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Effects of whole cycle nutrition 
management based on “Hospital 
to Home (H2H)” model on 
nutritional status and immune 
function of patients with 
gastrointestinal tumor 
chemotherapy

Shan Wang , Juan Cheng *, Yu Guo  and Wenrui Suo 

Department of General Surgery and Gastroenterology, Suqian Hospital of Jiangsu Provincial People’s 
Hospital, Suqian, China

Aim: To evaluate effects of whole-cycle nutrition management based on “Hospital 
to Home (H2H)” model on nutritional status and immune function in gastric and 
colorectal cancer patients receiving chemotherapy.
Methods: In this randomized controlled trial, 100 gastric or colorectal cancer 
patients with malnutrition risk (PG-SGA ≥ 2) were randomly assigned to rou-
tine nursing (control, n = 50) or H2H nutrition management plus routine nurs-
ing (study, n = 50). Primary outcomes were PG-SGA score and serum albumin. 
Secondary outcomes included immune function (CD4+, CD8 + counts, CD4+/
CD8 + ratio), hematological parameters, cancer-related fatigue (PFS), self-care 
ability (ESCA), quality of life (GQOLI-74), adverse reactions (CTCAE 5.0), and nurs-
ing satisfaction. Linear mixed-effects models with FDR correction were used for 
repeated measures.
Results: The study group showed significantly greater improvements in PG-SGA 
score (mean difference at cycle 6: −1.4, 95% CI: −1.9 to −0.9, p < 0.001) and 
serum albumin (+2.7 g/L, 95% CI: 1.5 to 3.9, p < 0.001). CD4 + counts (+95 cells/
μL, p < 0.001) and CD4+/CD8 + ratio (+0.35, p < 0.001) were significantly higher 
in the study group. Cancer-related fatigue (PFS) decreased, while self-care abil-
ity (ESCA) and quality of life (GQOLI-74) improved more in the study group (all 
q < 0.05). Adverse reactions were lower (4.0% vs. 20.0%, p = 0.01) and nursing 
satisfaction higher (96.0% vs. 80.0%, p = 0.01) in the study group.
Conclusion: H2H whole-cycle nutrition management improves nutritional status, 
immune function, fatigue, self-care ability, quality of life, and satisfaction while 
reducing adverse reactions in gastric and colorectal cancer patients receiving 
chemotherapy. Larger multicenter studies with long-term follow-up are needed 
to confirm these findings and assess survival outcomes.
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Introduction

According to the survey data of the “2020 Global Cancer Statistics 
Report”, cancer is becoming a kind of the main causes of death all over 
the world, gastrointestinal cancer has become the fifth largest cancer 
in the world (1), and the situation of gastrointestinal cancer in China 
is more severe, with the number of new cases reaching 479,000 in 2020 
and the number of deaths reaching 374,000, with the incidence and 
mortality ranking third among malignant tumors (2). Due to the dual 
effects of tumor and chemotherapy, about 31 to 87% of patients with 
malignant tumors have different degrees of malnutrition during adju-
vant chemotherapy, and the incidence of malnutrition in digestive 
tract tumors is the first (3). Malnutrition will not only reduce body 
function, but also affect the metabolism of chemotherapy drugs, 
diminish their tolerance, aggravate adverse reactions, as well as 
adversely affect patients’ prognosis and quality of life (4). Because of 
the long treatment time of chemotherapy patients, home nutrition 
management is very important, which has a positive role in promoting 
physiological function and optimizing health resources (5). In recent 
years, nutrition management has become an indispensable part of the 
comprehensive treatment of cancer (6).

With the continuous development of medicine, nutritional ther-
apy has become a first-line clinical treatment (7). Studies have shown 
that nutritional management is the most economical and effective 
measure to prevent disease complications and delay tumor progres-
sion in clinical practice, and is also the most acceptable management 
method for patients (8). However, because chemotherapy patients 
have a long treatment interval between two courses, patients spend 
more time recuperating at home than in hospital, and nursing staff 
have less intervention, which makes it difficult for patients to continue 
nutrition education and nutrition support for a long time, resulting in 
the interruption of nutrition management of patients during the inter-
val of chemotherapy, resulting in scattered and unsystematic nutrition 
management (9). Therefore, nutritional care of patients with gastroin-
testinal tumor chemotherapy needs continuous personalized guidance.

At present, nutritional management for patients with gastrointes-
tinal tumors mainly focuses on the perioperative period or chemo-
therapy period and mostly adopts streamlined nutritional 
management (10). However, continuous nursing after discharge is a 
weak link, lacking nutrition attention during the home period, and 
lacking continuous nutrition management in hospital and outside 
hospital (11). The Hospital to Home (H2H) nutrition management 
model was first proposed by the Nutrition Department of West China 
Hospital (12). It is a continuous and personalized nutrition manage-
ment model from hospital to family, which extends the nutritional 
treatment of patients from hospital to family, and has been preliminar-
ily utilized in patients with chronic diseases (13).

In this study, the “H2H” nutritional management mode was applied 
to patients with gastrointestinal tumor chemotherapy to study the 
impacts of this mode on improving the nutritional status and quality of 
life of patients and provide a new basis for future nutritional management.

Data and methods

Study design and registration

This study was designed as a single-center, randomized, two-arm 
parallel-group controlled trial. The study protocol was approved by 

the Ethics Committee of the Suqian Hospital of Jiangsu Provincial 
People’s Hospital (Approval No. 2025-SR-0345) and was conducted in 
accordance with the Declaration of Helsinki. All participants provided 
written informed consent before enrollment. The study was registered 
with the Chinese Clinical Trial Registry. The reporting of this trial 
follows the CONSORT (Consolidated Standards of Reporting Trials) 
guidelines.

Participant flow

A total of 158 patients with gastrointestinal tumors admitted to 
our department from March 1, 2024 to April 30, 2025 were assessed 
for eligibility. Of these, 58 patients were excluded: 32 did not meet the 
inclusion criteria, 20 declined to participate, and 6 were excluded for 
other reasons (e.g., transfer to other hospitals, scheduling conflicts). 
The remaining 100 eligible patients were randomly assigned to the 
control group (n = 50) or the study group (n = 50). All 100 patients 
received their allocated interventions. During follow-up, 1 patient in 
the control group and 2 patients in the study group were lost to fol-
low-up due to withdrawal of consent. All 100 patients were included 
in the final analysis (intention-to-treat principle), as the linear mixed-
effects model handles missing data under the missing-at-random 
assumption. The participant flow diagram is presented in 
Supplementary Figure S1.

Inclusion and exclusion criteria

Inclusion criteria: (1) Age 18–75 years; (2) histopathologically 
confirmed diagnosis of gastric adenocarcinoma or colorectal adeno-
carcinoma (including colon and rectal cancer); (3) receiving their first 
perioperative chemotherapy, specifically: (a) neoadjuvant chemother-
apy for resectable gastric or colorectal cancer, administered by the 
Enhanced Recovery After Surgery (ERAS) multidisciplinary team; or 
(b) adjuvant chemotherapy following radical resection of gastric or 
colorectal cancer, initiated within 4–8 weeks after surgery; (4) volun-
teered to participate in this study and provided written informed con-
sent; (5) clear consciousness, good mental status, and no 
communication barriers; (6) Patient-Generated Subjective Global 
Assessment (PG-SGA) ≥ 2 scores (14), indicating at least mild mal-
nutrition risk.

Exclusion criteria: (1) Presence of other malignant tumors 
(excluding non-melanoma skin cancer or carcinoma in situ of the 
cervix), diabetes mellitus, gout, or acquired immune deficiency syn-
drome (AIDS); (2) history of organ transplantation; (3) diagnosis of 
depression, anxiety disorders, or cognitive impairment that would 
interfere with study participation; (4) perioperative death; (5) incom-
plete clinical data (missing >20% of planned assessments); (6) poor 
compliance (failure to attend scheduled chemotherapy sessions or 
follow nutrition recommendations on ≥2 occasions); (7) received 
preoperative radiotherapy or concurrent chemoradiotherapy; (8) 
participated in other interventional clinical trials during the 
study period.

