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ABSTRACT. We studied the effects of enteral nutrition (EN) support 
initiated 1 week before surgery on postoperative nutritional status, 
immune function, and inflammatory response in gastric cancer 
patients. A total of 200 gastric cancer patients were randomly divided 
into two groups: EN starting 1 week before surgery (study group) 
and EN starting early after surgery (control group). The two groups 
received EN support, following different therapeutic schedules, until 
the 9th day after operation. In the patients, body weight, skinfold 
thickness, upper-arm circumference, white blood cell count, albumin, 
prealbumin, C-reactive protein, peripheral immunoglobulins (IgA, IgG, 
and IgM), T lymphocyte subsets, interleukin-6, and tumor necrosis 
factor-α were measured 10 days before and after surgery and on the 
first day after surgery. There was no statistically significant difference 
in the results of recovery time of passage of gas by anus, abdominal 
distension, stomachache, blood glucose, hepatic and renal functions, 
and electrolytes between the two groups of patients (P > 0. 05). Adverse 
reactions occurred to both groups at 1 and 2 days after operation. Such  
conditions was improved after the intravenous drip rate was adjusted. 
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The albumin and prealbumin levels of the patients in both groups 
decreased at 1 day after operation (P < 0. 05). The levels rose when 
the research was finished (P < 0. 05). The prealbumin level of the 
study group was higher than that of the control group at 10 days after 
operation (P < 0. 05). The IgG level of the study group was higher than 
that of the control group at 10 days after operation (P < 0. 05). The 
two groups of inflammatory reaction indicators of the study group were 
lower than those of the control group at 10 days after operation (P < 
0. 05). This study indicates that appropriate preoperative EN support 
for gastric cancer patients can improve their postoperative nutritional 
status and immune function, can reduce inflammatory response, and is 
more conducive to the recovery of patients. 
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INTRODUCTION

Gastric cancer patients show relatively severe malnutrition, as a result of many fac-
tors, including surgical trauma, perioperative diet control, and low calorie intake, as well as 
from factors related to gastric cancer itself (Sultan et al., 2012). It has been shown previously 
in studies on enteral nutrition (EN) in the surgical treatment of diseases that early EN plays an 
important role in postoperative recovery. Specifically, preoperative intestinal preparation has 
gained increasing attention (Fernstrom and Courcoulas, 2008). EN has been confirmed to be 
important in preoperative bowel preparation (Aydin et al., 2008). Although a consensus has 
been reached that preoperative and postoperative EN plays a role in improving the nutritional 
status of gastric cancer patients, its effects on immune function are controversial. It has been 
shown that EN support early after surgery can improve postoperative immune function in gas-
tric cancer patients (Wang and Li, 2011; Gu et al., 2012). However, little is known about the 
effects of EN support, starting from preoperative bowel preparation, on indicators related to 
postoperative nutritional status and immune function in gastric cancer patients. Thus, the aim 
of this study was to observe the effects of different nutritional formulations for EN support 
before and after surgery on nutritional status, immune function, and inflammatory response 
indicators, to study the effects of appropriate preoperative EN on postoperative nutritional 
status and immune function of gastric cancer patients. 

MATERIAL AND METHODS 

Study design

A total of 200 gastric cancer patients, including 130 males and 70 females (aged 38-72 
years) who were treated with radical surgery at the Affiliated Hospital of Inner Mongolia Med-
ical University between June 2010 and June 2012, were included in the study. The patients 
were divided into the study group (preoperative EN group, N = 100) and the control group 
(early postoperative EN group, N = 100). The SAS9.13 software generated random numbers 
and performed random allocation at a ratio of 1:1 for the study and control groups. The alloca-
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tion sequences generated randomly were placed in sealed opaque envelopes that were coded 
by sequence. After confirming the eligibility of patients, researchers matched tumor staging 
of the patients within the same batch, opened the envelopes in sequence, and allocated the pa-
tients into a group. No patient had vital organ dysfunction or metabolic or endocrine diseases 
during the preoperative examination. The two groups did not differ significantly in tumor stag-
ing (P = 0.65), surgical method (P = 0.55), or duration of operation (P = 0.60). 

Nutrition support methods

Study group

Patients in the study group were given 1000 kcal/day Nutrison, which is an intact 
protein-based full-nutritional enteral powder (German Nutricia Export B.V.) that contains di-
etary fiber and an energy density of 1 kcal/mL. For 1 week before surgery, Nutrison was taken 
orally. Twelve hours after surgery, 250 mL isotonic sodium chloride solution was given. On 
the first day after surgery, 250 mL isotonic sodium chloride solution and 500 mL Peptison, 
which is a short-peptide-based element diet [Nutricia (Wuxi) Company], was infused through 
a nasointestinal tube with EN pump, with infusion of the Peptison initiated 24 h after surgery. 
On the second day after surgery, 1000 mL Peptison was infused; on the third day after surgery, 
500 mL Peptison plus 500 mL Nutrison preparation solution was infused with the initiation 
of infusion of the latter starting 72 h after the operation. From the third to the ninth days after 
surgery, 1000 mL Peptison was infused continuously through nasointestinal tube with EN. 

