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Handgrip strength predicts length of hospital stay in an abdominal
surgical setting: the role of frailty beyond age
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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 functional frailty is [4]. Frailty is a complex, multidimen-

sional, and cyclical state of diminished physiologic reserve

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
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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
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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 O (total dependence), and IADL from 8 (total
independence) to O (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 (y%) 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.softpedia.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
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Table 1 Population sampl

Clall;r:cteri;)tli)cus eztno= ls(§18)p ) Age (years) 67.8+15.8
M/F (n) 60/ 48
BMI (kg/m?) 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) 127+11.8

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

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

General surgery General onco- P

logical surgery

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+54 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+6.0 243+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

Unless otherwise noted, data are presented as means +SD

BMI body mass index, M male, F female, BADL Basic Activities of
Daily Living, JADL Instrumental Activities of Daily Living, MMSE
Mini-Mental State Examination (corrected by age and education),
MNA Mini Nutritional Assessment, LOS length of hospital stay

*2=0.320

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.
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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 (X2= 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
(»=0.08). No difference was found between groups in the
type of surgery (y* =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,
BMLI, frailty status as a whole, type of surgery and MNA.
Male gender and general oncological surgery also were
significantly associated with LOS.

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

Fit (0) Pre-frail (1-2) Frail 3) p
N (%) 17(15.7) 58 (53.7) 33 (30.6)

Age, years 58.4+147 63.8+146  797+11.2 <0.0001
Gender F/IM, n 26/47 26/47 21/13 0.035%
BMI 252448 26.1+4.6 26.1+4.6 0.751
BADL 5.88+033 593+0.69  421+227 <0.0001
IADL 7824052 7.05+1.08  4.30+2.67 <0.0001
MMSE 287430 272427 192492  <0.0001
MNA 122417 9.8+28 77+3.1 <0.0001
LOS 82+55 1224102  157+157  0.094

Unless otherwise noted, data are presented as means + SD

BMI body mass index, BADL Basic Activities of Daily Living, JADL
Instrumental Activities of Daily Living, MMSE Mini-Mental State
Examination (corrected by age and education), MNA Mini Nutritional
Assessment, LOS length of hospital stay

#2=6.723
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Table 4 Linear regression B »

analysis exploring HGS

association with LOS Age —0.091 0.296

controlling for multiple

confounding factors (n=108) 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

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

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
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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

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 Universita 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.

@ Springer



816

Aging Clinical and Experimental Research (2022) 34:811-817

Ethics approval Approval was obtained from the ethics committee of
University of Siena. The procedures used in this study adhere to the
tenets of the Declaration of Helsinki.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Boccardi V, Marano L (2020) The geriatric surgery: the impor-
tance of frailty identification beyond chronological age. Geriatrics
5:12. https://doi.org/10.3390/geriatrics5010012

2. St-Louis E, Sudarshan M, Al-Habboubi M et al (2016) The
outcomes of the elderly in acute care general surgery. Eur J
Trauma Emerg Surg 42:107-113. https://doi.org/10.1007/
s00068-015-0517-9

3. Makary MA, Segev DL, Pronovost PJ et al (2010) Frailty as a
predictor of surgical outcomes in older patients. ] Am Coll Surg
210:901-908. https://doi.org/10.1016/j.jamcollsurg.2010.01.028

4. Han B, Li Q, Chen X (2019) Effects of the frailty phenotype on
post-operative complications in older surgical patients: a system-
atic review and meta-analysis. BMC Geriatr 19:141. https://doi.
org/10.1186/s12877-019-1153-8

5. Kerr A, Syddall HE, Cooper C et al (2006) Does admission grip
strength predict length of stay in hospitalised older patients? Age
Ageing 35:82-84. https://doi.org/10.1093/ageing/afj010

6. McNicholl T, Curtis L, Dubin JA et al (2020) Handgrip strength
predicts length of stay and quality of life in and out of hospital.
Clin Nutr 39:2501-25009. https://doi.org/10.1016/j.cInu.2019.11.
006

7. Kehler DS, Ferguson T, Stammers AN et al (2017) Prevalence
of frailty in Canadians 1879 years old in the Canadian Health
Measures Survey. BMC Geriatr 17:28. https://doi.org/10.1186/
s12877-017-0423-6

8. Smart R, Carter B, McGovern J et al (2017) Frailty exists in
younger adults admitted as surgical emergency leading to adverse
outcomes. J Frailty Aging 6:219-223. https://doi.org/10.14283/jfa.
2017.28

