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Abstract

Objective The aim of this study was to clarify the risk of loss of independence (LOI) following gastrectomy in elderly
patients with gastric cancer (GC).

Methods In this prospective study, frailty was assessed preoperatively by a frailty index (FI) in 243 patients aged > 65 years
who underwent gastrectomy for GC between August 2016 and December 2020. Patients were assigned into two groups (high
FI vs. low FI) to investigate frailty and the risk of LOI after gastrectomy for GC.

Results Overall and minor (Clavien—Dindo classification [CD] 1, 2) complication rates were significantly higher in the high
FI group, but the two groups had similar rates of major (CD > 3) complications. The frequency of pneumonia was significantly
higher in the high FI group. In univariate and multivariate analyses for LOI after surgery, high FI, older age (>75 years),
and major (CD > 3) complications were independent risk factors. A risk score assigning 1 point for each of these variables
was useful in predicting postoperative LOI (LOI: score 0, 7.4%; score 1, 18.2%; score 2, 43.9%; score 3, 100%; area under
the curve [AUC]=0.765.)

Conclusions LOI after gastrectomy was independently associated with high FI, older age (> 75 years), and major (CD > 3)
complications. A simple risk score assigning points for these factors was an accurate predictor of postoperative LOIL. We
propose that frailty screening should be applied for all elderly GC patients before surgery.
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Introduction

As the population ages, elderly individuals with cancer
diagnoses are not a minority but a majority, and surgeons
are increasingly concerned with improving outcomes in
elderly cancer patients. Curative gastrectomy with lymph
node dissection is the main treatment for patients with gas-
tric cancer (GC) [1]. In Japan, the procedure for gastrectomy
is standardized and safe, with low mortality [2]. However,
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gastrectomy can be problematic in older patients because of
poor nutrition status or muscle weakness after surgery, and
older age itself has been associated with worse outcomes
after gastrectomy for GC [3-5].

Surgery poses greater risk in the elderly because they
may have more comorbidities, decreased stress tolerance,
decreased physical function, and decreased cognitive func-
tion [6]. However, the degree of risk varies widely among
individual patients. While some elderly are so vulnerable
that surgeons are hesitant to perform surgery, others are
robust and highly active, and “calendar age” is not an accu-
rate determinant in assessing operative risk. In addition, for
elderly patients with declining physical function, the abil-
ity to lead an independent life after surgery is an important
issue. Since loss of independence (LOI) after surgery is mat-
ter of life or death for the elderly, preoperative assessment
of the risk of postoperative LOI should be a priority, and
postoperative care should be planned accordingly.
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Frailty has recently received much attention as a geri-
atric assessment for the elderly. Frailty is a multifactorial
challenge characterized in part as a biological syndrome
of decreased reserve and resistance to stressors that can
lead to increased risk of poor health outcomes including
worsening mobility or loss of other activities of daily liv-
ing (ADLs), hospitalization, and death [7, 8]. How best
to define frailty on its own terms is controversial [9-11],
but one method uses a frailty index [12]. Rockwood et al.
define frailty as an accumulation of physical and functional
impairments (disease, psychological disorders, nutritional
disorders, and physiologic abnormalities) that affect physical
capacity, ADLs, and instrumental activities of daily living
(IADLs) [13]; they proposed that factors related to frailty
could be assessed cumulatively to calculate a frailty index
(FI) [8, 14]. So far, there are no published reports studying
the impact of preoperative frailty, as assessed by FI, on the
risk of postoperative LOI in elderly GC patients undergoing
gastrectomy.

In this study, we compared preoperative FI and short-term
outcomes in GC patients undergoing gastrectomy. We inves-
tigated factors that contributed to the risk of LOI for elderly
GC patients after surgery, and based on these findings, we
aimed to develop a simple scoring system for preoperative
assessment of the risk of postoperative LOI.

