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Abstract
Background

Hip fracture (HF) is a major challenge for healthcare systems in terms of increased costs and lengths of
stay, and it has been estimated that by 2050, half of the projected 6.26 million global HFs will occur in
Asia. Owing to the high morbidity and mortality associated with HF in elderly individuals, it is crucial to
recognize at-risk elderly patients in the ED so that special precautions and preventive measures can be
taken. While comprehensive geriatric assessment (CGA) has been shown to improve outcomes and
prevent secondary fractures in elderly individuals with HF in outpatient settings, there is a lack of data to
support the use of CGA in the emergency department (ED) to identify elderly Asian patients who are at
risk of HF. 

Aim

To identify the characteristics of elderly Asian patients in the ED who have an increased risk of HF via
CGA. 

Methods

A case-control study was conducted in the ED at Taipei Veterans General Hospital, a medical center
located in Taipei, Taiwan, from October 2018 to December 2019. Patients ≥75 years old with and without
HF were compared using data obtained from CGAs conducted by trained nurses. 

Results

A total of 85 HF patients (cases) and 680 non-HF patients were enrolled, among whom 85 non-HF control
individuals (controls) were selected by simple random sampling. HF occurred more frequently in women
and in patients with depressive symptoms. An association between decreased handgrip strength and HF
risk, especially in men, was also identi�ed (P < 0.001). The variables independently associated with the
presence of HF in the multivariate analysis were female sex (odds ratio (OR) = 2.937; 95% CI = 1.519-
5.677) and decreased handgrip strength (OR = 3.739; 95% CI = 1.641-8.519). 

Conclusions

By performing CGAs in the ED, we found that female sex and decreased handgrip strength were
associated with HF risk. Therefore, we propose that targeted assessment of handgrip strength in female
patients aged ≥75 years in the ED may identify those at greatest risk of HF, resulting in improved
emergency care for geriatric patients.

Introduction
Hip fracture (HF), particularly in elderly individuals (> 75 years old), is a public health problem that has
signi�cant effects on both the affected patients and the healthcare system. Elderly patients with HF often
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experience chronic pain and disability; diminished quality of life; cardiovascular, pulmonary, thrombotic,
infectious, and bleeding complications; and even an increased risk of death1. In terms of the impact on
the healthcare system, HF increased hospitalized costs and lengths of stay in elderly. Moreover, it has
been estimated that by 2050, half of the projected 6.26 million HF cases worldwide will occur in Asia2.
According to open data from the Taiwan Ministry of Health and Welfare, there were 10,014 incident cases
of HF in Taiwan in 2018, accounting for 0.15% of emergency department (ED) visits and costing
approximately 1,108,000 USD3. Therefore, it is important to develop approaches to effectively predict the
risk of HF in elderly individuals, especially in Asia and under time-limited ED conditions.

Comprehensive geriatric assessment (CGA) is a multidisciplinary diagnostic process that evaluates frailty,
functional impairment, mental health, cognitive impairment, polypharmacy, environmental risks,
nutritional status and social situation in elderly patients to establish interventions, improve quality of care
and ultimately improve outcomes4. Several approaches involving the management of elderly HF patients
by both geriatric and orthopedic specialists have been reported recently5; these approaches, tailored for
use before surgery, after surgery and before patient discharge, have been shown to improve outcomes
and enable the secondary prevention of fragility fractures in geriatric HF patients. Additionally, the utility
of CGA in predicting HF in community-dwelling elderly people was described in one cross-sectional study,
which revealed that characteristics such as low weight, muscle weakness, disability, and malnutrition
could help identify elderly people at increased HF risk6.

Nevertheless, there is a lack of data on the use of CGAs in geriatric Asian patients in EDs to assess HF
risk. Given the limited time and human resources in ED settings, an evaluation of CGA implementation in
the ED will help enable ED care providers to identify geriatric patients who have an increased risk of HF
and initiate additional prevention, evaluation and management strategies at the primary care level.
Therefore, the aim of this study was to investigate the ability of CGA to identify characteristics associated
with an increased risk of HF in elderly individuals in the ED.

Methods

Study participants
This case-control study was conducted in the ED at Taipei Veterans General Hospital, Taipei, Taiwan, a
medical center with an ED capacity of approximately 83,000 visits annually.