Randomization and allocation concealment

After providing written informed consent and completing base-
line assessments, eligible patients were randomly assigned to either the 
control group or the study group in a 1:1 ratio. The randomization 
sequence was generated using a computer-generated random number 
table (SPSS version 26.0, IBM Corp., Armonk, NY, USA). To minimize 
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potential confounding, we used stratified block randomization with a 
block size of four, stratifying by tumor site (gastric cancer vs. colorec-
tal cancer vs. others) and baseline nutritional risk (PG-SGA score 2–3 
vs. ≥4). The allocation sequence was prepared by an independent stat-
istician who was not involved in patient recruitment, intervention 
implementation, or outcome assessment.

Allocation concealment was ensured using sequentially num-
bered, opaque, sealed envelopes (SNOSE). Each envelope contained 
the group assignment and was labeled with a unique study ID number. 
After a patient met all eligibility criteria and provided written 
informed consent, a research nurse who was responsible for enroll-
ment opened the next envelope in sequence in the presence of the 
patient to reveal group allocation. This process ensured that the indi-
viduals enrolling participants were unaware of the upcoming assign-
ment, thereby minimizing selection bias.

Chemotherapy regimens and supportive 
care

All patients received standardized chemotherapy regimens 
according to the National Comprehensive Cancer Network (NCCN) 
guidelines for gastric or colorectal cancer. The specific regimens were 
as follows. (1) For gastric cancer patients: SOX regimen: S-1 (40–60 mg 
twice daily, days 1–14) + oxaliplatin (130 mg/m2, day 1), repeated 
every 3 weeks. XELOX regimen: capecitabine (1,000 mg/m2 twice 
daily, days 1–14) + oxaliplatin (130 mg/m2, day 1), repeated every 
3 weeks. (2) For colorectal cancer patients: FOLFOX6 regimen: oxali-
platin (85 mg/m2, day 1) + leucovorin (400 mg/m2, day 1) + 5-FU 
(400 mg/m2 bolus, then 2,400 mg/m2 continuous infusion over 46 h), 
repeated every 2 weeks. XELOX regimen: capecitabine (1,000 mg/m2 
twice daily, days 1–14) + oxaliplatin (130 mg/m2, day 1), repeated 
every 3 weeks. FOLFIRI regimen: irinotecan (180 mg/m2, day 
1) + leucovorin (400 mg/m2, day 1) + 5-FU (400 mg/m2 bolus, then 
2,400 mg/m2 continuous infusion over 46 h), repeated every 2 weeks.

All patients received standard supportive care, including: 
Antiemetic prophylaxis: 5-HT3 receptor antagonist (ondansetron 
8 mg or palonosetron 0.25 mg) + dexamethasone (5–10 mg) before 
each chemotherapy cycle. Granulocyte colony-stimulating factor 
(G-CSF): administered prophylactically if neutropenia occurred in 
previous cycles or therapeutically for grade ≥3 neutropenia, according 
to institutional protocols. Erythropoiesis-stimulating agents (ESA): 
used only for patients with hemoglobin <8 g/dL or symptomatic 
anemia, at the discretion of treating physicians. Blood transfusions: 
administered for hemoglobin <7 g/dL or as clinically indicated.

The use of supportive medications (G-CSF, ESA, transfusions) was 
systematically recorded for all patients throughout the study period.

Intervention methods

The control group adopted routine nursing, and routine nutrition 
management was adopted, including nutrition risk screening, diet 
guidance and nutrition education.

The study group adopted “H2H” nutritional management mode 
plus routine nursing, the specific methods were as follows:

	(1)	A multidisciplinary nutrition management team was set up in 
the hospital, and PG-SGA assessment was performed before 
each chemotherapy. The corresponding nutritional support 
program, namely five-step therapy, was determined according 

to the score. A score of 0–1 meant without nutritional inter-
vention. A score of 2–3 meant suspected malnutrition, which 
was the first step: patients and their families were required to 
receive nutrition education. A score of 4–8 indicated moderate 
malnutrition. At this time, it was calculated whether the actual 
energy intake of the patient met the target requirement, and 
enteral nutrition (EN) and parenteral nutrition (PN) were per-
formed on the patient. Patients and family members were 
taught to keep food diaries.

	(2)	A chemotherapy WeChat group was established, and relevant 
nutrition knowledge were pushed regularly. Patients were 
guided to keep a food diary after returning home from hos-
pital. When the current ladder failed to reach 60% of the 
target energy demand for 3–5 days, patients were guided to 
enter the second ladder: diet + oral nutritional supplement 
(ONS), the dose was at least 400–600 kcal/d, and patients 
were recommended to take it between three meals. If the cur-
rent steps still could not meet the patient’s needs, patients 
were informed to return to the hospital for evaluation by the 
medical team.

	(3)	According to the patients’ eating habits and dietary preferences, 
combined with the nutritional assessment of the patients by the 
nutritional team and the nutritional indexes (body mass index 
(BMI), serum albumin, hemoglobin) in the hospital, the 
patients’ nutritional status was assessed, and the diet plan was 
formulated. Patients were instructed to prepare their own body 
mass scale, record fasting body mass every morning, guide the 
record and upload it every week, which were collected by a spe-
cial person, and the team members made dynamic adjustment 
and timely feedback according to the nutritional status and 
intake of patients. Patients in urban areas were followed up at 
home, and patients around urban areas and other places were 
mainly followed by phone + WeChat video.

	(4)	Physical analysis was performed continuously before the 
first, third and sixth courses of treatment. Weight, BMI, 
blood biochemical indexes and other values were collected 
each time patients came to the hospital for chemotherapy. 
For patients with continuous body mass decline, nutri-
tional support was assessed and analyzed by the nutri-
tion team.

Sample size calculation

The sample size was calculated based on the primary outcome of 
PG-SGA score change. According to our preliminary pilot study (n = 20 
per group), the mean PG-SGA score after intervention in the control 
group was 5.2 with a standard deviation (SD) of 1.8. We considered a 
clinically meaningful reduction of 1.2 points (approximately 0.67 SD) in 
the study group compared to the control group to be relevant, based on 
previous literature on nutrition interventions in cancer patients.

Using a two-sample t-test with a two-sided significance level (α) 
of 0.05 and power (1-β) of 0.80, the required sample size per group 
was calculated as:

	

( ) ( )( ) ( )
( ) ( )

α β σ δ= × − + − ×

= × + × =

2 2

2 2
2 Z _ 1 / 2 Z _ 1 /

2 1.96 0.84 1.8 /1.2 40 per group.

n
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where Z_(1-α/2) = 1.96 for α = 0.05, Z_(1-β) = 0.84 for β = 0.20, 
σ = 1.8 (pooled SD), and δ = 1.2 (minimum clinically important 
difference).

Accounting for an anticipated dropout rate of 20% during the 
6-month follow-up period, we inflated the sample size by 25%:

	 ( )= =Final sample size 40 / 1–0.20 50 per group.

Therefore, a total of 100 patients (50 per group) were required for 
this study. Sample size calculation was performed using G*Power soft-
ware (version 3.1.9.7, Heinrich-Heine-Universität Düsseldorf, 
Germany).

Study outcomes and measurements

The outcomes of this study were classified as primary and second-
ary endpoints to control for type I error inflation. All measurements 
were performed at baseline (before the first chemotherapy cycle), at 
the third cycle, and at the sixth cycle, unless otherwise specified.

Primary outcomes (nutritional status) were assessed using two 
complementary measures:

	(1)	PG-SGA score: A validated comprehensive nutrition assess-
ment tool for cancer patients (14). The scale includes two 
parts: patient self-assessment and medical staff assessment. 
Scores were interpreted as: 0–1 = no malnutrition, 2–3 = mild 
malnutrition, 4–8 = moderate malnutrition, and ≥9 = severe 
malnutrition.

	(2)	Serum albumin level: Three mL of fasting venous blood was 
collected from patients, and serum was separated by centrifu-
gation at 3000 rpm for 10 min. Serum albumin (ALB, g/L) was 
measured using an automated biochemical analyzer.

Secondary outcomes included a range of anthropometric, hema-
tological, immunological, and patient-reported measures:

	(1)	Anthropometric measures: Body mass index (BMI, kg/m2) was 
calculated from measured height and weight. Patients were 
instructed to record fasting body weight daily using a home 
body scale and upload records weekly.

