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Background and aims: Gastrointestinal (GI) symptoms, malabsorption, reduced food intake and weight
loss are common sequela of gastrectomy. This can result in malnutrition with a subsequent prolonged
recovery, reduced physical functioning and deteriorated quality of life (QoL). Few studies have investi-
gated the relationship between GI-symptoms, QoL and malnutrition in long-term survivors of gastric
cancer. Therefore, we assess nutritional status, GI-symptoms and QoL 2—5 years after gastrectomy for
malignancy.
Methods: A cross-sectional, pilot study was carried out in patients who underwent total or subtotal
gastrectomy at Oslo University Hospital between 2012 and 2016, who had not experienced disease
recurrence. Subjects above 85 years were excluded. The nutritional status of the patients fell into three
groups by a score of subjective global assessment (SGA)-A, B, and C. Muscle mass was measured by body
composition by bioelectrical impedance analysis and muscle strength was measured by handgrip
strength (HGS). Dietary intake was assessed by repeated 24-h dietary recalls. GI-symptoms and QoL were
assessed using GI-Symptom Rating Scale (GSRS) and the SF-36 questionnaire.
Results: 21 patients were included. Mean (SD) weight loss was 12.8% (11.6) from preoperative status to
follow up. Percentage weight loss was larger after total gastrectomy compared with subtotal gastrectomy
(17.9% (12.3) vs. 6.6% (7.1) (p = 0.03)). A low mean intake of energy and protein was reported compared to
dietary recommendations for the general Nordic population and intake in a national dietary survey. All of
the patients were classified as pre-sarcopenic, and 5% as sarcopenic. Persistent weight loss >10% was
observed in 45% of the subjects and these were in risk of malnutrition. Subjects with malnutrition had
higher GSRS score for the abdominal pain syndrome (p = 0.042) and lower SF-36 scores for bodily pain
(p = 0.01) and vitality (p = 0.02) compared with those without malnutrition.
Conclusions: A high prevalence of weight loss, and pre-sarcopenia was observed. Malnutrition as
assessed by SGA was associated with more GI-Symptoms and reduced QoL scores. Further studies with
larger number of participants are needed to verify our findings.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

incidence rates are in Eastern and Central Asia and Latin America.
There has been a steady decline in gastric cancer incidence rates

Gastric cancer is the fifth most common cancer and the third over the last few decades [1,2]. According to the Cancer Registry of
leading cause of cancer death worldwide [1,2]. The highest Norway, 392 individuals were diagnosed with gastric cancer in
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2018 [3]. Overall five-year survival after total or partial gastrectomy
as curative treatment of gastric cancer in Norway has recently been
40—42% [4]. Total gastrectomy, removal of the entire stomach, is
widely used as surgical treatment for gastric cancer. Gastrectomy
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Abbreviations

ASM Appendicular skeletal muscle mass

ASMI Appendicular skeletal muscle mass index
BIA Bioelectrical impedance analysis

BMI Body mass index

BMR Basal metabolic rate

Cl Confidence interval

COPD Chronic obstructive pulmonary disease

EWGSOP European Working Party on Sarcopenia in Older
People

M Fat mass

FFM Fat free mass

Gl-symptoms Gastro-intestinal symptoms
GSRS Gastrointestinal Symptom Rating Scale

HGS handgrip strength

IBD Inflammatory bowel disease
IQR interquartile range

Kilojoule KkJ

OUH Oslo University Hospital

PAL physical activity level

QOL Quality of life

SD standard deviation

SGA Subjective global assessment
SF-36 Short form-36 (evaluation of quality of life)
SG Subtotal gastrectomy

TEE Total energy expenditure

TG Total gastrectomy

WL weight loss

WHO World Health Organization

results in risk of gastrointestinal symptoms (GI-symptoms) such as
dumping, pain, nausea, vomiting, diarrhea, reflux, lowered food
intake and weight loss [5—9]. The anatomic alterations in the GI-
tract after gastrectomy can also affect the patient's ability to
consume, digest and absorb nutrients, which further deteriorates
nutritional status.

