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Background

Currently, the supporting evidence for dietary counseling is insufficient. The aim of this study is to evaluate the impact of individualized dietary counseling on nutritional outcomes and quality of life (QOL) in patients undergoing surgery for gastric cancer.



Methods

This study was a prospective, single-center, randomized controlled trial. The patients after surgery for gastric cancer were randomly assigned (1:1) to the intervention group and the control group. In the intervention group, patients receive individualized dietary counseling based on individual calorie needs and symptom assessment at 24 h before discharge, 14, 21, 30, and 60 days postoperatively. Patients in the control group received routine dietary counseling. The primary endpoint was body mass index (BMI) loss at 30, 60, and 90 days after surgery; the secondary endpoints were calorie and protein intake at 30 and 60 days after surgery, blood parameters, the 90-day readmission rate, and QOL at 90 days after surgery.



Results

One hundred thirty patients were enrolled; 67 patients were assigned to the intervention group and 63 patients to the control group. Compared with the control group, patients in the intervention group were significantly less BMI loss at 30 days (−0.84 ± 0.65 vs. −1.29 ± 0.83), 60 days (−1.29 ± 0.92 vs. −1.77 ± 1.13), and 90 days (−1.37 ± 1.05 vs. −1.92 ± 1.66) after surgery (all P< 0.05). Subgroups analysis by surgery type showed that the intervention could significantly reduce BMI loss in patients undergoing total and proximal gastrectomy at 30 days (−0.75 ± 0.47 vs. −1.55 ± 1.10), 60 days (−1.59 ± 1.02 vs. −2.55 ± 1.16), and 90 days (−1.44 ± 1.19 vs. −3.26 ± 1.46) after surgery (all P< 0.05). At 60 days after surgery, calorie goals were reached in 35 patients (77.8%) in the intervention group and 14 patients (40.0%) in the control group (P = 0.001), and protein goals were reached in 40 patients (88.9%) in the intervention group and 17 patients (48.6%) in the control group (P< 0.001). Regarding the QOL at 90 days after surgery, the patients in the intervention group had a significantly lower level of fatigue, shortness of breath and stomach pain, better physical function, and cognitive function (P< 0.05).



Conclusions

Post-discharge individualized dietary counseling is an effective intervention to reduce post-gastrectomy patient weight loss and to elevate calorie intake, protein intake, and QOL.
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1 Introduction

Gastric cancer (GC) is the fifth most common type of cancer and the third most common cause of cancer-related death worldwide, seriously threatening human life and health (1). So far, treatment modalities include surgery, chemotherapy, and radiotherapy, and surgery remains the main and most effective therapy for GC (2). However, GC surgery has caused reduction of food storage volume and various gastrointestinal symptoms, threatening the nutritional status of patients to varying degrees (3–5). Body weight loss and malnutrition are frequently observed in patients who undergo gastrectomy (6). Malnutrition has been indicated to have negative influence patients’ clinical outcomes, including increased risk of recurrence, decreased tolerance to treatment, and quality of life (QOL) (7–10).

Home rehabilitation after GC surgery is a special period. Patients with reconstructed gastrointestinal tracts have just regained partial function and are still at suffering from post-surgical syndromes and the risk of readmissions (11). During this period, patients gradually transition from semi-liquid foods to soft or regular foods, and their diet is inevitably restricted (12). Because of the influence of gastrointestinal symptoms, some patients often take the reduced intake method to relieve gastrointestinal symptoms. Poor eating habits that lack high-quality protein in the diet. These factors can lead to insufficient calorie and protein intake (13). A Korean study confirmed that most patients after GC surgery experienced reduced food intake and rapid weight loss during this period (14). Therefore, appropriate nutritional support should be adopted to assist patients in a smooth transition to complete oral feeding, which has an important clinical significance for maintaining postoperative body weight and improving chemotherapy tolerance.

