
Systematic Review and Meta-Analysis

1

Medicine®

Effect of preoperative oral nutritional 
supplements on clinical outcomes in patients 
undergoing surgery for gastrointestinal cancer
A systematic review and meta-analysis
QingHua Zou, MMa, ZhaoChuan Yin, MMa, LiLi Ding, MMb, Jiang Ruan, MMc, GuoYun Zhao, MMd, 
XiaoQiong Wang, MMe, YiJun Li, MMa, QingWen Xu, MMa, XueJing Gong, MMa, WenShuo Liu, MMa, 
KaiWen Shi, MMa, WeiMing Li, MDa,*

Abstract 
Background: The clinical benefit of preoperative oral nutritional supplements (ONS) in patients undergoing surgery for 
gastrointestinal cancer remains controversial.

Objective: To evaluate the effect of preoperative ONS on postoperative clinical outcomes in patients with gastrointestinal cancer.

Methods: We searched PubMed, EMBASE, Web of Science, Cochrane Library, Scopus, and the Chinese National Knowledge 
Infrastructure databases for randomized controlled trials evaluating preoperative ONS in patients undergoing surgery for 
gastrointestinal cancer from inception until April 2024. Two researchers independently assessed the quality of the included 
literature and performed statistical analyses using Review Manager 5.4 software.

Results: A total of 12 eligible studies with 1201 patients (600 ONS group and 601 control group) were included in this meta-analysis. 
Compared with a normal diet, preoperative ONS effectively reduced infectious complications (odds ratio = 0.63; 95% confidence 
interval [CI], 0.40–0.98; P = .04), white blood cell count (mean difference [MD] = −0.66; 95% CI, −1.04 to −0.28; P = .0007), 
C-reactive protein (MD = −0.26; 95% CI, −0.33 to −0.19; P < .00001), and markedly improved albumin levels (MD = 1.71; 95% 
CI, 0.97–2.46; P < .00001), prealbumin (MD = 24.80; 95% CI, 1.72–47.88; P = .04), immunoglobulin G (MD = 0.86; 95% CI, 
0.44–1.28; P < .00001), CD4 T lymphocyte cells (MD = 3.06; 95% CI, 2.21–3.92; P < .00001), and CD4 T lymphocyte cells/
CD8 T lymphocyte cells (MD = 0.33; 95% CI, 0.10–0.56; P = .004). However, there were no significant differences between the 2 
groups in terms of noninfectious complications (odds ratio = 0.77; 95% CI, 0.39–1.53; P = .46), immunoglobulin A (MD = −0.21; 
95% CI, −0.44 to 0.02; P = .08) or length of hospital stay (MD = −0.04; 95% CI, −0.71 to 0.64; P = .92).

Conclusion: Preoperative ONS may effectively reduce postoperative infectious complications, improve postoperative nutritional 
status and immune function, and relieve the inflammatory response in gastrointestinal cancer patients. Therefore, we recommend 
that preoperative nutrition could be optimized with ONS in patients undergoing gastrointestinal cancer surgery.

Abbreviations: ALB = albumin, CD4+ = CD4 T lymphocyte cells, CD8+ = CD8 T lymphocyte cells, 95% CI = 95% confidence 
interval, CRP = C-reactive protein, IgA = immunoglobulin A, IgG = immunoglobulin G, LOS = length of hospital stay, MD = mean 
difference, ONS = oral nutritional supplements, OR = odds ratios, PA = prealbumin, RCTs = randomized controlled trials, WBC = 
white blood cells.
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1. Introduction
Gastrointestinal cancer is one of the most common cancers, and 
malnutrition is exceedingly common in patients with gastroin-
testinal cancer.[1] Malnutrition is an independent risk factor for 
poor prognosis in surgical patients[2] and can lead to increased 
postoperative complications, prolonged hospital stay, increased 
medical costs, delayed recovery of gastrointestinal function, and 
seriously affect patient quality of life.[3–6] At present, surgical 
resection remains the main treatment for gastrointestinal can-
cer. However, relevant studies[4,7] have shown that preoperative 
malnutrition has a negative effect on the clinical prognosis of 
patients undergoing gastrointestinal cancer surgery, seriously 
affecting postoperative rehabilitation. Therefore, it is partic-
ularly important to improve the nutritional status of patients 
through reasonable nutritional support before surgery. Domestic 
and foreign nutritional guidelines[8,9] suggest that patients with 
nutritional risks and (or) malnutrition should receive preoper-
ative nutritional support therapy for 7 to 14 days. Oral nutri-
tional supplements (ONS) is preferred for patients that have a 
functional gastrointestinal tract and can eat orally. ONS refers 
to nutritional preparations that can provide patients with a vari-
ety of macro and micronutrients for the purpose of increasing 
nutrient intake.[9] ONS is simple, convenient, and compliant 
with human physiology.[10] It is an effective nutritional treat-
ment for enhancing protein, fat, carbohydrate, mineral, and 
vitamin intake, and providing a balanced nutrient profile to 
surgical patients.[10] Intake of ONS can improve patient nutri-
tional status and reduce the occurrence of postoperative adverse 
outcomes.[7] Several clinical studies and systematic reviews[11,12] 
12 to 15 have shown that ONS accelerates wound healing, 
reduces the incidence of postoperative complications, shortens 
hospital stay, and improves quality of life. However, Burden et 
al[13] reported that standard oral nutritional supplements before 
surgery had no effect on postoperative complications and length 
of hospital stay (LOS). To date, studies testing whether preop-
erative ONS can effectively improve the clinical outcome of 
patients undergoing gastrointestinal cancer surgery have drawn 
different conclusions, and some have had conflicting results. 
Therefore, the clinical benefit of preoperative ONS in patients 
with gastrointestinal cancer remains controversial.