Methods
Patients and data collection

In this prospective study, we preoperatively conducted frailty
assessments for a total of 243 GC patients aged 65 years

or older who agreed to participate in the study and were
scheduled for gastrectomy for GC between August 2016
and December 2020. Informed consent for participation in
this study was obtained from all included patients, and all
patients completed the frailty assessment on the day before
surgery. Among these patients, 8§ were already certified
for nursing care under long-term care insurance (LTCI)
because of disability; 7 had only laparotomy or underwent
surgery such as bypass with no resection; 7 had cancer at
the esophago-gastric junction (EGJ); 6 had double primary
cancers; 5 had gastrectomy after chemotherapy for stage 4
disease; 2 died from postoperative complications; and 1 had
local resection of GC due to uncontrolled bleeding from
the tumor. Therefore, 207 patients undergoing gastrectomy
for GC were finally included in the analysis (Fig. 1). We
extracted the characteristics of each patient from original
medical records, operative reports, and nursing charts.
Patient data including age, gender, BMI, tumor stage, pro-
cedure type (distal, proximal, total), approach (open or lapa-
roscopic/robot assisted), operative time, blood loss, intraop-
erative blood transfusion, lymphadenectomy, complications,
reoperation, postoperative hospital days, and enrollment in
LTCI after surgery were evaluated for the study. Patients
with pStage 1 tumors were scheduled for outpatient follow-
up at least once every 6 months, and those with pStage 2 or
higher were to follow up every 2 to 3 months. Whether or
not patients were receiving long-term care services under
the LTCI system was confirmed at the outpatient clinic or
by telephone. The TNM stage was described based on the
Japanese classification of gastric carcinoma (15th edition)
[15]. The study was approved by the Institutional Review
Board of the Osaka City General hospital (IRB approval
number: 1606029).

Fig. 1 Flow chart of patient
enrollment

243 patients at age of 65 and more who assessed frailty
(Aug 2016- Dec 2020)
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Frailty assessment

In this study, we adopted a cumulative deficit FI method
proposed by Rockwood et al. to assess frailty [8]. The prin-
ciple of this method is that health deficits, i.e., symptoms,
disease, comorbidities, acquired disabilities, laboratory
abnormalities, and others, are additive in their contribu-
tion to frailty. Referring to reports by Joseph et al. we used
a cumulative FI comprising 50 variables related to age,
comorbidity and medical history, social activity, ADLs,
IADLs, nutritional status, physical function, and general
mood (Table 1) [16]. Each variable had a value of O to 1,
and the cumulative points were divided by 50 to obtain
the FI. For example, if cumulative frailty points =8, the
frailty index =8 +50=0.16. Thus, the higher the FI, the
more advanced the frailty. Frailty assessments were com-
pleted the day before surgery because, per our protocol,
patients are admitted to the hospital the day before their
planned surgery. The patients were given questionnaires
on the ward upon admission and those who consented to
this study were asked to complete the questionnaire on
the same day. The medical staff then measured height
and weight of patients. Left and right grip strength were
also measured using a digital grip strength meter, and the
higher value was adopted. Completed questionnaires were
collected by the staff later that day. Routine blood tests
were also performed on the day of admission.

Receiver operating characteristic (ROC) curves were gen-
erated for multiple logistic regression analysis using LOI
(initiation of LTCI services) as the endpoint; an optimal cut-
point for FI was then determined, and patients were assigned
to either the high FI or low FI group for further analysis.

Long-term care insurance system

The LTCI system in Japan is a public program that provides
nursing care services for citizens who need assistance in
their daily lives because of declining physical or cognitive
function [17, 18]. The LTCI program is administered by
local governments, and eligibility is determined by com-
puterized assessment analyzed by trained medical and gov-
ernmental officials. Elderly citizens who request and are
found to be in need of long-term care receive nursing care
certification (not cash) for services matching their disabil-
ity. Depending on the level of care needed, services may be
provided at home or in an extended care facility [19]. All
citizens over the age of 40 years are required to contribute to
the public LTCI, which funds most of the costs of the service
on behalf of the person being certified. Therefore, people
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who are certified can use the service regardless of economic
status. In this study, LTCI system users were determined to
have decreased physical independence.

Selection criteria for open and laparoscopic/
robot-assisted surgery

From April 2016 to March 2019, we selected open surgery
for patients who had scirrhous GC or bulky nodal metastasis,
possibility of T4b, duodenal invasion, or esophageal invasion,
and for the patients who required total gastrectomy with sple-
nectomy. Otherwise, laparoscopic/robot-assisted surgery was
selected. Since April 2019, we consider robot-assisted surgery
for all cases except for scirrhous GC. Robot-assisted distal
gastrectomy (RDG) was adopted for cTINOMO from January
2017 and robot-assisted total gastrectomy (RTG) from April
2018.

