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Abstract
Background: Frailty and low handgrip strength (HGS) are associated with adverse outcomes after hip fracture (HF)
surgery. We aimed to compare the predictive role of frailty and HGS for adverse outcome in HF patients.
Methods: We included older patients (age ≥ 65 years) who underwent HF surgery to compare the predictive role
of HGS and hip-multidimensional frailty score (Hip-MFS) for postoperative complications and mortality. The Hip-MFS
was calculated based on comprehensive geriatric assessment (CGA), and HGS was measured with a hand
dynamometer. The primary outcome was a composite of postoperative complications (e.g., pneumonia, urinary
tract infection, delirium, acute pulmonary thromboembolism, and unplanned intensive care unit admission). The
secondary outcomes were 6-month mortality and mortality at the end of follow-up.
Results: The median observation time was 620.5 days (interquartile range: 367.0–784.8 days). Among the 242
patients (mean age: 81.5 ± 6.7 years, 73.1% women), 106 (43.8%) experienced postoperative complications. The 6month mortality and mortality at the end of follow-up were 7.4% (n = 18) and 20.7% (n = 50), respectively. The HipMFS (odds ratio [OR], 1.250; 95% confidence interval [CI], 1.092–1.432) and HGS (OR, 1.147; 95% CI, 1.082–1.215)
could predict postoperative complications. The Hip-MFS could predict both 6-month mortality (hazard ratio [HR],
1.403; 95% CI, 1.027–1.917) and mortality at the end of follow-up (HR, 1.493; 95% CI, 1.249–1.769) after adjustment,
while HGS was only associated with mortality at the end of follow-up (HR, 1.080; 95% CI, 1.024–1.139). For mortality
at the end of follow-up, predictive models with the Hip-MFS were superior to those with HGS in the time(Continued on next page)
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dependent receiver-operating curve analysis after adjustment (p = 0.017). Furthermore, the addition of Hip-MFS or
HGS to the American Society of Anesthesiologists (ASA) classification improved its prognostic ability.
Conclusions: Both the Hip-MFS and HGS could predict postoperative complications and improve prognostic utility
when combined with the ASA classification. The Hip-MFS was a stronger predictor of mortality than HGS after HF
surgery. HGS could be a useful pre-screening tool to identify patients at a high risk of postoperative complications
and those who may benefit from further CGA.
Keywords: Frailty, Grip strength, Hip fracture, Multidimensional frailty score, Postoperative complication

Background
Hip fracture (HF) is a catastrophic fracture that leads to
considerable morbidity, loss of independence, increased
health care cost, and 24% of mortality within 1 year. The
incidence of HF increased by 1.23-fold from 2006 to
2015 in Korea with aging of the population [1–3]. As
most of the morbidity or mortality cases are due to general medical conditions and not fracture itself, risk stratification for patients at risk of adverse outcomes and
selection of candidates for interventions are important
to reduce risk [4, 5].
Handgrip strength (HGS) and gait speed are known to
predict further morbidity or mortality in older adults [4,
6, 7]. In particular, HGS can be easily assessed in bedbound HF patients. HGS is considered to be an index of
muscle strength and is known to predict HF outcomes
[6]. Frailty is a clinical state of increased vulnerability associated with morbidity and mortality when exposed to
a stressor, especially after surgery [8]. Frailty is an important geriatric syndrome caused by multiple contributors characterized by diminished muscle strength,
endurance, and reduced function [9].
Previous studies have reported various predictors of adverse clinical outcomes for older HF patients. A recent
systematic review reported that comorbidity, sarcopenia,
surgical factors, socio-economic status, systemic factors,
and two emerging predictors, HGS and frailty, could influence outcomes after HF [10]. The hip-multidimensional
frailty score (Hip-MFS) is calculated from comprehensive
geriatric assessment (CGA) and uses the concept of cumulative deficit to assess frailty. The Hip-MFS was developed and validated to predict adverse outcomes and
short-term mortality more precisely than chronological
age or conventional risk stratification tools after HF surgery [11]. Given that the CGA is a costly, timeconsuming, and labor-intensive process, simple physical
performance parameters such as HGS are considered as
reliable indicators for the rapid assessment of preoperative
risk [6, 12]. Although HGS has been validated to predict
adverse events, no previous study has compared the predictive utility of HGS with the Hip-MFS after HF surgery.
Thus, we aimed to compare the prognostic value of
the composite frailty score (Hip-MFS), HGS, and other

conventional risk factors (American Society of Anesthesiologists [ASA] Physical Status Classification System) in
predicting the occurrence of postoperative complications
or mortality in older patients who have undergone HF
surgery [13]. Furthermore, we examined the additive effect of the Hip-MFS and HGS on the predictive value of
the conventional pre-anesthesia assessment, the ASA
classification, for the prognostic assessment of postoperative complications.