Malnutrition refers to the imbalance between intake of nutri-
ents and requirements that ultimately induces changes in body
weight, body composition, and physical function [10,11]. Low
muscle mass is part of the definition of malnutrition [11]. Malnu-
trition, an independent factor for impaired quality of life (QoL), is
frequently observed in patients with gastric cancer [8,12]. Aspects
of QoL have been reported strongly correlated to malnutrition
assessed by the Subjective Global assessment (SGA), body mass
index (BMI) and percentage weight loss [13].

As the survival rate of patients after gastrectomy has improved,
[14] long-term QoL will be of major concern. Thus the most
important aspect of post-treatment monitoring may be for nutri-
tional sequela and management of GI-symptoms [15]. Aspects of
QoL will be changed following gastrectomy for cancer [5]. However,
few studies have explored the interactions between GI-symptoms
and QoL with respect to weight loss and malnutrition after gas-
trectomy in long-term survivors. To date, the main purpose of
follow-up after gastrectomy for gastric cancer has been surveillance
for recurrent disease [15]. However, available recommendations for
nutritional and symptomatic follow-up of these patients are
limited. To our knowledge, no studies have assessed nutritional
status, GI-symptoms and QoL related to malnutrition amongst
Norwegian patients radically treated for gastric cancer. The main
aims of this study were to evaluate the prevalence of malnutrition
and the relationship between malnutrition and GI-symptoms and
QoL 2-5 years after gastrectomy for cancer in a Norwegian pilot
cohort.

2. Patients and methods

This cross-sectional pilot study was conducted at Oslo Univer-
sity Hospital, Ulleval between 2012 and 2016. The institution is a
regional referral center for surgical treatment of gastric cancer.
Subjects with gastric cancer without metastatic disease that un-
derwent curative resection by total- or subtotal (removal of lower
part of the stomach) gastrectomy, were eligible for study enroll-
ment. Exclusion criteria were a travel distance more than 2 h away
from the study location, age above 85 and insufficient Norwegian
language skills to conduct a phone conversation without an
interpreter.

Anthropometric measures including weight, height, BMI were
performed. The BMI cut-off values were defined according to the
World Health Organization (WHO) [16]. Preoperative weight was
collected from the medical journals on the day of operation, and in
cases in cases without such data, the participants were asked about
weight at the examination. Total weight loss was calculated based on
the preoperative weight and the weight measured at the study
consultation using the equation ((preoperative weight (kg) — current
weight (kg))/preoperative weight (kg))*100.

Body composition was measured using a body impedance
appliance (BIA), Seca Medical Body Composition Analyzer 515 (Seca
GmbH & Co. KG, Hamburg, Germany), and assessed as previously
described [17]. Sarcopenia was defined as the presence of both low
muscle mass and muscle strength or impaired physical perfor-
mance as recommended by the European Working Group on Sar-
copenia in Older People (EWGSOP) [18]. Appendicular skeletal
muscle mass index (ASMI), the index of sarcopenia, was estimated
by dividing the total mass of the 4 limbs by the square of the height;
(ASM/height?). Low muscle mass was classified as ASMI less than
7.0 kg/m? and 5.5 kg/m? in men and women, respectively. Muscle
strength was assessed by handgrip strength (HGS), measured using
a Grip Strength dynamometer (T.K.K 5401 Grip-D, Takei Scientific
Instruments co. Itd, Japan). Subjects were instructed to stand up-
right in a comfortable position with both arms lowered. Measure-
ments were performed twice with the right and left hand
alternately. The mean value of the largest force measured for each
hand was computed. The generated force was measured to the
closest 0.1 kg [19]. Low muscle strength was defined as a HGS
<27 kg or <16 kg for males and females, respectively [18].

The nutritional status was evaluated by the score of SGA [21]
that defines three categories: SGA-A: well nourished, SGA-B:
moderate malnutrition, SGA-C: severe malnutrition. Nutrition
assessment parameters include a medical history (weight, dietary
intake, GI symptoms, and functional capacity) and physical
examination.