The purpose of this systematic review and meta-analysis was 
to summarize evidence from the latest randomized controlled 
trials, comprehensively evaluate the effect of preoperative ONS 
on postoperative clinical outcomes in patients undergoing gas-
trointestinal cancer surgery, and provide evidence for clinical 
practice.

2. Methods
The systematic review and meta-analysis were conducted and 
are reported based on the statements of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA).[14] 
The protocol of this study has been registered in the International 
Prospective Register of Systematic Reviews (PROSPERO, regis-
tration no. CRD42023426066).

2.1. Search strategy

We systematically searched electronic databases including 
PubMed, EMbase, Web of Science, The Cochrane Library, Scopus, 
and the Chinese National Knowledge Infrastructure to identify 
all relevant randomized controlled trials (RCTs) published from 
inception until April 2024. The following combination strategy 
of Medical Subject Headings (MeSH) and text words were used 
to retrieve the articles: “Gastrointestinal Neoplasm,” “Stomach 
Neoplasms,” “Gastric Cancer,” “Colorectal Cancer,” “Colorectal 
Carcinoma, ‘Colon Cancer,’ ‘Colonic Neoplasm,’ ‘Rectal 
Tumor,’ ‘Rectum Cancer,’ ‘Preoperative Period,’ ‘Preoperative,’ 
‘Preoperative Care,’ ‘oral nutritional supplements,’ ‘ONS,’ ‘Oral 

nutrition,’ ‘Enteral Nutrition,’* ‘randomized,’ ‘‘Randomized 
Controlled Trial,” and “placebo.” Lists of references to relevant 
studies and reviews were manually searched to identify other 
potential studies. Only articles written in English and Chinese 
were included in this study.

2.2. Inclusion and exclusion criteria

Two reviewers (ZQH and YZC) independently identified all eli-
gible studies based on the prespecified inclusion and exclusion 
criteria. Disagreements between the 2 reviewers were resolved 
by mutual discussion or by recourse to a third-party expert The 
inclusion criteria of this systematic review were defined accord-
ing to the acronym “PICOS”: Population (P): patients aged 18 
years or above and undergoing gastrointestinal cancer surgery, 
Intervention (I): patients received oral nutritional supplements 
for at least 5 days before surgery on the basis of a normal 
diet; Comparison (C): normal diet without other nutritional 
supplement, Outcomes (O): met at least one of the following 
relevant clinical outcome indicators: infectious complications, 
noninfectious complications; nutritional indicators: prealbu-
min (PA), albumin (ALB); immune indicators: immunoglobu-
lin G (IgG), immunoglobulin A (IgA), CD4 T lymphocyte cells 
(CD4+), CD4+/CD8 T lymphocyte cells (CD8+); inflammatory 
indicators: white blood cells (WBC), C-reactive protein (CRP), 
and LOS. Study design (S): Only RCTs were included in this 
study. Exclusion criteria included: (1) retrospective study or 
nonrandomized controlled trial; (2) nutrition was supplemented 
by enteral tube or parenteral route; (3) studies only reported 
postoperative nutritional intervention; (4) the full text or exper-
imental data were unavailable; (5) expert consensus, guidelines, 
case reports, letters to the editor, and review articles were also 
excluded.

2.3. Data extraction

After reading the full text, 2 researchers (ZQH and YZC) inde-
pendently extracted data from the eligible articles using prede-
termined data extraction tables that included author, country, 
year of publication, disease type, sample size, study design, 
participant age, type of surgery performed, specific intervention 
characteristics and duration, and reporting outcome measure-
ment data of interest (infectious complications, noninfectious 
complications, PA, ALB, WBC, CRP, IgA, IgG, CD4+, CD4+/
CD8+, and LOS). The study author was consulted for more 
information, if necessary. Differences in the extraction of data 
were mainly resolved by consensus or consultation with third-
party experts.

2.4. Quality assessment

Two independent investigators (ZQH and GXJ) were assigned 
to critically evaluate the methodological quality of all eligible 
studies according to the Cochrane Handbook for Systematic 
Reviews of Interventions.[15] The assessed domains were random 
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcomes assessment, incom-
plete outcome data, selective reporting, and other biases. The 
risk of each included study was assessed as “low risk,” “unclear 
risk,” and “high risk” according to the match degree between 
evaluation criteria and extracted information. Review Manager 
5.4 software was used to draw the summarized quality evalua-
tion results into Cochrane risk assessment charts. Disagreements 
were solved by discussion or appeal to the third author.

