
Abstract. Background/Aim: The changes of dietary intake
(DI) after gastrectomy have not been objectively reported. It
has not been clear how much DI loss is experienced after
total gastrectomy (TG) in comparison to after distal
gastrectomy (DG). This study quantified the changes of DI
after gastrectomy, and clarified how much DI loss is
experienced after TG. Patients and Methods: This was a
prospective observational study. Patients who underwent
gastrectomy for gastric cancer were enrolled. The DI loss
was evaluated at 1 and 3 months postoperatively. Results:
Thirty-three patients underwent TG, and 117 patients
underwent DG. The median %DI loss of the overall study
population at 1 and 3 months after surgery was –9.3% and
–3.6%. The median %DI loss at 1 and 3 months
postoperatively was –15.6% and –5.3% in TG group, –8.9%
and –3.3% in DG group (p=0.10 and 0.49, respectively).
Conclusion: The patients experienced DI loss of
approximately 10% at 1 month after gastrectomy. Patients
who received TG tended to show a greater %DI loss at 1
month postoperatively.

Gastrectomy is an essential treatment for gastric cancer (1-3).
Body weight loss is a common problem after gastrectomy for
gastric cancer (4). In particular, after total gastrectomy (TG),
patients often lose >10% of their preoperative body weight

(5, 6). The postoperative body weight loss at 1 month after
surgery affects compliance with adjuvant chemotherapy and
patient survival (7, 8). Thus, it is necessary to prevent body
weight loss in patients after gastrectomy. Various factors that
possibly underlie the body weight loss after gastrectomy have
been considered, including decreased dietary intake due to a
loss of reservoir function, malabsorption, hyper-catabolism
due to surgical stress, lack of exercise, reduction in the blood
ghrelin levels, and others (9-13). A decreased dietary intake
has been considered a predominant factor in the body weight
loss after gastrectomy (12, 13). However, the changes in
dietary intake after gastrectomy have not been objectively
reported. Moreover, patients who undergo TG are reported to
experience much more body weight loss in comparison to
those who undergo distal gastrectomy (DG). It has not been
clear how much dietary intake loss was experienced after TG
in comparison to after DG.

The Food Frequency Questionnaire with 82 food items
(FFQW82) is a self-administered questionnaire that inquiries
about the intake frequency and portion size over a period of
1 month from a list of foods with pictures (14, 15). In
comparison to a previous tool that calculates the dietary
intake, the FFQW tool has certain clinical benefits. First,
patients can easily answer the FFQW82 by choosing food
items, portion size, and intake frequency from a
questionnaire with pictures. FFQW82 has been used for the
nutritional education of adolescents of 12-13 years of age
(14). Thus, we considered that elderly patients could easily
answer the FFQW82. Second, using the FFQW82, the
energy and nutritional intake for breakfast, lunch, and dinner,
as well as for the whole day can be estimated. After
gastrectomy, it is recommended that patients decrease the
portion size of each meal, and increase their intake frequency
(16). In nutritional counselling after gastrectomy, it is an
advantage to know not only the intake status for the whole
day but also for each meal. Thus, the FFQW82 is suitable
for calculating the dietary intake after gastrectomy
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The primary aim of the present study was to quantify the
changes of dietary intake after gastrectomy, using the FFQW82.
The second aim was to clarify how much dietary intake loss
was experienced after TG in comparison to after DG.

Patients and Methods

Patients. This prospective observational study was conducted from
May 2011 to November 2014 at the Kanagawa Cancer Center. The
eligibility criteria were as follows: 1) histologically proven gastric
adenocarcinoma diagnosed as pathological stage IA or IB
according to the Japanese Classification of Gastric Carcinoma (17);
2) patients receiving nutritional counselling 2-4 days before surgery
and 1 month and 3 months postoperatively. Patients who received
preoperative or postoperative chemotherapy were excluded. The
patients were classified into those who received total gastrectomy
(the TG group) and those who received distal gastrectomy (the DG
group). 