Previous studies have shown that oral nutritional supplement (ONS) and nutrition education are beneficial for patients with GC after surgery (15–18). However, there is a gap between the actual intake of ONS and the recommended amount due to factors such as intolerance (19, 20) and the role of dietary intervention and counseling is uncertain, and further research into optimal nutrition support interventions and timing of interventions is required (21, 22). In recent years, individualized dietary nutrition counseling strategies based on the individual calorie needs of patients have provided nutritional support to patients at nutritional risk, showing benefits on clinical outcomes of patients (23). The study was carried out only on patients who were hospitalized. Home-based dietary nutrition counseling is rarely reported due to the existence of many barriers, such as dietary restrictions, symptom burden, time and space inconvenience, and patient compliance.

In the present study, we aim to systematically evaluate the impact of individualized dietary counseling based on individual calorie and protein needs compared with routine discharge counseling follow-up on nutritional outcomes, the 90-day readmission rate, and QOL in post-discharge patients after GC surgery.



2 Methods


2.1 Study design and patients

This prospective, single-center, randomized controlled trial was conducted in the Department of Pancreatic and Gastric Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital from August 2021 to January 2022. This study was approved by the hospital ethics committee, and the ethics approval number is 21/281-2952. After informed consent, patients were randomly allocated into individualized dietary counseling group (intervention group) and routine dietary counseling group (control group) on a 1:1 ratio through excel random number table. All patients’ calorie and protein calculations in the diet diary were calculated by masked nurses according to the China Food Composition Tables—Standard Edition (24).

We enrolled patients who were aged 18–75 years, discharged after radical gastrectomy, and reconstruction of gastrointestinal tract function recovery, allowing food intake and barrier-free communication. The patients were excluded if they were combined with other organ resections, had complications, and were not allowed to eat, such as anastomotic leakage, intestinal obstruction, and gastroparesis after surgery; and were in other nutritional intervention studies at the same time. Patients were rejected if they withdrew the informed consent, were lost to follow-up, were readmitted to the hospital and unable to eat for more than 72 h, were found with local recurrence of tumor, and received radiotherapy that seriously affected eating.



2.2 Study protocol

An individualized nutrition support team consisting of surgeons, nurses, and dieticians was set up. Surgeons were responsible for the treatment of gastrointestinal symptoms and diagnosis and treatment of readmissions; dieticians guided nurses to calculate calorie requirements, customize the recipe, and make dynamic adjustments; and nurses were the main executors of individualized dietary counseling.

All patients signed the consent form 24 h before discharge and collected baseline data. We collected patients’ general and clinical information including age, gender, education level, long-term residence, medical history, smoking status, alcohol consumption, type of surgery, surgery time (minutes), postoperative hospital stay (days), preoperative complications, American Joint Committee on Cancer (AJCC) stage, neoadjuvant chemotherapy, and adjuvant chemotherapy. A symptom assessment was conducted, and a dietary diary for 24 h was handed out. On discharge day, morning weight and dietary diary for 24 h are withdrawn. All patients received the first dietary counseling, the intervention group received individualized dietary counseling, and the control group received conventional dietary counseling.

In the intervention group, patients received individualized dietary counseling to reach protein and calorie goals, as shown in Figure 1. The daily protein requirement is set at 1.2 g/kg according to the nutritional guidelines (25). Calorie requirements were predicted using the Mifflin-St Jeor equation; it contains resting energy expenditure (REE), the stress factor, which is set to 1.0, and the activity factor, which is set to 1.4 (26); and the calculation method is as follows:




Figure 1 | Intervention group study flow chart. Twenty-four–hour diet diary (self-designed form); symptom assessment (MDASI-C); “*”, calculate according to the patient’s needs.





 



