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Abstract

Background Intervention plans for frail older people patients with gastrointestinal tumors often involve three
aspects: nutritional support, exercise, and psychological care. However, interventions are mostly concentrated before
surgery, and there is less research focusing on postoperative frailty management. Therefore, this study proposes a
hypothesis that a multimodal rehabilitation program, combining nutritional support, exercise, and psychological care,
will be applied to the perioperative frailty management of patients to explore the impact of perioperative multimodal
rehabilitation on the frailty status of older people gastrointestinal surgery patients.

Methods This study is a two-arm, single-blind, parallel clinical randomized controlled trial. It involves the selection
of frail older people patients with gastrointestinal tumors admitted to Tongren Hospital affiliated with Shanghai Jiao
Tong University from April to September 2024. Patients were randomly divided into an Intervention Group (IG) and a
Control Group (CG). Participants in the IG received multimodal rehabilitation management during the perioperative
period, while those in the CG received routine perioperative care. The patients'frailty status changes were assessed
using the Fried Frailty Phenotype (FFP) at admission, on the first postoperative day, on the day of discharge, and one
week after discharge.

Results This study ultimately included 96 participants, with 48 in each of the Intervention Group (IG) and Control
Group (CG). Among them, 66 (68.75%) patients underwent colorectal surgery, and 30 (31.25%) underwent gastric
surgery; there were no intergroup differences in the baseline characteristics of all variables (P> 0.05), indicating
adequate randomization. The primary outcome measures showed no significant difference in frailty status between
the IG and CG at admission and on the first postoperative day. On the day of discharge, the proportion of pre-frail
patients in the 1G (39.58%) was significantly higher than that in the CG (8.33%), and the proportion of frail patients
(60.41%) was significantly lower than that in the CG (91.66%), with a meaningful difference (P<0.001). One week
after discharge, the proportion of pre-frail patients in the IG increased to 87.50%, and the proportion of frail patients
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registration, 02/10/2025.Retrospectively registered.

decreased to 12.50%, with an even more significant difference compared to the CG (P<0.001). The results indicate
that the proportion of pre-frail patients in the IG increased over time, while the proportion of frail patients decreased,
suggesting that the intervention measures may effectively slow the progression of frailty, with particularly noticeable
effects one week after discharge. In terms of secondary outcome measures, the IG performed significantly better
than the CG in the 6-minute walk Distance (P=0.004 < 0.05). Additionally, the IG had significantly higher scores on the
Barthel Index (Bl) compared to the control group (P<0.001), and on the Geriatric Depression Scale-15 (GDS-15), the IG
scored lower than the CG (P=0.011<0.05). The IG also had significantly higher EQ-5D scores than the CG (P<0.001).
There were no differences in the remaining secondary outcome measures.

Conclusions Perioperative multimodal rehabilitation can slow the progression of frailty in older people patients
undergoing gastrointestinal surgery, thereby promoting postoperative recovery.

Trial registration This trial was registered in the Chinese Clinical Trials Registry (ChiCTR2500096968). The date of first

Keywords Frailty, Gastrointestinal cancer, Perioperative, Intervention, Surgery

Introduction
Colorectal cancer and gastric cancer are the third and
fifth most common cancers worldwide, respectively, and
are also the second and fourth leading causes of patient
mortality [1]. The older people population is at high risk
for gastrointestinal tumors; according to statistics, the
proportion of patients over 60 years old with gastric can-
cer is as high as 70.8%; patients over 65 years old with
colorectal cancer account for about 60% of all colorectal
cancer patients [2]. In the older people population, the
aging process is often accompanied by a decline in physi-
ological reserves, increased vulnerability, and a decrease
in stress resistance [3]. Therefore, frailty is considered
an age-related syndrome in the older people. Fried et al.
[3] defined five criteria for the frailty phenotype, namely
weight loss, fatigue, low grip strength, slow walking
speed, and low physical activity; meeting three or more of
these criteria can lead to a diagnosis of frailty. For older
people patients with gastrointestinal cancer, the internal
complex biological changes caused by aging, immunose-
nescence, inflammation, age-related chronic diseases,
as well as external environmental, psychosocial factors,
in addition to cancer itself and cancer treatment, can all
pose challenges to their physiological reserves, making
them more susceptible to the development of frailty [4].
Surgery is considered one of the primary treatment
methods for gastrointestinal cancers. In China, the prev-
alence of preoperative frailty in older people patients
with gastrointestinal tumors is 43.8%, and it rises to as
high as 59% postoperatively [5]. The presence of frailty
can increase adverse outcomes in older people gastroin-
testinal surgery patients, such as impaired quality of life,
increased mortality and readmission risk [6—8], as well as
hospital stay and costs ranging from 15% to 60% [9, 10];
however, existing studies have confirmed that specific
intervention measures can improve the prognosis of frail
patients undergoing surgery [11-13].

In existing studies, intervention programs for frail
older people patients with gastrointestinal tumors often
involve three aspects: nutritional support, exercise, and
psychological care [14]. However, interventions are often
focused solely on the preoperative or postoperative phase
[15, 16]. For example, in an RCT study by Carli et al.
[16], two groups of patients received preoperative and
postoperative rehabilitation models, respectively, which
included the aforementioned three aspects of care. How-
ever, the study results indicated no observed differences
in overall postoperative complication rates, hospital stay,
and readmission rates between the preoperative and
rehabilitation groups. There is also evidence suggesting
that preoperative prehabilitation can improve patients’
physical function and other postoperative outcomes
[17]. However, few studies have focused on the com-
prehensive perioperative frailty management for these
patients. Additionally, some studies have recommended
combining preoperative and postoperative interventions
in future trial assessments to address potential adverse
effects throughout the entire perioperative trajectory
[18]. Therefore, this study hypothesizes that a multimodal
rehabilitation program, combining nutritional support,
exercise, and psychological care, applied to the periop-
erative frailty management of patients, may improve to
varying degrees the frailty status and physical function
of such patients and enhance their postoperative quality
of life. To this end, we conducted a clinical randomized
controlled trial with frailty status as the primary outcome
measure.

Methods

Ethics approval and consent to participate

The study was approved by the Ethics Committee of
Shanghai Tongren Hospital. (Tongren Ethics Review
2024-019-01). All participating patients signed an
informed consent form. The trial was first registered
with the Chinese Clinical Trial Registry and followed
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the Comprehensive Standards of Trial Reporting (CON-
SORT) reporting guidelines [19].