Methods
Study design and setting

This research was conducted in one 1300-bed teaching
tertiary hospital between January 1, 2016, and June 30,
2018 with retrospective cohort design. The study protocol was reviewed and approved by the institutional review board of Seoul National University Bundang
Hospital, which waived the requirement for informed
consent because it is practically impossible to obtain
consent from each participant and even if the consent is
exempted, the risk to the participant is extremely low
[B-1911/579–104].
Participants

Older (age ≥ 65 years) HF patients who were referred to
a geriatric team for pre-surgical CGA were included. If
the HF surgery was performed more than twice during
the period, only the data corresponding to the first operation were included. Patients with missing HGS data or
components of the Hip-MFS data were excluded. Baseline demographic, anthropometric, laboratory, and ASA
classification data of the included patients were retrieved
from the electronic medical record systems.
Assessment

HGS (kg) was assessed in the dominant hand in the supine position, with their elbows fixed at 90° using the
Jamar Plus+ Digital Hand Dynamometer (Sammons
Preston, Bolingbrook, IL, USA). The maximum HGS
among two measurements was used for analysis. The
cut-off value for low HGS was defined as the sex-specific
quintile point (lowest 20%, < 28.6 kg and < 16.4 kg in
men and women, respectively) obtained from a healthy
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older population in the Korea National Health and Nutrition Examination Survey IV [14]. The Hip-MFS was
calculated from the CGA (comorbidity, cognitive function, walking ability, risk of falling, nutritional status),
demographic (sex), and laboratory test data (serum albumin), with a range of 0 to 14 [11]. A detailed description
of the practical assessment and the cut-off values have
been presented previously. A high Hip-MFS score was
identified as a score of more than 8 (Hip-MFS > 8), as
adopted in previous study [11].
The CGA is multidisciplinary diagnostic process which
is now the accepted gold standard for caring for older
hospitalized patients. The CGA was used to evaluate the
following six sub-domains: comorbidity, medications,
physical function, psychosocial function, nutritional status, and risk of delirium. Comorbid conditions were
evaluated using the Charlson Comorbidity Index, and
the Modified Barthel Index, Lawton & Brody Index, and
Koval grade were used to assess patient’s activities of
daily living (ADLs), instrumental ADLs (IADLs), and
walking ability, respectively. The psychosocial function
was determined by evaluating the patients’ cognitive
function and depressive status using the Korean version
of the Mini-Mental State Examination (MMSE-KC) and
the Korea Geriatric Depression Scale (SGDS-K). The validated nutrition screening tool, the Mini Nutritional Assessment (MNA), was used to assess patients who were
malnourished or at risk of malnutrition. The risk of delirium was evaluated using the Nursing Delirium Screening Scale. The risk of falling was evaluated using the
Predisposition for Falling assessment guide, as most
cases of low traumatic HF are caused by falls [15].
Outcome

The primary outcome was a composite outcome of the
following postoperative complications: delirium, pneumonia, urinary tract infection, pulmonary thromboembolism, and unplanned intensive care unit (ICU)
admission after surgery. Delirium was identified by psychiatric consultation with a state of acute confusion or
by retrospective chart review, and based on the Diagnostic and Statistical Manual of Mental Disorder, 5th edition, criteria [16]. Defined criteria of the National
Surgical Quality Improvement Program were used to
identify each condition of pneumonia, urinary tract infection, and pulmonary thromboembolism [17]. Unplanned ICU admission was defined as transfer from
general ward to an ICU within a hospitalization period
of at least 72 h after HF surgery for close monitoring for
any medical or surgical issues. The secondary outcomes
were 6-month mortality and mortality at the end of
follow-up, which were assessed using the data of National Statistical Office from January 1, 2016, until December 31, 2018. The methodology of the CGA and
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definition of study outcome was defined in the same way
as the previous studies conducted in SNUBH [11, 18].
Statistical analysis

The data were analyzed using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA),
Stata SE, version 15 (StataCorp, College Station, TX,
USA), R version 3.4.4 (The R Foundation for Statistical
Computing, Vienna, Austria), and MedCalc Statistical
Software version 17.5.3 (MedCalc Software, Ostend,
Belgium). Continuous variables are expressed as mean
(standard deviation [SD]) or median (interquartile range
[IQR]) and were compared using t-test. Discrete variables are presented as numbers or percentages, and the
chi-square or Fisher’s exact test was used to compare
proportions. Effects of the Hip-MFS and HGS on primary or secondary outcomes were analyzed by multivariate logistic regression models or Cox’s proportional
hazard analysis, respectively. We compared the predictive value of the Hip-MFS for the primary outcome with
that of the ASA classification and HGS using a receiveroperating characteristic (ROC) curve. The additional
prognostic utility of the Hip-MFS and HGS when added
to the ASA classification was evaluated by comparing
the C-index, which measures the goodness of fit in a logistic regression model. Model 1 was adjusted for age,
sex, and body mass index (BMI). Model 2 was adjusted
for Model 1 and the type of fracture (neck or intertrochanteric fracture). Model 3, the final model, was adjusted for Model 2 and various laboratory variables
(white blood cell count, hemoglobin, total cholesterol,
protein, blood urea nitrogen, and creatinine). The
Kaplan–Meier analysis was used to analyze the survival
curves, and log-rank tests were used to assess the significance between the risk groups. Time-dependent ROC
curve analysis based on 1000 days was performed to assess the predictive performance of the Hip-MFS and
HGS, and DeLong’s method was used to compare between time-dependent ROC curve of Hip-MFS and
HGS. All statistical analyses were two-tailed, and pvalues < 0.05 were considered statistically significant.