From October 2018 to December 2019, all patients aged 75 years and older who visited the observation
room of the ED for any indication, were in stable clinical condition, were willing to provide written
informed consent, and could complete the CGA assessment were included. The following groups of
patients were excluded from the study: (1) patients who were unconscious or uncooperative; (2) patients
who had been diagnosed with malignant tumors within the past 3 years who were not in a stable disease
state, were likely suffering from pathological fracture or needed tumor-related treatment; (3) patients with
autoimmune disease who were not in a stable disease state and required immunosuppressive agents to
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reach therapeutic targets; (4) patients who used high-�ow oxygen supplementation and were unable to
talk normally without oxygen; (5) patients who revisited the ED within 3 days or who had been previously
enrolled in this study; (6) patients who were unwilling to participate in the trial or refused to provide
written informed consent; or (7) patients who were discharged before the CGA could be completed.

Comprehensive geriatric assessment
All eligible subjects underwent CGAs conducted by nurses on the research team within the �rst 24 hours
of ED admittance. The research nurses were well trained in the data collection protocol of the study; they
collected the following demographic data, which were self-reported by the patients or their caregivers:
age, educational level, marital status, living �oor, and living arrangement. The nurses also collected the
following clinical data: body mass index (kg/m2), weight loss in the past year, calf circumference (cm),
Charlson comorbidity index (CCI), polypharmacy (de�ned as currently using > 4 drugs for > 2 weeks),
insomnia, incontinence, mobility di�culties, falls in the past year, cognitive impairment (de�ned as a
score < 24 on the Chinese version of the Mini-Mental State Examination [MMSE]), depressive symptoms
(de�ned by a score > 5 on the 15-item Chinese Geriatric Depression Scale [GDS]), malnutrition status
(de�ned by a score < 12 on the Mini Nutritional Assessment-Short Form [MNA-SF]), the baseline activities
of daily living (ADL) score (assessed by the Barthel Index), and the instrumental activities of daily living
(IADL) score (assessed by the Lawton-Brody IADL scale). These parameters were collected from the
medical record or measured directly by the research nurses. A validated standardized scoring system7

was used to characterize frailty based on age-associated declines in 5 domains: shrinking (body weight
loss), weakness (grip strength measured by a TTM Digital Hand Grip Dynamometer; decreased grip
strength de�ned as < 26 kg for males, and < 18 kg for females according to the Asian Working Group for
Sarcopenia (AWGS) de�nition8), exhaustion (effort and motivation), low physical activity (de�ned as
burning < 383 kcal/week for males and < 270 kcal/week for females during leisure time activities), and
slow walking speed (inability to walk, or and up and go test time ≥30 seconds)7. Frailty was de�ned as a
score ≥3. Associations of HF risk with both frailty and its component domains were assessed.

HF diagnosis and control selection
After the CGA was performed in the ED, the diagnosis of HF was determined by emergency specialists
and orthopedists, who were blinded to the CGA results, evaluated a cross-table lateral view of the hip and
an anteroposterior view of the pelvis, as appropriate. Patients diagnosed with HF were assigned to the HF
group (cases), and patients without HF were assigned to the non-HF group. Simple random sampling was
performed to select patients in the non-HF group to achieve a 1:1 ratio of cases and controls. The
distributions of all variables collected as part of the CGA were compared between the case and control
groups.

Statistical analysis
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All continuous variables are presented as the means ± standard deviations, and categorical data are
presented as numbers (percentages). Student’s t-test was used to compare continuous variables between
the case and control groups, and the chi-square test or Fisher’s exact test was used to compare
categorical variables between the cases and controls, as appropriate. Variables with statistical
signi�cance (p < 0.05) were selected for inclusion in the multivariate analysis; logistic regression with
forward and backward elimination was performed to identify the factors independently associated with
increased HF risk. All statistical analyses were performed using the International Business Machines
Corporation Statistical Package for the Social Sciences (IBM SPSS) Statistics for Windows, version 21.0
(IBM Corp., Armonk, NY).