2.5. Statistical analysis

Statistical analyses were performed using Review Manager 5.4 
software (The Nordic Cochrane Centre, Copenhagen, Denmark). 
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Forest plots were generated to measure the effect of all study 
combinations on the outcome variables. The dichotomous vari-
ables were expressed as odds ratios (OR) with a 95% confidence 
interval (95% CI), and mean difference (MD) with a 95% CI 
was applied to evaluate the continuity variables. Heterogeneity 
was assessed using the Q test and I2 value. If the heterogene-
ity was acceptable (I2 < 50% or P > .1), a fixed-effect model 
was used for the pooled effect size analysis. However, if there 
was significant heterogeneity (I2 > 50% or P < .1), we used the  
random-effects model or a sensitivity analysis based on exclusion 
of studies that potentially biased the results. Funnel plots and 
Egger test for publication bias were performed using RevMan 
5.4 and STATA (Stata Corporation, College Station, TX), respec-
tively. A P value < .05 was considered statistically significant.

3. Results

3.1. Study selection and characteristics

A total of 1752 records were obtained in the preliminary lit-
erature search. After removing duplicates, 1240 records were 
further reviewed. Based on screening titles and abstracts, 1138 
publications were excluded. The remaining 102 potentially eli-
gible full-text articles were further evaluated, of which 90 were 
excluded for reasons such as lack of outcomes of interest and 
ineligible interventions. Eventually, 12 eligible studies[16–27] were 
included in this systematic review and meta-analysis. The flow-
chart of literature search and selection is shown in Figure 1.

A total of 12 articles[16–27] involving 1201 patients (600 
ONS group and 601 normal diet group) were included in the 
meta-analysis. Five of the included studies were conducted in 
China and the others were in England (n = 1), Japan (n = 1), 
Turkey (n = 1), Australia (n = 1), Spain (n = 1), the Czech 
Republic (n = 1), and Korea (n = 1). Two studies reported on 
patients undergoing surgery for all gastrointestinal cancers,[16,20] 
6 investigated colorectal cancer surgical patients,[17,19,22–24,26] and 
4 were on gastric cancer surgical patients.[18,21,25,27] Among the 
included studies, 3 studies[23–25] chose immunonutrition that 
mainly included arginine, omega-3 fatty acids, and RNA as the 
intervention. In 2 studies,[17,21] both groups received nutritional 
dietary advice, but only the intervention group received preop-
erative ONS. In the remaining 7 studies,[16,18–20,22,26,27] control 
group normal diet, while intervention group received preopera-
tive ONS based on a normal diet. The timing of nutritional sup-
port was at least 5 days before surgery. The main characteristics 
of the included studies are summarized in Table 1.

3.1.1. Infectious complications.  Five studies[17,21,23–25] 
that included 471 participants compared the incidence of 
postoperative infectious complications. The pooled event rate 
of this outcome was 21.5% (51/237 patients) in the ONS group 
compared with 27.8% (65/234 patients) in the control group. 
The statistical heterogeneity across studies was low (I2 = 23%, 
P = .27), and a fixed-effect model was adopted to perform the 
meta-analysis. The pooled results revealed that the incidence of 
infectious complications was lower in the ONS group compared 

Figure 1.  Article selection process.
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with the control group (OR = 0.63; 95% CI, 0.40–0.98; P = .04; 
Fig. 2A).

3.1.2. Noninfectious complications.  Three studies[21,23,25] 
that included 287 participants reported relevant data on 
noninfectious complications. The incidence of this outcome 
was 12.1% (17/140 patients) in the ONS group compared 
with 14.9% (22/147 patients) in the control group. The fixed-
effect model was used according to the heterogeneity test 
(I2 = 0%, P = .76). The pooled analysis showed that there was 

no significant difference in terms of noninfectious complications 
between groups (OR = 0.77; 95% CI, 0.39–1.53; P = .46; 
Fig. 2B).

3.1.3. Nutritional indicators.  A total of 5 studies[18,19,22,26,27] 
compared postoperative changes in ALB levels, with significant 
heterogeneity across studies (I2 = 68%, P = .01). Sensitivity 
analysis indicated that the high heterogeneity was caused by 
the paper by Jia,[22] and the heterogeneity was significantly 
reduced after excluding this article (I2 = 0%, P = .85). Therefore, 

Table 1

Characteristics of the included studies.