Results
During the study period, 455 patients underwent HF
surgery, among whom, 274 (60.2%) underwent CGA.
After excluding 30 patients with missing data on HGS, 1
who developed aspiration pneumonia before HF surgery,
and 1 who had missing data required to calculate the
Hip-MFS, 242 patients were included in the final
analysis.
The mean age of study participants was 81.5 years (SD,
6.7), and 73.1% (n = 177) were women. A total of 106
(43.8%) patients experienced postoperative complications, including pneumonia (14 patients), urinary tract
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infection (9 patients), delirium (100 patients), stroke (1
patient), and unplanned ICU admission (11 patients).
Fifteen and seven patients experienced two and three
simultaneous postoperative complications, respectively.
The median observation time was 620.5 days (IQR:
367.0–784.8). The mortality at the end of follow-up was
20.7% (n = 50), while the 6-month mortality after HF
surgery was 7.4% (n = 18).
Older patients and those with lower BMI, higher ASA
classification, lower serum cholesterol, lower protein,
and lower albumin levels tended to experience more
postoperative complications. Among the CGA domains,
dependent ADL, IADL, lower MMSE-KC, MNA score,
higher SGDS-K score, and positive risk of falling were
related to complications. Weaker HGS strength and a
higher Hip-MFS score were also correlated with complications (Table 1).
Both the Hip-MFS and HGS, but not the ASA classification, could predict postoperative complications in the
fully adjusted model (Model 3), with odds ratios (ORs)
of the Hip-MFS (per point), HGS (per kg), and ASA
classification of 1.250 (95% confidence interval [CI]:
1.092–1.432, p = 0.001), 1.147 (95% CI 1.082–1.215,
p < 0.001), and 1.347 (95% CI: 0.804–2.257, p = 0.258),
respectively (Table 2).
The Hip-MFS was more accurate than the ASA classification in predicting postoperative complications according to the area under the curve (AUC), with a pvalue for analyzing the difference between the AUC of
the Hip-MFS (AUC: 0.679; 95% CI: 0.613–0.745) and
the AUC of the ASA classification (AUC: 0.583; 95% CI:
0.513–0.653) of 0.037. However, the Hip-MFS was not
significantly superior to HGS in predicting postoperative
complications (AUC: 0.669, 95% CI: 0.602–0.737, p =
0.793). Moreover, the AUCs of HGS and ASA classification were not significantly different (p = 0.080). Compared with the C-index of the logistic model of ASA
classification alone or in combination with the Hip-MFS
or HGS, the predictive value of the ASA + Hip-MFS (Cindex: 0.679, 95% CI: 0.607–0.751) or ASA + HGS (Cindex: 0.676, 95% CI: 0.603–0.749) was superior to that
of the ASA classification alone (C-index 0.583, 95% CI
0.513–0.653) for predicting postoperative complications
(p = 0.0198 and 0.0204, respectively) (Fig. 1).
The hazard ratio (HR) in the fully adjusted (Model 3)
model of the Hip-MFS for predicting 6-month mortality
was 1.403. (95% CI: 1.027–1.917, p = 0.033). The ASA
classification could also predict the 6-month all-cause
mortality (HR: 3.066, 95% CI: 1.106–8.503, p = 0.031),
whereas HGS could not (HR: 1.101, 95% CI: 0.985–
1.231, p = 0.089). Furthermore, the Hip-MFS (HR: 1.493,
95% CI: 1.259–1.769, p < 0.001) and HGS (HR: 1.080,
95% CI: 1.024–1.139, p = 0.005), but not the ASA classification (HR: 1.551, 95% CI: 0.908–2.651, p = 0.108)
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could predict mortality at the end of follow-up in the
fully adjusted model (Model 3) (Table 2). Furthermore,
with regard to predicting mortality at the end of followup, predictive models with the Hip-MFS were superior
to those with HGS, with p-values of 0.017, 0.012, and
0.017 in models 1, 2, and 3, respectively (Fig. 2).
Similar trends were observed in the ORs and HRs in
the models between the low HGS and high-risk HipMFS groups for predicting postoperative complications,
6-month mortality, and mortality at the end of follow-up
(Supplementary Table 1). Furthermore, the cumulative
6-month survival rates of the low and high Hip-MFS risk
groups were statistically significant according to the logrank test of the Kaplan–Meier curve (p < 0.001), but not
between the HGS risk groups (p = 0.052) (Fig. 3).