In this study, if body mass index (BMI) ≤ 28, then actual body weight is applied; if BMI > 28, then adjusted body weight is applied to calculate calorie and protein needs. According to calorie and protein needs, it is converted into food in an appropriate proportion. When calories are converted into food, the protein requirements are first converted into foods such as fish, meat, eggs, beans, milk, and other foods and then the energy produced by protein foods is excluded; the remaining energy required is distributed: 50% of the calories comes from carbohydrates, 30% from lipids, 10% from vegetables, and 10% from fruits. ONS is routinely recommended because of the insufficient food intake in the early postoperative period, and the recommended dose is 400–600 ml per day (27). In this study, ONS is added in addition to food, so it does not occupy the total amount of calories needed. The intake is determined by the patient and is not mandatory. If protein intake is insufficient, then it is recommended to supplement with protein supplements of 10–30 g per day. It is recommended that patients cook semi-liquid or soft food before eating. The dietary plan was dynamically adjusted according to the actual calorie and protein intake in the 24-h diary, and symptom assessment was conducted at 14, 21, 30, and 60 days after surgery. The European Society for Parenteral and Enteral Nutrition (ESPEN) defines insufficient oral intake as an oral intake ≤75% of the estimated daily calorie needs (28). At 30 and 60 days after surgery, if the total oral intake (including food and ONS) is less than 60%, then intravenous supplementation is recommended. Patients with intakes in the range of 60%–75% received individualized adjustments based on patient diet and symptom assessment. Intakes greater than 75% were considered to achieve the target amount; if the calorie intake is lower than 100%, then the intake appropriately increases; if the calorie intake is higher than 100%, then the patient is reminded to maintain the current calorie intake to prevent excessive gastrointestinal burden and further diversify the diet.

Patients in the control group received conventional dietary counseling. It includes dietary principles, types, methods, and contraindications. ONS and protein powder can be supplemented, if necessary. If they encountered problems such as persistent vomiting and severe abdominal pain, then they were accessible to consultation with medical staff through WeChat, telephone, and outpatient or emergency medical treatment in time. Routine follow-up was performed 30 and 60 days after surgery, including 24-h dietary intake and symptoms assessment, and assisted with readmissions. There is no dynamic dietary modification regimen based on the patient’s calorie needs and actual calorie intake.



2.3 Endpoints

The primary endpoint was BMI loss at 30, 60, and 90 days postoperatively. Height measurement is uniformly measured by nurses at admission. Body weight (kilograms) was measured in the morning after defecation on an empty stomach; the patients are wearing light clothing and removed their shoes, cell phones, watches, etc. Post-discharge body weights were collected in the form of patient self-reports, and then, nurses calculated BMI.

The secondary endpoints were the 24-h calorie and protein intake at 30 and 60 days after surgery, blood parameters, the 90-day readmission rate, and QOL at 90 days after surgery. This study used a prospective dietary record approach, and food was weighed for each meal at 30 and 60 days after surgery. Blood parameters including total protein (TP), albumin (ALB), hemoglobin (HGB), and total lymphocyte count (TLC). Ninety-day readmission rates (unplanned readmission within 90 days of surgery) and QOL (EORTC QLQ-C30 and EORTC QLQ-STO22) were assessed at 90 days after surgery. Loss of follow-up, completion of diet records at each follow-up, and completion of review at 90 days after surgery were used as indicators to evaluate compliance.



2.4 Data collection

We assessed QOL with the European Organization for Research and Treatment of Cancer (EORTC) generic cancer (QLQ-C30) and GC (QLQ-STO22) modules (29). Patients complete QOL assessment via electronic questionnaire at 90 days after surgery. EORTC QLQ-C30 is a reliable and validated measure of the QOL of patients with cancer in multicultural clinical research. The questionnaire is a cancer-specific, self-administered, structured questionnaire that contains 30 questions, which are categorized into the global health status; five functioning scales: physical, role, cognitive, emotional, and social; three symptom scales: fatigue, pain, and nausea and vomiting; and six single items: dyspnea, sleep disturbance, appetite loss, constipation, diarrhea, and financial difficulties. The GC module (QLQ-STO22) is a supplement to the QLQ-C30. The QLQ-STO22 consists of 22 questions that evaluate five multi-item symptoms scales (dysphagia, eating restrictions, pain, reflux, and anxiety) and four single-item symptoms scales (dry mouth, body image, hair loss, and taste loss). For global QOL and the functional scales, a higher score indicates better QOL, with 100 being perfect. For symptom scales, a lower score indicates better QOL, with 0 being perfect or no symptoms reported.

Symptoms were assessed using the Chinese version of the M. D. Anderson Symptom Inventory–China (MDASI-C). Scale items are calculated on a scale of 1–10, with 0 indicating no influence, and 10 indicating severe influence. MDASI-C has good internal consistency reliability, general symptoms, and gastrointestinal symptoms, which had Cronbach alpha coefficients of 0.86 and 0.84 (30). This study only used this scale to evaluate gastrointestinal symptoms and provide dietary counseling to patients, and symptom score is not used as an outcome measure.



