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Introduction

Gastric cancer is the fifth most common cancer and the 
third leading cause of cancer deaths worldwide (1). The 
incidence of malnutrition in gastric cancer patient is 
reported from 65% to 85% depending on the methods 
used to identify malnutrition (1,2). Malnutrition tends 
to deteriorate during the hospitalization and may be 
exacerbated by treatment and disease itself (3,4).

Since gastric cancer surgery is one of the high-risk 
major procedures for nutritional derangement, the benefit 
from nutrition therapy has been documented in the field 
of gastric cancer surgery (5). Malnutrition is associated 
with increased morbidity and mortality, prolonged hospital 
stay, poor treatment tolerance, and lower survival rate. 
Malnutrition also affect adversely on quality of life (4,6,7). 
Therefore, nutritional support is necessary in malnourished 
patients. Moreover, there has been stiff increase of concern 
about adverse effects of obesity, because over nutrition also 
is a category of malnutrition.

Nutritional screening and assessment are important to 

identify patients who are malnourished or at significant 
risk of malnourishment and to reduce postoperative 
complications via appropriate nutritional intervention. 
There is no single gold-standard clinical or laboratory 
parameter for assessment of nutritional status, so many tools 
have been proposed to evaluate the nutritional status (8).

The aim of this article is to introduce nutritional 
assessment tools and to have a perception of the importance 
of nutrition in patients with gastric cancer. The proper 
nutritional interventions could have a positive effect on 
patients’ recovery and survival.

Nutritional assessment

Malnutrition is defined as “a state resulting from lack of 
intake or uptake of nutrition that leads to altered body 
composition and body cell mass leading to diminished 
physical and mental function and impaired clinical 
outcome from disease” (9). Malnutrition increases 
morbidity, mortality, length of hospital stay, and medical 
cost. To detect preoperative malnutrition, to provide 
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appropriate nutritional support, and to reduce postoperative 
complications, malnutrition or a risk of malnutrition 
should be diagnosed. Because there is no consensus among 
physicians about using any single nutritional assessment 
tool, various tools have been proposed to assess nutritional 
status (10). And, a systematic approach to nutritional 
assessment is needed to diagnose a malnutrition using 
various parameters that include anthropometric data, dietary 
assessment, laboratory parameters, and nutritional scoring 
systems. Nutritional assessment tools must be simple, cost-
effective, reproducible in different clinical setting, able to 
predict those patients who need nutritional intervention, 
and have little inter-observer variability (11).

Anthropometric measurements

Anthropometric approaches are relatively non-invasive 
methods and scientific measurements of patient’s body 
size and form. Anthropometric assessment includes 
measurement of weight, height, and body composition 
(muscle mass and fat mass).

Body weight is the simplest and the most frequently 
used parameter in clinical setting. Unintended weight loss 
is a very sensitive indicator of malnutrition (12). Weight 
loss of more than 5% in 1 month or 10% in 6 months 
before hospitalization has been shown to be clinically 
significant (13). 

Body mass index is used in nutritional assessment of patient 
and can be compared with standard cut-off points. BMI is 
calculated using the following formula: weight (kg)/height2 (m2).  
In recent retrospective study, underweight patients with 
BMI <18.5 and low preoperative albumin levels had a 
significantly decreased overall survival after gastrectomy for 
cancer (14).

Direct measurement of body fat or protein stores can be 
performed by measuring of triceps skin fold thickness (TSF) 
or mid-arm circumference (MAC). TSF can be measured 
at the midpoint between the acromion and olecranon 
process on the non-dominant side with a caliper. MAC can 
be measured at the same point as the TSF with a tape. A 
decline in subcutaneous fat and overall body muscle mass 
is a significant indicator of malnutrition and low levels of 
them correlate well with morbidity and mortality (15).

Dietary intake assessment

A thorough dietary history including current intake, 
previous intake, and any recent changes is necessary (16). 

Dietary intake assessment using either 3–7-day food 
diaries or 24-hour dietary recall enables to calculate the 
patient’s energy and protein intake. Various factors such as 
gastrointestinal tract obstruction, anorexia, oral ulcer and 
chemotherapeutic agents can decrease dietary intake in 
patients with gastric cancer.

