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Abstract
Background Chronological age per se cannot be considered a prognostic risk factor for outcomes after elective surgery, 
whereas frailty could be. A simple and easy-to-get marker for frailty, such as handgrip strength (HGS), may support the 
surgeon in decision for an adequate healthcare plan.
Aims The aims of this study were to: (1) determine the prevalence of frailty in an abdominal surgery setting independent of 
age; (2) evaluate the predictive validity of HGS for the length of hospital stay (LOS).
Methods This is a retrospective study conducted in subjects who underwent abdominal surgical procedures. Only subjects 
with complete cognitive, functional, nutritional assessments and available measurement of HGS at admission were included. 
A final cohort of 108 patients were enrolled in the study.
Results Subjects had a mean age of 67.8 ± 15.8 years (age range 19–93 years old) and were mostly men. According to 
Fried’s criteria, 17 (15.7%, 4F/13 M) were fit, 58 (23.7%; 24F/34 M) were pre-frail and 33 (30.6%; 20F/13 M) were frail. 
As expected, HGS significantly differed between groups having frail lower values as compared with pre-frail and fit persons 
(fit: 32.99 ± 10.34 kg; pre-frail: 27.49 ± 10.35 kg; frail: 15.96 ± 9.52 kg, p < 0.0001). A final regression analysis showed that 
HGS was significantly and inversely associated with LOS (p = 0.020) independent of multiple covariates, including age.
Discussion Most of the population undergoing abdominal surgery is pre-frail or frail. The measurement of handgrip strength 
is simple and inexpensive, and provides prognostic information for surgical outcomes. Muscle strength, as measured by 
handgrip dynamometry, is a strong predictor of LOS in a surgical setting.
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Introduction

The number of surgical procedures in adult and older popu-
lations has increased in the past few decades [1–3]. Recent 
studies have clearly shown that in elderly, age itself is not 
a prognostic risk factor for complications after elective 
surgery, including length of hospital stay (LOS), whereas 

functional frailty is [4]. Frailty is a complex, multidimen-
sional, and cyclical state of diminished physiologic reserve 
that results in decreased resilience and adaptive capacity of 
a person, and it is characterized by increased vulnerability to 
many stressors. The concept of frailty has become increas-
ingly recognized as the most important status for health out-
comes, with particular interest in subjects who are undergo-
ing major surgery. Interestingly, it has been demonstrated 
that frail older patients are at increased risk of postopera-
tive complications as well as LOS [5, 6]. However, frailty 
is often misunderstood in surgical settings, not identified 
and confused as a simply hallmark of aging. Thus, surgical 
patients are usually assessed by age, while frailty, independ-
ent of chronological age is still undervalued in such a setting. 
Interestingly, a recent study showed that frailty—using the 
Accumulation of Deficits and Fried models—is prevalent 
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even in younger adults (18–65 years old), and its prevalence 
varies depending on which frailty tool is used [7]. Accord-
ingly, a more recent study found that frailty—assessed by 
completion of the Canadian Study of Health and Ageing—
exists in adults admitted as surgical emergency [8], while no 
evidence is available in abdominal surgery setting to adverse 
outcomes.

Collectively, an easier to-get marker of frailty could be 
the key for immediate clinical use in the surgical setting 
beyond age. In this context, handgrip strength (HGS) is a 
useful marker of frailty. HGS is a practical and objective 
measure of overall muscle strength [9] functions as well 
as  a component of comprehensive geriatric assessment   
[10–13]. However, its use within surgical settings has not 
been rigorously validated. Age and gender were described 
as the strongest factors influencing HGS in healthy subjects. 
Accordingly, HGS declines with increasing age [14] with 
lower values for women [15]. Interestingly, HGS has been 
shown to predict LOS among some surgical [16, 17] and 
cancer patients [18], but it is unknown as to whether a simi-
lar association exists in abdominal surgery setting. Interest-
ingly, LOS is an important health-care outcome of interest 
due to the resource intensiveness of a hospital bed. Although 
less well studied, there is a growing body of literature inves-
tigating the value of frailty specifically in oncologic surgery 
[19, 20]; however, no study has focused on the HGS value. 
Considering such evidence, the aims of this study were to: 
(1) determine the prevalence of frailty in general surgery and 
surgical oncology setting independent of age; (2) evaluate 
the predictive validity of HGS for the LOS and its relation-
ship with frailty as a whole. A simple and easy to get marker, 
such as HGS, potentially predicting LOS, may be useful as 
an important task to support the decision of an adequate 
health-care plan by the medical team and for an efficient 
management of hospital resources.