Sample size

To determine the minimum sample size, we selected 20
older people patients who underwent gastrointestinal
tumor resection at our hospital, using the Fried Frailty
Phenotype (FFP) score as the primary outcome measure.
We collected data at four time points: admission, the first
postoperative day, the day of discharge, and one week
after discharge. We used repeated measures analysis
of variance to calculate the required sample size for the
study. The mean scores for the intervention group at each
measurement were 3.2, 4.1, 2.5, and 1.5; for the control
group, the mean scores were 3.4, 4, 3.4, and 3.1. The stan-
dard deviation was 1.0 for both groups, and the correla-
tion coefficient was 0.65. Under the conditions of o =0.05
(two-sided) and a power of 90%, we used PASS 15 soft-
ware to calculate that at least 38 samples were needed per
group. Considering a 20% dropout rate, at least 48 sam-
ples per group would be required, totaling 96 samples.

Randomization

Eligible patients were randomly assigned to the mul-
timodal rehabilitation group (IG) or the conventional
treatment group (CG) in a 1:1 ratio. Random numbers
were generated using Excel 2021, and these numbers
were sequentially placed into sealed, opaque envelopes;
it was stipulated that numbers 1-48 correspond to the
control group and numbers 49-96 to the experimen-
tal group. The allocation was kept confidential until the
baseline assessment was completed, at which point the
envelopes were opened in numerical order. The random-
ization was managed by a researcher who did not partici-
pate in the assessment or intervention.

Baseline and outcome assessments were conducted by
several trained researchers to ensure the reliability of the
evaluations, but they were blinded to the randomization
status.

Study participant

This study was conducted from April to September
2024 at Tongren Hospital affiliated with Shanghai Jiao
Tong University School of Medicine in China for patient
recruitment and implementation of the research. Inclu-
sion criteria were: (1)age > 65 years; (2) gastrointestinal
cancer diagnosed by endoscopic biopsy; (3) scheduled
for elective laparoscopic gastrointestinal cancer resec-
tion; (4) a Fried Frailty Phenotype (FFP) score > 3 upon
admission [3]. Exclusion criteria were: (1) presence of
other malignant tumors, severe infectious diseases; (2)
presence of severe dysfunction of the heart, brain, lungs,
etc.; (3) presence of mental illness, communication dis-
orders, consciousness disorders; (4) use of medications
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that could cause symptoms similar to frailty (such as
levodopa, donepezil hydrochloride, antidepressants);
(5) inability to walk even with the assistance of auxiliary
devices.

Research process

Trial interventions

Phase 1: Preoperative rehabilitation (Admission to
the day before surgery) Nutritional Support: The nutri-
tional status of participants was assessed by a dietitian.
Patients with malnutrition or at risk of malnutrition,
those who are expected to be unable to eat orally for more
than 5 days during the perioperative period, or those who
cannot intake 50% of the required energy or protein for
more than 7 days, underwent perioperative nutritional
assessment and management [20]. A provision of 1.2-1.5
g/(Kg-d) was made, with high-quality protein accounting
for 50%, with whey protein being the best option; the pre-
ferred treatment method was oral intake and oral nutri-
tional supplements (ONS). Other nutritional support
included blood sugar control.

Exercise: Participants engaged in personalized aerobic
and resistance exercises developed according to guide-
lines [21, 22]; and followed the principles of staging and
gradual progression. Exercise duration lasted from the
day of admission to the day before surgery. Aerobic exer-
cise: mainly walking, with more than 20 min of activity
per day. The intensity of exercise was based on the Borg
6—20 Subjective Fatigue Scale levels 12—14. Resistance
exercise: resistance training with elastic bands targeting
major muscle groups related to function and mobility in
the upper and lower body, including multi-joint exercises
(leg press, chest press) and single muscle group exercises
(triceps, knee extensors, hip abductors). Start with 1-2
sets and gradually increase to 2—3 sets, with 8—12 repeti-
tions per set. The intensity starts at level 15 on the Borg
6—20 scale and gradually increases to level 18.

Psychological Care: Participants were assessed and
managed by a nurse trained in psychology. Participants
received approximately 20 min of mindfulness medita-
tion daily from the day of admission to the day before
surgery, which included teaching patients how to relax
and breathe deeply. In addition, patients could be edu-
cated about surgery-related knowledge such as preop-
erative preparation, surgical methods, disease prognosis,
etc., and psychological interventions could be conducted
through environmental management.

Phase 2: Postoperative rehabilitation (Postoperative
to one week after discharge) Nutritional Support: For
patients who are expected to be unable to eat or whose
oral intake is less than 50% of their nutritional needs, early
(within 24 h) enteral nutrition (EN) should be initiated



Yan et al. BMC Geriatrics (2026) 26:116

postoperatively. Patients undergoing gastric surgery may
resume oral intake or ONS early (24—48 h) postopera-
tively; patients undergoing colorectal surgery may start
with liquid or ONS on the day of surgery. Postoperative
protein supplementation should be 1.5-2.0 g/(Kg-d), such
as with ONS. The recommended total energy intake is
25-30Kcal/(Kg-d) [23]. Within one week after discharge,
in addition to oral intake, nutritional treatment should
primarily be ONS, with a dosage of at least 400-600Kcal/d.

Exercise: Patients can perform simple activities such
as turning over in bed once they are conscious post-
operatively, and can get out of bed on the first postop-
erative day. The postoperative exercise plan should be
developed collaboratively by sports medicine physicians,
gastrointestinal surgeons, nurses, and patients, taking
into account the individual’s condition and changes in
their medical status; it should primarily consist of aero-
bic exercise, moderately combined with resistance exer-
cise; and the daily exercise volume and time should be
gradually increased. After discharge: aerobic exercise
should be incorporated into daily life activities, with the
time increased to 30 min per day; resistance exercises can
also be performed through daily actions such as push-
ing, pulling, lifting, and pressing, such as squats and wall
push-ups, 2-3 times a week. Breathing exercises: active
deep breathing, cough exercises, etc. There should be a
5-10 min warm-up before each exercise session, and it
is reccommended that the warm-up activity be a simpli-
fied version of the exercise that will be performed, but at
a lower intensity, such as slow walking. When perform-
ing resistance exercises, rest for 1-3 min between sets.
There should be at least 5 min of relaxation activities
after exercise.