Study, year County Design Disease type
Patients 

number (I/C) Control Intervention

Duration of 
intervention

(days) Reported outcomes

Okamoto et al, 2009[25] Japan RCT Gastric carcinoma 30/30 Normal diet Normal diet + oral  
immunonutrition

7 ①②⑪

Gunerhan et al, 2009[20] Turkey RCT Gastrointestinal 
tumors

13/13 Normal diet Standard enteral
nutrition

7 ⑦⑧

Barker et al, 2013[16] Australia RCT Gastrointestinal 
tumors

46/49 Normal diet Normal diet + ONS 5 ⑪

Ding et al, 2015[18] China RCT Gastric cancers 53/53 Normal diet Normal diet + oral 
intact protein EN 
powders

7 ③④⑤⑥⑦⑧⑨⑩

Ding et al, 2016[19] China RCT Colorectal cancer 48/48 Normal diet Normal diet + oral 
intact protein EN 
powders

7 ③④⑤⑦⑧⑨⑩

Burden et al, 2017[17] England RCT Colorectal cancer 55/46 Dietary advice Dietary advice + ONS 5 ①
Manzanares et al, 2017[24] Spain RCT Colorectal cancer 42/42 Normal diet Normal diet + oral  

immunonutrition
8 ①⑪

He et al, 2022[21] China RCT Gastric cancer 31/35 Dietary advice Dietary advice + ONS 7 ①②
Tesar et al, 2022 Czech Republic RCT Colorectal cancer 60/60 Normal diet Normal diet + ONS 7 ③⑪
Lee et al, 2023[23] Korea RCT Colon cancer 79/82 Normal diet Normal diet + oral  

immunonutrition
7 ①②⑪

Jia 2023[22] China RCT Rectal cancer 43/43 Normal diet Normal diet + ONS 7 ③④⑥⑦⑧
Wang et al, 2015[27] China RCT Gastric cancer 100/100 Normal diet Normal diet + ONS 7 ③④⑤⑥⑦⑧⑨⑩

① Infectious complications; ② noninfectious complications; ③ albumin; ④ prealbumin; ⑤ immunoglobulin A; ⑥ immunoglobulin G; ⑦ CD4+; ⑧ CD4+/CD8+; ⑨ white blood cells; ⑩ C-reactive 
protein; ⑪ length of hospital stay.
C = control group, EN = enteral nutrition, I = intervention group, ONS = oral nutritional supplements, RCT = randomized controlled trials.

Figure 2.  Forest plots of postoperative complications: (A) infectious complications; (B) noninfectious complications.
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a fixed-effects model was chosen to analyze the results. 
Comprehensive evaluation of the remaining 4 studies[18,19,26,27] 
(522 participants enrolled) found that preoperative ONS 
effectively improved Alb levels (MD = 1.71; 95% CI, 0.97–2.46; 
P < .00001; Fig. 3A).

Changes in PA levels were reported in 4 studies[18,19,22,27] 
(488 participants enrolled). Significant heterogeneity among 
the studies was identified (I2 = 97%, P < .00001). Therefore, a 
random-effects model was used to calculate the effect size. The 
combined results showed that PA levels in the ONS group were 
higher than in the control group (MD = 24.80; 95% CI, 1.72–
47.88; P = .04; Fig. 3B).

3.1.4. Immune indicators.  Three studies[18,19,27] that had 
included 402 participants and 3 studies[18,22,27] that had enrolled 
392 participants reported IgA and IgG levels, respectively. 
Homogeneity was found in terms of IgA (I2 = 0%, P = .37) and 
IgG (I2 = 0%, P = .51), therefore, a fixed-effects model was used 
in the analysis. In the combined meta-analysis, no significant 
difference in IgA levels (MD = −0.21; 95% CI, −0.44 to 0.02; 
P = .08; Fig. 4A) was found when comparing the pooled results 
of preoperative ONS with a normal diet. However, IgG levels 
in the ONS group were significantly higher than in the control 
group (MD = 0.86; 95% CI, 0.44–1.28; P < .00001; Fig. 4B). 
Five studies[18–20,22,27] that included 517 participants reported 
data on CD4+ and CD4+/CD8+. There was no statistical 
heterogeneity in CD4+ (I2 = 0%, P = .83), however, the meta-
analysis on CD4+/CD8+ was statistically heterogeneous 
(I2 = 82%, P = .0002). Therefore, a fixed-effects model was 
used in the analysis of CD4+, and a random-effects model was 
used for CD4+/CD8+. The pooled analysis revealed that CD4+ 
levels (MD = 3.06; 95% CI, 2.21–3.92; P < .00001; Fig. 4C) 
and CD4+/CD8+ (MD = 0.33; 95% CI, 0.10–0.56; P = .004; 
Fig. 4D) were significantly increased in the ONS group.

3.1.5. Inflammatory indicators.  Three studies[18,19,27] that 
included 402 participants assessed changes in WBC levels. The 
homogeneity across the studies was good (I2 = 0%, P = .96), 
therefore, a fixed-effect model was used. The pooled results 
indicated that WBC levels in the ONS group were significantly 
lower than in the control group (MD = −0.66; 95% CI, −1.04, 
−0.28; P = .0007; Fig. 5A). Additionally, the same studies[18,19,27] 
reported data on CRP. There was no significant statistical 
heterogeneity across the studies (I2 = 48%, P = .15), as a result 
of which we used the fixed-effect model to calculate the results. 
The pooled analysis suggested that CRP levels were significantly 

reduced in the ONS group compared to the control group 
(MD = −0.26; 95% CI, −0.33, −0.19; P < .00001; Fig. 5B).