Methods

Subjects and study design

This a retrospective study conducted in adult and older 
people who underwent abdominal surgical procedure for 
non-oncological (general surgery) and oncological (general 
oncological surgery) diseases between July 2020 and August 
2021 at Department of Surgery of the University of Siena. 
Only patients operated in elective setting, with available 
measurement of handgrip at admission and who were able 
to give a written informed consent, were included. Data on 
demographics, anthropometrics, physical examination and 
clinical information were gathered from the hospitaliza-
tion chart. We followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) reporting 

guideline. This study was approved by the Internal Institu-
tional Review Board.

Groups definition

Frailty is typically assessed in older populations. Identify-
ing frailty in adults aged under 65 years may have crucial 
value, if it supports the delivery of timely care as in a surgi-
cal setting. In populations that included people aged over 
and under 60 years, Fried frailty phenotype demonstrated 
predictive validity [21]. Thus, subjects were divided into 
three groups according to Fried’s criteria for frailty [22]. 
Fried’s phenotype method classifies older adults as fit, pre-
frail or frail based on five criteria: weight loss, exhaustion, 
low physical activity, slowness, and weakness. The stages 
of frailty, based on Fried criteria, were defined as follows: a 
score of 0 means that a person is fit or not frail. People with a 
score of 1 or 2 are at intermediate risk for adverse outcomes 
or are considered to be pre-frail. A score of 3–5 indicates 
that someone is frail [22].

Analytical method

Weight and height were measured by standard technique. 
Body mass index (BMI) was calculated as weight in kilo-
grams divided by square of height expressed in meters.

Cognitive, functional, and nutritional assessment

Cognitive performances were evaluated with the Mini-
Mental State Examination (MMSE) as a test of general 
cognition [23]. To avoid the underestimation of a self-rated 
level of functional capacity, an informant-based rating of 
functional status was carried out using the Basic Activities 
of Daily Living (BADL) [24] and the Instrumental Activi-
ties of Daily Living (IADL) scales [25]. BADL includes six 
activities: bathing, dressing, toileting, transferring, conti-
nence, and feeding. IADL includes eight activities: using 
the telephone, shopping, meal preparation, housekeeping, 
laundry, use of transportation, self-administration of drugs, 
and handling finances. Any dysfunction in the performance 
of these activities was recorded as dependence in the cor-
respondent item. BADL score ranges from 6 (total inde-
pendence) to 0 (total dependence), and IADL from 8 (total 
independence) to 0 (total dependence). The nutritional status 
was assessed by the administration of the Mini Nutritional 
Assessment (MNA) [26]. The MNA has been developed to 
assess malnutrition in old age subjects and to select those 
who might get benefited from early diagnosis and treatment. 
It is completed by a medical doctor and comprised 18 ques-
tions on: (1) anthropometry; (2) questions on dietary intake 
and habits; (3) general assessment; and (4) self-assessment. 
After completing the whole questionnaire, the total score 
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(a maximum of 15 points) allows grouping the nutritional 
status according to clearly defined verges: scores above 12 
are defined as good status; scores 8–11 mean at risk of mal-
nutrition; scores below 7 are defined as malnourished [26].

Handgrip strength assessment

Maximal isometric handgrip strength was measured with a 
portable adjustable handgrip dynamometer (Deyard EH101). 
The handgrip was measured in kilograms (kg). The partici-
pants adopted a seated, upright position, shoulders abducted 
and neutrally rotated, elbow extended, the forearm in neu-
tral position, and the wrist at extension between 0° and 30°. 
Three maximal voluntary contractions, each with a 5-s dura-
tion, were performed for each hand, alternating between the 
right and left hands to avoid muscle fatigue. The highest 
value for the right and left hand were used in the analysis.