Psychological Care: Mindfulness meditation is still
conducted for 20 min daily postoperatively, and fam-
ily members and caregivers are guided to increase their
companionship time, encourage patients to persist in
exercise, actively participate in social activities, and
strengthen interest learning.

Conventional therapy
Preoperatively, participants undergo baseline assess-
ments upon admission by researchers, which are the
same as those for the multimodal rehabilitation group.
Patients are guided to complete preoperative examina-
tions and other related checks. Patients are encouraged
not to stay in bed for extended periods during their hos-
pital stay and are encouraged to move around the ward’s
corridor. If malnutrition is present, a dietitian assesses
the situation and provides corresponding nutritional sup-
port, dietary education, and routine instructions on sur-
gical precautions.

Postoperatively, patients are encouraged to be active
early on. Once the patient is conscious after surgery, they
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are guided to turn over independently in bed; they are
encouraged to get out of bed and be active on the first
postoperative day. Patients can set daily activity goals
based on their condition and gradually increase their
activity levels. At the same time, the dietitian will con-
duct another nutritional assessment of the patient and
provide appropriate nutritional support.

Adherence to the program

Patients in the multimodal rehabilitation group will
receive a follow-up manual to record their daily activities,
and a phone call will be made to the patients one week
after surgery to determine their compliance at home.

Outcomes and measures

Primary outcome

The primary outcome is the assessment of frailty sta-
tus: evaluated using the Fried Frailty Phenotype (FEP).
This scale was first proposed by Fried et al. in 2001 [3].
A patient is considered frail if they exhibit at least three
of the following five criteria: weight loss, fatigue, low grip
strength, slow walking speed, and low physical activity;
meeting one or two criteria indicates pre-frailty, and zero
criteria indicate no frailty.

Minimal clinically important difference (MCID) in frailty
status

When determining the MCID for the Fried Frailty Phe-
notype, it is necessary to systematically analyze the
thresholds for the “smallest clinically meaningful change”
and the “largest clinically meaningful change” obtained
from distribution-based methods and anchor-based
methods. In the study by Jang et al. [24], the “small
change” calculated using the distribution-based method
for the Fried Frailty Phenotype was 0.249, and the “large
change” was 0.623. These values are based on the statis-
tical distribution characteristics of the data and reflect
only the variation pattern of the indicator itself. The
anchor-based method yielded a “small change” of 0.097
and a “large change” of 0.607, which directly reveal the
degree of change with actual clinical significance by asso-
ciating it with clinical outcomes. Since the core definition
of MCID is the “smallest meaningful change perceptible
to patients or in clinical practice,” the results from the
anchor-based method are given higher priority because
they directly relate to clinical significance. Therefore,
we suggest using its “small change” of 0.097 as the core
candidate value for MCID. At the same time, the “small
change” of 0.249 from the distribution-based method
is used to verify the statistical rationality of this candi-
date value. If the difference between the two is within an
acceptable range (for example, if the anchor-based results
do not exceed the reasonable fluctuation range of the dis-
tribution-based method), and considering the research
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objectives and population characteristics, this study sets
the MCID threshold range for the Fried Frailty Pheno-
type at 0.097-0.249.

Secondary outcomes

(1) 6-Minute Walk Distance (6MWD), a test previously
recognized as an indicator of recovery after gastrointes-
tinal surgery [25]; (2) Barthel Index (BI); (3) Geriatric
Depression Scale (GDS-15); (4) Nutritional Assessment
Scale (Nutritional Risk Screening-2002, NRS-2002); (5)
serum biomarkers: albumin, albumin, and NRS-2002;
and (6) Geriatric Depression Scale-15(GDS-15); (7)
Healthy Quality of Life (EuroQol Five Dimensions Ques-
tionnaire, EQ-5D); (8) complication rate within 30 days
after surgery.

Table 1 Fried Frailty Phenotype

Detection Male Female
Items
Weight Loss In the past year, unexpect-  In the past year, un-
ed weight loss >4.5kg or expected weight loss
>5% of body weight >4.5kg or >5% of body
weight
Walking Time ~ Height < 173cm:; > Height < 159cm; >
(4.57m) 7sHeight >173cm:; >6s5  7sHeight >159cm; > 6s
Grip Strength ~ BMI < 24.0Kg/m?; < BMI < 23.0Kg/m?; <
(Kg) 29BMI 24.1 - 26.0Kg/m?; 17BMI 23.1 - 26.0Kg/

Physical Activ-

30BMI 26.1 - 28.0Kg/m?;
30BMI >28.0Kg/m?; <32

Meeting any one of the

IN A

m?; < 17.3BMI26.1 -
29.0Kg/m?; < 18BMI
>29.0Kg/m’; <21
Meeting any one of the

ity Level following three items indi-  following three items
cates low physical activity  indicates low physical
level:(1) In the past week, activity level:(1) In the
have you been unable to past week, have you
complete light household  been unable to com-
chores (such as grocery plete light household
shopping, sweeping the chores (such as grocery
floor) due to lack of physi-  shopping, sweeping
cal strength for 3 days?(2)  the floor) due to lack of
Male < 393Kcal/week physical strength for 3
(about 2.5 hours of walk- days?(2) Male < 393Kcal/
ing); Female < 270Kcal/ week (about 2.5 hours
week (about 2 hours of of walking); Female <
walking)(3) In the past 270Kcal/week (about 2
week, have the activities hours of walking)(3) In
you participated in mainly  the past week, have the
been sitting activities? activities you participat-

ed in mainly been sitting
activities?

Fatigue Have you experienced the  Have you experienced
following phenomena for  the following phenom-
more than 3 days in the ena for more than 3 days
past week?(1) | feel that in the past week?(1) | feel
everything is very difficult  that everything is very
to do(2) | cannot walk difficult to do(2) | cannot
forward walk forward

Conclusion Normal: 0 point; Pre - frailty: 1 - 2 points; Frailty: 3-5

points
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Research tools

1. FFP: The five assessment dimensions and specific
criteria of this scale are shown in Table 1.

2. 6-Minute Walk Distance: Before the test, fatigue
is assessed using the Borg scale and medication
intake is inquired about. Then, patients are asked
to walk as far as possible in the corridor, noting any
stops during the walk, and wearing a fitness tracker
(HUAWEI Band 4) to record data throughout the
test. After the test, fatigue is assessed again using the
Borg scale, and the walking distance (in meters) is
recorded.