The 24-h dietary recall was repeated three times for each
participant. The first interview was conducted during the consul-
tation. The participants were asked to recall all the foods and
beverages they consumed the preceding day. At the end of the
interview, the participants were asked about additional foodstuffs
from a list of easily overlooked items, such as snacks, cakes, pastry
and alcoholic beverages. The participants were also asked if they
consumed dietary supplements, and the brands, doses and fre-
quencies were registered. The second and the third interviews were
performed as telephone interviews within a few months after the
first recall. One weekday and one weekend day were randomly
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selected to obtain a representative selection of the participants'
habitual diets. Picture booklets were distributed to bring home, in
order to simplify the quantification of portion sizes of the foods and
beverages they had consumed. The dietary intakes were estimated
using the software program Dietist Net, version 17.08.22 (Kost och
Naringsdata AB, Bromma, Sweden). The mean of the registered
intake from the three days was used in further analyses. Basal
metabolic rate (BMR) was calculated using the Schofield's equation.
The BMR was then multiplied with the physical activity level (PAL)
1.6 to estimate the participants' total energy expenditure (TEE). For
each participant, the total energy intake (TEI) was compared with
TEE, and the percentage of TEI to TEE was calculated.

The Gastrointestinal Symptom Rating Scale (GSRS) is a validated
self-administered disease-specific questionnaire that includes 15
items categorized into five symptom clusters addressing different
GI symptoms; reflux, abdominal pain, indigestion, diarrhea and
constipation [20,21]. As normative Norwegian data were not
available, GI-symptom scores were compared to normative data
collected in the neighboring Swedish population for the age group
60—69 years [22]. Comparisons were made both as a total and
separated by sex. A difference in GSRS scale score of 0.5 points or
more were considered clinically relevant [23].

QoL was evaluated using the Short Form 36 (SF-36) [24]. It
constitutes 36 items that can be structured into eight main scales:
Physical functioning, Role-physical, Bodily Pain, General Health,
Vitality, Social functioning, Role-emotional, and Mental Health. The
scale scores range from 0 (the poorest) to 100 (optimal) [24]. Study
scores were compared to normative data from the Norwegian
population, aged 60—69 years, both as a total and separated by sex.
A difference in QoL scale >5 points scores were considered clini-
cally relevant. The SF-36 Health Survey Manual and Interpretation
Guide protocol was used for handling missing items [24].

The study was approved by the Regional Ethics Committee,
(2016/1471 REK se@r-gst D), and written informed consent was ob-
tained from each patient prior to any study procedures.

3. Statistics

For demographic variables mean values, standard deviation (SD)
or percentages are given. Due to skewed distribution of several
variables, median, interquartile range (IQR), min and max are given
when appropriate. Categorical variables were tested with the X2
test, or with the Fisher's Exact test when assumptions for the X2
test were violated. The One-Sample t-test was used to compare a
study population means with a known normative mean. The Sign
test was used for non-normally distributed variables. The Sign test
allows comparison of the study sample median to the population
norm without assumptions of normal distribution or symmetrical
data. Statistical significance of p <0.05 was assumed. IBM statistics,
SPSS Inc. Chicago SPSS, Inc, Chicago IL, Version 24.0 was used for
the statistical analyses.

4. Results

For an overview of the recruitment process see Fig. 1. Partici-
pation rate amongst eligible subjects was 60%. In total 21 patients
were enrolled and their demographic data are presented in Table 1.
Mean (SD) time passed since surgery at the study consultation was
28.7 (8.3) months. Total gastrectomy was performed in 52% of the
patients. The one subject without a Roux-en-Y reconstruction, had
a gastroesophageal resection with an intrathoracic oesophagogas-
tric anastomosis. Neoadjuvant or adjuvant chemotherapy was
administered to 81% of the subjects. Approximately half of the
subjects (57%) consulted a dietician before surgery, and 86%
received such follow-up in hospital postoperatively.

Measures of malnutrition are described in Table 2. According to
the SGA method, fifteen subjects (72%) received the SGA score A,
and were considered well-nourished. Five subjects (24%) received
the SGA score B, and were thus identified as moderately malnour-
ished or suspected of being malnourished. One subject (5%) was
classified as SGA-C, which corresponded to being severely
malnourished.