Discussion
The Hip-MFS could predict both postoperative complications and mortality after HF surgery. HGS was a reliable predictor of complications but a weaker predictor
of mortality than the Hip-MFS, while the ASA classification could only predict 6-month mortality. The results
also confirmed that the evaluation of either the HipMFS or HGS, in addition to the ASA classification, improves the prediction of patients’ prognosis after HF surgery. The results of our investigation are consistent with
those of previous research confirming the prognostic
role of HGS or frailty after HF surgery. In previous studies, HGS could predict walking recovery, functional independence, or 1-year mortality [6, 19, 20].
Furthermore, frailty has predictive power for postoperative complications, increased length of inpatient stay, 30day residence, and mortality [7, 21–23].
The Hip-MFS may be superior to HGS in prediction
of adverse outcomes after HF surgery because it contains
multiple domains obtained by CGA, while HGS only
represents physical performance. Furthermore, the HipMFS is able to represent the actual physiologic reserve
or vulnerability, unlike HGS. Accurate stratification of
decreased physiologic reserve and increased vulnerability
to adverse outcomes might prompt clinicians to develop
a better treatment strategy, enabling patients and providers to avoid, or at least to minimize, stressors and further risks.
The CGA could identify not only preoperative risks
but also specific modifiable elements that should be intervened. A simple, feasible, and intuitive risk assessment tool could help surgeons develop a discharge plan
or to decide whether co-management with a geriatrician
is needed and whether there is a need to perform preemptive medical optimization, non-pharmacological delirium preventive intervention, and rehabilitation before
or after an operation. However, the CGA has disadvantages in that it is labor-intensive and time-consuming.

Choi et al. BMC Geriatrics

(2021) 21:234

Page 5 of 9

Table 1 Comparison of demographic, laboratory, and CGA domains by postoperative complication
No Complication
(n = 136)

Complication
(n = 106)

p-values

Age (year)

80.3 (6.4)

83.1 (6.8)

0.001

Sex (male/female)

35/101

30/76

0.655

Body mass index (kg/m )

22.0 (3.7)

20.9 (3.8)

0.016

ASA class (1/2/3/4) a

6/77/29/3

6/43/43/1

0.050

Demographic

2

Type of fracture (neck/intertrochanter)

66/70

55/51

0.604

Anesthesia (general/spinal)

109/27

94/12

0.073

WBCs (× 103/μL)

9.8 (3.6)

9.7 (3.5)

0.828

Hemoglobin (g/dL)

11.5 (2.0)

11.1 (2.0)

0.093

Platelets (× 103/μL)

216.1 (81.0)

198.2 (73.0)

0.076

Laboratory

BUN (mg/dL)

20.0 (11.9)

22.3 (14.3)

0.165

Creatinine (mg/dL)

0.99 (0.92)

1.22 (1.44)

0.137

Total Cholesterol (mg/dL)

162.0 (37.8)

150.4 (35.5)

0.016

Protein (mg/dL)

6.7 (0.6)

6.5 (0.7)

0.024

Albumin (mg/dL)

3.8 (0.4)

3.5 (0.5)

< 0.001

Charlson’s comorbidity index

1.5 (1.7)

1.9 (1.8)

0.118

Polypharmacy (≥5)

96 (70.6%)

78 (73.6%)

0.607

58 (42.6%)

69 (65.7%)

< 0.001

70 (51.5%)

80 (76.2%)

< 0.001

Comprehensive geriatric assessment

ADL dependency (partial and full)
IADL dependency

b

b

MMSE-KC

20.4 (6.4)

14.8 (7.1)

< 0.001

SGDS-Kc

4.9 (3.7)

6.4 (4.6)

0.025

Risk of falling (≥10)

42 (30.9%)

55 (51.9%)

0.001

MNA

22.0 (4.2)

19.6 (4.7)

< 0.001

Mid-arm circumference (cm)

24.4 (11.4)

22.6 (3.1)

0.112

Grip strength (kg)

17.7 (7.4)

13.4 (5.9)

< 0.001

The Koval grade

2.2 (1.7)

2.6 (1.8)

0.074

Hip-MFS

6.1 (2.8)

7.8 (2.3)

< 0.001

Data are presented as mean (SD) or number (%)
ADL activities of daily living, ALT alanine aminotransferase, AST aspartate aminotransferase, ASA American Society of Anesthesiologists, CGA comprehensive
geriatric assessment, IADL instrumental activities of daily living, MMSE-KC Korean version of the mini-mental status examination, SGDS-K short form of the Korean
Geriatric Depression Scale, MNA Mini Nutritional Assessment, Nu-DESC Nursing Delirium Screening Scale, WBC white blood cell
a
Data were missing for 34 patients
b
Data were missing for 1 patient
c
Data were missing for 64 patients