3. Measurement of body weight and limb muscle mass:
Bioelectrical Impedance Analysis (BIA) method
is used; the measurement is conducted with a
HUAWEI Smart Scale 3 Pro-323.

4. EQ-5D: This questionnaire includes five dimensions:
mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression; each dimension consists
of five levels: no problems, slight problems,
moderate problems, severe problems, and unable
to do/extreme problems. Health utility values are
calculated according to the Chinese EQ-5D scoring
system formula [26], with a maximum score of
1, and the higher the score, the better the health-
related quality of life.

Measures

The FFP will be assessed at admission, on the first post-
operative day, on the day of discharge, and one week after
discharge. The secondary outcome measures, includ-
ing 6MWD, GDS-15, NRS-2002, albumin, prealbumin,
hemoglobin count, and limb muscle mass, will be col-
lected at admission and on the day of discharge. The
EQ-5D will be collected on the day of discharge and 30
days after discharge.

Statistical analysis

Statistical analysis was performed using SPSS 26.0
software. For normally distributed continuous data,
the mean tstandard deviation was used for descrip-
tion, paired t-tests were used for within-group differ-
ences, and two independent sample t-tests were used
for between-group differences. For skewed continuous
data, the median and interquartile range were used for
description, the Wilcoxon signed-rank test was used for
within-group differences, and the Mann-Whitney U test
was used for between-group differences. Categorical data
were described using frequencies or percentages, within-
group differences were tested using the McNemar test,
and between-group differences were tested using the chi-
square test or Fisher’s exact test.
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Our primary analysis followed the intention-to-treat
(ITT) principle, including all study subjects who met the
inclusion criteria and participated in at least one inter-
vention for analysis. Missing data were imputed using
the last observation carried forward. All tests were two-
sided, and a P-value of less than 0.05 was considered sta-
tistically significant.

Result

Participant flow

A total of 112 patients underwent initial screening with
the FFP. Among them, 16 did not meet the inclusion
criteria; there were 6 with contraindications to sur-
gery and 10 who were planned to receive neoadjuvant
therapy first. Ninety-six older people patients with gas-
trointestinal tumors and frailty were randomly assigned
to the IG or the CG. During the follow-up process, one
patient in the IG switched to palliative treatment, and
three patients in the CG switched to palliative treat-
ment. Therefore, a total of 96 patients were included in
the intention-to-treat analysis (48 in the IG and 48 in the
C@), and the recruitment flowchart of the study subjects
is shown in Figure 1.

Baseline characteristics
This study included 96 patients with gastrointestinal can-
cer, with 48 in each the IG and the CG. The median age
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was 72.00, and the median BMI was 22.40; among them,
24 (25.00%) had >2 comorbidities, and 72 (75.00%) had
fewer than 2 comorbidities. The proportion of smokers
was 3.12%, and the proportion of drinkers was 4.16%. In
terms of self-rated health, most considered themselves to
be in average health (38.54%). Additionally, a high num-
ber of individuals, 43 (44.79%), never exercised within a
week; the majority had an education level of junior high
school (40.62%). There were 66 (68.75%) patients under-
going colorectal surgery, with 33 in each intervention
and control group, and 30 (31.25%) patients undergoing
gastric surgery, with 15 in each group. The distribution of
surgical types among the two groups showed no statisti-
cally significant difference (P=0.382>0.05). All baseline
characteristics of the variables in this study showed no
intergroup differences (P >0.05), indicating adequate ran-
domization. For details, see Table 2

Baseline characteristics of frailty-related features, body
composition, health-related features, and nutritional
biochemical indicators

In the frailty-related characteristics, the median 6MWD
was 368.00 m, with no difference between the two groups
at baseline (P=0.496>0.05); the SD of the FFP score was
3.28+0.51, and there was also no difference between the
groups (P=0.845>0.05). In health-related characteris-
tics, the SD of the BI was 99.42+3.15, and the median

Enrollment

Evaluate Subject Eligibility(n=112)

— ¥ _Have Surgical Contraindications(n=6)

Excluded(n=16)

.Plan to Administer Neoadjuvant Therapy First(n=10)

Randomized(n=96)

Allocation
Intervention group (n=48) ‘
Follow-Up
Switch to Palliative
Treatment (n=1) |
Analysis
Analysis (n=48) |

Fig. 1 Flow chart of the Frailty Intervention Trial

’ Control group (n=48)

y

Switch to Palliative
| Treatment (n=3)

I Analysis (n=48)
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Table 2 Baseline data of the two groups of patients
Sports event Variance Total(n=96) Intervention group (n=48) Control group (n=48) t/Z/X2 P
age 72.00(68.00,75.00)  72.00(68.00,75.00) 70.50(67.50,75.00) 1621 0.105°
Height(m) 1.63(1.56,1.70) 1.65(1.56,1.73) 1.63(1.55,1.68) 1.270 0.204°
weight(Kg) 59.22(54.07,66.55) 59.22(54.77,66.55) 59.40(52.50,66.35) 0.180 0.858°
BMI(kg/mz) 22.40(20.65,24.70)  22.40(20.90,24.45) 22.40(20.40,25.05) -0443 0.658°
Type of surgery 7471 0429°
right hemicolectomy (%) 12(12.50) 7(14.58) 5(1041)
left hemicolectomy (%) 13(13.54) 6(12.50) 7(14.58)
transverse colectomy (%) 3(3.12) 0(0.00) 3(6.25)
sigmoid resection (%) 16(16.66) 10(20.83) 6(12.50)
Low anterior resection (%) 10(1041) 5(1041) 5(1041)
radical operation for rectal cancer (%)  12(12.50) 5(1041) 7(14.58)
Gastric lesion resection (%) 8(8.33) 2(4.16) 6(12.50)
radical operation for gastric cancer (%) 22(22.91) 13(27.08) 9(18.75)
Comorbidities 0222 0637°
>2(%) 24(25.00) 13(27.08) 11(22.91)
<2(%) 72(75.00) 35(72.91) 37(77.08)
Smoker 0344  1.000°
Yes (%) 3(3.12) 2(4.16) 1(2.08)
No(%) 93(96.87) 46(95.83) 47(97.91)
Alcohol use 1044  0617°
Yes (%) 4(4.16) 3(6.25) 1(2.08)
No(%) 92(95.83) 45(93.75) 47(97.91)
Self-health 2289  0515¢
mediocre(%) 11(11.45) 4(833) 7(14.58)
poorly (%) 27(28.12) 14(29.16) 13(27.08)
Fair(%) 37(38.54) 17(35.41) 20(41.66)
good(%) 21(21.87) 13(27.08) 8(16.66)
Exercise 6.667  0083°
never exercise(%) 43(44.79) 18(37.50) 25(52.08)
1-2 times/week (%) 26(27.08) 17(35.41) 9(18.75)
3-4 times/week (%) 14(14.58) 9(18.75) 5(1041)
daily exercise (%) 13(13.54) 4(8.33) 9(18.75)
education 2141 0.544¢
Primary education (%) 21(32.29) 12(25.00) 9(18.75)
junior high school education (%) 39(40.62) 17(3541) 22(45.83)
Bachelor's degree (%) 28(29.16) 16(33.33) 12(25.00)
university degree(%) 8(8.33) 3(6.25) 5(1041)