The study population had a mean (SD) decline of 4.0 [4] BMI
units from preoperative status to the study consultation, ranging
between an increase of 1.0 unit to a decrease of 18.8 units (Fig. 2).
The study population had a mean (SD) maximum percentage
weight loss of 17.6 [12] % after gastrectomy, ranging from 0.8% to
46.4%. At the time of study consultation visit, only one of the par-
ticipants had regained preoperative weight, while the other sub-
jects had persistent weight loss. Body weight changes from
preoperative status to the study consultation ranged from gaining
4.9% to losing 43.4%. Mean (SD) percentage weight loss at the study
consultation was 12.8 [12] %. Nine (45%) subjects has persistent
weight loss of >10% at the study consultation. These individuals had
a significantly higher preoperative BMI of 29.3 (4.4) kg/m?
compared to 23.4 (3.3) kg/m? for those who had a weight loss <10%
(p = 0.003). There was a significantly higher proportion of in-
dividuals with TG amongst those with >10% weight loss
(p = 0.009). The group with subtotal gastrectomy had regained
more weight and had a mean (SD) weight loss of 6.6 (7.1) %, while
those who had total gastrectomy had a mean weight loss of 17.9
(12.3) % (p = 0.03). Subjects with >10% weight loss also had a
significantly lower age of 56.8 (9.5) years, compared to 70.3 (8.1)
years (p = 0.003) for those with <10% weight loss.

Sex-specific low ASMI (<7.0 kg/m? in men and <5.5 kg/m? in
women) was observed in all individuals, who then by definition
were pre-sarcopenic. Low muscle function (<27 kg in men and
<16 kg in women) was observed in 5% of women (one patient out of
20), and was sarcopenic based on cut off values of ASMI and HGS.

Mean (SD) energy intake was 6671 (1802) kilojoule (k]). Study
subjects ingested on average 119.6 (39.5) % of their energy expen-
diture (kJ) based on BMR. However, eight subjects (39%) did not
have sufficient energy intake to match their BMR. Based on TEE
subjects ingested mean (SD) 74.8 [25] % of their energy requirement
(KJ) (PAL 1.6). Protein intake was mean (SD) 67.6 [23] grams, which
gives a protein intake of mean (SD) 107.6 (45) % of the lower rec-
ommended requirement of one gram protein per kg body weight
per day. However, 11 individuals (52%) did not meet the lowest
recommended protein requirement.

Subjects with malnutrition scored higher GSRS scores on the
abdominal pain syndrome than well-nourished patients
(p = 0.042) (Table 3). Mean GSRS total score tended towards being
statistically higher for subjects with malnutrition (p = 0.055).
Subjects with >10% weight loss scored clinically significant higher
by 5 or more points for diarrhea and reflux in addition to total GSRS
score. Bodily pain and vitality SF-36 scores were significantly lower
for subjects with malnutrition compared to well-nourished sub-
jects (p = 0.015 and p = 0.021 respectively) (Table 4). Subjects with
malnutrition had clinically relevant lower scores for all SF-36
scales, except for mental health where they scored higher.

5. Discussion

Gastrectomy as curative treatment of gastric cancer leads to
persisting weight loss and malnutrition and impaired QoL
[9,20,25—27]. We found that malnutrition was mild to moderate
in 23.8% and severe in 4.4% of subjects. Thus, severe malnutrition
was less frequent than reported by Ryu & Kim [28]. However, the
fact that SGA focused on recent weight loss assessment closer to
surgery, could have contributed to a higher proportion of subjects
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Assessed 2 years postoperatively (n=55)

Assessed 2.5-5 years postoperatively (n=27)

Deceased (n= 16)
Recurrent disease (n=11)

Long distance to study centre (n= 6)

Invited to participate (n= 35)

Age > 85 years (n=4)

Lacking language skills (n=1)

Not willing to participate (n= 14)

Enrolled in the study (n=21)

Fig. 1. Flow chart of study participant recruitment after gastrectomy for cancer. Mean (SD) follow up was 28.7 (8.3) months.