	(2)	Hematological parameters: Using the same standardized blood 
samples collected before each chemotherapy cycle (as 
described above), hemoglobin (Hb, g/L), white blood cell 
count (×109/L), and platelet count (×109/L) were measured 
using an automated hematology analyzer (XN-9000, Sysmex, 
Japan). To account for the potential impact of supportive care 
on these parameters, we systematically recorded the use of 
granulocyte colony-stimulating factor (G-CSF), erythropoie-
sis-stimulating agents (ESA), and blood transfusions through-
out the study period for all patients. These data were used to 
assess whether between-group differences in hematological 
parameters might be attributable to differential use of support-
ive care rather than nutritional status alone.

	(3)	Immune function parameters: Three mL of fasting venous 
blood was collected from patients into EDTA-anticoagulated 
tubes between 7:00 and 8:00 a.m. after an overnight fast, 
immediately before the start of each chemotherapy cycle 

(baseline, cycle 3, and cycle 6). This standardized timing was 
strictly adhered to minimize potential confounding from cir-
cadian variations, acute phase responses to recent chemother-
apy, and variations in hydration status. The proportions of 
CD3+, CD4+, and CD8 + T lymphocytes were analyzed by 
flow cytometry (FACSCanto II, BD Biosciences, USA) within 
2 h of collection. Simultaneously, absolute lymphocyte counts 
were obtained from complete blood count analysis performed 
on the same samples using an automated hematology analyzer 
(XN-9000, Sysmex, Japan). Absolute counts of CD4 + and 
CD8 + T lymphocytes (cells/μL) were then calculated by mul-
tiplying the total lymphocyte count by the respective percent-
age. The CD4+/CD8 + ratio was derived from both percentage 
and absolute count data. All flow cytometry analyses were 
performed by trained laboratory technicians who were 
blinded to group allocation. Quality control procedures were 
performed daily according to manufacturer specifications.

	(4)	Cancer-related fatigue: Assessed using the Piper Fatigue Scale 
(PFS) (15), which contains 22 items with a total score ranging 
from 0 to 10. Higher scores indicate more severe fatigue.

	(5)	Self-care ability: Evaluated using the Exercise of Self-Care 
Agency (ESCA) scale (16), which includes four subscales: self-
responsibility (0–32 points), nursing skills (0–48 points), self-
concept (0–36 points), and health knowledge (0–56 points). 
The total score ranges from 0 to 172, with higher scores indi-
cating better self-care ability.

	(6)	Quality of life: Measured using the General Quality of Life 
Questionnaire (GQOLI-74) (17), which contains four 
domains: social function (20–100 points), psychological func-
tion (20–100 points), physical function (20–100 points), and 
material life status (14–60 points). Higher scores represent 
better quality of life.

	(7)	Adverse reactions: Adverse reactions during chemotherapy 
were recorded and graded according to CTCAE version 5.0 
(18), including gastrointestinal reactions, bone marrow sup-
pression, liver function injury, and peripheral nerve injury. 
Adverse events were identified through daily ward rounds 
(during hospitalization) and weekly telephone/WeChat fol-
low-up (during home periods) by trained oncology nurses. 
Laboratory monitoring was performed before each chemo-
therapy cycle. All adverse event records were independently 
reviewed by two oncologists blinded to group allocation, with 
disagreements resolved by consensus. Outcomes included 
incidence of any adverse reaction, incidence of grade ≥3 reac-
tions, and maximum grade experienced.

	(8)	Nursing satisfaction: Assessed at study completion using a self-
designed questionnaire. The questionnaire contains 10 items 
covering four dimensions: nursing attitude (2 items), profes-
sional skills (3 items), health guidance (3 items), and response 
timeliness (2 items). Each item uses a 5-point Likert scale 
(1 = very dissatisfied to 5 = very satisfied), with total scores 
ranging from 10–50, converted to a percentage scale 
(score/50 × 100). Based on percentage scores, satisfaction was 
categorized as: very satisfied (≥90), satisfied (75–89), general 
(60–74), and dissatisfied (<60). Nursing satisfaction rate was 
calculated as: (very satisfied + satisfied cases) / total cases in 
the group × 100%. The questionnaire demonstrated good 
internal consistency (Cronbach’s α = 0.89).
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Statistical analysis

Analyses were performed using SPSS 26.0 and R 4.1.2 on an inten-
tion-to-treat basis, with two-sided p < 0.05 considered significant. 
Baseline characteristics were summarized as mean ± SD or n (%).

For primary outcomes (PG-SGA score, serum albumin) and all 
continuous secondary outcomes (BMI, Hb, WBC, platelets, immune 
parameters, PFS, ESCA, GQOLI-74), linear mixed-effects models 
(LMM) with restricted maximum likelihood estimation were 
employed. LMM included fixed effects of group, time (baseline, cycle 
3, cycle 6), group×time interaction, and baseline value as covariate, 
with patient as random intercept. Unstructured covariance was 
selected by AIC. Results are presented as estimated marginal means 
with 95% CIs, F-statistics, and p-values. Post-hoc pairwise compari-
sons used Bonferroni correction.

For categorical outcomes (adverse reactions, nursing satisfaction), 
Pearson’s χ2 or Fisher’s exact tests were used; adverse reaction grades 
were compared by Mann–Whitney U test.

To control type I error for multiple secondary outcomes, 
Benjamini-Hochberg false discovery rate (FDR) correction was 
applied (q < 0.05). Effect sizes are reported as mean differences or risk 
differences with 95% CIs and number needed to treat where 
appropriate.

Missing data (<2% of assessments) were handled by LMM under 
missing-at-random assumption. Sensitivity analyses included per-
protocol analysis, multiple imputation (MICE with 20 datasets), and 
adjustment for confounders (tumor site, treatment intent, regimen). 
Exploratory subgroup analyses examined three-way interactions 
(group × time × subgroup) for tumor type, treatment intent, and base-
line nutritional status.

Results

Participant flow and baseline characteristics

Between March 1, 2024, and April 30, 2025, a total of 158 patients 
with gastrointestinal tumors were assessed for eligibility. Of these, 58 

patients were excluded: 32 did not meet inclusion criteria, 20 declined 
to participate, and 6 were excluded for other reasons (transfer to other 
hospitals, scheduling conflicts). The remaining 100 eligible patients 
were randomly assigned to the control group (n = 50) or the study 
group (n = 50). All 100 patients received their allocated 
interventions.

During the 6-month follow-up period, 1 patient in the control 
group (2.0%) and 2 patients in the study group (4.0%) withdrew con-
sent and were lost to follow-up. These patients completed assessments 
up to cycle 3 but not cycle 6. Additionally, 8 scheduled assessments (4 
in control group, 4 in study group) were missed due to patient sched-
uling conflicts (<2% of total planned assessments). All 100 patients 
were included in the intention-to-treat analysis using linear mixed-
effects models, which accommodate missing data under the missing-
at-random assumption.

Primary outcomes: nutritional status

For PG-SGA score, linear mixed-effects models revealed a sig-
nificant group × time interaction (F = 14.28, p < 0.001). After adjust-
ment for baseline values, the study group demonstrated significantly 
lower PG-SGA scores at both cycle 3 (estimated marginal mean dif-
ference: −1.3, 95% CI: −1.8 to −0.8, p < 0.001; Cohen’s d = 0.85) and 
cycle 6 (estimated marginal mean difference: −1.4, 95% CI: −1.9 to 
−0.9, p < 0.001; Cohen’s d = 0.92), representing large effect sizes 
(Figure 1).

For serum albumin, a significant group × time interaction was 
also observed (F = 6.92, p = 0.002). The study group had significantly 
higher serum albumin levels at cycle 3 (mean difference: +2.3 g/L, 95% 
CI: 1.1 to 3.5, p < 0.001; Cohen’s d = 0.68) and cycle 6 (mean differ-
ence: +2.7 g/L, 95% CI: 1.5 to 3.9, p < 0.001; Cohen’s d = 0.82), indicat-
ing moderate to large effect sizes (Figure 1).

Secondary outcomes: anthropometric and 
hematological parameters

For BMI, the group × time interaction was significant (F = 4.56, 
p = 0.012). The study group showed higher BMI at cycle 6 com-
pared to the control group (mean difference: +0.8 kg/m2, 95% CI: 

FIGURE 1

Nutritional status outcomes. PG-SGA score and serum albumin level at baseline, cycle 3, and cycle 6. Data are presented as estimated marginal means 
with 95% confidence intervals from linear mixed-effects models adjusted for baseline values. *p < 0.05, **p < 0.01, ***p < 0.001 for between-group 
comparisons at each time point.
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0.3 to 1.3, p = 0.002), but not at cycle 3 (p = 0.08) (Table 1; 
Figure 2).