score of the EQ-5D was 0.71; the SD of the NRS2002
score was 2.69+0.95, and the SD of the GDS-15 score
was 3.33+2.07. In nutritional biochemical indicators, the
median counts for albumin, prealbumin, and hemoglobin
were 40.00, 192.00, and 126.50, respectively. In this study,
all baseline characteristics of the variables in frailty-
related features, health-related features, and biochemical
indicators showed no intergroup differences (P>0.05),
indicating that the two groups of patients were compa-
rable. For details, see Table 3.

Changes in frailty status of two groups of patients at
different time points

This study conducted comparative analyses of the
distribution of frailty status and the effectiveness of

interventions between the IG and the CG at different
time points. The results showed that at the time points
of admission and the first postoperative day, the propor-
tion of pre-frail individuals in both groups was 0.00%,
and the proportion of frail individuals was 100.00%, with
no difference in the distribution of frailty status between
the groups. On the day of discharge, the proportion of
pre-frail individuals in the IG was 39.58% (19 cases), and
the proportion of frail individuals was 60.41% (29 cases),
while in the CG, the proportion of pre-frail individuals
was 8.33% (4 cases), and the proportion of frail individu-
als was 91.66% (44 cases), The chi-square value (x*) was
12.865, the odds ratio (OR) was 0.139, indicating a statis-
tically significant difference (P <0.001), and a statistically
significant difference in the distribution of frailty status
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Table 3 Baseline characteristics of frailty-related features, body composition, health-related features, and nutritional biochemical

indicators
Variance Total(n=96) Intervention group Control group (n=48) T/Z P
(n=48)
frailty-related 6MWD(m) 368.00(305.00,430.00) 378.50(305.50,431.00) 350.00(305.00,417.00) 0.682 0.496°
features FFP 3.28+0.51 3.29+0.50 3.27+0.53 0.196 0.845°
body composition  Left upper limb muscle(Kg) 2.45(1.95,2.95) 245(2.10,2.90) 2.45(1.80,3.00) 0440 0.660°
Left lower limb muscle(Kg) 6.35(5.05,7.60) 6.30(5.40,7.75) 6.60(4.80,7.55) 0.601 0.548°
Right upper limb muscle(Kg) 2.55(2.00,3.00) 2.55(2.10,3.00) 2.55(1.90,3.05) 0.407 0.684°
Right lower limb muscle(Kg) 6.55(5.25,7.50) 6.50(5.45,7.40) 6.60(4.95,7.55) 0.363 0.717°
health-related NRS2002 2.69+0.95 2.81+£0.15 2.58+0.12 1.181 0.241°
features 3] 99.42+3.15 99.58+2.26 99.27+3.85 0.484 0.630°
GDS-15 3.33+£2.07 3.27+0.31 3.39+0.29 —0.294 0.770°
EQ-5D 0.71(0.57,0.78) 0.73(0.65,0.78) 0.66(0.52,0.78) 1.540 0.124°
Nutritional Albumin (g/L) 40.00(38.00,42.90) 39.00(37.35,42.10) 40.50(39.00,43.30) -1679  0093°
Biochemical Prealbumin (mg/L) 192.00(156.50,235.00) 182.00(142.00,222.00) 211.00(169.50,253.00) -1.913 0.056°
Indicators Hemoglobin (g/L) 126.50(107.00,136.00)  123.50(108.50,135.00) 12800(10145,137.00)  0.399 0.690°
2 Wilcoxon signed rank sum test
Pindependent samples t test
Table 4 Changes in Frailty Status of Two Groups of Patients at Different Time Points
frailty status  Group X2 OR (95CI) P
Intervention group(N=48) Control group(N=48)
Admission Day Pre-frailty(%) 0(0.00) 0(0.00)
frailty(%) 48(100.00) 48(100.00)
1 st Postoperative Day Pre-frailty (%) 0(0.00) 0(0.00)
frailty(%) 48(100.00) 48(100.00)
Discharge Day Pre-frailty(%) 19(39.58) 4(8.33) 12.865 0.139(0.040, 0.421) <0.001
frailty(%) 29(60.41) 44091 66)
1 st Week Post-Discharge Pre-frailty(%) 42(87.50) 14(29.16) 33.600 0.059(0.121, 0.172) <0.001
frailty(%) 6(12.50) 34(70. 83)

between the groups. At the time point of one week after
discharge, the proportion of pre-frail individuals in the
IG was 87.50% (42 cases), and the proportion of frail indi-
viduals was 12.50% (6 cases), while in the CG, the pro-
portion of pre-frail individuals was 29.16% (14 cases), and
the proportion of frail individuals was 70.83% (34 cases),
The chi-square value (x*) was 33.600, the odds ratio (OR)
was 0.06, indicating a significant difference between the
groups (P<0.001). In summary, as time progressed, the
proportion of pre-frail individuals in the IG increased
while the proportion of frail individuals decreased, show-
ing a significant difference compared to the CG. This sug-
gests that the intervention measures may effectively slow
the progression of frailty, with the intervention effects
being more pronounced one week after discharge. For
details, see Table 4 and Figure 2.