Table 1
Characteristics of 21 patients having undergone gastrectomy for cancer. Mean
(SD) follow up was 28.7 (8.3) months.

n (%)

Gender

Female 10 (48)

Male 11 (52)
Ethnicity (mean, SD) 60 (12.6)

Asian 2(10)

Caucasian 19 (90)
Age at surgery (years) (mean, SD) 60 (12.6)
Preoperative BMI (kg/m?) (mean,SD) 26.0 (4.8)
Type of surgery

Subtotal gastrectomy 10 (48)

Total gastrectomy 11 (52)
Surgical reconstruction

Roux-en-Y 20 (95.2)

Oesophagogastric 1(4.8)
Cancer stage®

I 9 (42.9)

Il 8(38.1)

il 4(19.0)
Chemotherapy

Yes 17 (81)

No 4 (190
Contact with clinical nutritionist

Before surgery 12 (57.1)

After surgery (in hospital) 18 (85.7)
Body composition (mean, SD)

FM 28.0 (11.0)

FFM 46.4 (10.8)
Comorbidities at follow up

Myocardial infarction 3(14.3)

Cerebrovascular 3(14.3)

Diabetes 1(4.8)

IBD 1(4.8)

COPD 1(4.8)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; IBD, inflammatory bowel disease; SD, standard deviation; SGA, subjective
global assessment.

¢ Tumor stage determined from surgical specimen and preoperative evaluation.

Table 2

Measures of malnutrition in 21 patients after gastrectomy for cancer. Mean (SD)
follow up was 28.7 (8.3) months.

Value Measure

Subjective Global Assessment
(ratio A:B:C)? 15:5:1 n

BMI current” (kg/m?) 222 (3.3) Mean (SD)
BMI <18.5 (kg/m?) 2(10.0) n (%)
Percentage weight change max® (%) 17.6 (11.8) Mean (SD)
Percentage weight change total® (%) 12.8 (11.6) Mean (SD)
>10% weight loss current” 9 (45) n (%)

ASMI
Females (kg/m?) 3.2 (0.60) Mean (SD)
Males (kg/m?) 4.4(0.51) Mean (SD)

Handgrip strength
Females (kg) 23.6 (5.5) Mean (SD)
Males (kg) 43.1 (9.3) Mean (SD)

Presarcopenia 20 (100.0) n (%)

Sarcopenia® 1(5.0) n (%)

n = 20 for current BMI, low BMI, current percentage weight change, SMI and
evaluation of sarcopenia.

2 A: well nourished, B: mildly or moderately malnourished, and C: severely
malnourished.

b Calculations based on weight measured at study consultation.

¢ Percentage weight change based on lowest measured weight after surgery.

d Presarcopenia defined as low SMI <7.0 kg/m? for males and <5.5 kg/m? for fe-
males, Appendicular skeletal muscle mass index (ASMI), the index of sarcopenia,
was calculated by dividing the total mass of the 4 limbs by the square of the height;
(ASM/height?), Sarcopenia defined as low SMI in combination with low handgrip
strength, <27 kg for males and <16 kg for females.

€ Abbreviations: SD, standard deviation, BMI, body mass index, SMI, skeletal
muscle index.

classified as malnourished. Moreover, Ryu et al. [28], using SGA
assessment at 6 and 12 months postoperatively found that twelve
month after gastrectomy most of the subjects earlier identified as
malnourished were classified as well-nourished. However, it
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40.0

35.0

30.0

20.0

v
=0

10.0
Preoperative Follow up

Fig. 2. Changes in body mass index (BMI) from preoperative to study consultation in 20 patients operated with gastrectomy for cancer. Y-axis represents BMI units (kg/m?). Each
line represents one individual (n = 20), one study participant (pregnant) excluded. Mean (SD) follow up was 28.7 (8.3) months.