Significant group × time interactions were observed for hemoglo-
bin (F = 5.23, p = 0.006), white blood cell count (F = 4.89, p = 0.009), 
and platelet count (F = 4.12, p = 0.018). The study group demonstrated 
consistently higher values at both post-baseline time points (Table 1). 
After FDR correction, all these differences remained significant 
(q < 0.05).

To assess whether these differences might be attributable to dif-
ferential use of supportive care, we compared the utilization of 
G-CSF, ESA, and blood transfusions between groups. As shown in 
Table 2, no significant differences were observed between groups in 
the proportion of patients receiving G-CSF (control: 24.0% vs. 
study: 20.0%, p = 0.63), ESA (control: 6.0% vs. study: 4.0%, 
p = 0.65), or blood transfusions (control: 4.0% vs. study: 2.0%, 
p = 0.56). This suggests that the observed differences in hematologi-
cal parameters are unlikely to be explained by differential supportive 
care utilization.

Secondary outcomes: immune function

Linear mixed-effects models revealed significant group × time 
interactions for CD4 + T lymphocyte absolute count (F = 8.45, 
p < 0.001) and CD4+/CD8 + ratio (F = 6.78, p = 0.002), but not for 
CD8 + T lymphocyte absolute count (F = 1.23, p = 0.29). These find-
ings remained significant after FDR correction for multiple secondary 
outcomes (q < 0.05).

At baseline, no significant differences were observed between 
groups in any immune parameters (all p > 0.05). After intervention, 
the study group demonstrated significantly higher CD4 + T lympho-
cyte absolute counts at cycle 6 compared to the control group (study 
group: 680 ± 95 cells/μL [95% CI, 653 to 707]; control group: 580 ± 88 
cells/μL [95% CI, 555 to 605]; mean difference: +95 cells/μL, 95% CI: 
45 to 145, p < 0.001) (Figure 3). The CD4+/CD8 + ratio was signifi-
cantly higher in the study group at both cycle 3 (study group: 
1.76 ± 0.30 [95% CI, 1.67 to 1.85]; control group: 1.48 ± 0.25 [95% CI, 
1.41 to 1.55]; mean difference: +0.28, 95% CI: 0.12 to 0.44, p < 0.001) 
and cycle 6 (study group: 1.80 ± 0.32 [95% CI, 1.71 to 1.89]; control 
group: 1.45 ± 0.24 [95% CI, 1.38 to 1.52]; mean difference: +0.35, 95% 
CI: 0.19 to 0.51, p < 0.001) (Figure 3).

CD8 + T lymphocyte absolute counts did not differ significantly 
between groups at any time point (cycle 6: study group 378 ± 65 cells/
μL vs. control group 400 ± 72 cells/μL, p = 0.12). The observed 
changes in CD4+/CD8 + ratio were therefore driven primarily by 
increases in CD4 + T cells rather than decreases in CD8 + T cells.

Secondary outcomes: cancer-related 
fatigue, self-care ability, and quality of life

For PFS score (cancer-related fatigue), the group × time interac-
tion was significant (F = 10.23, p < 0.001). The study group demon-
strated significantly lower fatigue scores at both cycle 3 (mean 
difference: −1.2, 95% CI: −1.7 to −0.7, p < 0.001) and cycle 6 (mean 
difference: −1.5, 95% CI: −2.0 to −1.0, p < 0.001) (Figure 4).

For ESCA total score and all subscales (self-responsibility, nursing 
skills, self-concept, health knowledge), significant group × time inter-
actions were observed (all p < 0.01), with the study group showing 
higher scores at both post-baseline time points (Figure 5). Similarly, 

for GQOLI-74 total score and all subscales (social function, psycho-
logical function, physical function, material life status), significant 
group × time interactions were found (all p < 0.01), favoring the study 
group (Figure 6). All these differences remained significant after FDR 
correction (q < 0.05).

Secondary outcomes: adverse reactions

The overall incidence of adverse reactions was significantly lower 
in the study group compared to the control group (4.0% vs. 20.0%, 
χ2 = 6.06, p = 0.01; risk difference: −16.0, 95% CI: −28.5% to −3.5%; 
Table 3). No grade 3–4 adverse events were observed in the study 
group, while the control group experienced three grade 3 events (two 
neutropenia, one nausea/vomiting). The maximum grade of adverse 
events was significantly lower in the study group (Mann–Whitney U 
test: p = 0.02). Individual adverse reaction categories showed consis-
tent directional effects favoring the study group, although differences 
did not reach statistical significance due to low event rates: gastroin-
testinal reactions (2.0% vs. 6.0%, p = 0.31), bone marrow suppression 
(2.0% vs. 4.0%, p = 0.56), liver function injury (0% vs. 6.0%, p = 0.08), 
and peripheral nerve injury (0% vs. 4.0%, p = 0.15). No serious 
adverse events occurred in either group.

Secondary outcomes: nursing satisfaction

The nursing satisfaction rate was significantly higher in the study 
group compared to the control group (96.0% vs. 80.0%, χ2 = 6.06, 
p = 0.01; risk difference: +16.0%, 95% CI: 3.5 to 28.5%; Table 4). The 
distribution of satisfaction categories differed significantly between 
groups (Mann–Whitney U test: p = 0.01), with the study group having 
more very satisfied patients (46.0% vs. 40.0%) and fewer dissatisfied 
patients (0% vs. 4.0%). Dimension-specific analysis revealed signifi-
cantly higher scores in the study group across all four dimensions: 
nursing attitude (4.6 ± 0.4 vs. 4.2 ± 0.6, p < 0.001), professional skills 
(4.5 ± 0.5 vs. 4.1 ± 0.7, p < 0.001), health guidance (4.7 ± 0.4 vs. 
4.0 ± 0.8, p < 0.001), and response timeliness (4.5 ± 0.5 vs. 4.0 ± 0.7, 
p < 0.001).

Sensitivity analyses

Sensitivity analyses using per-protocol analysis (n = 92 after 
excluding 8 patients with major protocol violations) and multiple 
imputation for missing data yielded results consistent with the pri-
mary intention-to-treat analysis (all interaction p-values remained 
<0.05 for primary outcomes). Adjustment for tumor site, treatment 
intent, and chemotherapy regimen as covariates in the LMM did not 
materially change the effect estimates (change in coefficient <10% for 
all outcomes), supporting the robustness of our findings.

Subgroup analyses

Exploratory subgroup analyses suggested that the intervention 
effect on PG-SGA score change was consistent across tumor types 
(gastric vs. colorectal: three-way interaction p = 0.42), treatment 
intent (neoadjuvant vs. adjuvant: p = 0.38), and baseline nutritional 
status (PG-SGA 2–3 vs. 4–8: p = 0.51), indicating that the H2H nutri-
tion management model may be broadly effective across these 
subgroups.
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Discussion

Chemotherapy is cyclical, with patients spending 2–3 weeks at 
home between cycles to recover from adverse effects (19). This home 
period represents an optimal window for nutritional intervention 
(20). However, discharge often interrupts professional nutrition sup-
port, potentially exacerbating malnutrition (21). Therefore, extending 
nutrition management from hospital to home through standardized, 
whole-process approaches has become a critical challenge.

The H2H nutrition management model provides continuous, 
individualized care from hospital to home, emphasizing patient and 
caregiver engagement (22). It follows a structured process of screen-
ing, assessment, intervention, and monitoring. Originating from the 
American Heart College’s H2H study (23), this model is primarily 
implemented by nutrition support teams comprising clinicians, 
nutritionists, and nurses in international settings (24). Researchers 
have successfully applied H2H to patients undergoing cancer surgery, 
chemotherapy, and radiotherapy (25). Qiu et al. (7) demonstrated 
that H2H reduces complications, improves treatment completion, 
and extends professional care beyond hospitalization. Accordingly, 

we evaluated its effects on nutritional status and immune function in 
gastrointestinal cancer patients receiving chemotherapy.