Results
A total of 6452 elderly patients aged ≥ 75 years were screened in the observation room of the ED from
October 2018 to December 2019 (Fig. 1). A total of 3640 (56.4%) ineligible patients were excluded.
Additionally, 1795 (27.8%) patients refused to provide informed consent, and 234 (3.6%) patients were
discharged before the researchers could conduct the CGA and evaluate HF. Finally, 783 (12.1%) elderly
patients were enrolled and received a CGA. The CGAs took approximately 30 mins in the observation
room; they were performed within 12–24 hours after ED arrival, during o�ce hours (8:00 a.m. to 5:30
p.m., Monday through Friday; 8:00 a.m. to 12:00 p.m., Saturday). Among the 783 patients who received
CGAs, 85 (10.9%) were diagnosed with HF, while 608 (89.1%) had no evidence of HF. Of the 608 patients
without HF, 85 were selected as controls by simple random sampling and included in the subsequent
analyses.

The average age of the 170 elderly patients included in the study was 84.2 ± 7.3 years; 96 (56.5%) were
male, and 74 (43.5%) were female. Most of the patients were married (95%). Approximately 40% lived on
the second �oor or above with no access to an elevator, and the majority lived with others (i.e., caregivers
or unrelated nursing workers) (Table 1).

Compared with the control group, the cases had higher proportions of women (57.6% vs. 42.4%, p < 
0.001), individuals with depressive symptoms (GDS-5 ≥ 2) (36.4% vs. 20.3%, p = 0.034) and individuals
with decreased handgrip strength (88.1% vs. 65.1%, p < 0.001), especially in men (17.2 ± 6.1 vs. 22.4 ± 7.6
kg, p = 0.001 for men; 11.8 ± 5.1 vs. 13.5 ± 5.3 kg, p = 0.186 for women). There were no signi�cant
differences in sex, CCI score, height, weight, BMI, calf circumference, Barthel index, IADL score, MMSE
score, nutritional status, frailty, polypharmacy, insomnia, incontinence, mobility di�culties, falls in the
past year, weight loss ≥ 5 kg in the past year, and physical activity between the cases and controls
(Table 2).

We entered the variables with signi�cant differences between the case and control groups (sex, GDS
score, and decreased handgrip strength) into the multiple logistic regression model with a backward
stepwise approach. The independent predictors of HF in elderly patients in the ED were female sex (odds
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ratio [OR], 2.937; 95% con�dence interval [CI], 1.519–5.677; p = 0.001) and decreased handgrip strength
(OR, 3.739; 95% CI, 1.641–8.519; p = 0.002) (Table 3). 

Table 1

Demographic characteristics of geriatric patients in the ED included in the analysis.
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  Total

(n = 170)

Age (y) 84.2 ± 7.3

Sex  

Male 96 (56.5)

Female 74 (43.5)

Education level  

No formal education 25 (14.8)

Self-taught 8 (4.7)

Elementary school 53 (31.4)

Junior high school 35 (20.7)

Senior high school 21 (12.4)

University or above 27 (16)

Marital status  

Single 15 (8.8)

Married 95 (55.9)

Widowed/divorced 60 (35.3)

Living �oor  

First �oor 42 (24.7)

Apartment with an elevator 61 (35.9)

Second �oor or above without an elevator 67 (39.4)

Living arrangement  

Alone 15 (8.8)

With family 12 (7.1)

A home for veterans 4 (2.4)

A nursing home 5 (2.9)

With others 134 (78.8)

Data are the number (%), except for age, which is presented as mean ± standard deviation (SD).
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Table 2

Comparison of demographic and clinical data between the cases (with hip fracture) and controls (without
hip fracture).

  All

(n = 170)

Patients
without

HF (controls)

(n = 85)

Patients with HF
(cases)

(n = 85)

P-value

Age (mean ± SD) 84.2 ± 7.3 84.9 ± 6.2 83.6 ± 8.3 0.259

Sex       < 
0.001*

Male 96 (56.5) 60 (70.6) 36 (42.4)  

Female 74 (43.5) 25 (29.4) 49 (57.6)  

CCI (mean ± SD) 1.5 ± 1.4 1.4 ± 1.2 1.6 ± 1.5 0.499

Height (cm) 159.3 ± 
9.0

160.5 ± 9.4 158.2 ± 8.5 0.110

Weight (kg) 59.5 ± 
12.3

61.2 ± 11.7 58.1 ± 12.6 0.131

BMI 23.3 ± 3.9 23.7 ± 3.7 22.9 ± 4.1 0.260

Calf circumference (cm) 29.8 ± 3.4 30.1 ± 3.6 29.5 ± 3.3 0.392

Barthel index (mean ± SD) 86.4 ± 
19.3

87.0 ± 20.9 85.8 ± 17.7 0.687

IADL score (mean ± SD) 4.5 ± 2.5 4.6 ± 2.5 4.4 ± 2.6 0.662

MMSE score (mean ± SD) 19 ± 6.3 19.4 ± 6.4 18.5 ± 6.2 0.366

GDS-5 score ≥ 2 39 (27.9) 15 (20.3) 24 (36.4) 0.034*

MNA-SF result       0.638

Normal nutrition 52 (31.9) 29 (34.5) 23 (29.1)  

