
1. Introduction

Hip fracture is a debilitating condition that places an economic
burden on healthcare systems.1 An analysis of previous research uti-
lizing databases spanning regions across Oceania, Asia, Western and
Northern Europe, and America found that 40% occur in people aged
� 85 years.2 Morri et al. showed that there was a 9.4% increase in risk
of dying within 12 months after hip fracture surgery for each one-
year increase in age.3

Older patients with fractures usually have pre-existing functional
deficits, frailty, and several comorbidities.4,5 In a previous study, com-
prehensive geriatric care with a multidisciplinary approach for geri-
atric hip fractures showed better functional recovery achievement,
prevented potential complications, and reduced mortality rates.5–7

However, a gap remains in the literature regarding the widespread use
and impact of multidisciplinary interventions combined with compre-
hensive geriatric assessment (CGA) in this high-risk population.

The CGA is a multidimensional assessment that evaluates the
bio-psycho-social needs of the elderly. Ibitoye et al. demonstrated
that geriatrician assessment was associated with reduced mortality
in older adults with trauma.8 Moreover, the assessment also helped
to identify geriatric patients who had an increased risk of hip fracture
in the emergency department.9

We aimed to evaluate whether CGA implementation can help
care providers identify mortality risk among geriatric patients. By
identifying vulnerable individuals, healthcare systems can prioritize
resources and implement strategies to mitigate the impact of such
events on this fragile population. Furthermore, it integrates CGA to
identify major prognostic factors, addressing the clinical need for
better risk stratification and highlighting the importance of multi-
disciplinary care emphasized in recent literature.

2. Material & methods

2.1. Study design and study participants

This research was conducted in Taichung Veterans General Hos-
pital (TCVGH, Taichung, Taiwan) between January 1, 2020, and De-
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S U M M A R Y

Introduction: Our objective was to analyze the mortality risk factors in older patients after hip surgery
using comprehensive geriatric assessment (CGA).
Methods: In this prospective cohort study, old adults (� 60 years) who had undergone hip fracture sur-
gery were enrolled in a single medical center from January 2020 to December 2021. The comprehensive
geriatric assessment, as well as clinical information of each patient was recorded during the hospital
stay. A Cox regression model was used to determine associations with survival.
Results: A total of 164 old patients (66 males and 98 females) with a mean age of 81.09 � 8.84 years were
included. Twenty-seven patients died within one year (mortality rate 16.46%). In the Cox regression
model, univariate analysis revealed male gender, older age, high American Society of Anesthesiologists
grade (ASA = 4), length of hospital stay (� 10 days), activities of daily living (ADL) score at day of discharge,
comorbidity with chronic obstructive pulmonary disease (COPD)/asthma or cancer, and postoperative
infection (pneumonia or urinary tract infection) were associated with mortality. Female gender (hazard
ratio [HR] = 0.40; 95% confidence interval [CI]: 0.17, 0.93; p = 0.033), higher discharge ADL score (HR =
0.97; 95% CI: 0.95, 1.00; p = 0.045), and postoperative infection (HR: 3.65; 95% CI: 1.25, 10.69; p = 0.018)
remained significant predictors of one-year mortality after adjustment for confounding factors.
Conclusions: Integrating clinical data with CGA effectively identifies older hip fracture patients at high
mortality risk. Early identification of these patients and implementation of multidisciplinary co-
managed care strategies are recommended to potentially reduce one-year mortality.

Copyright © 2026, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

International Journal of Gerontology

journal homepage: http://www.sgecm.org.tw/ijge/

* Corresponding author. Division of Endocrinology and Metabolism, Department of

Internal Medicine, Taichung Veterans General Hospital, No. 1650, Sect. 4, Taiwan

Boulevard, Taichung 40705, Taiwan, ROC.

E-mail address: sylin20121120@gmail.com (S.-Y. Lin)

https://doi.org/10.6890/IJGE.202601_20(1).0007


cember 31, 2021, using a prospective cohort design. A total of 168
patients with a hip fracture that was diagnosed in the emergency de-
partment and surgically treated in our hospital were reviewed. The
inclusion criteria for the study were: (a) patients aged 60 years or
older, (b) diagnosis of hip fracture, including femoral neck fracture
and intertrochanteric fracture, (c) fracture treated within 3 days
from time of injury. We excluded patients who were diagnosed with
multiple traumas, pathologic fractures, periprosthetic fractures, or
old fractures (defined as those treated � 3 days after the time of in-
jury), as well as those who did not undergo fracture surgery or had
missing data. A total of four patients were excluded based on these
criteria. Therefore, 164 patients were included in the final analysis.
This study was approved by the Institutional Review Board of Tai-
chung Veterans General Hospital (IRB number: CF18067B-5).