Definitions

The severity of complications was graded according to the
Clavien—Dindo (CD) classification [20], with CD grade 1 or
2 complications considered minor and CD grade 3 or higher
complications considered major. LOI was defined based on
the requirement for healthcare support after surgery; namely,
whether or not patients newly became LTCI system users.

Statistical analysis

Descriptive variables in the high FI and low FI groups at base-
line were expressed as means and standard deviations or medi-
ans and ranges for continuous variables and numerical val-
ues and percentages for categorial variables. These variables
were compared via Mann—Whitney U test and chi-squared test.
Receiver operating characteristic curves that correlated the
true- and false-positive rates (sensitivity and [1—specificity])
were generated to obtain the optimal cutpoint for FI to predict
LOI after surgery. To identify the risk factors for LOI, the fol-
lowing covariates were included in the univariate analysis: age,
gender, BMI, extent of gastrectomy, nature of procedure (open
or laparoscopic/robot-assisted), pathologic staging (pStage),
major complications, and frailty. Of those, only variables
showing statistical significance (p <0.05) were entered into
multivariate analysis. The Cochran—Armitage trend test was
applied to categorical variables to evaluate trends in the inci-
dence of LOI by score according to the number of applicable
risk factors. All reported p-values were two-sided, and p <0.05
represented statistical significance. The statistical computa-
tions relied on standard software (JMP v10; SAS Institute Inc.,
Cary, NC, USA).
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Table 1 Preoperative frailty assessment

Fifty variable frailty index

Comorbidities
Hypertension
Stroke
Coagulation problems
High cholesterol
Cirrhosis
COPD

Cancer history

Antiplatelet/anticoagulation medication

Immunosuppressor medication

Autoimmune disease
Age 2 80

Coronary heart disease
Dementia

Kidney problem

Smoking
Daily activities
Help with grooming
Help with dressing
Help getting on/off bed
Help bathing
Help moving around house
Help cooking meals
Help managing money
Help driving
Help shopping
Help climbing up/down stairs
Help doing household work
Help toileting
Help walking
Sleep
Reduced appetite
Health attitude
Feel less useful
Feel sad
Feel effort to do everything
Feel nothing to do
Falls
Self-rating of health
Feel lonely
Fell anxious
Memory loss
Function
Stooping/crouching problem
Health change in past year
Regular exercise
Hearing aid
Friends/family
Live alone

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

Yes (1)

MI (1), CABG (0.75)
Severe (1), Moderate (0.5)

Dialysis (1), RF with Cr> 3 (0.75)

Yes (1)

Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)
Wheelchair (1), Walker (0.75)
Yes (1)
Yes (1)

Most time (1)
Most time (1)
Most time (1)
Last month (1)
Most time (1)
Good (1)
Most time (1)
Most time (1)
Most time (1)

Yes (1)
Worse (1)
Yes (1)
Yes (1)
Yes (1)
Yes (1)

No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)

PCI (0.5), Medication (0.25) None (0)

Mild (0.25)

RF with Cr 2-3 (0.50), RF
with Cr 1-2 (0.25)

No (0)

No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
No (0)
Cane (0.25)
No (0)
No (0)

Sometimes (0.5)
Sometimes (0.5)
Sometimes (0.5)
Last year (0.5)
Sometimes (0.5)
Fair (0.5)
Sometimes (0.5)
Sometimes (0.5)
Sometimes (0.5)

No (0)
Same (0)
No (0)
No (0)
No (0)
No (0)

No (0)
No (0)

No (0)

Never (0)
Never (0)
Never (0)
Never (0)
Never (0)
Poor (0)

Never (0)
Never (0)
Never (0)
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Table 1 (continued)

Fifty variable frailty index

Hand grip strength male; <28 kg, Female <18 kg  Yes (1) No (0)
Nutrition
Albumin <3.5(0) >3.5(1)
Hemoglobin <11(1) 211 (0)
BMI <18,>30 (1) 25-30 (0.5) 18-25 (0)
Lost weight >4-5 kg in last year Yes (1) No (0)
Patient characteristics
1 The clinical profiles of the two groups are shown in
Table 2. As compared with the low FI group, the high FI
0.9 group had more elderly patients, less frequent minimally
invasive surgery, longer operation time, more frequent
08 morbidities and reoperation, and longer hospital stay.
0.7 The time from discharge to LTCI certification was sig-
nificantly shorter in the high FI group compared to the low
0.6 FI group (p=0.034).
Fl o5 . . :
Univariate and multivariate analyses for predictors
0.4 of loss of independence after gastrectomy
0.3 Cut off line Results of univariate and multivariate analyses for LOI risk
0.2 are shown in Table 3. On univariate analysis of 8 clinico-
[ pathologic factors, high FI, age > 75, open surgical approach,
0.1 | and CD >3 proved significantly predictive of LOI. In the