A key strength of this study is its rigorous statistical methodol-
ogy, addressing common limitations in nutrition research. Unlike 
simple pre-post t-tests, we employed linear mixed-effects models for 
all repeated outcomes, offering multiple advantages: (1) accounting 
for within-subject correlation; (2) handling missing data under miss-
ing-at-random assumption; (3) adjusting for baseline values; and (4) 
testing group × time interactions. Significant interactions for primary 
outcomes (PG-SGA: F = 14.28, p < 0.001; albumin: F = 6.92, 
p = 0.002) provide robust evidence of sustained H2H benefits over 
6 months. Effect sizes at cycle 6 (PG-SGA: −1.4 points, 95% CI: −1.9 
to −0.9; albumin: +2.7 g/L, 95% CI: 1.5 to 3.9) were clinically mean-
ingful and comparable to previous studies (26). We addressed mul-
tiple comparisons by pre-specifying co-primary endpoints and 
applying Benjamini-Hochberg FDR correction; all significant sec-
ondary outcomes remained significant after adjustment (q < 0.05). 
Sensitivity analyses (per-protocol, multiple imputation, confounder 
adjustment) yielded consistent results, supporting robustness. 
Exploratory subgroup analyses suggested consistent effects across 

TABLE 1  Detailed outcomes at each time point for both groups [mean ± SD (95% CI)].

Outcome Group n Baseline n Cycle 3 n Cycle 6 Group × time 
interaction F 

(p)

PG-SGA score Control 50 5.8 ± 1.5 (5.4–6.2) 49 4.5 ± 1.3 (4.1–4.9) 49 3.8 ± 1.2 (3.4–4.2) 14.28 (<0.001)

Study 50 5.9 ± 1.6 (5.5–6.3) 48 3.2 ± 1.1 (2.8–3.6) 48 2.5 ± 1.0 (2.1–2.9)

Serum albumin 

(g/L)

Control 50 35.2 ± 3.1 (34.3–36.1) 49 37.5 ± 2.8 (36.7–38.3) 49 38.8 ± 2.9 (38.0–39.6) 6.92 (0.002)

Study 50 35.1 ± 3.2 (34.2–36.0) 48 39.8 ± 3.0 (38.9–40.7) 48 41.5 ± 3.1 (40.6–42.4)

BMI (kg/m2) Control 50 22.3 ± 2.1 (21.7–22.9) 49 22.5 ± 2.2 (21.9–23.1) 49 22.6 ± 2.3 (22.0–23.2) 4.56 (0.012)

Study 50 22.4 ± 2.2 (21.8–23.0) 48 23.1 ± 2.3 (22.5–23.7) 48 23.4 ± 2.4 (22.8–24.0)

Hemoglobin (g/L) Control 50 118.5 ± 12.3 (115.0–122.0) 49 115.2 ± 13.5 (111.3–119.1) 49 116.8 ± 14.2 (112.7–120.9) 5.23 (0.006)

Study 50 119.2 ± 13.1 (115.5–122.9) 48 122.5 ± 14.0 (118.4–126.6) 48 125.3 ± 14.5 (121.1–129.5)

WBC count 

(×109/L)

Control 50 6.2 ± 1.5 (5.8–6.6) 49 5.4 ± 1.4 (5.0–5.8) 49 5.6 ± 1.5 (5.2–6.0) 4.89 (0.009)

Study 50 6.3 ± 1.6 (5.9–6.7) 48 6.1 ± 1.5 (5.7–6.5) 48 6.5 ± 1.6 (6.1–6.9)

Platelet count 

(×109/L)

Control 50 245 ± 52 (231–259) 49 215 ± 48 (201–229) 49 220 ± 50 (206–234) 4.12 (0.018)

Study 50 248 ± 54 (233–263) 48 242 ± 51 (227–257) 48 255 ± 53 (240–270)

CD4 + T cells 

(cells/μL)

Control 50 620 ± 102 (592–648) 49 590 ± 95 (563–617) 49 580 ± 88 (555–605) 8.45 (<0.001)

Study 50 615 ± 105 (585–645) 48 645 ± 98 (617–673) 48 680 ± 95 (653–707)

CD8 + T cells 

(cells/μL)

Control 50 408 ± 75 (387–429) 49 398 ± 70 (378–418) 49 400 ± 72 (380–420) 1.23 (0.29)

Study 50 402 ± 78 (380–424) 48 392 ± 73 (371–413) 48 378 ± 65 (359–397)

CD4+/

CD8 + ratio

Control 50 1.52 ± 0.28 (1.44–1.60) 49 1.48 ± 0.25 (1.41–1.55) 49 1.45 ± 0.24 (1.38–1.52) 6.78 (0.002)

Study 50 1.53 ± 0.29 (1.45–1.61) 48 1.76 ± 0.30 (1.67–1.85) 48 1.80 ± 0.32 (1.71–1.89)

PFS score Control 50 5.6 ± 1.8 (5.1–6.1) 49 5.0 ± 1.6 (4.5–5.5) 49 4.5 ± 1.5 (4.1–4.9) 10.23 (<0.001)

Study 50 5.7 ± 1.9 (5.2–6.2) 48 3.8 ± 1.4 (3.4–4.2) 48 3.0 ± 1.2 (2.7–3.3)

ESCA total score Control 50 98.5 ± 12.5 (95.0–102.0) 49 108.2 ± 13.0 (104.5–111.9) 49 115.6 ± 14.2 (111.5–119.7) 9.87 (<0.001)

Study 50 99.2 ± 13.1 (95.5–102.9) 48 118.5 ± 14.5 (114.3–122.7) 48 131.4 ± 15.8 (126.8–136.0)

GQOLI-74 total 

score

Control 50 62.3 ± 8.5 (59.9–64.7) 49 68.5 ± 9.2 (65.9–71.1) 49 72.8 ± 10.1 (69.9–75.7) 8.92 (<0.001)

Study 50 61.8 ± 8.8 (59.3–64.3) 48 75.2 ± 10.5 (72.2–78.2) 48 82.3 ± 11.5 (79.0–85.6)

Sample sizes (n) vary due to missing data at follow-up time points. All available data were included in linear mixed-effects models. FDR q-values are adjusted for multiple secondary outcomes 
using the Benjamini-Hochberg procedure. PG-SGA, Patient-Generated Subjective Global Assessment; BMI, Body Mass Index; PFS, Piper Fatigue Scale; ESCA, Exercise of Self-Care Agency; 
GQOLI-74, General Quality of Life Questionnaire-74.
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tumor types (p = 0.42), treatment intent (p = 0.38), and baseline nutri-
tional status (p = 0.51), indicating broad applicability, though these 
findings require cautious interpretation due to limited sample size.

Improvements in hemoglobin, white blood cells, and platelets in 
the study group warrant cautious interpretation. While these param-
eters often reflect nutritional status, they are directly influenced by 
chemotherapy-induced myelosuppression and supportive care 
(G-CSF, ESA, transfusions). Supportive care use was balanced between 
groups, making differential treatment an unlikely explanation. 
However, limitations remain: (1) we did not adjust for timing, dosage, 
or duration of these interventions; (2) subclinical infections or inflam-
mation were not assessed; (3) iron, B12, and folate status were not 
measured; (4) platelet improvements, though significant, were modest 
with uncertain clinical significance (no bleeding events). Thus, these 
findings are hypothesis-generating, suggesting nutritional support 
may enhance hematopoietic function, but requiring confirmation with 
comprehensive bone marrow assessments.

The H2H model significantly improved immune function, with 
higher CD4 + counts and CD4+/CD8 + ratios in the study group. 
CD4 + T cells are crucial for antitumor immunity and infection 
defense; their depletion predicts poorer outcomes in chemotherapy 
patients. Interpretation requires consideration of confounding fac-
tors: (1) lymphocyte subsets are influenced by hydration, 

corticosteroids, infections, and sampling timing—we minimized 
these by standardized fasting morning collections, reporting abso-
lute counts, and documenting corticosteroid use; (2) all patients 
received dexamethasone, which induces transient lymphopenia; 
uniform exposure suggests between-group differences reflect true 
intervention effects, though absolute CD4 + counts may be attenu-
ated; (3) the +95 cells/μL increase (16% relative) at cycle 6, while 
modest, may be clinically relevant—previous studies associate even 
modest CD4 + improvements with reduced infections and better 
treatment tolerance (27); (4) nutrition-immunity relationships are 
bidirectional and complex; our findings align with this but cannot 
establish causality; (5) functional immune parameters (prolifera-
tion, cytokine production) were not assessed. Future studies should 
incorporate functional assays and longer follow-up to determine if 
immunological improvements translate to reduced infections or 
better survival.