2.2. Hip fracture evaluation and comprehensive geriatric

assessment

Hip fracture events were defined using the International Classi-
fication of Diseases, Ninth/Tenth Revision codes for hip fractures.
Baseline characteristics, including sex, age, and body mass index
(BMI) were collected. Detailed preoperative data, such as comor-
bidities, American Society of Anesthesiologists (ASA) grade, and time
to surgery were retrieved from the anesthesiology evaluation charts
and electronic medical records of the patients. Comorbidities in the
study included chronic obstructive pulmonary disease (COPD)/asthma,
cancer, heart failure and diabetes mellitus (DM). The ASA scores
were grouped as 2, 3, or 4, in accordance with previous studies.
Time-to-surgery was defined as the time from emergency depart-
ment admission to the start of surgery, and was grouped into four
categories. The CGA, including physical health, functional status,
psychological health, and nutrition, as well as clinical information of
each patient was recorded during the hospital stay. Activities of daily
living (ADL) was used as an indicator of a person’s functional status.
Psychological health was evaluated with the Geriatric Depression
Scale-5 (GDS-5) score. Malnutrition was analyzed using the mini nu-
tritional assessment (MNA). Calf circumference and handgrip st-
rength were measured as they have been adopted as diagnostic
tools for sarcopenia.10,11

2.3. Hip fracture postoperative follow-up

All patients included in the study underwent an operation. The
Harris Hip Score (HHS) is used for the assessment of the results of hip
surgery, which is scored out of a total of 100 points. A greater score
indicates better hip function and greater satisfaction. HHS encom-
passes several domains, including pain, function, absence of defor-
mity, and range of motion.12 “Fell down during past 12 months” and
“sleep disturbance” were also considered as factors in predicting
mortality. Postoperative complications were classified as adverse
outcome infection (urinary tract infection and pneumonia). All-cause
mortality was defined as any death occurring within one year after
hip fracture surgery, as determined through follow-up telephone in-
terviews. All patients included in this study were successfully con-
tacted by telephone.

2.4. Statistical analysis

The collected data were analyzed using IBM SPSS version 22.0
(International Business Machine Corp., New York, USA). Chi-Square
test, Fisher’s exact test, and Mann-Whitney U test were used for the
data analysis as appropriate. To determine which factors were inde-

pendently associated with one-year mortality after hip fracture sur-
gery, a multivariable Cox proportional hazards model was used. The
multivariable analysis was adjusted for sex, age, ASA grade, length of
hospital stay, discharge ADL, comorbidity with COPD/asthma or
cancer, and adverse outcome infection (urinary tract infection and
pneumonia). p < 0.05 was considered significant for all tests.

3. Results

3.1. Characteristics of the study subjects

Overall, between January 1, 2020, and December 31, 2021, 164
individuals (66 males and 98 females) were included, with a mean
(standard deviation) age of 81.09 (�8.84) years. As shown in Table 1,
mortality within one year occurred in 27 of 164 patients (16.46%).
Sex, age, ASA classification, length of hospital stay, discharge ADL,
comorbidity with cancer, and adverse outcome infection with pneu-
monia or UTI were associated with 1-year all-cause mortality. How-
ever, no difference was observed in patients’ fracture type, type of
hip surgery, time-to-surgery, bone mineral density (BMD) T-score,
Harris Hip Score, BMI, number of drugs, handgrip strength, calf cir-
cumference, MNA, fell down during past 12 months, comorbidity
with COPD/asthma, heart failure, DM, sleep disturbance, and GDS-5
score.

3.2. Independent risk factors associated with 1-year

mortality following surgical hip fracture management

Table 2 shows the risk of death for the included variables calcu-
lated using Cox proportional hazards model. The univariable analysis
showed that sex, age, higher ASA grade (ASA = 4), length of hospital
stay, discharge ADL, comorbidity with COPD/asthma or cancer, and
postoperative infection (pneumonia or urinary tract infection) were
all associated with one-year mortality risk. Multivariable risk analysis
found that female gender (HR = 0.40; 95% CI: 0.17, 0.93; p = 0.033),
higher discharge ADL score (HR = 0.97; 95% CI: 0.95, 1.00; p = 0.045),
and postoperative infection (HR: 3.65; 95% CI: 1.25, 10.69; p = 0.018)
were independent predictors of mortality after adjustment for the
confounding factors.