Thus, the results of this study suggest the need for
implementing a two-step approach. Pre-screening patients at a high risk of postoperative complications, performing an HGS test, which is simple and can be
performed at the bedside, and identifying patients who
require further evaluation for frailty by performing the
CGA. This two-step approach will help to lessen the use
of medical resources and time compared to performing
CGA in all patients.
A previous study comparing frailty and grip strength
in older surgery recipients showed comparable results to

this study [18]. Similar to a previous study, in this study,
HGS alone did not predict short-term mortality after
surgery. However, unlike in previous studies, the mortality at the end of follow-up could be predicted significantly in this study. These differences in results may be
due to differences in age (mean age: 81.1 vs. 76.6), nutritional status (mean MNA score: 21.0 vs. 24.1), functional
status (IADL dependency: 62.0% vs. 10.2%), and cognitive status (mean MMSE-KC score 18.0 vs 23.5) [18].
Furthermore, as the HF patients were older and frailer
than the general surgical patient group, the majority of
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Table 2 Adjusted odds ratios and hazard ratios by grip strength, gait speed, and other risk factors for postoperative complications,
6-month mortality, and mortality at the end of follow-up
Model 1a

Model 2b

Model 3c

Grip strength (per kg)

1.147 (1.085–1.213)†

1.151 (1.088–1.218)†

1.147 (1.082–1.215)†

Hip-MFS

1.260 (1.118–1.422)†

1.275 (1.127–1.442)†

1.250 (1.092–1.432)*

1.566 (0.971–2.526)

1.563 (0.969–2.521)

1.347 (0.804–2.257)

1.116 (1.023–1.217)*

1.111 (1.015–1.216)*

1.101 (0.985–1.231)

‡

†

1.403 (1.027–1.917)*

2.236 (1.076–4.645)

*

2.449 (1.134–5.290)

3.066 (1.106–8.503)*

Grip strength (per kg)

1.094 (1.040–1.152)∥

1.093 (1.037–1.151)†

1.080 (1.024–1.139)*

Hip-MFS

1.546 (1.334–1.795)‡

1.538 (1.323–1.788)‡

1.493 (1.259–1.769)*

*

*

Complication

d

ASA classification
6-month mortality

Grip strength (per kg)
Hip-MFS

1.603 (1.235–2.080)
d

ASA classification

*

1.530 (1.183–1.979)

Mortality at the end of follow-up

ASA classification

d

1.725 (1.094–2.718)

1.750 (1.106–2.770)

1.551 (0.908–2.651)

Data are presented as hazard ratio (95% confidence interval)
a
Adjusted by age, sex, and body mass index
b
Adjusted by age, sex, body mass index, and type of fracture
c
Adjusted by age, sex, body mass index, type of fracture, white blood cell count, hemoglobin, total cholesterol, protein, blood urea nitrogen, and creatinine
d
Data were missing for 34 patients
*
p < 0.05, †p < 0.01, ‡p < 0.001

Fig. 1 Additional prognostic utility of the Hip-MFS and grip strength with the ASA classification in predicting postoperative complications. a ASA
vs. ASA + Hip-MFS. b ASA vs. ASA + grip strength. Hip-MFS: hip-multidimensional frailty score, ASA: American Society of Anesthesiologists
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Fig. 2 Time-dependent receiver-operating characteristic (ROC) curves at 1000 days based on the Hip-MFS- (red) and grip strength- (blue) based
prognostic model for mortality at the end of follow-up. a Model 1: Adjusted by age, sex, and body mass index. b Model 2: Adjusted by age, sex,
body mass index, and type of fracture. c Model 3: Adjusted by age, sex, body mass index, type of fracture, white blood cell count, hemoglobin,
total cholesterol, protein, blood urea nitrogen, and creatinine. Hip-MFS: hip-multidimensional frailty score

patients showed a phenotypical representation of frailty
and decreased HGS. This finding suggests that the prognostic utility of HGS could be greater among older HF
patients than among other general surgical populations.
Recently, many risk predictors of adverse outcome
after HF have been identified and the importance of
frailty or physical parameters such as HGS has been emphasized as a result [10, 24]. Though various risk score
models have been developed, the prognostic utility of
the Hip-MFS is superior to that of the most widely used
Nottingham Hip Fracture Score [11]. To the best of our
knowledge, this is the first study to compare the frailty
score model from CGA with conventional anesthesia
risk stratification tools, the ASA classification, and the
emerging physical parameter, HGS. Our study also
proves the additional prognostic utilities of the objective
parameters, the Hip-MFS and HGS, compared to those

of a more subjective tool, the ASA classification. In our
study, low HGS had a higher prevalence (n = 182) than
high-risk Hip-MFS (n = 78), and the majority (94.9%,
n = 74) of high-risk Hip-MFS had low HGS. With additional ROC curve analysis, the cut-off value of HGS in
predicting a high risk of frailty (Hip-MFS) was much
lower than the cut-off value created for screening sarcopenia in the community population level. Analyzing by
sex, an HGS cut-off value of ≤19.3 kg in men (sensitivity
84.2%, specificity 73.9%, A) and ≤ 12.7 kg in women
(sensitivity 74.6%, specificity 73.7%, B) could predict a
high risk of frailty (Supplementary Figure 1). Thus, we
suggest that HGS could be used for screening, identifying frail patients, and targeting those who may benefit
from the CGA under limited medical resources.
There are several limitations to this study. First, the included patients were retrospectively selected from a