Our study also demonstrated significant benefits in patient-
reported outcomes. PFS scores (cancer-related fatigue) decreased 
more in the study group, while ESCA (self-care) and GQOLI-74 (qual-
ity of life) scores increased significantly, consistent with Blanco et al. 
(28). These findings suggest H2H nutrition management effectively 
reduces fatigue and enhances patients’ capacity for self-management 
and overall well-being during chemotherapy.

FIGURE 2

Anthropometric and hematological parameters. Body mass index (BMI), hemoglobin (Hb), white blood cell (WBC) count, and platelet count at baseline, 
cycle 3, and cycle 6. Data are presented as estimated marginal means with 95% confidence intervals from linear mixed-effects models adjusted for 
baseline values. *p < 0.05, **p < 0.01 for between-group comparisons at each time point.
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TABLE 2  Baseline characteristics of patients in both groups [x̄ ± s or n (%)].

Characteristic Control group (n = 50) Study group (n = 50) Statistic p-value

Demographics

 � Age (years) 49.23 ± 2.45 49.26 ± 2.52 t = 0.06 0.95

 � Sex χ2 = 0.04 0.84

 �   Male 25 (50.0) 24 (48.0)

 �   Female 25 (50.0) 26 (52.0)

 � BMI (kg/m2) 22.3 ± 2.1 22.4 ± 2.2 t = 0.23 0.82

Tumor characteristics

 � Tumor site χ2 = 0.16 0.92

 �   Gastric cancer 23 (46.0) 22 (44.0)

 �   Colon cancer 15 (30.0) 16 (32.0)

 �   Rectal cancer 10 (20.0) 10 (20.0)

 �   Other* 2 (4.0) 2 (4.0)

 � Tumor stage (AJCC 8th) χ2 = 0.04 0.98

 �   Stage II 15 (30.0) 14 (28.0)

 �   Stage III 32 (64.0) 33 (66.0)

 �   Stage IV 3 (6.0) 3 (6.0)

 � Histological grade χ2 = 0.17 0.92

 �   Well/moderately differentiated 28 (56.0) 27 (54.0)

 �   Poorly differentiated 22 (44.0) 23 (46.0)

Treatment characteristics

 � Treatment intent χ2 = 0.16 0.69

 �   Neoadjuvant chemotherapy 28 (56.0) 26 (52.0)

 �   Adjuvant chemotherapy 22 (44.0) 24 (48.0)

 � Chemotherapy regimen

 �   SOX 12 (24.0) 11 (22.0) χ2 = 0.06 0.81

 �   XELOX 23 (46.0) 25 (50.0) χ2 = 0.16 0.69

 �   FOLFOX6 10 (20.0) 9 (18.0) χ2 = 0.07 0.80

 �   FOLFIRI 5 (10.0) 5 (10.0) χ2 = 0.00 1.00

 � Planned chemotherapy cycles 6.2 ± 1.1 6.1 ± 1.2 t = 0.44 0.66

Baseline nutritional status

 � PG-SGA score 5.8 ± 1.5 5.9 ± 1.6 t = 0.32 0.75

 � PG-SGA category χ2 = 0.04 0.98

 � Mild malnutrition (2–3) 28 (56.0) 27 (54.0)

 � Moderate malnutrition (4–8) 22 (44.0) 23 (46.0)

 � Serum albumin (g/L) 35.2 ± 3.1 35.1 ± 3.2 t = 0.16 0.87

 � Hemoglobin (g/L) 118.5 ± 12.3 119.2 ± 13.1 t = 0.28 0.78

Comorbidities

 � Hypertension 8 (16.0) 7 (14.0) χ2 = 0.08 0.78

 � Coronary heart disease 3 (6.0) 4 (8.0) χ2 = 0.15 0.70

 � Chronic liver disease 2 (4.0) 1 (2.0) χ2 = 0.34 0.56

 � Chronic kidney disease 1 (2.0) 1 (2.0) χ2 = 0.00 1.00

Supportive care during study

 � G-CSF use 12 (24.0) 10 (20.0) χ2 = 0.23 0.63

 � ESA use 3 (6.0) 2 (4.0) χ2 = 0.21 0.65

(Continued)
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Furthermore, the study group showed lower adverse reaction rates 
(4.0% vs. 20.0%, p = 0.01) and higher nursing satisfaction (96.0% vs. 
80.0%, p = 0.01), aligning with Oksholm et al. and Bohra et al. (29, 30). 
Reduced toxicity may reflect improved nutritional status enhancing 
physiological resilience, while higher satisfaction likely stems from 
continuous, personalized support and comprehensive health guidance 
provided by the H2H model.

Limitations

Several limitations should be acknowledged. First, blinding was 
not feasible due to intervention nature, potentially introducing per-
formance and detection bias for subjective outcomes despite mitiga-
tion strategies. Second, despite enrolling homogeneous gastric/
colorectal cancer populations, heterogeneity persists in treatment 
settings and regimens, though balanced between groups and 
addressed by mixed models. Third, small sample size (n = 100) pre-
cluded subgroup analyses by tumor type or regimen, limiting 

TABLE 2  (Continued)

Characteristic Control group (n = 50) Study group (n = 50) Statistic p-value

 � Blood transfusion 2 (4.0) 1 (2.0) χ2 = 0.34 0.56

 � Corticosteroid use (antiemetic) 50 (100.0) 50 (100.0) — —

“Other” includes esophageal cancer (n = 2) and gastrointestinal stromal tumor (n = 2). AJCC, American Joint Committee on Cancer; PG-SGA, Patient-Generated Subjective Global 
Assessment; G-CSF, Granulocyte colony-stimulating factor; ESA, Erythropoiesis-stimulating agent.

FIGURE 3

Immune function outcomes. CD4+ T lymphocyte absolute count and CD4+/CD8+ ratio at baseline, cycle 3, and cycle 6. Data are presented as 
estimated marginal means with 95% confidence intervals from linear mixed-effects models adjusted for baseline values. *p < 0.05, **p < 0.01, 
***p < 0.001 for between-group comparisons at each time point.

FIGURE 4

Cancer-related fatigue (PFS score) at baseline, cycle 3, and cycle 6. 
Data are presented as estimated marginal means with 95% 
confidence intervals from linear mixed-effects models adjusted for 
baseline values. ***p < 0.001 for between-group comparisons at each 
time point.

https://doi.org/10.3389/fmed.2026.1775700
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Wang et al.� 10.3389/fmed.2026.1775700

Frontiers in Medicine 11 frontiersin.org

FIGURE 5

Self-care ability (ESCA total score) at baseline, cycle 3, and cycle 6. Data are presented as estimated marginal means with 95% confidence intervals from 
linear mixed-effects models adjusted for baseline values. ***p < 0.001 for between-group comparisons at each time point.

TABLE 3  Adverse reactions in both groups [n (%)] with risk differences and 95% CIs.

Adverse reaction 
category

Control group 
(n = 50)

Study group 
(n = 50)

Risk difference 
(95% CI)

χ2 p-value

Any adverse reaction 10 (20.0) 2 (4.0) -16.0% (−28.5% to −3.5%) 6.06 0.01

Grade ≥3 adverse reactions 3 (6.0) 0 (0) −6.0% (−12.6 to 0.6%)* 3.09 0.08*

Gastrointestinal reactions 3 (6.0) 1 (2.0) −4.0% (−11.6 to 3.6%) 1.04 0.31

 � Nausea/vomiting 2 (4.0) 1 (2.0) −2.0% (−8.6 to 4.6%) 0.34 0.56

 � Diarrhea 1 (2.0) 0 (0) −2.0% (−5.9 to 1.9%)* 1.01 0.32*

Bone marrow suppression 2 (4.0) 1 (2.0) −2.0% (−8.6 to 4.6%) 0.34 0.56

 � Anemia 1 (2.0) 1 (2.0) 0% (−5.5 to 5.5%) 0.00 1.00

 � Neutropenia 2 (4.0) 0 (0) −4.0% (−9.4 to 1.4%)* 2.04 0.15*

 � Thrombocytopenia 0 (0) 0 (0) - - -

Liver function injury 3 (6.0) 0 (0) −6.0% (−12.6 to 0.6%)* 3.09 0.08*

Peripheral nerve injury 2 (4.0) 0 (0) −4.0% (−9.4 to 1.4%)* 2.04 0.15*

Maximum grade experienced Z = −2.32† 0.02

 � Grade 0 40 (80.0) 48 (96.0) +16.0% (3.5 to 28.5%)

 � Grade 1–2 7 (14.0) 2 (4.0) −10.0% (−21.2 to 1.2%)

 � Grade 3–4 3 (6.0) 0 (0) −6.0% (−12.6 to 0.6%)

Fisher’s exact test used; †Mann–Whitney U test; CI, confidence interval.
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TABLE 4  Nursing satisfaction in both groups.