2.5 Sample size and statistical analysis

In this study, two independent sample mean comparison superiority experiments were used to calculate the sample size. On the basis of the previous RCT study (18), the postoperative weight loss (−6.9 kg vs. −9.1 kg) was calculated, taking into account the loss rate and dropout rate of 20%; the sample size was estimated to be about 130 cases; and the intervention group and the control group took a 1:1 ratio entry.

SPSS 25.0 statistical software was used for data analysis. Mean ± standard deviation, median, and quartile were used to describe the characteristics of continuous data, and frequency, rate, and percentage were used for count data. Differences between the two groups were presented through a t-test or nonparametric test, and a chi-square test was used for univariate analysis. Repeated-measures ANOVA were used to test the between-group, within-group, and interaction effects of repeated-measures measurement data. A two-sided test was used, and P< 0.05 was considered statistically significant.




3 Results


3.1 Patient characteristics

From August 2021 to January 2022, we screened 149 patients and enrolled 130, 17 patients were excluded according to the exclusion criteria, and two patients refused to participate. Of these, 67 patients were randomly assigned to the intervention group and 63 to the control group. In our study, 21 patients were shaved, 17 patients fasted for more than 72 h due to readmission, and four underwent postoperative radiotherapy due to local recurrence, which severely affected eating. Three patients (2.31%) were lost to follow-up. Our final evaluable cohort consisted of 106 patients (55 patients in the intervention group and 51 patients in the control group), as shown in Figure 2.




Figure 2 | Trial profile.



There was no significant difference in baseline data between the two groups except for preoperative comorbidities (P > 0.05), as shown in Table 1. The compliance of dietary records in the intervention group was higher than that in the control group at 30 days after surgery (P = 0.048), as shown in Table 2.


Table 1 | General characteristics of gastrectomy patients at baseline.




Table 2 | Evaluation of patient compliance.





3.2 Nutritional outcomes

There were no significant differences in the mean BMI between the two groups before discharge, 30, 60, and 90 days after surgery (P > 0.05). Repeated-measures ANOVA (BMI at discharge was used as the covariate) for BMI loss in the two groups showed that there was a statistically significant difference between the within-subject effect (P = 0.001), the between-subject effect (P = 0.026), and the interaction effect (P = 0.051). Compared with the control group, patients in the intervention group have significantly less BMI loss at 30 days (−0.84 ± 0.65 vs. −1.29 ± 0.83, P = 0.002), 60 days (−1.29 ± 0.92 vs. −1.77 ± 1.13, P = 0.020), and 90 days (−1.37 ± 1.05 vs. −1.92 ± 1.66, P = 0.044) after surgery, as shown in Table 3.


Table 3 | Evaluation of patient weight and BMI.



Subgroups analysis by surgery type showed that the intervention could significantly reduce BMI loss in patients undergoing total gastrectomy (TG) and proximal gastrectomy (PG) at 30 days (−0.75 ± 0.47 vs. −1.55 ± 1.10, P = 0.013), 60 days (−1.59 ± 1.02 vs. −2.55 ± 1.16, P = 0.025), and 90 days (−1.44 ± 1.19 vs. −3.26 ± 1.46, P = 0.001) after surgery, as shown in Figure 3A. However, the intervention for patients undergoing distal gastrectomy (DG) was only different at 30 days after surgery (−0.88 ± 0.72 vs. −1.21 ± 0.71, P = 0.046), and there was no significant difference at 60 days (−1.17 ± 0.86 vs. −1.49 ± 1.00, P = 0.133) and 90 days (−1.35 ± 0.99 vs. −1.46 ± 1.47, P = 0.691) after surgery, as shown in Figure 3B.




Figure 3 | (A) Graph of intervention on BMI loss after total gastrectomy and proximal gastrectomy. (B) Graph of intervention on BMI loss after distal gastrectomy. A=Discharge day; B=30 days after surgery; C=60 days after surgery; D=90 days after surgery.