Fig. 3 Cumulative 6-month mortality rate according to risk stratification based on the Hip-MFS and grip strength. Comparison of the Kaplan–
Meier survival curves between (a) high-risk vs. low-risk Hip-MFS groups and (b) low vs. high grip strength groups. Log-rank test showing a
significant difference between the Hip-MFS groups but not between the grip strength groups. Hip-MFS: hip-multidimensional frailty score
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single center. Thus, further prospective studies including
multiple institutions with a larger number of participants
and longer observation periods are warranted. Second,
the HGS measurement protocol did not adhere to the
standardized method advocated by the American Society
of Hand Therapists, in which the participants are tested
in a seated position [25]. HGS was measured before surgery as its clinical implication seems to evaluate the
postoperative risk. Although it is well known that muscle
mass is maintained during the first 10 days after HF surgery, it is reasonable to measure HGS before surgery in a
supine position. Indeed, this approach has also been used
in other studies [26–28]. Third, even though the retrospective chart review to diagnose delirium was conducted
by one geriatrician to minimize inter-observer variability,
the incidence of delirium might be underdiagnosed due to
hypoactive delirium or incomplete medical records. However, the incidence of delirium in this study (41.2%) was
comparable with that in the previous study conducted in
HF patients (28–50%) [29]. Fourth, 8.7% (n = 21) of HF
patients experienced delirium before surgery, and given
that the CGA was performed before surgery, the cognitive
assessment could have been influenced by preoperative
delirium. Though the decline in the cognitive function in
the acute stage may be associated with frailty, we did not
have a reliable assessment of premorbid cognitive function
and adjust patients’ baseline cognitive function. When the
Hip-MFS was calculated, the ADL/IADL was assessed
based on function 1 month before fracture, and other objective indicators (laboratory finding, sex or mid-arm circumference) were also considered. Lastly, although our
institution recommends the use of the CGA in older HF
patients, it cannot be performed in all HF patients for reasons including patients’ refusal, failure to conduct the
CGA as the patient is scheduled for surgery or other preoperative tests, and not requesting the CGA. However, in
our previous studies conducted in our institution, no significant difference was observed in the baseline characteristics between participants and non-participants [11].

Conclusion
The Hip-MFS showed better prognostic power for mortality
after HF surgery than HGS. Both the Hip-MFS and HGS
had incremental predictive ability for postoperative complications when added to the ASA classification. In conclusion,
HGS is a reliable predictor of postoperative complications
after HF and could be used for screening purposes to target
frail patients who may benefit from further CGA.
Abbreviations
ASA: American Society of Anesthesiologists; ADL: Activities of daily living;
CGA: Comprehensive geriatric assessment; CI: Confidence interval;
HGS: Handgrip strength; Hip-MFS: Hip-multidimensional frailty score;
HR: Hazard ratio; IADL: Instrumental activities of daily living; ICU: Intensive
care unit; IQR: Interquartile range; MMSE-KC: Korean version of the MiniMental State Examination; MNA: Mini Nutritional Assessment; Nu-

Page 8 of 9

DESC: Nursing Delirium Screening Scale; OR: Odds ratio; SD: Standard
deviation; SGDS-K: Korea Geriatric Depression Scale; ROC: Receiver-operating
characteristic; WBC: White blood cell

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-021-02150-9.
Additional file 1: Supplementary Table 1. Adjusted ORs and HRs by
categorical cut-off values of grip strength and Hip-MFS for postoperative
complication, 6-month mortality, and mortality at the end of follow-up.
Supplementary Figure 1. Receiver-operating characteristic (ROC) curves
based on grip strength to identify high-risk Hip-MFS in older male (A)
and female (B) hip fracture patients.

Acknowledgements
None to declare.

Authors’ contributions
JYC, KIK, and CHK contributed to the conception and design of the study.
JYC, YKL, KHK, and JKK contributed to the acquisition of the data. JYC and
JKK contributed to the analysis and interpretation of the data. JYC and KIK
prepared the draft of the manuscript. All coauthors contributed to the critical
revision of the manuscript. All coauthors approved the final version of the
manuscript.