Control group

On the first day after surgery, patients in the control group were infused with 250 mL 
isotonic sodium chloride solution. On the second day after surgery, 250 mL isotonic sodium 
chloride solution plus 500 mL Nutrison was infused continuously through a nasointestinal 
tube with EN pump, with initiation of the infusion of the latter starting 48 h after surgery. From 
the third to the ninth days after surgery, 1000 mL Nutrison was infused continuously. 

Monitoring contents and methods

Clinical observations 

Patients were observed daily for nausea, vomiting, abdominal distension, abdominal 
pain, and diarrhea, as well as for intestinal obstruction and intestinal fistula or other complica-
tions, and the recovery time for anus exhaust was recorded. Ten days before and after surgery, 
we measured the body mass, skinfold thickness, and upper-arm circumference of all patients. 

Laboratory measurements

Ten days before and after surgery and one day after surgery, blood white blood cell 
count, albumin, prealbumin, and C-reactive protein were measured. Enzyme-linked immuno-
sorbent assays were performed to measure peripheral blood immunoglobulins (IgG, IgM, and 
IgA), peripheral blood cytokine interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α). T 
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lymphocyte subsets (CD4+ T cells, CD8+ T cells, and CD4+/CD8+ T cells) were measured 
by flow cytometry. 

Statistical analysis

SPSS18. 0 was used to perform statistical analysis. Numerical variables are reported 
as means ± standard deviation and were analyzed using repeated measurement analysis of 
variance. Two-sided tests were performed for all statistical tests. F-tests were performed to 
compare count data and t-tests were performed to compare measurement data. P values of less 
than 0.05 were considered to be statistically significant. 

RESULTS 

Comparison of clinical changes between groups

Patients in both groups completed treatment on schedule, without the incidence of 
acute intestinal obstruction, intestinal fistula, or other complications. The groups differed sig-
nificantly in anal exhaust recovery time (P = 0.19). While the incidence of abdominal disten-
sion and pain was 5.19% in the study group, it was 9.55% in the control group; however, this 
difference was not statistically significant (P = 0.33). There were no significant differences in 
blood sugar, liver and kidney functions, or electrolyte detection between the two groups (Table 
1). The adverse reactions in both groups occurred on the first and second days after the opera-
tion and improved following the adjustment of the infusion rate (Table 1).

Table 1. Clinical laboratory measurements of control and study groups.

	                          Control group	                            Study group		  t-test	 d.f.	 P value

	 Mean	 SD	 Mean	 SD			 

Blood magnesium (mM)	     0.903	   0.134	     0.864	   0.182	 1.72	 182	 0.08
Serum creatinine (μM)	   47.375	 18.997	   51.367	 22.148	 1.37	 198	 0.17
Glutamic oxaloacetic transaminase (U/L)	   17.808	   5.033	   16.794	   5.686	 1.34	 198	 0.18
Recovery time of anus exhaust (days)	   1.24	   0.336	     1.299	   0.294	 1.32	 198	 0.19
Glutamic pyruvic transaminase (U/L)	   15.252	   5.749	   15.866	   5.879	 0.75	 198	 0.46
Fasting blood sugar (mM)	     5.571	   1.054	   5.65	   1.049	 0.53	 198	 0.60
Blood urea nitrogen (μM)	     1.296	   0.433	     1.312	   0.452	 0.26	 198	 0.80
Blood potassium (mM)	     4.371	   0.684	   4.39	   0.673	 0.19	 198	 0.85
Blood sodium (mM)	 138.602	   2.663	 138.611	   2.328	 0.03	 198	 0.97
Blood phosphate (mM)	     1.166	   0.238	     1.167	   0.238	 0.02	 198	 0.99
Blood calcium (mM)	     2.188	   0.242	     2.188	   0.259	 0.02	 198	 0.99

d.f., degrees of freedom; SD, standard deviation.

Comparison of nutrition indicators between groups

There were no significant differences in body weight, skinfold thickness, or upper-arm 
circumference between the study and control groups 10 days before and after surgery (Table 2). 
The albumin and prealbumin levels of the two groups decreased on the first day after the operation 
(P < 0.05; Table 2) and increased at the end of the study (P < 0.05; Table 2). The prealbumin levels 
in the study group were higher than the control group (P < 0.05; Table 2).
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Table 2. Differences in nutritional indicators between control and study groups.