9. Porto JM, Nakaishi APM, Cangussu-Oliveira LM et al (2019)
Relationship between grip strength and global muscle strength in
community-dwelling older people. Arch Gerontol Geriatr 82:273—
278. https://doi.org/10.1016/j.archger.2019.03.005

10. White JV, Guenter P, Jensen G et al (2012) Consensus statement:
academy of nutrition and dietetics and American society for par-
enteral and enteral nutrition. J Parenter Enter Nutr 36:275-283.
https://doi.org/10.1177/0148607112440285

11. Norman K, Stobdus N, Gonzalez MC et al (2011) Hand grip
strength: Outcome predictor and marker of nutritional status. Clin
Nutr 30:135-142. https://doi.org/10.1016/j.cInu.2010.09.010

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Mendes J, Azevedo A, Amaral TF (2014) Handgrip strength at
admission and time to discharge in medical and surgical inpa-
tients. J Parenter Enter Nutr 38:481-488. https://doi.org/10.1177/
0148607113486007

Syddall H, Cooper C, Martin F et al (2003) Is grip strength a use-
ful single marker of frailty? Age Ageing 32:650-656. https://doi.
org/10.1093/ageing/afg111

Frederiksen H, Hjelmborg J, Mortensen J et al (2006) Age tra-
jectories of grip strength: cross-sectional and longitudinal data
among 8,342 danes aged 46 to 102. Ann Epidemiol 16:554-562.
https://doi.org/10.1016/j.annepidem.2005.10.006

Budziareck MB, Pureza Duarte RR, Barbosa-Silva MCG (2008)
Reference values and determinants for handgrip strength in
healthy subjects. Clin Nutr 27:357-362. https://doi.org/10.1016/].
¢Inu.2008.03.008

Mahalakshmi VN, Ananthakrishnan N, Kate V et al (2004) Hand-
grip strength and endurance as a predictor of postoperative mor-
bidity in surgical patients: can it serve as a simple bedside test?
Int Surg 89:115-121

Guo C-B, Zhang W, Ma D-Q et al (1996) Hand grip strength: an
indicator of nutritional state and the mix of postoperative com-
plications in patients with oral and maxillofacial cancers. Br J
Oral Maxillofac Surg 34:325-327. https://doi.org/10.1016/S0266-
4356(96)90012-1

Chen C-H, Ho-Chang H-Z, Hung T-T (2011) Hand-grip strength is
a simple and effective outcome predictor in esophageal cancer fol-
lowing esophagectomy with reconstruction: a prospective study. J
Cardiothorac Surg 6:98. https://doi.org/10.1186/1749-8090-6-98
Ethun CG, Bilen MA, Jani AB et al (2017) Frailty and cancer:
Implications for oncology surgery, medical oncology, and radia-
tion oncology. CA Cancer J Clin 67:362-377. https://doi.org/10.
3322/caac.21406

Handforth C, Clegg A, Young C et al (2015) The prevalence and
outcomes of frailty in older cancer patients: a systematic review.
Ann Oncol 26:1091-1101. https://doi.org/10.1093/annonc/
mdu540

Spiers GF, Kunonga TP, Hall A et al (2021) Measuring frailty
in younger populations: a rapid review of evidence. BMJ Open
11:e047051

Fried LP, Tangen CM, Walston J et al (2001) Frailty in older
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
56:M146-M157. https://doi.org/10.1093/gerona/56.3.M146
Folstein MF, Folstein SE, McHugh PR (1975) Mini-mental state. J
Psychiatr Res 12:189-198. https://doi.org/10.1016/0022-3956(75)
90026-6

Katz S (1963) Studies of illness in the aged. JAMA 185:914.
https://doi.org/10.1001/jama.1963.03060120024016

Graf C, Hartford Institute for Geriatric Nursing (2008) The Law-
ton instrumental activities of daily living IADL) scale. Medsurg
Nurs 17:343-344

Guigoz Y, Vellas B (1999) The Mini Nutritional Assessment
(MNA) for Grading the Nutritional State of Elderly Patients: pres-
entation of the MNA, History and Validation. In: Mini Nutritional
Assessment (MNA): Research and Practice in the Elderly. Nutri-
tion 15:116-122. https://doi.org/10.1016/s0899-9007(98)00171-3.
Richards SJG, Frizelle FA, Geddes JA et al (2018) Frailty in surgi-
cal patients. Int J Colorectal Dis 33:1657-1666. https://doi.org/
10.1007/s00384-018-3163-y