3.1.6. Length of hospital stay.  Data on LOS were reported in 
5 studies[16,23–26] that had enrolled a total of 520 participants. 
There was homogeneity across the studies (I2 = 0%, P = .59), 
therefore, a fixed-effect model was selected to calculate the 
results. The pooled analysis showed no significant difference 
between groups in terms of LOS (MD = −0.04; 95% CI, −0.71, 
0.64; P = .92; Fig. 6).

3.2. Assessment of bias

We identified 12 eligible RCTs and evaluated them accord-
ing to the Cochrane bias risk assessment tool, as outlined in 
Figure 7. Most of the studies[16–19,21,23–27] reported the methods 
for generating random sequences, and three-quarters of the 
studies[16–19,23,24,26,27] described allocation concealment; the cor-
responding domain was identified as “low risk.” Regarding per-
formance bias, 7 trials[16,17,20–23,27] were identified as “low risk” 
and the remaining trials were unclear.[18,19,24–26] A quarter of the 
trials[16,17,21,23] provided information on the assessment of detec-
tion bias. All trials were considered to have low risk of reporting 
and attrition bias and no other biases. Funnel plots and Egger 
test were used to assess the publication bias, and the results 
showed no significant publication bias in this study (Fig. 8).

4. Discussion
The systematic review and meta-analysis was based on 12 
RCTs that included 1201 patients. The study was designed 
to evaluate the impact of preoperative ONS on postoperative 
clinical outcomes in patients with gastrointestinal cancer. The 
overall meta-analysis found that preoperative ONS reduced 
infectious complications and levels of inflammatory indicators 
such as WBC and CRP after gastrointestinal cancer surgery. 
Results also showed that ONS may improve nutrition indica-
tors (ALB and PA) and immune indicators (IgG, CD4+, and 
CD4+/CD8+). However, there were no significant differences 
in noninfectious complications, LOS, or IgA levels between the 
2 groups.

Postoperative infectious complications are one of the most 
common complications of highly invasive abdominal surgery. 
Surgery of the gastrointestinal system has a high risk of post-
operative infectious complications because this type of surgery 

Figure 3.  Forest plots of nutritional indicators: (A) albumin; (B) prealbumin.
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Figure 4.  Forest plots of immune indicators: (A) immunoglobulin A; (B) immunoglobulin G; (C) pooled result of CD4+; (D) pooled result of CD4+/CD8+.

Figure 5.  Forest plots of Inflammatory indicators: (A) white blood cells; (B) C-reactive protein.
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manipulates the gut, which contains a large quantity of bacte-
ria.[28] Relevant studies[28,29] have shown that surgical stress may 
lead to impaired intestinal barrier function, and bacteria may 
be transferred from the intestine to the bloodstream and lymph, 
increasing the risk of infectious complications such as bacte-
remia. However, evidence from animal studies suggests that 
enteral nutritional support can attenuate the stress response, 
protect the barrier function of the intestinal mucosa, prevent 
mucosal atrophy, bacterial translocation, and intestinal flora 
dysregulation, and reduce postoperative infection.[30] Our results 
revealed that preoperative ONS significantly reduced postop-
erative infectious complications. Five articles were included in 
this study, 4 of which suggested a reduction in incision infec-
tion, 3 articles suggested decreased urinary tract infection, 3 

articles suggested a reduction in lung infections, and one article 
suggested that it could reduce the incidence of bacteremia and 
anastomotic fistula. The meta-analysis published by Knight et 
al[31] also reported that preoperative nutritional support reduced 
infectious complications. However, the study included only 3 
RCTs and was conducted on populations from only 2 regions, 
which would make the results more susceptible to potential bias. 
Compared to previous meta-analyses, our study included more 
RCTs and involved patients from multiple countries and multi-
ple centers, making the results more likely to be generalized. The 
heterogeneity between the studies was low, so the results were 
considered reliable.

Before surgery, patients with gastrointestinal cancer often have 
reduced food intake due to tumor growth, anorexia, obstruction, 

Figure 6.  Forest plots of length of hospital stay.

Figure 7.  Risk of bias of the included studies using the Cochrane risk of bias tool: (A) risk of bias summary; (B) risk of bias graph.
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digestive and absorption disorders, and insufficient nutrient intake 
leads to malnutrition.[32] In addition, surgical trauma can lead to a 
stress response, accelerate the catabolism of nutrients in the body, 
and further increase the risk of postoperative malnutrition.[33] 
There is considerable evidence that postoperative malnutrition is an 
independent marker of poor prognosis in patients with gastroin-
testinal cancer.[34] Therefore, it is particularly important to fill the 
gap between recommended and actual food intake with reasonable 
nutritional support prior to surgery to improve the nutritional sta-
tus and prevent adverse postoperative outcomes. Our meta-analysis 
showed that oral nutritional support for at least 7 days before sur-
gery significantly improved postoperative serological levels of PA 
and ALB in patients with gastrointestinal cancer compared with a 
normal diet. A meta-analysis published by Chen et al[35] produced 
similar results. However, their study only included patients who 
underwent surgery for gastric cancer, limiting the scope of appli-
cation. Compared to previous reviews, our study covered different 
types of gastrointestinal tumor surgery, and the results were more 
applicable to patients undergoing elective gastrointestinal surgery. 
Besides, this study is the latest to systematically compare the effects 
of preoperative ONS with conventional diet on postoperative nutri-
tional status in patients with gastrointestinal tumors. The results 
suggest that preoperative ONS may improve nutritional status and 
reduce the risk of postoperative malnutrition.