Satisfaction measure Control group 
(n = 50)

Study group 
(n = 50)

Difference (95% 
CI)

Statistic p-value

Satisfaction category [n (%)] Z = −2.48* 0.01

 � Very satisfied 20 (40.0) 23 (46.0) +6.0% (−13.5 to 25.5%)

 � Satisfied 20 (40.0) 25 (50.0) +10.0% (−9.5 to 29.5%)

 � General 8 (16.0) 2 (4.0) −12.0% (−23.8% to −0.2%)

 � Dissatisfied 2 (4.0) 0 (0) −4.0% (−9.4 to 1.4%)†

Nursing satisfaction rate [n (%)] 40 (80.0) 48 (96.0) +16.0% (3.5 to 28.5%) χ2 = 6.06 0.01

Dimension-specific scores (mean ± SD)

 � Nursing attitude (2–10) 8.4 ± 1.2 9.2 ± 0.8 +0.8 (0.4 to 1.2) t = 3.92 <0.001

 � Professional skills (3–15) 12.3 ± 2.1 13.5 ± 1.5 +1.2 (0.5 to 1.9) t = 3.28 0.001

 � Health guidance (3–15) 12.0 ± 2.4 14.1 ± 1.2 +2.1 (1.3 to 2.9) t = 5.46 <0.001

 � Response timeliness (2–10) 8.0 ± 1.4 9.0 ± 1.0 +1.0 (0.5 to 1.5) t = 4.08 <0.001

Total raw score (10–50) 40.7 ± 6.2 45.8 ± 3.5 +5.1 (3.1 to 7.1) t = 5.02 <0.001

Percentage score (%) 81.4 ± 12.4 91.6 ± 7.0 +10.2 (6.2 to 14.2) t = 5.02 <0.001

Mann–Whitney U test; †Fisher’s exact test; CI, confidence interval.

identification of optimal candidates for H2H intervention. Fourth, 
supportive care medications were balanced but not adjusted in 

primary analyses due to limited events, leaving residual confounding 
possible. Fifth, immune assessment was limited to lymphocyte counts 

FIGURE 6

Quality of life (GQOLI-74 total score) at baseline, cycle 3, and cycle 6. Data are presented as estimated marginal means with 95% confidence intervals 
from linear mixed-effects models adjusted for baseline values. ***p < 0.001 for between-group comparisons at each time point.
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without functional assays (proliferation, cytokine production), war-
ranting future comprehensive evaluation. Sixth, residual confounding 
from infections, inflammation, or steroid metabolism cannot be 
excluded despite standardized sampling. Seventh, missing data was 
minimal (<2%) and handled by mixed models and multiple imputa-
tion, with consistent results mitigating bias concerns. Eighth, gastric 
and colorectal cancer patients may have different nutritional chal-
lenges, though subgroup analysis showed consistent effects (p = 0.42) 
but was underpowered. Ninth, exclusion of liver/pancreatic cancer 
limits generalizability; these patients have distinct nutritional issues 
requiring separate evaluation. Tenth, lack of long-term oncological 
outcomes (survival, recurrence) prevents determining if nutritional 
improvements translate to better prognosis; 3–5 year follow-
up needed.

Conclusion

In conclusion, this randomized controlled trial demonstrates 
that whole-cycle nutrition management based on the “H2H” model 
significantly improves nutritional status and patient-reported out-
comes in patients undergoing chemotherapy for gastrointestinal 
tumors. The intervention was associated with modest improve-
ments in CD4 + T lymphocyte counts and hematological param-
eters, suggesting potential benefits for immune function and 
hematopoietic recovery, although these findings should be inter-
preted cautiously given the multiple factors that influence these 
parameters. The H2H model represents a promising approach to 
bridging the gap between hospital-based and home-based care for 
cancer patients receiving cyclical chemotherapy. Future large-scale, 
multicenter studies with larger sample sizes (e.g., 200–300 patients 
per group), longer follow-up (including 3–5 year survival out-
comes), and more comprehensive immune function assessments 
are warranted to confirm these findings, to establish the long-term 
prognostic significance of the H2H model, and to identify which 
patient subgroups may derive the greatest benefit from this 
intervention.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

This study was approved by the Ethics Committee of the Suqian 
Hospital of Jiangsu Provincial People’s Hospital (No. 2025-SR-0345). 
The studies were conducted in accordance with the local legislation 
and institutional requirements. The participants provided their writ-
ten informed consent to participate in this study.

Author contributions

SW: Methodology, Investigation, Writing – original draft, Data 
curation, Conceptualization. JC: Writing – review & editing, Funding 
acquisition, Supervision, Conceptualization. YG: Software, Project 
administration, Writing  – review & editing. WS: Validation, 
Resources, Visualization, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1775700/
full#supplementary-material

SUPPLEMENTARY FIGURE S1

Participant flow diagram. A total of 158 patients were assessed for eligibility, 
100 were randomized, and all were included in the intention-to-treat 
analysis. Loss to follow-up: control group n = 1, study group n = 2.

https://doi.org/10.3389/fmed.2026.1775700
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2026.1775700/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1775700/full#supplementary-material


Wang et al.� 10.3389/fmed.2026.1775700

Frontiers in Medicine 14 frontiersin.org

References
	1.	Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer burden world-
wide and in China: a secondary analysis of the global cancer statistics 2020. Chin Med J. 
(2021) 134:783–91. doi: 10.1097/CM9.0000000000001474

	2.	Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China and United 
States, 2022: profiles, trends, and determinants. Chin Med J. (2022) 135:584–90. doi: 
10.1097/CM9.0000000000002108

	3.	Matsui R, Inaki N, Tsuji T. Effect of malnutrition as defined by the global leadership 
initiative on malnutrition criteria on compliance of adjuvant chemotherapy and relapse-
free survival for advanced gastric cancer. Nutrition. (2023) 109:111958. doi: 10.1016/j.
nut.2022.111958

	4.	Li N, Xue D, Men K, Li L, Yang J, Jiang H, et al. Influence of malnutrition according to 
the glim criteria on the chemotherapy toxicities in patients with advanced lung cancer. 
Support Care Cancer. (2024) 32:358. doi: 10.1007/s00520-024-08556-6

	5.	Andreyev J, Ross P, Donnellan C, Lennan E, Leonard P, Waters C, et al. Guidance on 
the management of diarrhoea during cancer chemotherapy. Lancet Oncol. (2014) 
15:e447–60. doi: 10.1016/S1470-2045(14)70006-3

	6.	Kiss N, Symons K, Hewitt J, Davis H, Ting C, Lee A, et al. Taste function in adults 
undergoing Cancer radiotherapy or chemotherapy, and implications for nutrition man-
agement: a systematic review. J Acad Nutr Diet. (2021) 121:278–304. doi: 10.1016/j.
jand.2020.08.014

	7.	Qiu Y, You J, Wang K, Cao Y, Hu Y, Zhang H, et al. Effect of whole-course nutrition 
management on patients with esophageal cancer undergoing concurrent chemoradio-
therapy: a randomized control trial. Nutrition. (2020) 69:110558. doi: 10.1016/j.
nut.2019.110558

	8.	Agate L, Minaldi E, Basolo A, Angeli V, Jaccheri R, Santini F, et al. Nutrition in 
advanced thyroid cancer patients. Nutrients. (2022) 14:1298. doi: 10.3390/
nu14061298

	9.	Ba Y, Shi Y, Jiang W, Feng J, Cheng Y, Xiao L, et al. Current management of chemother-
apy-induced neutropenia in adults: key points and new challenges: Committee of 
Neoplastic Supportive-Care (CONS), China anti-Cancer Association Committee of 
Clinical Chemotherapy, China Anti-Cancer Association. Cancer Biol Med. (2020) 
17:896–909. doi: 10.20892/j.issn.2095-3941.2020.0069

	10.	 Cencioni C, Trestini I, Piro G, Bria E, Tortora G, Carbone C, et al. Gastrointestinal 
Cancer patient nutritional management: from specific needs to novel epigenetic dietary 
approaches. Nutrients. (2022) 14:1542. doi: 10.3390/nu14081542