Table 3

Comparison of gastrointestinal symptoms between subjects with no malnutrition (n = 15) and subjects with mild, moderate or severe malnutrition (n = 6), assessed by SGA.
GSRS Syndrome Well-nourished Malnourished? Well-nourished Malnourished?® p-value®

Median (IQR) Median (IQR) Mean (SD) Mean (SD)

Abdominal paint 2.0(1.3) 32(1.4) 2.0 (0.88) 2.9(0.72) 0.042+*
Diarrhea 1.7 (1.3) 25(2.2) 23(1.5) 26(1.3) 0.47
Constipation 13(1.3) 3.0 (2.9) 1.8 (0.84) 29(1.4) 0.1
Indigestiont 2.8(1.3) 3.5 (0.69) 2.9(1.0) 3.5 (0.43) 0.23
Reflux 1.0 (1.0) 1.8 (2.8) 1.5 (0.97) 23(1.4) 0.18
Total scoref 1.8 (0.90) 2.9(0.77) 2.1(0.79) 2.8 (0.54) 0.055

*Significant difference p < 0.05.
Abbreviations: CI, confidence interval; IQR, interquartile range.
2 Malnourished includes SGA categories B (mild or moderate malnutrition) and C (severe malnutrition).
b Differences tested with independent sample t-test (variables marked with {, indicating normal distribution) or Mann—Whitney U test.

Table 4
Comparison of SF-36 quality of life scores between subjects with no malnutrition (n = 15) and subjects with moderate or severe malnutrition (n = 5) after gastrectomy for
cancer, assessed by SGA.

SF-36 Scale Well-nourished® Malnourished” Well-nourished* Malnourished® p-value®
Median (IQR) Median (IQR) Mean (SD) Mean (SD)

Physical functioning 85.0 (25.0) 70.0 (37.5) 79.3 (22.1) 63.0 (22.5) 0.14
Role-physical 100.0 (100.0) 25.0 (62.5) 60.0 (46.1) 30.0 (25.0) 0.31
Bodily pain 84.0 (39.0) 41.0 (25.5) 79.2 (22.0) 476 (13.7) 0.015*
General healtht 70.0 (45.0) 60.0 (57.0) 66.0 (21.9) 52.8 (28.9) 0.29
Vitalityt 50.0 (40.0) 30.0 (40.0) 54.7 (24.3) 24.0 (20.4) 0.021*
Social functioning 75.0 (50.0) 75.0 (50.0) 75.0 (24.6) 70.0 (33.8) 0.87
Role-emotional 100.0 (66.7) 66.7 (100.0) 64.4 (42.7) 53.3 (50.6) 0.61
Mental healtht 76.0 (32.0) 80.0 (16.0) 73.9 (20.9) 80.0 (10.1) 0.54

*Significant difference p <0.05.
Abbreviations: IQR, interquartile range, SD; standard deviation; SGA, Subjective Global Assessment.
2 Well-nourished indicates SGA category A.
b Malnutrition indicates SGA categories B (mild or moderate malnutrition) and C (severe malnutrition).
¢ Differences tested with independent sample t-test (variables marked with {, indicating normal distribution) or Mann—Whitney U test.
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cannot be ruled out that subjects considered well-nourished ac-
cording to SGA were in fact malnourished due to confounding
factors such as a substantial and involuntarily persisting weight
loss that occurred more than six months earlier and loss of muscle
mass that could not be detected by physical examination. In our
study, subjects with malnutrition had significantly lower vitality
scores than the well-nourished. This is consistent with previous
research [13,20], that show impairments in physical function and
general health amongst subjects with malnutrition. Subjects with
malnutrition had also more severe GI-symptoms than those
without malnutrition. Only abdominal pain score was statistically
significantly higher for the malnourished subjects, but all GSRS
scores were higher to a degree of clinical significance. Lim et al.
compared QoL and GI-symptoms between subjects categorized
by the SGA using the QLQ-C30 and STO22. They found that the
well-nourished scored significantly better for pain, nausea and
reflux [13]. Carey et al. assessed QoL and symptoms in relation to
SGA status after upper gastrointestinal surgery, using the QLQ-
C30 and GSRS. Significant differences were observed between
subjects classified as SGA-A and SGA-C for appetite, nausea and
vomiting [20].