Serum immunoglobulin IgG and IgA are important indicators 
of immune function in humoral immunity and can effectively 
prevent corresponding diseases. Studies have shown that CD4 
T lymphocyte counts are negatively correlated with the risk of 
incision infection surgery, and an increase in the CD4+/CD8+ 
ratio indicates that immune function is enhanced.[36] Immune 
function is an important indicator for evaluating postoperative 
recovery of tumor patients. Patients with poor immune function 
have delayed recovery and more postoperative complications.[37] 
Therefore, it is reasonable to maintain and improve the patient’s 
immune function through effective means during the perioper-
ative period. The results of our meta-analysis showed that pre-
operative ONS significantly increased the levels of postoperative 
IgG, CD4+, and CD4+/CD8+ ratio in patients with gastrointes-
tinal cancer. This suggests that preoperative ONS may enhance 
the immune function of patients compared with a conventional 
diet. However, there was no statistically significant difference in 
IgA levels between the 2 groups, which is different from results 
of the meta-analysis carried out by Chen et al.[35] This difference 
may be related to differing doses of preoperative oral nutrition 
and duration of the interventions.

The postoperative systemic inflammatory response caused 
by surgical stress has attracted the attention of many surgeons. 
WBC and CRP are commonly used to evaluate the degree of 

Figure 8.  Funnel plots (A) and Egger test (B) were used to assess publication bias for primary outcome measures: infectious complications.
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inflammation in clinical practice. CRP level, an extremely 
sensitive indicator of an acute inflammatory response, begins 
to rise within 6 hours after the onset of inflammation or tis-
sue damage, peaks within 2 to 3 days, and rapidly declines 
with the resolution of inflammation.[38] A recent study[39] 
showed that elevated CRP levels represent more severe sys-
temic inflammation, which is associated with an increased 
risk of adverse outcomes and worse disease. The results of our 
meta-analysis found that the levels of postoperative WBC and 
CRP in the ONS group were significantly lower than in the 
control group. This indicates that, compared with a normal 
diet, preoperative ONS may effectively reduce postoperative 
inflammation and contribute to patient recovery. However, 
only 3 studies have included this conclusion, and there was 
limited data to report changes in the levels of inflammatory 
indicators in detail. Therefore, it is necessary to design large-
scale studies in the future to clarify the impact of preoperative 
ONS on the inflammatory response of surgical patients and 
elucidate the potential mechanisms for reducing inflammatory 
response.

However, the 5 articles included in this meta-analysis sug-
gested that preoperative ONS did not shorten patient LOS. This 
may be because LOS is susceptible to various factors such as 
physical fitness, disease severity, and surgical trauma, and is not 
solely controlled by nutritional status. Therefore, determina-
tion of whether there is a significant difference between the 2 
preoperative nutrition modalities in terms of LOS in patients 
with gastrointestinal cancer requires further exploration via 
high-quality randomized controlled trials.

There are some limitations to our study. First, the search 
strategy of this meta-analysis included only studies published 
in English and Chinese, which may have created certain lim-
itations. Second, differences in preoperative oral nutrition 
dose, duration, and composition of nutritional formulations 
may also have had an impact on the study results. Third, 
studies with a small sample size that were included in this 
meta-analysis may limit the generalizability of the findings 
across a broader population. Finally, the included studies only 
reported the effect of preoperative ONS on short-term clinical 
outcomes, not long-term outcomes such as disease-free sur-
vival and quality of life. Therefore, it is necessary to consider 
the impact of preoperative ONS on the long-term clinical 
prognosis of patients with gastrointestinal tumors in future 
studies. In addition, high-quality RCTs could be designed in 
the future to explore the optimal duration of perioperative 
nutritional interventions, and the optimal type and dose of 
nutritional interventions could also be determined by com-
paring the effects of different formulations of oral nutritional 
supplements.

5. Conclusions
Based on the evidence from these RCTs, this systematic review 
and meta-analysis showed that preoperative ONS in patients 
undergoing gastrointestinal cancer surgery may significantly 
reduce postoperative infectious complications, improve post-
operative nutritional status and immune function, and relieve 
the inflammatory response compared with a normal diet alone. 
However, more high-quality, large-scale studies are urgently 
needed to further explore optimal interventions and the dura-
tion of preoperative nutritional supplementation.

Author contributions
Conceptualization: Guoyun Zhao.
Data curation: Qinghua Zou, Zhaochuan Yin, Qingwen Xu, 

Xuejing Gong.
Formal analysis: Qinghua Zou, Zhaochuan Yin, Qingwen Xu, 

Xuejing Gong.

