.13–60.42) 0.01 7.98 (1.57–40.60) 0.01

   Cephalomedullary nail 11.30 (3.13–40.78) 0.01 7.34 (1.69–31.83) 0.01

   Multiple screw fixation 23.33 (4.02–135.39) 0.01 12.04 (1.71–84.83) 0.01

   Arthroplasty 14.67 (4.06–53.01) 0.01 8.93 (2.10–38.01) < 0.001

Pre-fracture BI ≥ 60 34.06 (4.40–263.55) 0.01 4.45 (0.33–59.92) 0.26

Pre-fracture EQ-VAS ≥ 65 40.05 (5.23–306.9) 0.01 12.90 (1.30–127.72) 0.03

A p-value < 0.05 indicates statistical significance.
uOR: univariable odds ratio, CI: confidence interval, mOR: multivariable odds ratio, BMI: body mass index, BI: Barthel index, EQ-VAS: EuroQol-visual 
analog scale.
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In our study, we observed that 70.1% of patients 
managed to return to their pre-fracture ADL status after 
a 1-year follow-up period. The reason for the discrepancy 
between our study’s results and those of others remains 
unclear. Potential explanations include differences in the 
tools used to measure functional outcomes, variations 
in hip fracture treatment protocols, and distinct cultural 
settings among the studies. For example, in our country, 
cultural expectations regarding elderly care and social sup-
port exist, with most patients being sent home after hos-
pital discharge. Upon returning home, dedicated family 
members or caregivers closely monitor and care for these 
patients, which may improve functional outcomes. This 
factor could contribute to the better results observed in 
our study population compared to those in other studies.

Several variables distinguished the two groups. Pa-
tients who could return to their pre-fracture ADL status 
were comparatively younger, had more instances of a CCI 
score below 5, were less likely to be bedridden during the 
pre-fracture period, and were more likely to undergo sur-
gery to treat fragility hip fractures. Additionally, this group 
demonstrated better pre-fracture BI and pre-fracture EQ-
VAS scores. These findings suggest that patients who re-
turned to their pre-fracture ADL status had better overall 
health conditions at baseline. As a result, they had a great-
er likelihood of mobilizing and resuming daily activities 
following surgery.

According to Lim et al.,11) predictive indicators 
for physical function after the discharge of hip fracture 
patients can be categorized into physical factors, factors 
related to the care process, psychosocial factors, demo-
graphics, injury-related factors, cognitive factors, and 
socio-economic factors. These indicators can be either 
non-modifiable or modifiable. Non-modifiable indicators 
assist clinicians in adjusting priorities and managing the 
essential, yet limited, resources needed for these high-risk 
patients. Such resources include intensive care units, oper-
ating theatres, and accessibility to intensive rehabilitation 
and fracture liaison services.28) Conversely, modifiable pre-
dictive indicators enable physicians to target and provide 
early interventions to correct or optimize a patient’s condi-
tion. Identifying these modifiable factors is crucial for de-
veloping intervention strategies tailored to specific patient 
problems, ultimately maximizing the functional recovery 
of a hip fracture patient.

We identified three predictors for returning to the 
pre-fracture ADL status at 1 year after fragility hip frac-
ture: CCI scores < 5, surgical treatment options for hip 
fracture, and pre-fracture EQ-VAS scores ≥ 65. Multiple 
comorbidities have been suggested as a significant predic-

tor of poor physical function in hip fracture patients.29) As 
the number of comorbidities increases, cognitive impair-
ment and length of stay are likely to rise in this group of 
older, fragile patients. This can cause both short- and long-
term complications that may interfere with the ability of 
these patients to recover their physical function.30) There-
fore, patients with fewer comorbidities are more likely to 
return to their pre-fracture ADL status.