		                          Control group		                        Study group		  F-test	 P value

		  Mean	 SD	 Mean	 SD		

Before
   ALB		    39.658	   3.063	     38.533	   7.941	 19.39	 0.00
   PA (mg/L)		  213.893	 32.553	   235.218	 43.433	 19.39	 0.00
   Skinfold thickness (mm)		      6.467	   0.959	       6.786	   0.774
   Upper-arm circumference (mm)		    23.133	   2.138	     22.979	   2.518
   Weight (kg)		    45.453	   3.948	     45.806	   3.852
Day 1	
   ALB		    30.303	   2.539	     32.521	   7.423	 19.40	 0.00
   PA (mg/L)		  183.692	 38.514	 186.31	 16.985	 20.00	 0.01
   Upper-arm circumference (mm)		    23.428	 2.04	     22.556	   2.427
   Skinfold thickness (mm)		    6.63	   0.763	       6.761	   0.807
Day 10
   ALB		    35.194	   4.879	     32.454	   3.223	 20.12	 0.01
   PA (mg/L)		  193.196	 20.264	   248.513	 41.462	 20.11	 0.01
   Upper-arm circumference (mm)		    22.823	   2.387	     22.798	   2.183	   0.08
   Skinfold thickness (mm)		      6.477	   1.037	       6.527	   0.859	     0.369
   Weight (kg)		    45.706	   4.074	     45.049	   3.846	     1.172

Before, 10 days before surgery; Day 1, 1 day after surgery; Day 10, 10 days after surgery; SD, standard deviation; 
ALB, albumin; PA, prealbumin.

Comparison of changes in immune function indicators between groups 

The immune function indicators of both groups decreased on the first day after the op-
eration (P < 0.05; Table 3) and increased by the end of the study (P < 0.05; Table 3). The IgG 
levels in the study group were higher than the control group (P < 0.05; Table 3).

Table 3. Differences in immunologic indicators between control and study groups.

		                              Control group	                              Study group		  F-test	 P value

		  Mean	 SD	 Mean	 SD		

Before
   CD4+ T cell/CD8+ T cell ratio		    1.746	 0.615	     1.796	   1.008	 13.99	 0.03
   CD4+ T cell (%)		  47.713	 9.082	   38.172	   5.902	 12.07	 0.03
   CD8+ T cell (%)		  29.383	 7.546	   25.347	   9.127	 16.12	 0.02
   IgA (g/L)		    3.252	 1.091	     2.499	   0.888	 25.51	 0.01
   IgG (g/L)		  12.773	 3.429	   11.459	   1.535	 15.53	 0.02
Day 1
   CD4+ T cell/CD8+ T cell ratio		    1.568	 0.321	     2.335	   1.415	 12.55	 0.03
   CD4+ T cell (%)		  29.151	 4.746	   31.446	   8.924	 16.11	 0.02
   CD8+ T cell (%)		  18.949	 2.829	   15.906	   5.117	 12.45	 0.03
   IgA (g/L)		    2.403	 1.011	     2.245	   0.883	 25.50	 0.01
   IgG (g/L)		    9.233	 2.509	   10.213	   1.831	 10.19	 0.03
Day 10
   CD4+ T cell/CD8+ T cell ratio		    2.148	 0.704	     2.987	   4.976	 12.90	 0.03
   CD4+ T cell (%)		  32.399	 4.161	 46.08	   2.339	 12.08	 0.02
   CD8+ T cell (%)		  16.163	 3.874	   19.781	 10.095	 17.01	 0.02
   IgA (g/L)		    4.308	 1.323	     3.026	   1.228	 15.01	 0.03
   IgG (g/L)		  10.285	 1.713	   12.818	   2.541	 15.54	 0.02

Before, 10 days before surgery; Day 1, 1 day after surgery; Day 10, 10 days after surgery; SD, standard deviation; 
IgA, immunoglobulin A; IgG, immunoglobulin G.
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Table 4. Differences in cytokine levels between control and study groups.

		                              Control group	                                       Study group		  F-test	 P value

		  Mean	 SD	 Mean	 SD		

Before
   CRP (mg/L)		    1.76	     0.305	     1.488	       0.287	 15.50	 0.02
   IL-6 (ng/L)		  341.887	 85.34	 333.682	   78.15	 25.51	 0.01
   TNF-α (ng/L)		    92.993	   18.428	   89.106	     24.522	 13.34	 0.03
   WBC (x109/L)		    5.35	     1.137	     4.872	       1.097	 16.10	 0.04
Day 1
   CRP (mg/L)		      1.592	     0.286	     1.354	       0.274	 23.97	 0.01
   IL-6 (ng/L)		  314.157	   76.494	 541.548	 116.33		
   TNF-α (ng/L)		  127.711	   30.212	 127.612	     32.367	 19.39	 0.00
   WBC (x109/L)		    12.024	     1.416	   11.381	   1.5	 23.71	 0.01
Day 10
   CRP (mg/L)		      2.133	     0.299	     1.689	       0.303	 12.07	 0.03
   IL-6 (ng/L)		  407.532	 95.72	 483.661	     79.156	 15.53	 0.02
   TNF-α (ng/L)		  109.493	   23.779	 119.786	     22.632	 15.72	 0.01
   WBC (x109/L)		      6.875	     1.446	     7.485	       1.756	 12.55	 0.03

Before, 10 days before surgery; Day 1, 1 day after surgery; Day 10, 10 days after surgery; SD, standard deviation; 
CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor α; WBC, white blood cells.