K —

Fig.2 Distribution of frailty index (FI)

Results
Distribution of frailty index values

The FI distribution is shown in Fig. 2. The higher the FI,
the more advanced the frailty. The FI values ranged from
0.020 to 0.465 (mean 0.175, median 0.160, first quartile
0.110, third quartile 0.225). The area under the ROC curve
(AUC) in multiple logistic regression analysis with LOI
as the endpoint was 0.7554. The projected LOI was opti-
mal at an FI value of 0.194 (sensitivity 0.6981; specificity
0.7013). Hence, this value was adopted as the cutpoint
for stratifying the patients by low FI (<0.194) or high FI
(>0.194). The rate of LOI after surgery was significantly
higher in the high FI group vs. the low FI group (44.6 vs.
12.9%, p <0.001).

@ Springer

multivariate analysis, high FI (odds ratio [OR], 4.23; 95%
confidence interval [CI], 2.05-9.08; p <0.001), age >75, and
CD > 3 were independent risk factors for LOL.

Predictive score for loss of independence

A 3-point scoring system for predicting LOI was tested, with
high FI, age > 75, and CD > 3 each contributing 1 point. The
relationship between this predictive score and LOI after sur-
gery is shown in Fig. 3. The proportion of patients with
LOI was 7.4% in those with 0 points, 18.2% in those with 1
point, 43.9% in those with 2 points, and 100% in those with
3 points. We found that an increase in the number of appli-
cable risk factors was associated with a corresponding rise in
the incidence of postoperative LOI (Cochran-Armitage trend
test, p <0.001). Additional analysis of this scoring system
demonstrated good discrimination for predicting LOI in this
context, with AUC=0.765 (Fig. 4).
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Table 2 ClipiCQp atholpgic High FI group Low FI group p-value
characteristics in the high and N=83 N=124
low FI groups
Age, median 77 (65-89) 72 (65-92) <0.001
Gender 0.075
Male 49 (59.0) 88 (71.0)
Female 34 (41.0) 36 (29.0)
BMI, kg/m? 22.8+3.4 23.1+3.2 0.627
Pathological T stage
T1 36 (43.4) 60 (48.4) 0.599
T2 9 (10.8) 10 (8.1)
T3 19 (22.9) 33 (26.6)
T4 19 (22.9) 21(16.9)
Pathological N stage
NO 42 (50.6) 76 (61.3) 0.160
N1 11 (13.3) 20 (16.1)
N2 17 (20.5) 13 (10.5)
N3 13 (15.7) 15 (12.1)
Pathological stage
1 37 (44.6) 66 (53.2) 0.430
I 19 (22.9) 27 (21.7)
I 22 (26.5) 28 (22.6)
v 5(6.0) 324
Gastrectomy
Distal 66 (79.5) 94 (75.8) 0.801
Total 13 (15.7) 22 (17.7)
Proximal 4(4.8) 8(6.5)
Approach 0.025
Laparoscopic/robot-assisted 58 (69.9) 103 (83.1)
Open 25 (30.1) 21 (16.9)
Blood loss, mL 133+193 121+186 0.798
Operative time, min 354+ 84 398 +96 <0.001
Lymphadenectomy D2 32 (38.6) 55 (44.4) 0.448
=Dl+ 51(61.4) 69 (55.6)
Blood transfusion 9(13.6) 50(.4) 0.070
Postoperative complications
Overall 32 (38.6) 21(16.9) <0.001
Minor 22 (26.5) 11 (8.9) <0.001
Major 10 (12.1) 10 (8.1) 0.342
Leakage 1(1.2) 4(3.2) 0.353
Pancreatic fistula 2(2.4) 5(4.0) 0.527
Abscess 6(7.2) 4(3.2) 0.188
Wound infection 4(4.8) 1(0.8) 0.065
Pneumonia 8 (9.6) 1(0.8) 0.002
Urinary tract infection 3(3.6) 0 0.033
Reoperation 3(3.6) 0 0.033
Postoperative hospital days, days 13 (7-74) 11 (6-43) 0.002
LOI after surgery 37 (44.6) 16 (12.9) <0.001
The time from discharge to LTCI certifica- 6 (2—41) 16 (2-48) 0.034

tion, months

BMI body mass index, F]\ frailty index, LOI loss of independence, LTCI long-term care insurance
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Table 3 Univariate and