At risk of malnutrition 82 (50.3) 42 (50) 40 (50.6)  

Malnutrition 29 (17.8) 13 (15.5) 16 (20.3)  

Data are presented as numbers (%) unless otherwise indicated.

* indicates statistical signi�cance (P < 0.05).

HF, hip fracture; CCI, Charlson comorbidity index; IADL, Lawton-Brody instrumental activities of daily
living; MMSE, Mini-Mental State Examination; GDS-5, 5-item Geriatric Depression Scale (a score ≥ 2
indicates depressive symptoms); MNA-SF, Mini Nutritional Assessment-Short Form; decreased
handgrip strength, male < 26 kg, female < 18 kg; polypharmacy, score ≥ 5.
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  All

(n = 170)

Patients
without

HF (controls)

(n = 85)

Patients with HF
(cases)

(n = 85)

P-value

Frailty 90 (55.6) 40 (48.2) 50 (63.3) 0.053

Decreased handgrip strength 128
(76.6)

54 (65.1) 74 (88.1) < 
0.001*

Men (kg) (mean ± SD) 20.4 ± 7.5 22.4 ± 7.6 17.2 ± 6.1 0.001*

Women (kg) (mean ± SD) 13.4 ± 5.2 13.5 ± 5.3 11.8 ± 5.1 0.186

Polypharmacy 78 (49.4) 37 (49.3) 41 (49.4) 0.633

Insomnia 60 (35.5) 26 (31) 34 (40) 0.219

Incontinence 34 (20) 15 (17.6) 19 (22.4) 0.443

Mobility di�culties 93 (55) 41 (48.8) 52 (61.2) 0.106

Fall in the past year 54 (32.1) 25 (29.4) 29 (34.9) 0.443

Weight loss ≥ 5 kg in the past
year

13 (8.7) 8 (10.4) 5 (6.9) 0.456

Low physical activity 84 (51.9) 41 (49.4) 43 (54.4) 0.522

Data are presented as numbers (%) unless otherwise indicated.

* indicates statistical signi�cance (P < 0.05).

HF, hip fracture; CCI, Charlson comorbidity index; IADL, Lawton-Brody instrumental activities of daily
living; MMSE, Mini-Mental State Examination; GDS-5, 5-item Geriatric Depression Scale (a score ≥ 2
indicates depressive symptoms); MNA-SF, Mini Nutritional Assessment-Short Form; decreased
handgrip strength, male < 26 kg, female < 18 kg; polypharmacy, score ≥ 5.

 
Table 3

Regression analysis results.
Chi-square test Multivariate logistic regression

Variable p-value OR 95% CI of OR p-value

Women (relative to men) < 0.001 2.937 [1.519–5.677] 0.001

Decreased handgrip strength < 0.001 3.739 [1.641–8.519] 0.002

Backward and forward elimination (conditional on p < 0.05): sex, GDS score, and decreased handgrip
strength were entered; sex and decreased hand grip strength remained in the model.
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Discussion
While the use of CGA in the ED has previously been proposed4 based on the demonstrated feasibility and
effectiveness of CGA in outpatient orthogeriatric units6, evidence to support its use in the ED, particularly
in relation to identifying patients at risk of HF, is lacking. As such, this study conducted CGAs in patients 
≥ 75 years old in the ED. Consistent with the results of recent observational studies, we found that the
incidence of HF was higher in women than in men6, 10–12 and in elderly individuals with decreased
handgrip strength than in those with normal handgrip strength6,11,13.

In our study, female sex was an independent risk factor for HF, with an OR of 2.937 according to the
multivariate logistic regression model; this result was consistent with that of one systematic review that
reported that the incidence of HF was twice as high in women than in men worldwide13. Moreover, among
East Asian populations, females have a higher incidence of HF in China14, Japan15, Korea16, and
Taiwan17. It is well known that females have a higher risk of osteoporosis than males18, and osteoporosis
leads to a subsequent elevated risk of HF in females19.