There was no significant difference in calorie and protein requirements and intake before discharge between the two groups (P s> 0.05). Compared with patients in the control group, patients in the intervention group had significantly higher calorie intake (1,404.75 ± 387.40 kcal vs. 1,056.33 ± 396.22 kcal at 30 days after surgery, P< 0.001; 1,611.11 ± 423.11 kcal vs. 1,313.11 ± 408.26 kcal at 60 days after surgery, P = 0.002), as shown in Figure 4A. The protein intake in the intervention group was significantly higher than that in the control group (67.15 ± 21.78 g vs. 46.71 ± 22.89 g at 30 days after surgery, P< 0.001; 76.89 ± 22.21 g vs. 59.59 ± 25.84 g at 60 days after surgery, P = 0.002), as shown in Figure 4B. Although ONS was recommended, patients’ intake was not satisfactory. The ONS intake in the intervention group was higher than that in the control group (163.65 ± 154.16 ml vs. 79.77 ± 112.32 ml at 30 days after surgery, P = 0.003; 123.11 ± 148.41 ml vs. 43.25 ± 74.85 ml at 60 days after surgery, P = 0.003).




Figure 4 | (A) Calorie intake chart. (B) Protein intake chart. A=Calorie/protein requirements; B=24-h calorie/protein intake before discharge; C=30 days calorie/protein intake after surgery; D=60 days calorie/protein intake after surgery.



At 30 days after surgery, calorie goals were reached in 25 patients (48.1%) in the intervention group and five patients (11.9%) in the control group (P< 0.001), and protein goals were reached in 36 patients (69.2%) in the intervention group and 12 patients (40.0%) in the control group (P< 0.001). Calorie intake was less than 60% in 11 patients (21.2%) in the intervention group and 23 patients (54.8%) in the control group (P = 0.001), and the patients were advised to supplement energy through an intravenous route on the basis of oral diet, but only two patients received intravenous supplementation. At 60 days after surgery, calorie goals were reached in 35 patients (77.8%) in the intervention group and 14 patients (40.0%) in the control group (P = 0.001), and protein goals were reached in 40 patients (88.9%) in the intervention group and 17 patients (48.6%) in the control group (P< 0.001). Calorie intake was less than 60% in 4 patients (8.9%) in the intervention group and nine patients (25.7%) in the control group (P = 0.043); however, no patient received intravenous supplementation therapy, and three patients used traditional Chinese medicine.

Blood parameters showed that there was no significant difference in TP, serum ALB, HGB, and TLC between the two groups before discharge and 90 days after surgery (P > 0.05), as shown in Table 4.


Table 4 | Evaluation of patient blood parameters.





3.3 Ninety-day readmission rate

During the course of the study, eight patients in the intervention group had readmission, and nine patients in the control group had readmission within 90 days after surgery; there was no statistically significant difference (P > 0.05). The specific reasons for readmission are shown in Table 5.


Table 5 | Reasons for readmission within 90 days after surgery.



For the outcomes of readmission patients, among them, 14 patients improved after infusion therapy, one patient with intestinal obstruction improved after surgery, one bleeding patient improved after emergency surgery for hemostasis, and one bleeding patient died after interventional hemostasis.



3.4 Quality of life

Regarding the QOL at 90 days after surgery, the patients in the intervention group had a significantly lower level of fatigue, shortness of breath, and stomach pain; and better physical function and cognitive function (P< 0.05), as shown in Table 6.


Table 6 | Evaluation of patient QOL at 90 days after surgery.






4 Discussion

It is well known that malnutrition after GC surgery is closely associated with poor prognosis and decreased QOL. For a long time, dietary counseling has been performed to improve the nutritional status of patients after a gastrectomy; it is regarded as an essential and valuable tool for influencing nutritional status. However, the effect of dietary counseling on the nutritional status of patients after GC surgery is not clear. The patients in our study received individualized dietary counseling, and each patient’s nutritional goals and required nutritional support were individually defined. Therefore, our study provides evidence that an overall strategy of providing individualized dietary counseling based on calorie and protein requirements and a symptom assessment to achieve protein and calorie goals during postoperative recovery are beneficial to patients. Our findings validate some previous trials (15, 16) but contradict the findings of the meta-analysis (22), which reported that all nutritional counseling studies did not show significant differences. Another meta-analysis also reported, finding very low-quality evidence to support the effect of oral nutritional interventions on post-hospital weight and energy or protein intake (21). However, there was no significant difference in 90-day readmission rates and blood parameters, which is also consistent with previous nutritional intervention studies (17).