Investigation: Guoyun Zhao, Xiaoqiong Wang.
Methodology: Qinghua Zou, Wenshuo Liu, Weiming Li.
Software: Qinghua Zou, Zhaochuan Yin, Lili Ding.
Supervision: Jiang Ruan, Weiming Li.
Validation: Yijun Li.
Visualization: Kaiwen Shi.
Writing – original draft: Qinghua Zou.
Writing – review & editing: Xuejing Gong, Weiming Li.

References
	 [1]	 Huang Y, Chen Y, Wei L, Hu Y, Huang L. Comparison of three mal-

nutrition risk screening tools in identifying malnutrition according to 
Global Leadership Initiative on Malnutrition criteria in gastrointestinal 
cancer. Front Nutr. 2022;9:959038.

	 [2]	 Mosquera C, Koutlas NJ, Edwards KC, et al. Impact of malnutrition on 
gastrointestinal surgicalpatients. J Surg Res. 2016;205:95–101.

	 [3]	 Garla P, Waitzberg DL, Tesser A. Nutritional therapy in gastrointestinal 
cancers. Gastroenterol Clin North Am. 2018;47:231–42.

	 [4]	 Ho JWC, Wu AHW, Lee MWK, et al. Malnutrition risk predicts surgical 
outcomes in patients undergoing gastrointestinal operations: results of 
a prospective study. Clin Nutr (Edinburgh, Scotland). 2015;34:679–84.

	 [5]	 Hu W-H, Cajas-Monson LC, Eisenstein S, Parry L, Cosman B, 
Ramamoorthy S. Preoperative malnutrition assessments as predictors 
of postoperative mortality and morbidity in colorectal cancer: an anal-
ysis of ACS-NSQIP. Nutr J. 2015;14:91.

	 [6]	 Lobo DN, Gianotti L, Adiamah A, et al. Perioperative nutri-
tion: Recommendations from the ESPEN expert group. Clin Nutr 
(Edinburgh, Scotland). 2020;39:3211–27.

	 [7]	 Lohsiriwat V. The influence of preoperative nutritional status on the 
outcomes of an enhanced recovery after surgery (ERAS) programme 
for colorectal cancer surgery. Tech Coloproctol. 2014;18:1075–80.

	 [8]	 Weimann A, Braga M, Carli F, et al. ESPEN practical guideline: 
clinical nutrition in surgery. Clin Nutr (Edinburgh, Scotland). 
2021;40:4745–61.

	 [9]	 Hua Y, Zhu M, Chen W, et al. Guideline for clinical application of par-
enteral and enteral nutrition in adults patients in China (2023 edition). 
Clin Nutr. 2023;103:946–74.

	[10]	 Qing XY, Zhang ZT, Zhen L, et al. Chinese expert consensus on periop-
erative whole- course nutrition management for gastrointestinal sur-
gery (2021. Chin J Pract Surg. 2021;41:1111-–25.

	[11]	 Kong S-H, Lee H-J, Na J-r, et al. Effect of perioperative oral nutritional 
supplementation in malnourished patients who undergo gastrectomy: a 
prospective randomized trial. Surgery. 2018;164:1263–70.

	[12]	 Zhong Y, Cohen JT, Goates S, Luo M, Nelson J, Neumann PJ. The Cost-
effectiveness of oral nutrition supplementation for malnourished older 
hospital patients. Appl Health Econ Health Policy. 2016;15:75–83.

	[13]	 Burden S, Todd C, Hill J, Lal S. Pre-operative nutrition support in 
patients undergoing gastrointestinal surgery. Cochrane Database Syst 
Rev. 2012;11:CD008879.

	[14]	 Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping 
reviews (PRISMA-ScR): checklist and Explanation. Ann Intern Med. 
2018;169:467–73.

	[15]	 Higgins JPT, Thomas J, Chandler J, et al. Cochrane handbook for sys-
tematic reviews of interventions version 6.2 (updated February 2021). 
Cochrane. 2021:183–85.

	[16]	 Barker LA, Gray C, Wilson L, Thomson BNJ, Shedda S, Crowe TC. 
Preoperative immunonutrition and its effect on postoperative outcomes 
in well-nourished and malnourished gastrointestinal surgery patients: a 
randomised controlled trial. Eur J Clin Nutr. 2013;67:802–7.

	[17]	 Burden ST, Gibson DJ, Lal S, et al. Pre-operative oral nutritional 
supplementation with dietary advice versus dietary advice alone in 
weight-losing patients with colorectal cancer: single-blind randomized 
controlled trial. J Cachexia Sarcopenia Muscle. 2017;8:437–46.

	[18]	 Ding D, Feng Y, Song B, Gao S, Zhao J. Effects of preoperative and 
postoperative enteral nutrition on postoperative nutritional status 
and immune function of gastric cancer patients. Tur J Gastroenterol. 
2015;26:181–5.

	[19]	 Ding DY, Wang D, ZB S. Effects of preoperative enteral nutrition support 
on postoperative nutritional status and immune function of colorectal 
cancer patients. Adv Soc Sci Educ Humanities Res. 2016;85:1282–7.