L Univariate analysis p-value Multivariate analysis p-value
multivariate analyses of loss
of independence (LOI) after HR (95% CI) HR (95% CI)
surgery Age (>75) 3.76 (1.94-7.60) <0.001 3.46 (1.62-7.79) 0.001
Gender (male) 1.13(0.58-2.16) 0.718
BMI (<22) 1.00 (0.52-1.90) 0.992
Approach (open) 2.98 (1.48-6.00) 0.002 2.15 (0.94-4.85) 0.068
Gastrectomy (total) 1.35 (0.59-2.92) 0.461
pStage 3,4 1.65 (0.84-3.20) 0.147
Complication (CD 2 3) 5.34 (2.07-14.48) <0.001 5.67 (1.88-18.18) 0.002
FI (high) 5.43 (2.79-10.96) <0.001 4.23 (2.05-9.08) <0.001
BMI body mass index, CI confidence interval, FI frailty index, pStage pathologic stage, LOI loss of inde-
pendence
[ o ‘ Discussion
r 1 .
T, '100 In this analysis, high FI was an independent predictor of
(%) 100 *P<0.001 1 (7/7) postoperative LOI in elderly GC patients undergoing gas-
trectomy, and the risk factors for LOI after gastrectomy were
g 75 high FI, older age (=75 years), and CD > 3. A simple 3-point
5 43.9 scoring system using these factors was a useful tool for pre-
g (29/66) dicting postoperative LOL.
= 182 The physical independence of the vulnerable elderly after
S % 74 (12/66) is of particular interest to surgeons because surger
(5/68) surgery is of particular in g gery
o LN . in the elderly is often unduly invasive and irreversibly drains
score 0 score 1 score 2 score 3 the patient’s strength. Geriatric patients may be less active

Fig.3 The relationship between a predictive score and loss of inde-
pendence (LOI) after surgery

1.00
0.90
0.80
0.70

0.60

Sensitivity
o
o
o

0.40
0.30
0.20
AUC=0.765
0.10
0.00
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1-specificity

Fig.4 Receiver operating characteristics (ROC) curve for predicting
loss of independence (LOI) after surgery by a scoring system
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after discharge from the hospital and closer to being bedrid-
den, and they may not have the expected outcomes even
after a curative surgery. In these patients, besides achiev-
ing cure, maintaining preoperative activity levels is para-
mount. Therefore, we wanted to investigate the utility of a
frailty assessment for predicting postoperative LOI in elderly
GC patients. Our results suggest that even if GC is cured,
patients with high FI, age > 75 years, and CD >3 may have
disability and LOI after gastrectomy. Preoperative evalu-
ations are mandatory for selecting appropriate treatment.
When we did additional univariate and multivariate analyses
excluding major complications (> CD?3), high FI was still
independently associated with LOI (supplementary Table 1).
This emphasizes the need for careful decision-making for
surgery and informed communication between doctors and
patients before surgery. Our simple 3-point scoring system
can provide an additional risk assessment for LOI. Although
the application of nomograms to risk assessment could be
made even more effective by weighting each risk factor, in
this study, we used only the sum of the number of applicable
risk factors with the aim of testing the usefulness of a simpli-
fied risk assessment method that could be accessible to all
surgeons. This simplified risk assessment method reached
a high degree of accuracy. We believe this preoperative
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frailty screening has a value to be validated in the multi-
center study.

There are several reports on frailty assessment in the
elderly [7, 8, 21]. Nowadays, there are two main frame-
works: the physical phenotype proposed by Fried et al. and
the multidomain phenotype proposed by Rockwood et al. [7,
13]. The multidomain phenotype is an index of accumulated
health deficits including impaired function, comorbidities,
and mood and laboratory abnormalities, and is based on a
principle that the more variables assessed, the more accurate
the frailty estimate becomes. Searle et al. have reported that
a cumulative multidomain FI can accurately assess frailty
by evaluating at least 30 frailty-related variables [8]. We
adopted a multidomain phenotype FI based on 50 frailty-
related variables and encompassing medical history, ADLs,
TADLs, and social and psychological factors, which has been
reported and found to be a comprehensive and highly reli-
able assessment of frailty [16]. Although there is still debate
over which method is ideal, we found that the FI we chose
was an effective tool for predicting postoperative LOI in
elderly GC patients.