Statistical analysis

The observed data were normally distributed (Shapiro–Wilk 
W test) and are presented as means ± standard deviation 
(SD). To assess differences among groups, ANOVA or Pear-
son’s Chi-squared (χ2) test was used, as appropriate. Simple 
and partial (controlling for age and gender) correlations were 
used to test relations between HGS and LOS. The independ-
ent effect of HGS on LOS (dependent variable) was tested by 
a linear regression controlling by multiple covariates, includ-
ing age, gender, BMI, type of surgery, and MNA. Sample 
size calculation was estimated by GPower 3.1.7 software 
(http:// www. softp edia. com). The resulting total sample size, 
estimated according to a global effect size of 40% with type 
I error of 0.05 and a power of 96%, was 105 subjects. All 
p values presented are two tailed; a value of p ≤ 0.05 was 
considered significant. All p values are two tailed, and the 
level of significance was set at p ≤ 0.05. Statistical analyses 
were performed using the SPSS 20 software package (SPSS, 
Inc., Chicago, IL).

Results

Sample characteristics

A total of 130 subjects were selected. Among these, 12 
refused to participate and 10 were unable to give their 
consent, leaving a cohort of 108 subjects eligible for the 
study. Table 1 shows the demographic and clinical char-
acteristics of the whole cohort. Subjects had a mean age 
of 67.8 ± 15.8 years (age range 19–93 years old) and were 
slightly overweight. Forty-six patients (42.6%) under-
went general surgery and 62 (57.4%) general oncological 

surgery. Table 2 shows the demographic and clinical char-
acteristics of the whole cohort stratified by type of sur-
gery. Subjects who underwent general oncological surgery 
had a significant lower score in MNA (mostly at risk of 
malnutrition, p = 0.004) and a longer LOS (16.2 ± 12.0 vs 
8.0 ± 9.9; p < 0.001) as compared with patients who under-
went general surgery.

Table 1  Population sample 
characteristics (n = 108)

Unless otherwise noted, data are 
presented as means ± SD
BMI body mass index, M male, 
F female, BADL Basic Activi-
ties of Daily Living, IADL 
Instrumental Activities of Daily 
Living, MMSE Mini-Mental 
State Examination (corrected by 
age and education), MNA Mini 
Nutritional Assessment, LOS 
length of hospital stay

Age (years) 67.8 ± 15.8
M/F (n) 60/ 48
BMI (kg/m2) 25.9 ± 4.6
BADL 5.40 ± 1.56
IADL 6.33 ± 2.17
MMSE 25.09 ± 6.76
MNA 9.59 ± 3.13
LOS (days) 12.7 ± 11.8

Table 2  Clinical characteristics of subjects stratified by the presence 
of cancer (n = 108)

Unless otherwise noted, data are presented as means ± SD
BMI body mass index, M male, F female, BADL Basic Activities of 
Daily Living, IADL Instrumental Activities of Daily Living, MMSE 
Mini-Mental State Examination (corrected by age and education), 
MNA Mini Nutritional Assessment, LOS length of hospital stay
*χ2 = 0.320

General surgery General onco-
logical surgery

p

N (%) 46 (42.6) 62 (57.4)
Age, years 65.2 ± 18.5 69.7 ± 13.2 0.148
Gender F/M, n 19/27 29/33 0.356*
BMI 25.6 ± 5.4 26.2 ± 4.6 0.515
BADL 5.59 ± 1.52 5.26 ± 1.58 0.282
IADL 6.63 ± 2.01 6.11 ± 2.27 0.223
MMSE 26.1 ± 6.0 24.3 ± 7.1 0.155
MNA 10.5 ± 3.1 8.8 ± 2.9 0.004
LOS 8.0 ± 9.9 16.2 ± 12.0  < 0.0001

http://www.softpedia.com
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Sample characteristics stratified by frailty status

According to Fried’s criteria 17 patients (15.7%, 4F/13 M) 
were fit, 58 (23.7%; 24F/34 M) were pre-frail and 33 
(30.6%; 20F/13 M) were frail. Women were more likely to 
be frail (χ2 = 7.723, p = 0.035). Table 3 shows the demo-
graphic and clinical characteristics of the whole cohort 
stratified by frailty status. Frail subjects were older and 
with lower scores in BADL, IADL, MMSE and MNA. No 
difference was found between groups in the LOS even if a 
trend was found in a post hoc analysis between fit and frail 
(p = 0.08). No difference was found between groups in the 
type of surgery (χ2 = 4.053; p = 0.130, data not shown). 