DISCUSSION

Cancer patients, especially those with advanced cancer, often have malnutrition and 
immune dysfunction. Radical surgery of gastric cancer patients can improve patient catabo-
lism; however, the body is in an immunosuppressive state (Yamagishi, 2006). Surgical stress 
can cause a systemic inflammatory response that may reduce patient’s quality of life, and af-
fect prognosis (Bernabe-Garcia et al., 2011; Aminsharifi et al., 2012). Thus, reasonable and 
effective nutritional support can positively affect malnourished cancer patients. 

It has been shown that small intestine functions begin to resume between 6 and 12 h 
after surgery (Somri et al., 2012), indicating that EN support could be started at that time. When 
the intestine works, enteral nutrition support can be given (Rottiers et al., 2009). The application 
of EN rather than parenteral nutrition in the postoperative stages has been adopted extensively 
in clinical practice (Jimenez Jimenez et al., 2011; Sanchez Alvarez et al., 2011; Yi et al., 2012). 
It has been shown previously that early postoperative nutritional support can reduce surgical 
trauma-related high metabolism, maintain the functions of the intestinal mucosal barrier, and 
decrease the incidence of intestinal-borne infections, improving recovery of patients (Willis et 
al., 2008; Del Pilar Velazquez et al., 2010; Moss et al., 2012; Ong and Fock, 2012). 

The available products for enteral nutritional support belong to three categories: 
amino acid or short-peptide type (element type), intact-protein type (non-element type), and 
component type. The short-peptide type (element type) has protein hydrolyzate as its nitrogen 
source and can be absorbed in a short digestive process, which is useful for patients in the early 

Comparison of changes in inflammatory reaction indicators between groups 

	The inflammatory reaction indicators and cytokine levels in both groups increased in 
the first day after the operation (P < 0.05; Table 4), and decreased by the end of the study. The 
IL-6 levels in the study group were lower than in the control group on the tenth day after the 
operation (P < 0.05; Table 4).



6071Impact of enteral nutrition

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (2): 6065-6072 (2015)

stages after surgery (Bonekamp et al., 2010; Tannu et al., 2010; Crowther et al., 2012). In this 
study, gastric cancer patients received EN support with different nutritional preparations dur-
ing different perioperative periods, which were chosen depending on functional conditions of 
the digestive tract (Ichimaru et al., 2012). To improve malnutrition, patients were given 160 
g/day Nutrison orally before surgery for nutritional intervention as early as possible; the pre-
digestive preparation Peptison (short-peptide type) was given in the early stages following 
the operation to reduce the burden and adverse reactions in the digestive tract and to promote 
absorption and utilization of various nutrients (Egusa and Otani, 2009). The adverse reactions 
in the postoperative digestive system that had not been fully restored were avoided as much as 
possible; the incidence rate of adverse reactions in the study group was 6.77% and 14-32% in 
the control group (P < 0.05). Nutrison was gradually introduced as the dietary fibers it contains 
play a key role in promoting intestinal recovery (Feltrin et al., 2009). On the first day after 
surgery, albumin and prealbumin levels in the two groups decreased. On the tenth day after 
surgery, the prealbumin levels in the study group were higher than the control group. Patients 
in both groups experienced reduction in immune function on the first day after the operation, 
which increased at the end of the study; IgG levels in the study group were higher than the 
control group on the tenth day after surgery. In both groups, cytokine levels increased on the 
first day after surgery and fell at the end of the study; IL-6 levels in the study group were 
lower than the control group on the tenth day after surgery. Through the comparison of these 
indicators, we showed that perioperative partial EN support not only improves postoperative 
nutritional status (Kaidar-Person and Rosenthal, 2008) and immune function in patients with 
gastric cancer but also alleviates the inflammatory response after surgical trauma (Salgado Jr. 
et al., 2010).

Together, the study results indicate that preoperative EN support is conducive for the im-
provement of gastrointestinal absorption of nutrients in gastric cancer patients. In addition, preop-
erative EN support improves nutritional status and immune function, alleviates inflammatory reac-
tions caused by postoperative trauma, speeds up the recovery of patients, and enhances the effects 
of clinical treatment. Future studies are required to optimize EN support to avoid the development 
of adverse reactions, as well as to identify the specific indications and considerations for its use in 
many diseases. 
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