Funding
This research was supported by the grants from the Seoul National
University Bundang Hospital (SNUBH) Research Fund [grant number 14–
2017-023]. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol was reviewed and approved by the Seoul National
University Bundang Hospital (SNUBH) institutional review board [B-1911/579–
104]. The need for consent was waived by the SNUBH institutional review
board because it is practically impossible to obtain consent from each
participant; there is no reason to presume that the participant refused to
consent and, even if the consent is exempted, the risk to the participant is
extremely low.

Consent for publication
Not applicable.

Competing interests
All authors state that they have no competing interests.
Author details
1
Department of Internal Medicine, Seoul National University Bundang
Hospital, 82, Gumi-ro 173beon-gil, Bundang-gu, Seongnam-si, Gyeonggi-do,
Republic of Korea. 2Department of Orthopedic Surgery, Seoul National
University Bundang Hospital, 82, Gumi-ro 173beon-gil, Bundang-gu,
Seongnam-si, Gyeonggi-do, Republic of Korea. 3Department of Internal
Medicine, Seoul National University College of Medicine, 103, Daehak-ro,
Jongno-gu, Seoul, Republic of Korea. 4Department of Orthopedic Surgery,
Seoul National University College of Medicine, 103, Daehak-ro, Jongno-gu,
Seoul, Republic of Korea.

Choi et al. BMC Geriatrics

(2021) 21:234

Received: 1 September 2020 Accepted: 11 March 2021

References
1. Hong S, Han K. The incidence of and mortality rate after hip fracture in
Korea: a nationwide population-based cohort study. Osteoporos Sarcopenia.
2019;5(2):38–43. https://doi.org/10.1016/j.afos.2019.06.003.
2. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity after hip fractures.
BMJ. 1993;307(6914):1248–50. https://doi.org/10.1136/bmj.307.6914.1248.
3. Cauley JA. Public health impact of osteoporosis. J Gerontol A Biol Sci Med
Sci. 2013;68(10):1243–51. https://doi.org/10.1093/gerona/glt093.
4. Hu F, Jiang C, Shen J, Tang P, Wang Y. Preoperative predictors for mortality
following hip fracture surgery: a systematic review and meta-analysis. Injury.
2012;43(6):676–85. https://doi.org/10.1016/j.injury.2011.05.017.
5. Sterling RS. Gender and race/ethnicity differences in hip fracture incidence,
morbidity, mortality, and function. Clin Orthop Relat Res. 2011;469(7):1913–
8. https://doi.org/10.1007/s11999-010-1736-3.
6. Savino E, Martini E, Lauretani F, Pioli G, Zagatti AM, Frondini C, Pellicciotti F,
Giordano A, Ferrari A, Nardelli A, Davoli ML, Zurlo A, Lunardelli ML, Volpato
S. Handgrip strength predicts persistent walking recovery after hip fracture
surgery. Am J Med. 2013;126(12):1068–75 e1061. https://doi.org/10.1016/j.a
mjmed.2013.04.017.
7. Kistler EA, Nicholas JA, Kates SL, Friedman SM. Frailty and short-term
outcomes in patients with hip fracture. Geriatr Orthop Surg Rehabil. 2015;
6(3):209–14. https://doi.org/10.1177/2151458515591170.
8. Watt J, Tricco AC, Talbot-Hamon C, Pham B, Rios P, Grudniewicz A, et al.
Identifying older adults at risk of harm following elective surgery: a
systematic review and meta-analysis. BMC Med. 2018;16(1):2. https://doi.
org/10.1186/s12916-017-0986-2.
9. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. Frailty
consensus: a call to action. J Am Med Dir Assoc. 2013;14(6):392–7. https://
doi.org/10.1016/j.jamda.2013.03.022.
10. Xu BY, Yan S, Low LL, Vasanwala FF, Low SG. Predictors of poor functional
outcomes and mortality in patients with hip fracture: a systematic review.
BMC Musculoskelet Disord. 2019;20(1):568. https://doi.org/10.1186/s12891-01
9-2950-0.
11. Choi JY, Cho KJ, Kim SW, Yoon SJ, Kang MG, Kim KI, Lee YK, Koo KH, Kim
CH. Prediction of mortality and postoperative complications using the hipmultidimensional frailty score in elderly patients with hip fracture. Sci Rep.
2017;7(1):42966. https://doi.org/10.1038/srep42966.
12. Hershkovitz A, Yichayaou B, Ronen A, Maydan G, Kornyukov N, Burstin A,
Brill S. The association between hand grip strength and rehabilitation
outcome in post-acute hip fractured patients. Aging Clin Exp Res. 2019;
31(10):1509–16. https://doi.org/10.1007/s40520-019-01200-y.
13. Menke H, Klein A, John KD, Junginger T. Predictive value of ASA
classification for the assessment of the perioperative risk. Int Surg. 1993;
78(3):266–70.
14. Yoo JI, Choi H, Ha YC. Mean hand grip strength and cut-off value for
sarcopenia in Korean adults using KNHANES VI. J Korean Med Sci. 2017;
32(5):868–72. https://doi.org/10.3346/jkms.2017.32.5.868.
15. Berryman E, Gaskin D, Jones A, Tolley F, MacMullen J. Point by point:
predicting elders's falls. Geriatr Nurs. 1989;10(4):199–201. https://doi.org/10.1
016/S0197-4572(89)80203-4.
16. European Delirium Association; American Delirium Society. The DSM-5
criteria, level of arousal and delirium diagnosis: inclusiveness is safer. BMC
Med. 2014;12(1):141. https://doi.org/10.1186/s12916-014-0141-2.
17. Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, Chong V, Fabri
PJ, Gibbs JO, Grover F, Hammermeister K, Irvin G III, McDonald G, Passaro E
Jr, Phillips L, Scamman F, Spencer J, Stremple JF. The Department of
Veterans Affairs' NSQIP: the first national, validated, outcome-based, riskadjusted, and peer-controlled program for the measurement and
enhancement of the quality of surgical care. National VA surgical quality
improvement program. Ann Surg. 1998;228(4):491–507. https://doi.org/10.1
097/00000658-199810000-00006.
18. Choi JY, Kim KI, Choi Y, Ahn SH, Kang E, Oh HK, Kim DW, Kim EK, Yoon YS,
Kang SB, Kim HH, Han HS, Kim CH. Comparison of multidimensional frailty
score, grip strength, and gait speed in older surgical patients. J Cachexia
Sarcopenia Muscle. 2020;11(2):432–40. https://doi.org/10.1002/jcsm.12509.
19. Beloosesky Y, Weiss A, Manasian M, Salai M. Handgrip strength of the
elderly after hip fracture repair correlates with functional outcome. Disabil
Rehabil. 2010;32(5):367–73. https://doi.org/10.3109/09638280903168499.