Perioperative care. All patients received perioperative care using
the enhanced recovery after surgery (ERAS) protocol. The details
of this protocol have been reported in a previous study (18, 19). In
brief, patients could eat a normal diet until dinner on the day before
surgery, and could drink oral rehydration solution until 3 h before
surgery. Premedication was not administered. The nasogastric tube
was removed immediately after surgery. Oral intake was initiated
on postoperative day (POD) 2, beginning with water and an oral
nutritional supplement. The patients began soft diet intake on POD
3 and were stepped up to regular food every 2 days (3 steps). The
patients were discharged when they had successfully achieved
adequate pain relief and soft food intake, had returned to their
preoperative mobility level, and exhibited normal laboratory data
on POD7.

Study schedule. The patients received perioperative nutritional
counselling on the day of hospitalization, the day of discharge, and
1 month and 3 months postoperatively. In counselling during

hospitalization, -which was 2-4 days before surgery, nutritionists
analyzed patients’ preoperative dietary intake conditions and
measured their body weight. In counselling on discharge,
nutritionists provided education on how to eat meals after
gastrectomy, including (but not limited to): to increase intake
frequency; to decrease the portion size in each meal; to chew
frequently; to eat slowly. In counseling at 1 and 3 months
postoperatively, nutritionists analyzed the patients’ postoperative
dietary intake conditions, measured their body weight, and provided
education on how the patients could improve their nutritional status
based on the results.

Analysis of the dietary intake. The dietary intake was evaluated in
perioperative nutritional counselling using the FFQW82. The
FFQW82 was established and validated by Watanabe et al. in 2011
(14). The FFQW82 is a self-administered questionnaire that is
designed to present 82 food items according to 16 food groups and
inquire about the intake frequency and portion size of each meal.
The intake frequency is indicated by six categories: (0=‘absolutely
do not eat’; 1=‘eat once or twice per month’; 2=‘eat once or twice
per week’; 3=‘eat 3 to 4 times per week’; 4=‘eat 5 to 6 times per
week’; 5=‘eat everyday’). The portion size is described as ‘small’,
‘medium’, or ‘large’. The standard amount for ‘medium’ is shown
by size on the food list with pictures. ‘Small’ is defined as half the
amount of ‘medium’, whereas ‘large’ is defined as 1.5 times the
amount of ‘medium’. Patients completed the FFQW82 in
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Table I. Comparison of the patient background.

TG (n=33) DG (n=117) p-Value

Age, years (median) (range) 67 (45-83) 66 (27-86) 0.33
Gender 0.01

Male 27 (82%) 68 (58%)
Female 6 (18%) 49 (42%)

Height, cm (median) (range) 163.6 162 0.97
(147-175.6) (132.8-182.8)

Body weight, kg 60.3 58.5 0.54
(median) (range) (36.9-73.0) (35.3-88.2)

ASA-PS 0.45
1 8 (24%) 40 (34%)
2 25 (76%) 74 (63%)
3 0 3 (3%)

ASA-PS, American Society of Anesthesiologists physical status; TG,
total gastrectomy; DG, distal gastrectomy.

Table II. The surgical and pathological outcomes.

TG (n=33) DG (n=117) p-Value

Approach                  0.36
Laparotomy 9 (27%) 42 (36%)            

Laparoscopic surgery 24 (73%) 75 (64%)            
Lymph node dissection                  0.69

D1+ dissection 27 (82%) 99 (85%)            
D2 dissection 6 (18%) 18 (15%)            

Reconstruction <0.01
Billroth-I 0 (0%) 94 (80%)            
Roux-en-Y 33 (100%) 23 (20%)            

Operation time, min 309 262              0.01
(median) (range) (145-435) (85-512)            

Bleeding, g (median) (range) 75 (5-910) 60 (0-950)         0.075
Postoperative complications 0.25

(+) 7 (21%) 14 (11%)            
(–) 26 (79%) 103 (89%)           

Duration of hospitalization, 9 (6-25) 8 (7-58)           0.22
day (median) (range)

Pathological T factor                  0.53
T0-1 29 (88%) 107 (91%)           
T2 4 (12%) 10 (9%)             

Pathological N factor                  0.46
N0 32 (97%) 107 (91%)           
N1 1 (3%) 10 (9%)             

Pathological stage                  0.79
ⅠA 28 (85%) 97 (83%)            
ⅠB 5 (15%) 20 (17%)            

TG, Total gastrectomy; DG, distal gastrectomy.



approximately 30 min. Based on the responses to the FFQW82, the
estimated intake of energy and several nutrients for a whole day
were calculated by simply summing up the estimated intake of food
items for each meal. Microsoft® Excel (Microsoft Inc., Redmond,
WA, USA) was used to obtain the nutrient composition for items on
the FFQW82.