	[20]	 Gunerhan Y, Koksal N, Sahin UY, Uzun MA, Ekşioglu-Demiralp E. 
Effect of preoperative immunonutrition and other nutrition models on 
cellular immune parameters. World J Gastroenterol. 2009;15:467–72.

	[21]	 He F-J, Wang M-J, Yang K, et al. Effects of preoperative oral nutri-
tional supplements on improving postoperative early enteral feeding 



10

Zou et al.  •  Medicine (2024) 103:39� Medicine

intolerance and short-term prognosis for gastric cancer: a prospec-
tive, single-center, single-blind, randomized controlled trial. Nutrients. 
2022;14:1472.

	[22]	 Z J. the influence of preoperative enteric nutritionon the postoperative 
intestinal flora,immunofunction and nutriture of rectal cancer patients. 
Chin J Coloproctol. 2022;43:18–21.

	[23]	 Lee SY, Lee J, Park H-M, Kim CH, Kim HR. Impact of preoperative 
immunonutrition on the outcomes of colon cancer surgery. Ann Surg. 
2023;277:381–6.

	[24]	 Manzanares Campillo MC, Martín Fernández J, Amo Salas M, 
Casanova Rituerto D. A randomised controlled trial of preoperative 
oral immunonutrition in patients undergoing surgery for colorec-
tal cancer: Hospital stay and health care costs. Cirugía y Cirujanos 
(English Edition). 2017;85:393–400.

	[25]	 Okamoto Y, Okano K, Izuishi K, Usuki H, Wakabayashi H, Suzuki 
Y. Attenuation of the systemic inflammatory response and infectious 
complications after gastrectomy with preoperative oral arginine 
and ω-3 fatty acids supplemented immunonutrition. World J Surg. 
2009;33:1815–21.

	[26]	 Tesar M, Kozusnikova V, Martinek L, Durdik S, Ihnat P. Preoperative 
nutritional support for patients undergoing elective colorectal can-
cer surgery - does it really work. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub. 2023;167:145–51.

	[27]	 Wang F, Hou MX, Wu XL, Bao LD, Dong PD. Impact of enteral nutri-
tion on postoperative immune function and nutritional status. Genetics 
Mol Res. 2015;14:6065–72.

	[28]	 Yokoyama Y, Asahara T, Nomoto K, Nagino M. Effects of synbiotics 
to prevent postoperative infectious complications in highly invasive 
abdominal surgery. Ann Nutr Metab. 2017;71(Suppl. 1):23–30.

	[29]	 Haroun E, Kumar PA, Saba L, et al. Intestinal barrier functions in 
hematologic and oncologic diseases. J Transl Med. 2023;21:233.

	[30]	 Lin Z-L, Tan S-J, Cheng M-h, et al. Lipid-rich enteral nutrition controls 
intestinal inflammation, improves intestinal motility and mucosal bar-
rier damage in a rat model of intestinal ischemia/reperfusion injury. J 
Surg Res. 2017;213:75–83.

	[31]	 Knight SR, Qureshi AU, Drake TM, et al. The impact of preoperative 
oral nutrition supplementation on outcomes in patients undergoing 
gastrointestinal surgery for cancer in low- and middle-income coun-
tries: a systematic review and meta-analysis. Sci Rep. 2022;12:12456.

	[32]	 GH W. Guidelines on nutritional support in patients with tumor. Chin 
J Surg. 2017;55:801–29.

	[33]	 YB H. Observation on stress reaction and energy metabolism after 
laparoscopic mesocolon excision. Med J National Defending Forces 
Southwest China. 2015;25:396–9.

	[34]	 Xueting H, Li L, Meng Y, et al. Home enteral nutrition and oral nutri-
tional supplements in postoperative patients with upper gastrointes-
tinal malignancy: a systematic review and meta-analysis. Clin Nutr 
(Edinburgh, Scotland). 2021;40:3082–93.

	[35]	 Chen X, Yang K, Zhang X, Li K. Meta-analysis of preoperative oral 
nutritional supplements for patients with gastric cancer: East Asian 
experience. Eur J Clin Nutr. 2019;74:991–1000.

	[36]	 Liu B, Li K, Li S, Zhao R, Zhang Q. The association between the CD4/
CD8 ratio and surgical site infection risk among HIV-positive adults: 
insights from a China hospital. Front Immunol. 2023;14:1135725.

	[37]	 Shi B, Tai Q, Chen J, et al. Laparoscopic-assisted colorectal resection can 
reduce the inhibition of immune function compared with conventional 
open surgery: a retrospective clinical study. J Clin Med. 2023;12:2320.

	[38]	 Sheinenzon A, Shehadeh M, Michelis R, Shaoul E, Ronen O. Serum albu-
min levels and inflammation. Int J Biol Macromol. 2021;184:857–62.

	[39]	 Liu X, Xue Z, Yu J, et al. Risk factors for postoperative infectious com-
plications in elderly patients with gastric cancer. Cancer Manag Res. 
2020;12:4391–8.