Knowing that major complications (CD > 3) are a risk fac-
tor for LOI suggests that an uneventful postoperative course
would be favorable for avoiding postoperative LOI, and it
is important for the surgeon to not only pursue a cure, but
also an approach and a meticulous procedure that reduces
the risk of complications. With the advance of laparoscopic
techniques and equipment, laparoscopic distal gastrectomy
(LDG) has been found a safe and feasible alternative to open
distal gastrectomy (ODG) [22-24]. LDG is now an option
as a standard procedure for clinical Stage 1 GC according
to the Japanese Treatment Guidelines 2018 (5th edition)
[1]. Performed with skill, LDG can have the advantage of a
shorter hospital stay compared to ODG, which could favor
an early return to regular daily life [25]. On the other hand,
laparoscopic total and proximal gastrectomy are technically
difficult and real-world data are showing high complica-
tion rates [26, 27]. In this study, many patients with early
GC underwent laparoscopic/robot-assisted surgery, and it
is unclear whether laparoscopic/robot-assisted surgery was
useful for avoiding LOI. More research will be needed to
examine this issue.

Postoperative pneumonia was more common in the high
FI patients in our study. Reported risk factors for postopera-
tive pneumonia after surgery for GC include advanced age,
poor nutritional status, total gastrectomy, time to first meal
after surgery, extended operation time, D2 lymph node dis-
section, advanced tumor stage, and predicted vital capac-
ity (VC) [28-31]. It is difficult to prevent pneumonia via
the surgical technique because the extent of gastrectomy
and lymph node dissection is essentially predetermined by

the location and the progression of the tumor. A choice for
limited surgery could follow consideration of LOI risk and
possibility of GC mortality, and in recent years, enhanced
recovery after surgery (ERAS) has been recommended for
improved perioperative outcomes, with intent to minimize
postoperative pain, promote recovery, reduce complications,
and shorten hospital stays [32]. Preoperative intervention to
relieve frailty is presently of limited value. Some authors
have reported that nutrition therapy and resistance exercise
for community-dwelling elderly are effective for improving
physical function, blood components, and body composi-
tion [33, 34]. However, the clinical benefit of perioperative
nutritional intervention and exercise in frail patients with
GC is unclear.

We recognize some limitations in our study. First, this
study was performed at a single facility in Japan, and the
number of enrolled patients was not large. Additional larger-
number, multi-institutional studies will be needed to vali-
date and standardize the proposed scoring system. Second,
the application for LTCI services may seem subjective,
as it is initiated by the patient based on the patient’s com-
plaint. However, a documented doctor’s opinion is required
to apply for LTCI services, and LTCI services are not rec-
ommended for patients living independently who do not
require services. In addition, a trained medical officer, who
makes the determination on whether care is needed, must
visit and interview the patient. Thus, the LTCI certification
system is designed to maintain objectivity. Third, the defined
LOI, that is, becoming certified for LTCI services after sur-
gery, may not be permanent. Forth, the LTCI nursing care
certification is a Japanese public health initiative, and the
evaluation for eligible LOI in the elderly here may not be
applicable in other Asian countries or in Western countries.
However, although insurance systems may vary by country,
the implementation of health care programs such as LTCI
for the elderly will be the responsibility of every government
as the world population ages more and more in the future.
Finally, a deficit accumulation method was used for the FI in
this study, and the relationship between frailty and outcomes
should be confirmed using other frailty assessment tools.

In conclusion, higher FI in association with more severe
complications and advanced age increase the risk of LOI
after surgery in elderly GC patients. A simple scoring
method, based on high FI, older age (> 75 years), and com-
plications (CD >3) was an accurate predictor of LOI in
elderly GC patients undergoing gastrectomy. As a high FI
in elderly patients with GC can adversely affect their post-
operative independence, we propose that preoperative frailty
screening should be conducted in all elderly GC patients
undergoing gastrectomy.
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