Results of the minimal clinically important difference in
frailty status

The data on reaching the Minimal Clinically Important
Difference (MCID) showed that 42 people (87.50%) in the
IG and 14 people (29.20%) in the CG achieved the MCID.
Statistically, the OR was 17, indicating that the number

of people in the IG who reached the MCID was 17 times
that of the CG; the 95% CI was (5.90, 48.96), which does
not include 0, confirming that the difference is genuinely
present; the x* value was 33.600, and the difference was
statistically significant (< 0.001), indicating that the pro-
portion of individuals reaching the MCID between the
groups was not due to chance. In summary, the interven-
tion had a significant effect and a clear advantage. For
details, see Table 5 and Figure 3.

Intergroup comparison of secondary outcome measures

Regarding secondary outcomes, we assessed the impact
of perioperative multimodal rehabilitation on limb
muscle mass in patients. The results showed that the IG
had slightly higher muscle mass in the left upper limb
compared to the CG, but this difference was not statis-
tically significant (P=0.080>0.05). Similarly, the muscle
mass in the left lower limb, right upper limb, and right
lower limb also showed similar trends, with no statisti-
cally significant differences (P =0.143, P=0.087, P=0.114,
all >0.05). The IG performed significantly better than
the CG in the 6MWD (P=0.007<0.05). Additionally,
the IG had significantly higher BI scores compared to
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Fig. 2 Changes in Frailty Status of Two Groups of Patients at Different Time Points

Table 5 Results of the Minimal Clinically Important Difference in
Frailty Status

Intervention Control X2
group(N=48) group(N=48)
42(87.50) 14(29.20)

OR(95Cl) P

33.600 17(5.90

, 48.96)

Num- <0.001
ber of
People
Reach-
ing the
MCID(%)
Num-
ber of
People
Not
Reach-
ing the
MCID(%)

6(12.50) 34(70.80)

the CG (P<0.001), indicating that multimodal rehabili-
tation can improve the ability to perform activities of
daily living. On the GDS-15 scores, the IG scored lower
than the CG (P=0.005<0.05). There was no significant
difference in NRS2002 scores between the two groups
(P=0.684>0.05). However, the IG had significantly
higher EQ-5D scores than the CG (P<0.001). In terms
of nutritional biochemical indicators, no significant dif-
ferences were observed in albumin count, prealbumin
count, and hemoglobin count between the two groups
(P=0.689, P=0.555, P=0.371). For more details on these
results, see Table 6.

Intragroup comparison of secondary outcome measures
Regarding the secondary outcome measures, the within-
group comparisons before and after the intervention
revealed that there were no statistical differences in
limb muscle mass for the IG both before and after the
intervention. However, for the CG, there were statisti-
cal differences in limb muscle mass before and after the
intervention, with the muscle mass being lower after the
intervention compared to before. For both groups, there
were differences in the 6MWD before and after the inter-
vention, and the distances were shorter after the inter-
vention than before. Similar patterns were observed in
health-related scales and nutritional biochemical indi-
cators. As for the EQ-5D scores, an upward trend was
found in the scores for both groups 30 days after dis-
charge. For more details on these results, see Table 7.

Discussion

The main findings of this study indicate that on the day
of discharge, the proportion of pre-frail patients in the
IG (39.58%) was significantly higher than that in the CG
(8.33%), and the proportion of frail patients (60.41%) was
significantly lower than that in the CG (91.66%), with a
meaningful difference (P < 0.001). One week after dis-
charge, the proportion of pre-frail patients in the IG
increased to 87.50%, and the proportion of frail patients
decreased to 12.50%, showing an even more significant
difference compared to the CG (P < 0.001), with partic-
ularly noticeable effects one week after discharge. This
suggests that as the duration of the intervention extends,
perioperative multimodal rehabilitation may better
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Table 6 Between-group comparison of secondary outcomes in the two groups of patients

Variance Intervention group (n=48)
Left upper limb muscle(Kg) 2.45(2.10,3.10)

Left lower limb muscle(Kg) 6.30(5.65,7.50)

Right upper limb muscle(Kg) 2.60(2.15,3.30)

Right lower limb muscle(Kg) 6.50(5.80,7.45)
6MWD (m) 330.00(276.50,412.00)
Bl 97.39+3.71

GDS-15 2.10+0.20

NRS2002 3.20+£0.14

EQ-5D 1.00(0.95,1.00)
Albumin (g/L) 36.00(33.00,39.55)
Prealbumin (mg/L) 149.00(123.50,191.00)
Hemoglobin (g/L) 118.50(104.00,129.00)
Complication Rate 7(14.58%)

Control group (n=48) Z/t P
2.30(1.70,2.80) 1.750 0.080°
6.10(4.35,7.15) 1466 0.143°
2.35(1.80,2.85) 1.710 0.087°
5.85(4.35,7.15) 1.580 0.114°
292.50(235.00,351.50) 2.701 0.007°
90.10+8.21 5.601 <0.001°
3.06+0.26 —2.860 0.005°
3.29+0.14 —-0.409 0.684°
0.90(0.83,0.95) 4.857 <0.001°
36.00(34.00,37.60) 0.400 0.689°
154.50(129.50,195.00) —0.590 0.555°
110.50(101.50,122.50) 0.894 0371°
7(14.58%) 0.000 1.000°

2 Mann-Whitney U test
bt test
¢ chi-square test

improve or delay the progression of their frailty status.
Improvement in frailty during the perioperative period
will be key for gastrointestinal cancer patients to achieve
good long-term outcomes [27]. However, there is limited
evidence regarding the perioperative management of frail
older people patients undergoing gastrointestinal cancer
surgery, but this study provides new evidence and ideas
for the perioperative frailty management of older people
gastrointestinal surgery patients. In this study, it may be
due to the fact that both groups experienced an increase
in frailty levels on the first postoperative day after

undergoing major surgery stress [28], but one week after
discharge, the number of people in the IG who reached
the pre-frail state was significantly better than that in the
CG (P < 0.001), indicating that adhering to periopera-
tive multimodal rehabilitation has a positive effect on the
patient’s body. This is similar to the results of a study by
Chow et al. [29] on short-term multimodal rehabilitation
in older people patients aged 65 and over undergoing
abdominal surgery.