Many studies have shown that, after TG, patients with more weight loss and more nutritional problems are more significant (31, 32). Therefore, the effect of intervention measures on patients with TG will be more concerned. Subgroups analysis by surgery type showed that the intervention could significantly reduce BMI loss in patients undergoing TG and PG at 30, 60, and 90 days after surgery. This is similar to the results of the related nutritional intervention study in Japan (18, 33), which showed that oral enteral nutrition intervention in patients after GC surgery had a significant effect in patients with TG, but there was no difference in patients undergoing DG. Analysis of the reasons may be that patients with TG and PG face greater nutritional risks and require more scientific diet and nutritional interventions to meet their physical needs. Compared with TG and PG, patients undergoing DG face lower nutritional risks (34), and most patients can gradually adapt to postoperative changes in the gastrointestinal tract by adjusting their diets. Only in the early postoperative stage that some patients with severe gastrointestinal symptoms require further individualized counseling and management.

With respect to the QOL, it is always a major concern for the prognostic after nutritional support. Related research in Korea shows that follow-up management on nutritional intervention for patients undergoing gastrectomy will have a positive impact on their QOL (15). Our research also supports these results, and nutritional status is closely related to QOL. Relevant studies in the United States have identified HRQOL issues related to dietary changes and restrictions after upper gastrointestinal cancer treatment, involve family caregivers, and are tailored and flexible to patient and family caregiver’s needs and preferences (35). The recommendations of this study’s findings were fully considered in our study design. While the underlying reason for the effect on the QOL was not investigated in the present study, we speculated that the reduced fatigue, shortness of breath, and stomach pain may be associated with individualized dietary counseling to reasonably adjust food types and intake based on symptom assessment, and increased calorie and protein intake was associated with improved physical function and cognitive function.

Several points of this trial are worth mentioning. First, in our study, the patient was recovering from major abdominal surgery, and the calorie intake of the patients was about 25% of the required amount at the time of discharge. All patients had NRS2002 scores of 4–5 with nutritional risk, so it was necessary to develop an individualized nutritional treatment plan based on clinical practice. Our research philosophy is to address the recent postoperative food intake restriction by improving food quality to improve the nutritional status of patients. This study is a comprehensive intervention plan that includes concepts of dietary counseling, ONS, symptom management, and ongoing management. Second, dynamic adjustment is made according to the patient’s dietary habits and actual intake of nutrients. The results of a Korean study show that simplified dietary education is ineffective for patients after GC surgery. It is very challenging to influence patients’ dietary habits to improve their nutritional status in surgical patients, especially after gastrectomy, and points out the need for consultation sufficient time, appropriate materials to support, and iterative and regular feedback (36). Therefore, we adjust the composition of various nutrients in the food according to the patient’s actual food intake type and intake and increase the content of calories and protein in food as much as possible under the same tolerated volume. This adjustment was repeated, with at least five feedback and adjustments per patient. We help patients to form a high-protein, high-calorie, and small-volume dietary pattern suitable for the characteristics of the postoperative gastrointestinal tract. Third, regarding the time frequency of intervention and adjustment, according to the results of previous studies, the weight loss of patients with GC was the largest within 90 days after surgery, especially within 30 days after surgery (6, 14, 37). Therefore, the duration of intervention in this study was determined to be within 90 days after surgery, which is a critical period for the reconstruction of patients’ dietary patterns. The main adjustment and feedback frequency are determined to be once a week within 30 days after surgery, once a month after the 30th day, and until the 90th day after surgery; particular questions can be consulted through the online clinic at any time. Finally, no specific adverse side effects of the intervention were observed in our study. To ensure the safety of patients, patients’ compliance was evaluated by the degree of completion of home dietary guidance and postoperative review (mainly includes loss of follow-up, whether to keep a food diary, and whether to conduct postoperative review at 90 days after surgery), and dietary intake was not used for compliance evaluation. We only set calorie and protein targets for patients and instruct and assist patients in adjust the amount of each meal, food characteristics, and cooking methods according to the symptoms after eating. We also applied the MDASI-C to truly reflect the burden of digestive tract symptoms of patients, screened the symptoms of emergency readmission and recommended prompt medical treatment, and stratified management of other minor symptoms, ensuring patients’ safety.