Handgrip strength and length of hospital stay

Handgrip strength significantly differed between fit, pre-
frail and frail subjects (p < 0.001) as shown in Fig. 1. A 
simple correlation showed an inverse correlation between 
HGS and LOS (r = − 0.199; p = 0.040), even after adjust-
ment for age and gender (r = − 0.220; p = 0.020). The 
independent effect of HGS on LOS was tested by a lin-
ear regression analysis controlling by multiple covari-
ates (Table 4). HGS was significantly and inversely asso-
ciated with LOS (p = 0.020) independent of age, gender, 
BMI, frailty status as a whole, type of surgery and MNA. 
Male gender and general oncological surgery also were 
significantly associated with LOS.

Discussion

Our results show that: (1) the majority of population under-
going abdominal surgery is pre-frail or frail. (2) Handgrip 
strength significantly correlates with LOS independent of 
chronological age and gender. (3) HGS is significantly and 
inversely associated with LOS independent of chronologi-
cal age, gender, BMI, frailty status, type of surgery, and 
nutritional status.

Recent evidence shows that frailty is a common condi-
tion in the surgical setting with significant postoperative 
implications. Frail surgical patients have higher rates of 
adverse health outcomes including prolonged hospital stay 
[27]. Defining surgical risk in this population can be dif-
ficult and the consideration of chronological age may be 
insufficient. Frequently, age-related changes in organs, tis-
sues, and systems as a whole lead to the loss of functional 
and cognitive reserve, which may get out under a stressful 
condition, such as surgery. However, frailty is not easy to 
recognize as well as it is often misunderstood. Numerous 
tools, so far have been developed to measure frailty, but 
there is no standardized and validated method for assess-
ment or screening in the peri-operative context. In our set-
ting, we looked at frailty status independent of age accord-
ing to Fried’s criteria, finding that in a population with a 
mean age of 67.8 years, 53.7% and 30.6% of patients were 
pre-frail or frail. These data are consistent with a recent 
meta-analysis [28] of nine observational studies including 
only older persons (over 65 years old), covering a wide 
range of upper and lower abdominal surgical conditions 
due to both benign and malignant conditions. The preva-
lence of pre-frail ranged between 31.3% and 45.8%, while 
frailty prevalence ranged between 10.4% and 37.0% [28]. 
Our study, instead, is the first to characterize frailty in a 

Table 3  Clinical characteristics of subjects stratified by frailty sta-
tus (n = 108)

Unless otherwise noted, data are presented as means ± SD
BMI body mass index, BADL Basic Activities of Daily Living, IADL 
Instrumental Activities of Daily Living, MMSE Mini-Mental State 
Examination (corrected by age and education), MNA Mini Nutritional 
Assessment, LOS length of hospital stay
*χ2 = 6.723

Fit (0) Pre-frail (1–2) Frail (≥ 3) p

N (%) 17 (15.7) 58 (53.7) 33 (30.6)
Age, years 58.4 ± 14.7 63.8 ± 14.6 79.7 ± 11.2  < 0.0001
Gender F/M, n 26/47 26/47 21/13 0.035*
BMI 25.2 ± 4.8 26.1 ± 4.6 26.1 ± 4.6 0.751
BADL 5.88 ± 0.33 5.93 ± 0.69 4.21 ± 2.27  < 0.0001
IADL 7.82 ± 0.52 7.05 ± 1.08 4.30 ± 2.67  < 0.0001
MMSE 28.7 ± 3.0 27.2 ± 2.7 19.2 ± 9.2  < 0.0001
MNA 12.2 ± 1.7 9.8 ± 2.8 7.7 ± 3.1  < 0.0001
LOS 8.2 ± 5.5 12.2 ± 10.2 15.7 ± 15.7 0.094

Table 4  Linear regression 
analysis exploring HGS 
association with LOS 
controlling for multiple 
confounding factors (n = 108)