4. Discussion

This cohort study investigated the predictive factors associated
with all-cause mortality by CGA in older hip fracture patients. Of the
164 patients enrolled in this study, the mortality rate was 16.46%
within 1 year after hip surgery. Sex, discharge ADL score, and post-
operative infection status independently predicted mortality. The
all-cause mortality observed in our study was lower when compared
with most previous studies.13,14 Adoption of a multidisciplinary ap-
proach was recommended in the previous literature to optimally
manage hip fractures.15 Our hospital has adopted a multidisciplinary
co-managed care protocol for geriatric patient fractures, involving
various specialties such as emergency units, orthopedic surgeons,
geriatricians, anesthetists, cardiologists, rehabilitation physicians,
neurologists, osteoporosis treatment centers, post-acute care refer-
ral teams, and nursing teams. This patient-centered approach aims
to reduce mortality and comorbidity, improve functional outcomes
and quality of life, and lower overall medical costs.

Several studies have reported that mortality rate after hip frac-
ture was associated with age, sex, anesthesiologist’s classification of
physical status, timing of surgery, and comorbidities.16–19 However,
in these studies, there are relatively few data on the long-term mor-
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tality risk factors related to hip fracture under a multidisciplinary
co-management model.20 In our study, it was found that female gen-
der, higher ADL score, and postoperative infection were significant
predictors of one-year mortality after hip surgery. Men were less
likely to survive than women in our study and the findings were con-
sistent with the previous literature.21,22 Possible explanations for the
gender difference in mortality after hip fracture were examined in
previous cohorts.21,22 Mortality after hip fracture was usually as-
sociated with infections, including urinary tract infection, pneumo-
nia or septicemia, in a prior study that reported mortality rates for

men and women were similar if deaths caused by infection were ex-
cluded.21 Moreover, in our study, postoperative infection (UTI and
pneumonia) was independently associated with mortality. It has
been shown that biological inflammatory markers (neutrophil-to-
lymphocyte ratio) can predict mortality in hip fracture patients.23 It
has been hypothesized that complication–associated inflammation
results in organ damage, which subsequently shortens long-term
survival. According to previous research, risk factors of postopera-
tive UTI in hip fracture surgery include older age, chronic steroid use,
blood transfusion, time to operation > 2 days from admission,24 as
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Table 1

Baseline demographic, clinical and comprehensive geriatric assessment characteristics of elderly hip-fracture patients stratified by 1-year survival status
(Survivors vs. Non-survivors), 2020–2021.

Total (n = 164)
n (%)

Survivors (n = 137)
n (%)

Non-survivors (n = 27)
n (%)

p value

Sexc **0.008**
Male 66 (40.24%) 49 (35.77%) 17 (62.96%)
Female 98 (59.76%) 88 (64.23%) 10 (37.04%)

Age (mean � SD)m 81.09 � 8.84 80.23 � 8.76 85.48 � 8.05 **0.004**
Type of hip fracturec 0.156

Femoral neck fracture 129 (78.66%)0 105 (76.64%)0 24 (88.89%)
Intertrochanteric fracture 35 (21.34%) 32 (23.36%) 03 (11.11%)

Type of hip surgeryc 0.127
Arthroplasty 64 (39.02%) 57 (41.61%) 07 (25.93%)
Open Reduction and Internal Fixation (ORIF) 100 (60.98%)0 80 (58.39%) 20 (74.07%)

American Society of Anesthesiologists (ASA)f *0.011*
ASA-2 39 (23.78%) 37 (27.01%) 2 (7.41%)
ASA-3 122 (74.39%)0 99 (72.26%) 23 (85.19%)
ASA-4 3 (1.83%) 1 (0.73%) 2 (7.41%)

Time to surgery (hour)f 0.502
< 24 hours 86 (52.44%) 75 (54.74%) 11 (40.74%)
24–36 hours 31 (18.90%) 24 (17.52%) 07 (25.93%)
36–48 hours 18 (10.98%) 15 (10.95%) 03 (11.11%)
> 48 hours 29 (17.68%) 23 (16.79%) 06 (22.22%)

Bone mineral density T-score (mean � SD)m 0-3.13 � 1.03- 0-3.09 � 1.04- 0-3.39 � 0.91- 0.222
Length of hospital stay (mean � SD)m 08.89 � 4.45 08.58 � 4.02 10.44 � 6.04 0.085
Length of hospital stayc *0.036*

< 10 days 113 (68.90%)0 99 (72.26%) 14 (51.85%)
� 10 days 51 (31.10%) 38 (27.74%) 13 (48.15%)

Harris Hip Score (mean � SD)m 037.23 � 19.32 038.06 � 18.57 033.07 � 22.65 0.275
BMI (mean � SD)m 23.14 � 4.44 23.35 � 4.48 22.07 � 4.14 0.222
Body mass index (BMI)c 0.777