This study conducted a frailty assessment for all
patients upon admission to understand their preoperative
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Variance Group Pre-Intervention Post-Intervention /it P
Left upper limb muscle(Kg) IG 2.45(2.10,2.90) 2.45(2.10,3.10) -1.089 0.206°
CG 2.45(1.80,3.00) 2.30(1.70,2.80) 4819 <0.001°
Left lower limb muscle(Kg) IG 6.30(5.40,7.75) 6. 30(5 65,7.50) -0.272 0.786°
CG 6.60(4.80,7.55) 10(4.35,7.15) 4392 <0.001°
Right upper limb muscle(Kg) IG 2.55(2.10,3.00) 260(2 15,3.30) -0.952 0.341°
cG 2.55(1.90,3.05) 2.35(1.80,2.85) 4463 <0.001°
Right lower limb muscle(Kg) IG 6.50(5.45,7.40) 6.50(5.80,7.45) -0.628 0.530°
CG 6.60(4.95,7.55) 5.85(4.35,7.15) 4.991 <0.001°
6MWD (m) IG 378.50(305.50,431.00) 330.00(276.50,412.00) 3.257 0.001°
CG 350.00(305.00,417.00) 292.50(235.00,351.50) 5.149 <0.001°
NRS2002 IG 2.81+£0.15 3.20+0.14 —3.725 0.001°
CG 2.58+0.12 3.29+0.14 —7.186 <0.001°
Bl IG 99.58+2.26 97.39+3.71 0.484 0.630°
CG 99.27+3.85 90.10+8.21 5.601 <0.001°
GDS-15 IG 3.27+0.31 2.10£0.20 6.170 <0.001°
CG 3.39+0.29 3.06+0.26 2.369 0.022°
EQ-5D IG 0.73(0.65,0.78) 1.00(0.95,1.00) —6.216 <0.001°
CG 0.66(0.52,0.78) 0.83(0.84,0.95) -5.867 <0.001°

2 Wilcoxon signed rank sum test
bt test

health status and functional reserves, and to identify
potential risks, thereby initiating intervention plans in
a timely manner. Additionally, this study found that the
degree of frailty in both groups was increased on the
first postoperative day compared to admission, which
may be related to the stress response caused by surgery,
including inflammatory responses, endocrine disor-
ders, and metabolic changes. On the first postoperative
day, patients often experience symptoms such as pain,
fatigue, sleep disturbances, and anxiety. Surgery trig-
gers an inflammatory response, releasing inflammatory
mediators (such as interleukin-6, growth differentiation
factor-15, etc.), which not only affect wound healing
but also interfere with muscle metabolism and neural
function, further exacerbating frailty. Fatigue and sleep
disturbances lead to increased adrenocorticosteroid hor-
mones and abnormal release of cytokines, triggering an
inflammatory response through neuroendocrine path-
ways, disrupting immune system balance, weakening dis-
ease resistance, and thus exacerbating frailty. The degree
of pain is a risk factor for postoperative frailty, and frailty
may be a risk factor for pain regulation acting on the
descending inhibitory pathway; the two may share some
common molecular mechanisms, such as inflammation
and neuroinflammation, thereby strengthening their
interaction [30, 31]. During the postoperative recovery
period, as patients experience reduced pain, gastroin-
testinal function recovery, and general improvement in
physical condition, the number of frail patients in both
groups decreased on the day of discharge. However, the
IG had significantly fewer frail patients than the CG,
indicating that perioperative multimodal rehabilitation

may more effectively improve outcomes for frail patients,
consistent with the findings of Muscedere et al. [32]. One
week after discharge is a critical transition period for
patients moving from the hospital to the home environ-
ment, and frailty status may fluctuate due to the lack of
continuous medical support. A study by Shi et al. [33]
showed that interventions for high-risk frail populations
after discharge can further prevent health decline. Such
interventions can improve patients’ frailty status, quality
of life, and prognosis. Similar conclusions were reached
in this study, with the IG showing a significant improve-
ment in the number of patients with frailty, further indi-
cating that perioperative multimodal rehabilitation may
more effectively improve outcomes for frail patients.

The dynamic changes in patients’ frailty status during
hospitalization and recovery recorded in this study may
reflect the combined impact of underlying chronic health
issues and new or residual acute health problems. These
dynamic changes further clarify that frailty is a multifac-
torial, multidimensional process whose trajectory var-
ies among individuals and is heterogeneous. Therefore,
future research should provide targeted interventions
based on the trajectory of frailty development in such
patients to improve their frailty status and reduce post-
operative adverse outcomes.

In recent years, with the shortening of postoperative
hospital stays for patients undergoing laparoscopic gas-
trointestinal surgery, there has been an increasing focus
on changes in physical function over a short period after
surgery (i.e., within one week after surgery) [34]. Previ-
ous studies have reported [25, 35] that the 6MWD of
gastrointestinal cancer patients significantly decreases
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compared to preoperative levels before discharge. A simi-
lar conclusion was reached in our study. However, the
6MWD of patients in the IG who received multimodal
rehabilitation training was significantly better than that of
patients in the CG before discharge. This may be because
patients who lack activity before surgery may need more
time to engage in postoperative activities, potentially
delaying the improvement of postoperative physical
function [25]. Both surgical trauma and frailty can lead
to a decline in physical function, and the BI can not only
be used to assess the functional status of patients before
surgery but also to monitor postoperative recovery [36].
In this study, the BI scores of the CG at discharge were
lower than those of the IG, which may be because periop-
erative multimodal rehabilitation can effectively improve
patients’ ability to perform activities of daily living to
some extent, benefiting patients in returning to normal
life as soon as possible after discharge.