Page 9 of 9

20. Menéndez-Colino R, Alarcon T, Gotor P, Quipo R, Ramirex-Martin R, Otero A,
et al. Baseline and pre-operative 1-year mortality risk factors in a cohort of
509 hip fracture patients consecutively admitted to a co-managed
orthogeriatric unit (FONDA cohort). Injury. 2018;49(3):656–61. https://doi.
org/10.1016/j.injury.2018.01.003.
21. Chen CL, Chen CM, Wang CY, Ko PW, Chen CH, Hsieh CP, Chiu HC. Frailty is
associated with an increased risk of major adverse outcomes in elderly
patients following surgical treatment of hip fracture. Sci Rep. 2019;9(1):
19135. https://doi.org/10.1038/s41598-019-55459-2.
22. Dayama A, Olorunfemi O, Greenbaum S, Stone ME Jr, McNelis J. Impact of
frailty on outcomes in geriatric femoral neck fracture management: an
analysis of national surgical quality improvement program dataset. Int J
Surg. 2016;28:185–90. https://doi.org/10.1016/j.ijsu.2016.02.087.
23. Krishnan M, Beck S, Havelock W, Eeles E, Hubbard RE, Johansen A.
Predicting outcome after hip fracture: using a frailty index to integrate
comprehensive geriatric assessment results. Age Ageing. 2014;43(1):122–6.
https://doi.org/10.1093/ageing/aft084.
24. Malafarina V, Malafarina C, Biain Ugarte A, Martinez JA, Abete Goñi I, Zulet
MA. Factors associated with sarcopenia and 7-year mortality in very old
patients with hip fracture admitted to rehabilitation units: a pragmatic
study. Nutrients. 2019;11(9):2243. https://doi.org/10.3390/nu11092243.
25. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, Sayer AA.
A review of the measurement of grip strength in clinical and
epidemiological studies: towards a standardised approach. Age Ageing.
2011;40(4):423–9. https://doi.org/10.1093/ageing/afr051.
26. D'Adamo CR, Hawkes WG, Miller RR, Jones M, Hochberg M, Yu-Yahiro J,
Hebel JR, Magaziner J. Short-term changes in body composition after
surgical repair of hip fracture. Age Ageing. 2014;43(2):275–80. https://doi.
org/10.1093/ageing/aft198.
27. Selakovic I, Dubljanin-Raspopovic E, Markovic-Denic L, Marusic V, Cirkovic A,
Kadija M, Tomanovic-Vujadinovic S, Tulic G. Can early assessment of hand
grip strength in older hip fracture patients predict functional outcome?
PLoS One. 2019;14(8):e0213223. https://doi.org/10.1371/journal.pone.
0213223.
28. Alvarez MN, PLD B, Thuissard IJ, Sanz-Rosa D, Muñana EA, Galindo RB,
Cerezo JFG. Grip strength and functional recovery after hip fracture: an
observational study in elderly population. Eur Geriatr Med. 2016;7(6):556–60.
https://doi.org/10.1016/j.eurger.2016.05.002.
29. Francis J. Delirium in older patients. J Am Geriatr Soc. 1992;40(8):829–38.
https://doi.org/10.1111/j.1532-5415.1992.tb01859.x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