Grip strength has been proposed as an indicator of overall muscle strength and general health in elderly
individuals20, moreover, an association between decreased handgrip strength and HF has been
reported21. One systematic review including 11 studies showed that decreased handgrip strength was
related to a 0.7-fold to 49.5-fold increase in HF according to different cutoff values and in different
populations21. Consistent with these results, our study found that decreased grip strength (with a cutoff
value of 26 kg for men and 18 kg for women, as recommended by the AWGS 2014 guidelines8) in elderly
individuals was associated with a nearly 4-fold increased probability of HF (OR = 3.739, 95% CI = 1.641,
8.519), in the multiple logistic regression analysis of our patient population.

Additionally, decreased handgrip strength was associated with reduced mobility, osteoporosis, and
increased falls in a recent review article20 and was considered a criterion for diagnosing sarcopenia8,
which, together with osteoporosis, was associated with an increased HF risk22,23,24. One study further
demonstrated that a maximum handgrip strength < 20 kg in 65-year-old women was a risk factor for HF
according to logistic analysis, echoing these previous studies.

In accordance with previously reported results27, our study found that symptoms of depression were
associated with HF risk in the univariate analysis. However, this variable did not remain signi�cant in the
multivariate analysis, probably because of the use of different measurements of depression (International
Classi�cation of Disease-10 codes in the previous study27 vs. GDS-5 criteria in our study) and different
populations (nationwide cohort population27 vs. an ED population, respectively). Additionally, the
previous study was a health insurance database analysis; multiple regression analysis was not
performed and, therefore, the study was unable to identify independent factors of HF. Our study
demonstrated that depression was not an independent risk factor for HF in the multivariate analysis.
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Moreover, in contrast with the results of multiple studies that reported correlations between frailty and
HF28–30, our study results showed no signi�cant difference in frailty between the cases and controls. The
only signi�cant frailty domain was weakness (decreased handgrip strength), indicating that handgrip
strength itself was a better predictive measure for HF than general frailty in our study population.

One of the primary strengths of this study is that, to our knowledge, this is the �rst study in Asia to use
CGA as a tool to assess elderly patients in the ED to identify patients with a high HF risk. We
demonstrated that CGA focusing on handgrip strength assessment in female patients aged ≥ 75 years is
a widely available, effective, low-cost tool that can be performed in a bustling ED; this tool makes good
use of limited ED human resources and can easily identify elderly individuals who are at risk of HF. In
addition, our patient population was older than those in other recent studies10,11,21,28−30 (mean: 84.2 vs.
76.4–82.7 years old, respectively); therefore, our study might serve as a reference for the evaluation of the
oldest members of the elderly population. In particular, the CGA components relevant to HF risk in this
study are easily measured in the oldest members of the elderly population, including those with a reduced
ability to communicate.

Our study has several limitations. First, this study was conducted in a single urban medical center;
therefore, the results may not be generalizable to other settings. Second, the rate of unwillingness to
participate in the trial (63.8% in eligible patients) was high, which may have resulted in patient selection
bias; the reason for refusal was not recorded consistently. Third, in our study, there were no signi�cant
differences in the Barthel index, nutritional status or MMSE score between the patient groups with and
without HF, possibly due to extreme old age and cognitive impairment-related reporting bias (the mean
MMSE was < 24 in both groups) in our patient population. Optimized scales and data sources, such as
medical records, home care diaries, and scales observed by caregivers, might be needed for more
objective assessments in the future.

Conclusion
By performing CGAs in the ED, we were able to identify patients with an increased risk of HF with two
easily assessed factors: female sex and decreased handgrip strength. Therefore, we propose that a
targeted assessment of handgrip strength in female patients aged ≥ 75 years may identify patients at
greatest risk of HF in the ED. Once these patients are identi�ed, early geriatric and orthopedic specialists
involvement, preventive measures such as such as providing instructions including home safety
improvements, proper exercise to maintain muscle strength, and medicine precautions with side effect of
unsteadiness, would potentially change the course of care in the ED and enable improved emergency
care.
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Figure 1

Study �ow diagram. ED, emergency department; HF, hip fracture; CGA, comprehensive geriatric
assessment