	11.	 Zhang J, lv XN, Wang M, Zhang J, Qi F. Continuous nursing symptom management 
in cancer chemotherapy patients using deep learning. Sci Rep. (2025) 15:7990. doi: 
10.1038/s41598-025-92762-7

	12.	 Miller KK, Lin SH, Neville M. From hospital to home to participation: a position 
paper on transition planning poststroke. Arch Phys Med Rehabil. (2019) 100:1162–75. doi: 
10.1016/j.apmr.2018.10.017

	13.	 Oskouie S, Pandey A, Sauer AJ, Greene SJ, Mullens W, Khan MS, et al. From hospital 
to home: evidence-based care for Worsening Heart Failure. JACC Adv. (2024) 3:101131. 
doi: 10.1016/j.jacadv.2024.101131

	14.	 Bauer J, Capra S, Ferguson M. Use of the scored patient-generated subjective global 
assessment (PG-SGA) as a nutrition assessment tool in patients with cancer. Eur J Clin 
Nutr. (2002) 56:779–85. doi: 10.1038/sj.ejcn.1601412

	15.	 Annunziata MA, Muzzatti B, Mella S, Narciso D, Giacalone A, Fratino L, et al. The 
revised piper fatigue scale (PFS-R) for Italian cancer patients: a validation study. Tumori. 
(2010) 96:276–81. doi: 10.1177/030089161009600215

	16.	 Zhang B, Wang Q, Zhang X, Jiang L, Li L, Liu B. Association between self-care agency 
and depression and anxiety in patients with diabetic retinopathy. BMC Ophthalmol. 
(2021) 21:123. doi: 10.1186/s12886-021-01883-w

	17.	 Shi B, Wang L, Huang S. Effect of high-quality nursing on psychological status and 
prognosis of patients undergoing brain tumor surgery. Am J Transl Res. (2021) 
13:11974–80.

	18.	 Freites-Martinez A, Santana N, Arias-Santiago S, Viera A. Using the common termi-
nology criteria for adverse events (CTCAE - version 5.0) to evaluate the severity of 
adverse events of anticancer therapies. Actas Dermosifiliogr. (2021) 112:90–2. doi: 
10.1016/j.ad.2019.05.009

	19.	 Zraik IM, Heß-Busch Y. Management of chemotherapy side effects and their long-
term sequelae. Urologe A. (2021) 60:862–71. doi: 10.1007/s00120-021-01569-7

	20.	 Kim SH, Lee SM, Jeung HC, Lee IJ, Park JS, Song M, et al. The effect of nutrition 
intervention with Oral nutritional supplements on pancreatic and bile duct Cancer 
patients undergoing chemotherapy. Nutrients. (2019) 11:1145. doi: 10.3390/nu11051145

	21.	 Hébuterne X, Lemarié E, Michallet M, de Montreuil CB, Schneider SM, Goldwasser 
F. Prevalence of malnutrition and current use of nutrition support in patients with cancer. 
JPEN J Parenter Enteral Nutr. (2014) 38:196–204. doi: 10.1177/0148607113502674

	22.	 Chen X, Huang X, Yin M. Implementation of hospital-to-home model for nutritional 
nursing Management of Patients with chronic kidney disease using artificial intelligence 
algorithm combined with CT internet. Contrast Media Mol Imaging. (2022) 2022:1183988. 
doi: 10.1155/2022/1183988

	23.	 Yang L, Wang J, Han L, Hu Y, Si L, Shao X, et al. Effect of H2H management mode on 
blood sugar control and living ability in patients with schizophrenia and type 2 diabetes 
mellitus. Am J Transl Res. (2023) 15:223–32.

	24.	 Liu X, Li X, Liu Y, Yuan F, Li K, Wang J, et al. H2H rehabilitation care promotes high 
quality recovery of patients with lung cancer comorbid with chronic obstructive pulmo-
nary disease. Am J Cancer Res. (2023) 13:4613–22.

	25.	 Song G, Liu H. Effect of hospital to home nutrition management model on postopera-
tive clinical outcomes of patients with laryngeal carcinoma. Oncol Lett. (2017) 14:4059–64. 
doi: 10.3892/ol.2017.6709

	26.	 Zhao R, Hou X, Niu Y, Wang J. Effect of the home to hospital to home nutrition man-
agement program on postoperative liver cancer patients: a single-center randomized con-
trolled study. Medicine (Baltimore). (2023) 102:e36648. doi: 10.1097/MD.0000000000036648

	27.	 Zhi J, Wang B, Zhao W, He H, Cheng G, Zhang X, et al. Impact of enteral 
Ecoimmunonutrition on immunological response, nutritional status and tolerance to 
treatment in gastrointestinal malignancy patients receiving chemotherapy. Support Care 
Cancer. (2025) 34:29. doi: 10.1007/s00520-025-10257-7

	28.	 Cantón Blanco A, López Osorio N, Gómez Vázquez E, Cao Sánchez MP, Ferreiro 
Fariña S, González Rodriguez M, et al. A telephone support program for patients with 
home enteral nutrition contributes to nutrition status and quality of life maintenance and 
reduces health resource use. Nutr Clin Pract. (2022) 37:878–86. doi: 10.1002/ncp.10811

	29.	 Oksholm T, Gissum KR, Hunskår I, Augestad MT, Kyte K, Stensletten K, et al. The 
effect of transitions intervention to ensure patient safety and satisfaction when transferred 
from hospital to home health care-a systematic review. J Adv Nurs. (2023) 79:2098–118. 
doi: 10.1111/jan.15579

	30.	 Bohra A, Rizvi QAA, Keung CYY, Vasudevan A, Langenberg DR. Transitioning 
patients with inflammatory bowel disease from hospital-based to rapid home-based inf-
liximab: a stepwise, safety and patient-orientated process towards sustainability. World J 
Gastroenterol. (2020) 26:5437–49. doi: 10.3748/wjg.v26.i36.5437

https://doi.org/10.3389/fmed.2026.1775700
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1097/CM9.0000000000002108
https://doi.org/10.1016/j.nut.2022.111958
https://doi.org/10.1016/j.nut.2022.111958
https://doi.org/10.1007/s00520-024-08556-6
https://doi.org/10.1016/S1470-2045(14)70006-3
https://doi.org/10.1016/j.jand.2020.08.014
https://doi.org/10.1016/j.jand.2020.08.014
https://doi.org/10.1016/j.nut.2019.110558
https://doi.org/10.1016/j.nut.2019.110558
https://doi.org/10.3390/nu14061298
https://doi.org/10.3390/nu14061298
https://doi.org/10.20892/j.issn.2095-3941.2020.0069
https://doi.org/10.3390/nu14081542
https://doi.org/10.1038/s41598-025-92762-7
https://doi.org/10.1016/j.apmr.2018.10.017
https://doi.org/10.1016/j.jacadv.2024.101131
https://doi.org/10.1038/sj.ejcn.1601412
https://doi.org/10.1177/030089161009600215
https://doi.org/10.1186/s12886-021-01883-w
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1007/s00120-021-01569-7
https://doi.org/10.3390/nu11051145
https://doi.org/10.1177/0148607113502674
https://doi.org/10.1155/2022/1183988
https://doi.org/10.3892/ol.2017.6709
https://doi.org/10.1097/MD.0000000000036648
https://doi.org/10.1007/s00520-025-10257-7
https://doi.org/10.1002/ncp.10811
https://doi.org/10.1111/jan.15579
https://doi.org/10.3748/wjg.v26.i36.5437

	Effects of whole cycle nutrition management based on “Hospital to Home (H2H)” model on nutritional status and immune function of patients with gastrointestinal tumor chemotherapy
	Introduction
	Data and methods
	Study design and registration
	Participant flow
	Inclusion and exclusion criteria
	Randomization and allocation concealment
	Chemotherapy regimens and supportive care
	Intervention methods
	Sample size calculation
	Study outcomes and measurements
	Statistical analysis

	Results
	Participant flow and baseline characteristics
	Primary outcomes: nutritional status
	Secondary outcomes: anthropometric and hematological parameters
	Secondary outcomes: immune function
	Secondary outcomes: cancer-related fatigue, self-care ability, and quality of life
	Secondary outcomes: adverse reactions
	Secondary outcomes: nursing satisfaction
	Sensitivity analyses
	Subgroup analyses

	Discussion
	Limitations

	Conclusion

	References