Laboratory parameters

Serum hepatic protein (albumin, prealbumin, and 
transferrin) levels have historically been used to determine 
the nutritional status. However, recent studies showed 
that these proteins are not indicators of nutritional status, 
because these proteins decrease in response to infection, 
injury, or inflammation (15,17). 

Albumin is an excellent prognostic indicator, with 
values of less than 3.0 g/dL associated with poor surgical 
outcomes. However, albumin has been considered as an 
unreliable nutritional indicator because its half-life is about 
20 days and it is a negative acute phase protein, decreasing 
in response to inflammation. 

Prealbumin appears to be a more reliable marker of 
nutritional status because of shorter half-life (2 days) than 
albumin. But, prealbumin is also a negative acute phase 
protein, therefore considered as an unreliable indicator.

Total lymphocyte count is another serum marker for 
determining nutritional status. Levels <1,500/mm3 correlate 
with malnutrition, and those <900/mm3 reflects severe 
malnutrition (15).

Nutritional scores

Overall nutritional status can be assessed through a 
combination of variables including historical, physical, 
and laboratory data. Various scoring systems have been 
developed and validated in different clinical setting. 
Validated nutrition scoring systems include the malnutrition 
universal screening tool, nutritional risk screening, 
nutritional risk index, subjective global assessment (SGA), 
and mini nutritional assessment (MNA) (18) (Table 1).

Malnutrition universal screening tool (MUST), which is 
recommended by ESPEN as the preferred screening tool 
for patients in the community, has been developed to detect 
protein-energy malnutrition and the risk of developing 
malnutrition by using three independent criteria: (I) current 
weight status using BMI; (II) unintentional weight loss; 
and (III) acute disease effect on nutritional intake (19). It 
is categorized as low risk (score =0), medium risk (score 
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=1), and high risk (score ≥2). And, this method provides a 
management guideline according to the risk of malnutrition.

Nutr i t ion  r i sk  screening  2002  (NRS 2002)  i s 
recommended by ESPEN as the preferred screening tool 
for hospitalized patients (mixed population). Of all the 
screening tools, the NRS-2002 is the best predictor of 
postsurgical complications (20). NRS-2002 classifies the 
patient’s nutritional status based on BMI, recent weight loss, 
recent change in dietary intake, and disease severity. And, 
patients are scored in each component according to whether 
they are absent, mild, moderate, or severe. Patients with a 
total score of ≥3 are classified as nutritionally at risk (21).

Nutritional risk index (NRI) was developed in 1991 for 
assessment of the efficacy of perioperative total parenteral 
nutrition in malnourished patients undergoing major 
thoracic or abdominal surgery (22). NRI is calculated 
according to the following formula: 1.159× serum albumin 
level (g/L) + 0.417× (current weight/usual weight) ×100. It 
is categorized as no nutrition risk (score >100), borderline 
malnourished (>97.5), mildly malnourished (83.5 to 97.5), 
or severely malnourished (<83.5).

SGA, which is recommended by the ASPEN, is a 
nutritional assessment tools based on features of the history 
(weight change, dietary intake change, gastrointestinal 
symptoms, functional capacity, and disease severity) and 
physical examination (23). It is widely employed, is easy to 
implement, and can predict patients at risk for malnutrition (20).  
SGA ratings are: (A) well nourished; (B) moderate or 
suspected malnutrition; and (C) severe malnutrition. 

Patient-generated SGA (PG-SGA) was adapted from 
SGA and developed specifically to assess malnutrition for 
cancer patients (11,24). This self-administered SGA consists 
of weight, food intake, symptoms, activities and function, 

disease and its relation to nutritional requirements, and 
physical examination. It was designed that the first four 
sections can be completed by the patient, and remaining 
portions is performed by the clinician.

MNA is a rapid and efficient assessment tool for 
evaluating the nutritional status of the elderly. It is 
composed of 18 items, which include anthropometric 
assessment, general assessment, dietary assessment, and 
subjective assessment (25). The scoring for each part 
categorizes: (I) well-nourished; (II) at risk for malnutrition; 
and (III) malnourished.