Gender indicated as F = 0 e 
M = 1; BMI body mass index; 
frailty indicated as fit = 1 pre-
frail = 2 and frail = 3; TPS type 
of surgery indicated as general 
surgery = 1, general oncological 
surgery = 2; MNA: Mini Nutri-
tional Assessment
HGS handgrip strength

B p

Age – 0.091 0.296
Gender 7.272 0.020
BMI 0.227 0.375
Frailty 0.633 0.669
TPS 7.444 0.002
MNA – 0.692 0.128
HGS – 0.343 0.020
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general surgery and elective setting with no chronological 
age limit (age range 19–93 years old), providing further 
evidence that frailty status could be independent from 
chronological age in such a setting.

Handgrip strength may be considered as a useful, easy-to-
get and objective marker of frailty and already included in 
several frailty scoring systems, more time consuming, such 
as Fried’s classification [22]. Interestingly, HGS has been 
shown to independently predict adverse health outcomes and 
mortality in many older populations [29] and different clini-
cal settings. To our knowledge, the evidence in the surgical 
field and, particularly, in the abdominal setting is poor. A 
previous study demonstrated that preoperative HGS may be 
considered a powerful predictor of postoperative pneumonia, 
LOS, institutionalization, and mortality after esophagectomy 
[30]. Another study also showed that low HGS was a sig-
nificant risk factor for morbidity after gastric cancer surgery 
[31]. A systematic review [32] further showed that impaired 
preoperative HGS may be associated with poorer postopera-
tive outcomes, including morbidity, LOS and mortality. The 
identification of patients at risk of prolonged hospital stay is 
a key element in the surgical setting considering that it may 
allow physicians to target appropriate timely interventions, 
to provide informed prognosis and to manage health-care 
resources effectively. In fact, LOS reflects the prognosis of 
the patient and it has been frequently used as an outcome 
of all changes in health status as a consequence of hospi-
talization [33]. Our study showed that HGS is significantly 
and inversely associated with LOS independent of chrono-
logical age, gender, BMI, frailty status as a whole, type of 
surgery, and nutritional status. This evidence strongly sup-
ports that HGS may provide a more useful single marker 
for LOS after adjustment for multiple covariates including 
frailty, nutritional status, and the type of surgery. Our data 
collectively show that muscle strength, as measured by 

handgrip dynamometry, is a strong predictor, together with 
male gender and oncological surgery, of LOS in a surgical 
setting. Making decisions based only on chronological age 
could be a failure.

Strengths and limitations

 The strength of this study lies in its design with adequate 
sample size, and the use of HGS as an objective physi-
cal measurement. On the other hand, the patient cohort 
is from a single institution which represents a limitation. 
Moreover, because this was a retrospective study, selec-
tion bias could not be ruled out. Indeed, limited evidence 
suggests that frailty measures have predictive validity also 
in adult populations. Further research is needed to clarify 
the validity of measures across the adult age spectrum and 
explore the utility of measuring frailty in the surgical set-
ting beyond age itself.

Conclusions

The measurement of HGS is simple and inexpensive and 
provides objective powerful prognostic information for 
outcome after abdominal surgery. The simplicity of this 
measurement supports its usefulness as a tool to predict 
who will likely take longer to hospital discharge in surgical 
settings. Future research should focus on HGS and other 
physical and functional parameters (by a comprehensive 
geriatric assessment) and their associations with postop-
erative outcomes.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by LM and VB. The first draft of the manuscript was writ-
ten by LM and all authors commented on previous versions of the 
manuscript. VB supervised the project. All authors read and approved 
the final manuscript.

Funding Open access funding provided by Università degli Studi di 
Perugia within the CRUI-CARE Agreement. No funding was received 
for conducting this study.

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

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

0

5

10

15

20

25

30

35

40

45

50

Fit Pre-Frail Frail 

Ha
nd

gr
ip

 st
re

ng
th

 

Fig. 1  Handgrip strength (kg) in fit, pre-frail and frail sub-
jects (n = 108; mean age 67.8  years old). Data are presented as 
means ± SD; Handgrip strength is expressed in kg. Fit: 32.99 ± 10.34; 
pre-frail: 27.49 ± 10.35; frail: 15.96 ± 9.52, p < 0.0001 by ANOVA
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