5 Prospect of further research

First prospect of future research is to explore the mechanism of postoperative weight loss in patients with GC. In recent years, epigenetic studies have shown that many dietary components may indirectly influence genomic pathways for DNA methylation, and there is evidence of a biochemical link between nutritional quality and mental health (38). Precision nutrition is an emerging area of nutrition research, with a primary focus on the individual variability in response to dietary and lifestyle factors (39). Second, intelligent terminal products are developed, and the convenience of artificial intelligence and network is utilized to match the food types, the intake of each food, and the gastrointestinal symptoms of patients, so as to provide quantitative and dynamic whole-life nutrition management for postoperative patients with GC and to improve the overall nutritional status and QOL of patients with GC. Third, symptom management was used as the main method of nutritional intervention in patients with GC after operation to explore its influence on nutritional status and QOL.

We are aware of the limitations of our study. First, although the primary results at 30, 60, and 90 days were objective, and calorie and protein intake calculations were masked, and some of the outcomes assessed during the home setting might have been vulnerable to observer (patient and caregiver) bias. Second, three (5.5%) patients in the intervention group and nine (17.6%) patients in the control group did not record their diet as required, despite implementation of the post-discharge individualized dietary counseling by trained nurses 30 days after surgery, and the number of patients further increased at 60 days after surgery. Similar to real-life experience, several patient, treatment, and hospital factors (for example, patient delay or refusal to initiate enteral or parenteral nutrition, and interference of chemotherapy with nutritional support) might have prevented full adherence to the protocol. Third, chemotherapy starts at 30 days after surgery, and the impact of chemotherapy on patients cannot be tracked in detail. Although data collection should be avoided during the chemotherapy period and within 7 days after chemotherapy, the delayed side effects of chemotherapy drugs may affect patients. Fourth, the sample size of our study was small, and the observation period was short. Although individualized dietary counseling is too complex for an expanded population, some variables may be overlooked due to the small number of cases. Fifth, some patients were unable to return to the National Cancer Center for review at 90 days after surgery. Therefore, the study lacked body composition (fat content and muscle content), body measurements (waist circumference, arm circumference, etc.), and PG-SGA scores that required face-to-face assessment. Only changes in BMI and food intake reflect nutritional status. Finally, in our study, because of the short intervention time and limited research funds, epigenetics and postoperative metabolic changes (blood glucose, blood pressure, and blood lipid) and other related results were not collected. We did not yet investigate the costs of the intervention, but we have planned to do a future cost-effectiveness analysis on the basis of the trial data (researcher’s time cost, economic cost, etc.); it is planned to adopt artificial intelligence assistance system to benefit more patients.

In conclusion, the trial showed that early use of individualized dietary guidance to help patients achieve protein and calorie goals after GC surgery could effectively increase energy and protein intake, reduce BMI loss, and improve QOL. The nutritional problems of patients after GC surgery are severe and complex. Further multi-center individualized dietary counseling research is needed to determine individualized interventions for different population characteristics, different surgical procedures, and different symptom burdens so as to improve the nutritional status of patients after GC surgery.
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with protein supplements of 10-30g per day. vegetables  (*g). 10% fruits (*g). volume: 400-600ml/per day.
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Adjust inappropriate foods to reduce symptoms.

>75%: If the caloric intake is lower than 100%, increase the intake
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Gender Male/Female 42/25 36/27 0519
Long-term residence City 42 36 0519
Town and country 25 27
Education Elementary school 6 11 0.058
Middle school 32 37
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University and above 19 7
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Surgical approach Open 4 4 0739
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Surgery time (minutes) / 202.27 + 48.73 195.10 + 63.93 0472
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Postoperative complications Yes/No 7160 7156 0.903
AJCC stage 0,1 25 30 0.185
i 8 11
i 34 22
Neoadjuvant chemotherapy Yes/No 14/53 13/50 0.971
Postoperative chemotherapy Yes/No 40/27 35/28 0.633

Values are presented as mean + standard deviation or number. t-test and chi-square test.
Postoperative complications: abdominal infection and lung infection.
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