We also observed a difference in functional recovery 
between patients who underwent operative and conserva-
tive treatment. Ju et al. found that surgical treatment for 
intertrochanteric femoral fractures was associated with 
better functional recovery.31) Furthermore, patients receiv-
ing surgical treatment for hip fractures tend to have im-
proved postoperative functional outcomes and are more 
likely to return to their pre-fracture ambulatory status.32) 
Since nonoperative treatment is linked to higher morbidity 
and mortality rates,15) surgical treatment for hip fractures 
is currently being advocated to facilitate postoperative re-
habilitation programs.

Pre-fracture BI scores have been found to correlate 
with both short- and long-term functional recovery. Uriz-
Otano et al.30) demonstrated that pre-fracture BI scores 
were associated with short-term recovery of ADL status 
at hospital discharge. Pre-fracture BI scores also predicted 
physical function at 1 year after hip fracture surgery in 
older adults.26) Other studies have reported that poor ADL 
status at hospital discharge is associated with poor long-
term physical function following surgery.33)

However, in our study, a pre-fracture BI score of ≥ 60 
could not predict functional recovery at 1 year after hip 
fracture. This is because the initial level of independence 
was not the sole primary factor in determining whether 
a patient could regain their physical function. In fact, the 
pre-fracture BI only assessed the ability to perform ADL 
at the onset of hip fracture and did not reflect a patient’s 
overall health status or psychosocial condition. These ad-
ditional factors are essential for identifying other health 
problems, such as pain, discomfort, and psychological dis-
tress, which may negatively affect functional recovery.34)

In contrast, a pre-fracture EQ-VAS score of ≥ 65, 
which focuses on a patient’s quality of life and overall 
health status, was significantly associated with the study 
outcomes. Previous research has shown that patients 
with a high pre-fracture quality of life generally ambulate 
well and have a high level of independence at baseline.35) 
Moreover, baseline EQ-VAS scores have been associated 
with quality of life and death following a year of hip frac-
ture.36) A patient’s quality of life might also be related to 
hip function.31) Given these various findings, it is vital that 
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the overall health status of patients is assessed and that 
comprehensive evaluations are performed using multiple 
outcome measures. Doing so is particularly crucial in pa-
tients with a poor pre-fracture quality of life, as it could 
negatively impact their ability to recover long-term physi-
cal function.

Overall, the results of our study not only confirm 
earlier research’s conclusions that pre-fracture functional 
status, comorbidity levels, and surgical interventions have 
a significant impact on recovery outcomes after fragility 
hip fractures, but they also emphasize the significance of 
pre-fracture EQ-VAS. A high pre-fracture EQ-VAS score 
(good health status) appears to be a significant predictive 
factor for fragility hip fractures. Our research showed the 
value of measuring pre-fracture self-rated health status and 
the correlation between a high pre-fracture overall health 
state and good functional recovery at 1 year following a 
fragility hip fracture. Given that other prognostic factor 
studies did not include a baseline EQ-VAS evaluation, this 
may be one of our study’s strengths.11,37) As a result, obtain-
ing pre-fracture EQ-VAS is essential since it provides vital 
information on the patient’s baseline overall health.

Our study has several limitations. First, we did not 
include certain variables, such as postoperative complica-
tions, in our analysis. These variables can affect periopera-
tive outcomes and may help predict functional recovery 
following hip fractures. Second, individual institutions 
have unique treatment guidelines for patients with hip 
fractures, which may influence prognosis. Third, the pres-
ent study has a retrospective cohort design, which may 
contribute to recall bias. However, we could retrieve all 
relevant data from our electronic medical records without 
missing values, and our use of validated questionnaires to 
assess patient outcomes helped minimize potential biases. 
Finally, differing definitions of return to pre-fracture func-

tional levels and varying cutoff criteria for each variable 
could also alter the ability to predict outcomes.

Attaining pre-fracture functional status is the pri-
mary objective following a fragility hip fracture. We have 
identified three prognostic factors that can predict a hip 
fracture patient’s ability to return to their pre-fracture am-
bulatory status at 1 year. These factors were the patient’s 
CCI score, operative treatment for the hip fracture, and 
their pre-fracture EQ-VAS score. This information could 
be used to develop a clinical prediction model based on 
the prognostic factors.
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