Studies have shown that the incidence of nutritional
risk in older people patients with gastrointestinal malig-
nancies is as high as 40%-80% [37]. This is due to the
fact that most patients with gastrointestinal cancer are
already in the advanced stages of the disease at the time
of presentation, with factors such as poor absorption,
malignant tumor consumption, inadequate nutritional
intake, and weakened gastrointestinal function all con-
tributing to the problem. Despite significant advance-
ments in nutritional support therapy, surgical techniques,
and postoperative recovery, patients still face a high risk
of malnutrition after surgery due to gastrointestinal com-
plications, reduced dietary intake after surgery, chronic
comorbidities, and involuntary weight loss before sur-
gery [38]. In this study, both groups of patients exhibited
signs of postoperative malnutrition (NRS2002 scores
were both > 3 points). However, early and continu-
ous nutritional assessment and intervention can help to
avoid negative outcomes during the perioperative period,
including rapid muscle loss [39].

Hospitalized frail older people individuals are charac-
terized by low body weight, high waist circumference,
high body fat, and low bone and muscle mass [40]. The
relationship between body composition and frailty is
complex and not well understood. It has been reported
that surgery not only affects metabolic status but also
leads to loss of skeletal muscle and a decline in muscle
function [41]. During surgical stress, immune cells pro-
duce cytokines as mediators of the immune and sys-
temic response to injury. Cytokines produced during
and after surgery accelerate muscle cachexia, which
results in reduced muscle mass after surgery [42]. In this
study, both groups of patients also experienced loss of
limb muscle mass. In frail older people patients, post-
operative loss of muscle mass and body weight adversely
affects daily activities and quality of life [43]. Therefore,
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it is crucial to prevent the loss of muscle mass in the
short term after surgery in older people gastrointesti-
nal patients. The present study found that implementing
multimodal rehabilitation training during the periop-
erative period can slow down the rate of muscle loss in
older people gastrointestinal surgery patients, and this
loss is slower compared to the CG. Additionally, another
study showed that a personalized multi-component exer-
cise program, including progressive strength training
for three days or more, can significantly improve muscle
strength in hospitalized older people patients [44].

In recent years, there has been increasing attention
to the mental and psychological states of older people
patients with gastrointestinal tumors [45]. Some stud-
ies [46] have indicated that depression can increase the
risk of frailty by disrupting neurohumoral regulation,
reducing patients’ adherence to treatment, and impair-
ing gastrointestinal function. Therefore, it is important
to pay attention to the psychological state of older people
patients undergoing gastrointestinal tumor surgery in
clinical practice. In this study, the mean GDS-15 scores
for both groups were around 3 points at admission,
which, although not diagnostic of depression, indicated
a risk of depression and required attention. Moreover,
there was a difference in GDS-15 scores between the two
groups at discharge (P = 0.005 < 0.05), suggesting that
perioperative multimodal rehabilitation can alleviate
depressive symptoms in frail older people patients under-
going gastrointestinal surgery.

Research [47] has proposed that assessing poten-
tial serum biomarkers can better diagnose and monitor
frailty. One hypothesis suggests that systemic dysregu-
lation of protein synthesis and metabolism is one of
the underlying processes leading to the pathogenesis of
frailty; among these, nutritional markers such as hemo-
globin and albumin levels, which are potential indicators
of frailty, are particularly noteworthy [48, 49]. However,
due to the multitude of confounding factors during the
perioperative period, comparing data indicators is chal-
lenging. For instance, the inflammatory response caused
by surgical trauma and potential complications can
reduce iron deposition, leading to decreases in albu-
min and hemoglobin levels [50]. Similar conclusions
were reached in this study. Additionally, guidelines [51]
also recommend that patients should engage in exercise
and receive nutritional support during the perioperative
period.

The treatment goal for older people gastrointestinal
surgery patients should be to treat malignant tumors
while maintaining the patients’ quality of life and inde-
pendence [52]. In a study by Han et al. [53]on the changes
in health-related quality of life in older people gastric
cancer patients one year after surgery, it was pointed
out that the quality of life of older people patients was
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significantly compromised one month after surgery
and did not fully recover until one year postoperatively.
However, in our study, the quality of life scores for both
groups were significantly higher one month after surgery
compared to the scores at discharge; and the IG’s scores
were notably better than the CG’s. This may be because at
discharge, patients were still in the recovery period from
surgical trauma, and pain, discomfort, and temporary
decline in physical function could all contribute to lower
quality of life scores. As time passed, patients gradually
adapted and recovered from the surgery, with reduced
pain and gradual improvement in physical function,
thereby increasing the quality of life scores.

Limitations

The highlight of this study is that it uses the FFP as the
primary outcome measure, which is relatively rare in pre-
vious studies. Additionally, while it has been established
that multimodal interventions can prevent the progres-
sion of illness to a frail state, the effectiveness of such
interventions for patients who are already frail is unclear,
and this study is an attempt to explore this area. How-
ever, this study has some limitations: First, it is based on
data from a single center, and both the intervention and
follow-up periods are relatively short; second, complica-
tions were not included as a primary outcome measure
in the study, which may be crucial for assessing postop-
erative recovery in older people gastrointestinal surgery
patients; furthermore, the study observed changes in
limb muscle mass, but this is not sufficient to compre-
hensively evaluate the body composition of the older
people. Future research should focus on overall muscle
mass and use more accurate tools to assess muscle mass
to enhance its effectiveness in older people frail patients.
Lastly, due to the nature of the intervention, this study
could not blind the patients or those administering the
intervention.

Conclusion

In summary, this study intervened in frail older people
patients undergoing gastrointestinal surgery, and the
results showed that compared to routine care, periopera-
tive multimodal rehabilitation can effectively suppress or
delay the progression of frailty in older people patients
undergoing gastrointestinal surgery. To further optimize
the perioperative management of older people gastro-
intestinal surgery patients and reduce the postoperative
adverse outcomes associated with frailty, more high-
quality RCT studies with long-term interventions and
follow-ups are needed in the future to explore the best
timing, duration, and specific content of interventions,
with the aim of providing more precise and effective
frailty management strategies for older people gastroin-
testinal surgery patients.
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Abbreviations

FFP Fried frailty phenotype

IG Intervention group

CG Control group

ONS Oral nutritional supplements

EN Enteral nutrition

6MWD 6-Minute Walk Distance

BI Barthel Index

GDS-15 Geriatric Depression Scale-15
NRS-2002  Nutritional Risk Screening-2002

BIA Bioelectrical Impedance Analysis
EQ-5D EuroQol Five Dimensions Questionnaire
ITT Intention-To-Treat

PPA Perprotocol analysis

MCID Minimal Clinically Important Difference
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