BMI < 24 106 (64.63%)0 87 (63.50%) 19 (70.37%)
24 � BMI < 27 31 (18.90%) 27 (19.71%) 04 (14.81%)
BMI � 27 27 (16.46%) 23 (16.79%) 04 (14.81%)

Number of drugsc 0.964
< 4 48 (29.27%) 40 (29.20%) 08 (29.63%)
� 4 116 (70.73%)0 97 (70.80%) 19 (70.37%)

Handgrip strength (kg) (mean � SD)m 15.19 � 7.12 15.27 � 7.37 14.60 � 5.22 0.829
Calf circumference (cm) (mean � SD)m 27.26 � 4.74 27.33 � 4.97 26.90 � 3.44 0.979
Mini nutritional assessment (MNA)c 0.279

MNA � 24 27 (16.46%) 24 (17.52%) 03 (11.11%)
17 � MNA < 24 85 (51.83%) 73 (53.28%) 12 (44.44%)
MNA < 17 52 (31.71%) 40 (29.20%) 12 (44.44%)

Discharge activities of daily livingm 039.91 � 19.09 041.92 � 18.88 29.62 � 17.02 **0.007**
Fell down last 12 monthsc 134 (86.45%)0 112 (86.15%)0 22 (88.00%) 1.000
Comorbidityc

COPD/asthma 18 (10.98%) 12 (8.76%)0 06 (22.22%) 0.083
Cancer 27 (16.46%) 18 (13.14%) 09 (33.33%) *0.019*
Heart failure (HF) 21 (12.96%) 16 (11.85%) 05 (18.52%) 0.352
Diabetes mellitus 58 (35.37%) 51 (37.23%) 07 (25.93%) 0.262

Adverse outcome infection (Aoi, pneumonia + UTI)c 10 (6.10%)0 5 (3.65%) 05 (18.52%) *0.012*
Sleep disturbancec 63 (38.41%) 51 (37.23%) 12 (44.44%) 0.481
Geriatric Depression Scalec 0.082

< 2 90 (59.60%) 79 (62.70%) 11 (44.00%)
� 2 61 (40.40%) 47 (37.30%) 14 (56.00%)

c Chi-square test, f Fisher’s Exact test, m Mann-Whitney U test. COPD: chronic obstructive pulmonary disease, UTI: urinary tract infection. * p < 0.05, ** p < 0.01.



well as age, male sex, chronic respiratory disease, and liver disease in
postoperative pneumonia.25 As these risk factors are well known,
early preventive strategies and early diagnosis of postoperative
complications may minimize their influence and improve surgical
safety. Our review of the data for these 164 patients revealed no
documented cases of postoperative wound infection, with only pneu-
monia and urinary tract infection being recorded as complications.

In addition to the traditional known risk factors for postopera-
tive mortality in hip fracture, several older age–associated geriatric
disorders, such as pre-fracture function, cognitive impairment, and
muscle strength have been shown to influence the prognosis of hip
fracture.26 In our study, impaired ADL scores were demonstrated to

be an important predictor of postoperative mortality in older adults
with hip fractures. A previous study proposed that the relationship
between ADL and post-hip fracture surgery mortality may be due to
medical comorbidities and medical conditions related to ADL impair-
ment, including residence in long-term care, dementia, and Parkin-
son’s disease.27 Hence, the importance of postoperative rehabilita-
tion in hip fracture improving ADL and outcomes after surgery can-
not be understated.28

There were several limitations in the present study. First, the
sample size was probably not large enough, resulting in a limited
number of events per variable in our multivariate analysis, which
might have prevented certain true risk factors from reaching statisti-
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Table 2

Univariable and multivariable Cox proportional-hazards model analysis of baseline factors associated with 1-year all-cause mortality after hip-fracture
surgery in older patients, 2020–2021 (n = 164).

Univariable Multivariable

HR 95% CI p value HR 95% CI p value

Sex
Male 1.00 1.00
Female 0.36 (0.17–0.79) *0.010* 0.40 (0.17–0.93) *0.033*

Age 1.07 (1.02–1.12) **0.007** 1.04 (0.98–1.10) 0.155
Type of hip fracture

Femoral neck fracture 1.00
Intertrochanteric fracture 0.45 (0.13–1.48) 0.188

Type of hip surgery
Arthroplasty 1.00
Open Reduction and Internal Fixation (ORIF) 1.95 (0.83–4.62) 0.128

American Society of Anesthesiologists (ASA)
ASA-2 1.00
ASA-3 4.00 (0.94–16.97) 0.060
ASA-4 17.560 0(2.47–125.04) **0.004**