Clinical/practical guidelines

The ESPEN guidelines suggest a guidance to define severe 
malnutrition (26). Preoperative nutritional support is 
recommended for patients at severe nutritional risk, defined 
by the presence of at least one of the following criteria: (I) 
weight loss >10–15% within 6 months; (II) BMI <18.5; (III) 
SGA grade C; and (IV) serum albumin <30 g/L (with no 
evidence of hepatic or renal dysfunction).

The ASPEN guidelines for diagnosing malnutrition 
were proposed in 2009 (12). The identification of two or 
more of the following six characteristics is recommended 
for diagnosis of malnutrition: (I) insufficient energy 
intake; (II) weight loss; (III) loss of muscle mass; (IV) loss 
of subcutaneous fat; (V) localized or generalized fluid 
accumulation that may sometimes mask weight loss; and (VI)  
diminished functional status as measured by hand-grip strength.

In the French clinical guidelines (27), the presence of 
even one of following three criteria is proposed to define 
malnutrition: (I) a BMI ≤18.5 or BMI <21 in a patient older 
than 70; (II) recent weight loss of more than 10%; and (III) 
a serum albumin level <3.0 mg/dL independent of C-reactive 
protein.

Perioperative nutritional support

Nutritional care plan should be made for patients who are 
malnourished or at significant risk of malnourishment. 
Nutrition or nutrients can be provided by orally (regular 
diet, therapeutic diet, or oral nutritional supplements), 
by enteral feeding, or by parenteral nutrition to treat 
malnutrition (9). These strategies should be individualized 
for each patient. It was proposed that patients consuming 
at least 75% of nutritional requirements should receive 
counseling or dietetic advice, 50–75% should receive 
oral supplementation, and <50% should be given enteral 

Table 1 Instruments for nutritional screening and assessment
Nutritional screening tools

Malnutrition universal screening tool (MUST)

Nutrition risk screening 2002 (NRS 2002)

Nutritional risk index (NRI)

Prognostic nutritional index (PNI)

Malnutrition screening tool (MST)

Nutritional assessment tools

Subjective global assessment (SGA)

Patient-generated subjective global assessment (PG-SGA)

Mini nutritional assessment (MNA)
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nutrition via tube feeding (3). Parenteral nutrition should 
be considered when energy intake cannot be met to caloric 
requirement via the enteral route.

For severely malnourished patients, the surgery should 
be delayed and nutritional intervention must be started 
immediately and continued preoperatively for at least 7 
to 10 days. And, immune modulating substrates (arginine, 
glutamine, ω-3 fatty acid, nucleotides, and antioxidant 
micronutrients) are recommended for 5–7 days in cancer 
patients undergoing upper major abdominal surgery (26). 
Preoperative intake of these immunonutrients reduces 
postoperative infectious complications and length of hospital 
stay after surgery, particularly in undernourished patients.

Recently, the enhanced recovery after surgery (ERAS) 
protocols have been implemented at most surgical fields. 
Of the ERAS protocols, there are several items regarding 
perioperative nutrition, such as preoperative fasting, 
preoperative carbohydrate loading, and early initiation of 
oral nutrition postoperatively (28). The American Society 
of Anesthesiologists guidelines recommend intake of clear 
fluids up to 2 hours before induction of anesthesia and solids 
up to 6 hours (29). Preoperative carbohydrate-rich drink 
before surgery has been determined to be safe and reduced 
hunger, thirst, anxiety, length of stay, and postoperative 
insulin resistance (18). Early postoperative oral feeding 
is feasible and safe, as well as associated with shorter 
hospital length of stay without increase of postoperative 
complications (30,31).

Conclusions

Nutritional screening and assessment for malnutrition 
must be performed systemically and must be based on a 
combination of various parameters not a single parameter. 
Identifying the malnourished or the nutritionally at risk 
patients and nutritional supplementation to these patients 
is critical for patient’s management. The early detection 
of nutritional risk with appropriate nutritional care can 
significantly reduce patient’s postoperative morbidity and 
mortality. Because there is no gold standard tool, it is 
recommended that the most appropriate tool depending on 
one’s institute is applied to every patient preoperatively for 
nutritional assessment. 
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