Hewitt J, Long S, Carter B et al (2018) The prevalence of frailty
and its association with clinical outcomes in general surgery: a
systematic review and meta-analysis. Age Ageing 47:793-800.
https://doi.org/10.1093/ageing/afy110

Sasaki H, Kasagi F, Yamada M et al (2007) Grip strength predicts
cause-specific mortality in middle-aged and elderly persons. Am
J Med 120:337-342. https://doi.org/10.1016/j.amjmed.2006.04.
018


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/geriatrics5010012
https://doi.org/10.1007/s00068-015-0517-9
https://doi.org/10.1007/s00068-015-0517-9
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1186/s12877-019-1153-8
https://doi.org/10.1186/s12877-019-1153-8
https://doi.org/10.1093/ageing/afj010
https://doi.org/10.1016/j.clnu.2019.11.006
https://doi.org/10.1016/j.clnu.2019.11.006
https://doi.org/10.1186/s12877-017-0423-6
https://doi.org/10.1186/s12877-017-0423-6
https://doi.org/10.14283/jfa.2017.28
https://doi.org/10.14283/jfa.2017.28
https://doi.org/10.1016/j.archger.2019.03.005
https://doi.org/10.1177/0148607112440285
https://doi.org/10.1016/j.clnu.2010.09.010
https://doi.org/10.1177/0148607113486007
https://doi.org/10.1177/0148607113486007
https://doi.org/10.1093/ageing/afg111
https://doi.org/10.1093/ageing/afg111
https://doi.org/10.1016/j.annepidem.2005.10.006
https://doi.org/10.1016/j.clnu.2008.03.008
https://doi.org/10.1016/j.clnu.2008.03.008
https://doi.org/10.1016/S0266-4356(96)90012-1
https://doi.org/10.1016/S0266-4356(96)90012-1
https://doi.org/10.1186/1749-8090-6-98
https://doi.org/10.3322/caac.21406
https://doi.org/10.3322/caac.21406
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1016/s0899-9007(98)00171-3
https://doi.org/10.1007/s00384-018-3163-y
https://doi.org/10.1007/s00384-018-3163-y
https://doi.org/10.1093/ageing/afy110
https://doi.org/10.1016/j.amjmed.2006.04.018
https://doi.org/10.1016/j.amjmed.2006.04.018

Aging Clinical and Experimental Research (2022) 34:811-817 817

30. Colcord ME, Benbow JH, Trufan S et al (2021) Preoperative mus- 33. Brasel KJ (2007) Length of stay. Arch Surg 142:461. https://doi.

cle strength is a predictor of outcomes after esophagectomy. J org/10.1001/archsurg.142.5.461
Gastrointest Surg. https://doi.org/10.1007/s11605-021-05183-y
31. Sato T, Aoyama T, Hayashi T et al (2016) Impact of preopera- Publisher's Note Springer Nature remains neutral with regard to

tive hand grip strength on morbidity following gastric cancer jurisdictional claims in published maps and institutional affiliations.
surgery. Gastric Cancer 19:1008-1015. https://doi.org/10.1007/
s10120-015-0554-4
32. Sultan P, Hamilton MA, Ackland GL (2012) Preoperative muscle
weakness as defined by handgrip strength and postoperative out-
comes: a systematic review. BMC Anesthesiol 12:1. https://doi.
org/10.1186/1471-2253-12-1

@ Springer


https://doi.org/10.1007/s11605-021-05183-y
https://doi.org/10.1007/s10120-015-0554-4
https://doi.org/10.1007/s10120-015-0554-4
https://doi.org/10.1186/1471-2253-12-1
https://doi.org/10.1186/1471-2253-12-1
https://doi.org/10.1001/archsurg.142.5.461
https://doi.org/10.1001/archsurg.142.5.461

	Handgrip strength predicts length of hospital stay in an abdominal surgical setting: the role of frailty beyond age
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Subjects and study design
	Groups definition
	Analytical method
	Cognitive, functional, and nutritional assessment
	Handgrip strength assessment
	Statistical analysis

	Results
	Sample characteristics
	Sample characteristics stratified by frailty status
	Handgrip strength and length of hospital stay

	Discussion
	Strengths and limitations

	Conclusions
	References