Time to surgery (hour)
< 24 hours 1.00
24–36 hours 1.89 (0.73–4.88) 0.188
36–48 hours 1.36 (0.38–4.86) 0.640
> 48 hours 1.76 (0.65–4.77) 0.263

Bone mineral density T-score 0.76 (0.49–1.18) 0.214
Length of hospital stay

< 10 days 1.00 1.00
� 10 days 2.18 (1.03–4.65) *0.043* 1.22 (0.52–2.86) 0.655

Harris Hip Score 0.99 (0.97–1.01) 0.206
Body mass index (BMI)

BMI < 24 1.00
24 � BMI < 27 0.70 (0.24–2.07) 0.523
BMI � 27 0.84 (0.29–2.47) 0.753

Number of drugs
< 4 1.00
� 4 0.98 (0.43–2.24) 0.963

Handgrip strength (kg) 0.99 (0.92–1.06) 0.693
Calf circumference (cm) 0.98 (0.89–1.08) 0.658
Mini nutritional assessment (MNA)

MNA � 24 1.00
17 � MNA < 24 1.28 (0.36–4.53) 0.704
MNA < 17 2.24 (0.63–7.93) 0.212

Discharge activities of daily living 0.97 (0.94–0.99) **0.003** 0.97 (0.95–1.00) *0.045*
Fell down last 12 months 1.14 (0.34–3.82) 0.827
Comorbidity

COPD/asthma 2.68 (1.08–6.64) *0.033* 1.69 (0.58–4.89) 0.333
Cancer 2.80 (1.26–6.23) *0.012* 1.90 (0.78–4.68) 0.160
Heart failure 1.67 (0.63–4.40) 0.303
Diabetes mellitus 0.61 (0.26–1.45) 0.265

Adverse outcome infection (Aoi, pneumonia + UTI) 4.36 0(1.65–11.55) **0.003** 3.65 0(1.25–10.69) *0.018*
Sleep disturbance 1.39 (0.65–2.97) 0.397
Geriatric Depression Scale

< 2 1.00
� 2 2.03 (0.92–4.47) 0.079

Cox regression. COPD: chronic obstructive pulmonary disease, UTI: urinary tract infection. * p < 0.05, ** p < 0.01.



cal significance. We acknowledge this limitation and propose con-
ducting larger, potentially multicenter studies in the future to in-
crease statistical power. However, our investigation was comprehen-
sive, as few studies have predicted mortality in older patients hospi-
talized with a hip fracture, evaluated by comprehensive geriatric as-
sessment. A second limitation was that mortality assessment was
based on telephone interviews with patients’ families. Although fol-
low-up was complete for all included patients, this method may still
introduce information bias. Moreover, the reliance on patient re-
cords from a single medical center may have resulted in omission of
data if a patient sought treatment at other hospitals. A third limita-
tion was the presence of missing data in the ASA grade, a clinically
relevant variable associated with perioperative risk and mortality.
The absence of this information may have reduced the accuracy of
the risk adjustment and outcome interpretation. Furthermore, no
sensitivity analysis was conducted to assess the potential impact of
these missing values. Future studies should aim to improve data
completeness to mitigate bias introduced by missing data. Despite
adjusting for multiple covariates, unmeasured confounding factors
may still have influenced the one-year mortality outcome. For in-
stance, nutritional indicators such as serum albumin levels, which
are known to be associated with poor prognosis, were not included
in the analysis.29 These potential factors require further investiga-
tion in future research. Furthermore, while our CGA included various
aspects of geriatric assessment, formal cognitive evaluation using
tools like MMSE or mini-cog was not included in the final analysis
due to significant missing data. Additionally, our assessment of sar-
copenia was limited to handgrip strength and calf circumference,
which can only indicate possible sarcopenia. The absence of formal
cognitive evaluation and a detailed sarcopenia diagnosis, as well as
the lack of reported assessment of vision and hearing abilities, re-
present limitations of this study. Future research should incorporate
these aspects for a more comprehensive evaluation. Finally, due to
the broad categorization of comorbidities in our CGA questionnaire,
the Charlson Comorbidity Index was not available in this dataset.
This lack of a standardized comorbidity index is a limitation, and fu-
ture versions of our questionnaire will include the Charlson Comor-
bidity Index for a more comprehensive analysis of comorbidity burden.

5. Conclusions

In this prospective cohort study of 164 patients who underwent
surgical treatment for hip fractures, we found the predictive factors
for one-year mortality included gender, activity of daily living score,
and postoperative infection. Future efforts aimed at improving out-
comes should focus on strategies to develop daily living skills and
maintain strict infection control.
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