Our results demonstrated a 12.8% total weight loss at mean
follow up of 29 months. Previous studies have reported total weight
loss of 10—15% in the early postoperative phase [29,30]. In the long
term permanent weight loss of 8.3—13.6% has been reported
[7,31,32]. We observed that 45% of the patients had a persistent
weight loss of >10% at follow up, which is consistent with previous
findings, where 67% of subjects had >10% weight loss at two years
postoperatively [12]. Climnet et al. [12] explored the association
between QoL and weight loss in patients before and 2 years after
surgery. They found that disabling symptoms were more common
in patients with >10% versus <10% body weight loss, with a rele-
vant negative impact on health related quality of life [12]. In
accordance with previous studies [32,33], we found that the sub-
jects with a high preoperative BMI (>25 kg/m?) had a significantly
larger postoperative weight loss (18%) than those with BMI
20—25 kg/m? (6%). The higher prevalence of symptoms in the >10%
weight loss group highlights the importance of individual follow up
to address persistent symptoms and hinder that they lead to further
compromised nutritional state.

In the current study, the prevalence of low muscle mass and pre-
sarcopenia was 100%. Heneghan et al. found a slightly lower
prevalence (81%) of subjects with low muscle mass at 18—24
months postoperatively [9]. Combined low muscles mass and
muscle strength were present in 5% of our study subjects and thus
defined as sarcopenic [18]. A meta-analysis on sarcopenia in gastric
cancer patient undergoing gastrectomy found a prevalence of
5—13% in patients aged 60—70 years. Studies reporting on sarco-
penia use different techniques and cut-off values that may
contribute to the observed differences in prevalence and impact on
postoperative outcomes [34].

Inadequate protein intake is a risk factor for developing sarco-
penia [35]. In our study, 11 individuals (52%) did not meet their
lower recommended protein requirement of 1 g/kg body weight
per day. Subjects above 65 years have an increased need for protein
[36]. This is of special importance when food intake decreases
below 8000 k] [36]. Dietary intake of 1.2—1.5 g/kg of protein may
prevent sarcopenia [37]. However, 24-h recalls are prone to mea-
surement error associated with memory and the challenge of
estimating quantities of foods and beverages. Additionally, under-
reporting of energy intakes may consciously occur due to a desire to
present oneself positively, resulting in so-called social desirability
bias. Underreporting has been shown to be especially common in
overweight or obese populations, which did not characterize the
study sample of the present study [38]. Thus, a lower degree of

underreporting may be expected in the study sample. This was
supported by the fact that several of the participants expressed
concern that they were not able to eat as much as they wanted to or
felt that they needed. Our results emphasize the need for nutri-
tional follow up regarding energy- and protein intake, also long
term after a gastrectomy.

Several authors have called for a review of the contemporary
follow up regimes after gastrectomy, with special attention to
nutritional status [20,39]. Weight monitoring and evaluation by a
dietician including multidisciplinary preoperative assessment, pa-
tient education and management of postoperative symptoms in the
short and long term have been suggested [7].

Limitations of our study are the cross-sectional single center
study design with a small sample size that preclude reasonable
sub-analyses to be made and a risk of type II statistical bias. Find-
ings should thus be interpreted with caution. Another limitation is
the possibility of under- or over reporting to questionnaires.
Change in quality and quantity of food intake is challenging to
evaluate, based on the information provided by the patient. Despite
these limitations, to the best of our knowledge, this is the first study
in Norway exploring nutritional status, GI-symptoms and QoL in
relation to malnutrition amongst survivors of gastric cancer. A
study strength is the use of EWGSOP recommendations to diagnose
sarcopenia. The broad comprehensive individual evaluation per-
formed also represents strength of the study.

In conclusion, we observed a high prevalence of weight loss
>10%, and pre-sarcopenia following gastrectomy for cancer.
Malnutrition in these patients may be associated with more GI-
symptoms and reduced SF-36 scores. Further research is needed
on long term, postoperative nutritional follow up in this patient
group to address the persistent weight loss and GI-symptoms, and
possibly improve QoL.
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