Evaluations, statistical analyses, and ethics. Dietary intake (DI) loss
was defined as %DI loss=(DI at 1 month postoperatively and 3
months postoperatively – preoperative DI)×100/preoperative DI.
Body weight (BW) loss was defined as %BW loss=(BW at
postoperative 1 month and 3 months postoperatively – preoperative
BW)×100/preoperative BW. The values were expressed as the
median and range. The data were compared between the TG and DG
groups using the Chi-squared test and the Mann-Whitney U-test.
The correlation coefficients between the %DI loss and %BW loss
were calculated using Spearman’s rank correlation coefficient. p-
Values of <0.05 were considered to indicate statistical significance.
Analyses were performed using SPSS version 25.0 (Statistical
Package for the Social Science; SPSS, Chicago, IL, USA). This
study was approved by the Institutional Review Board (IRB) of
Kanagawa Cancer Center (2018 epidemiologic study-20). The study
was conducted in accordance with the Declaration of Helsinki. All
subjects signed consent forms.

Results

Patient characteristics. A total of 150 patients were
examined in this study. Thirty-three patients underwent TG,
and 117 underwent DG. The median age (range) of the 150
patients was 67 (27-86) years. One hundred-two patients
(68%) had comorbidities, including hypertension (n=61;
41%), diabetes mellitus (n=16; 11%), and chronic obstructive
pulmonary disease (n=11; 7%). The patient characteristics
are shown in Table I. There was a statistically significant
difference in the sex ratio of the two groups. The TG group
included a higher percentage of male patients than the DG
group (TG 82% vs. DG 58%, p=0.01). The other
characteristics of the two groups were similar.

Surgical and pathological outcomes. In the DG group, 94
patients underwent Billroth I reconstruction, and 23 patients
underwent Roux-en-Y reconstruction. The approach, lymph
node dissection, postoperative complications, and duration
of hospitalization were similar between the two groups. The
operative time in the TG group was significantly longer than
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Figure 1. Rate of decrease in dietary intake (%) in the total gastrectomy (TG) and distal gastrectomy (DG) groups.



that in the DG group (TG 309 min vs. DG 262 min, p=0.01).
Although not significant, patients in the TG group tended to
experience more bleeding than those in the DG group (TG
75 ml vs. DG 60 ml, p=0.075). The pathological outcomes
of the two groups did not differ to a statistically significant
extent (Table II).

Dietary intake and body weight changes. The median DI
(range) of the overall population before surgery, at 1 month
after surgery, and at 3 months after surgery, was 1,713.5
kcal/day, (1,126-2,330), 1541.5 kcal/day, (986-2,195), and
1638.5 kcal/day (816-2,443), respectively. The median DI
(range) before surgery was 1794 kcal/day (1,263-2,118) in
the TG group, and 1674 kcal/day (1,126-2,330) in the DG
group (p=0.03). The median DI (range) at 1 month after
surgery was 1520 kcal/day (1,018-2,071) in the TG group,
and 1543 kcal/day (986-2,195) in the DG group (p=0.98).
The median DI (range) at 3 months after surgery was 1692
kcal/day (816-2,013) in the TG group, and 1624 kcal/day
(917-2,443) in the DG group (p=0.26).

The median %DI loss (range) of the overall study population
at 1 month and 3 months after surgery was –9.3% (–46.3 to

38.5) and –3.6% (–50.8 to 54.1). The median %DI loss (range)
at 1 month postoperatively was –15.6% (–46.3 to 33.4) in the
TG group, and –8.9% (–39.1 to 38.5) in the DG group
(p=0.10). The median %DI loss at 3 months postoperatively
was –5.3% (–50.8 to 36.1) in the TG group, and –3.3% (–38.6
to 54.1) in the DG group (p=0.49). The %DI loss after
gastrectomy at 1 month postoperatively did not differ to a
statistically significant extent in the TG and DG groups;
however, the patients in the TG group tended to experience
greater % DI loss in comparison to the DG group (Figure 1).

The median %BW loss (range) of 1 month postoperatively
was –8.1% (–15.4 to –3.6) in the TG group, and –4.7% (–
10.5 to 4.5) in the DG group (p<0.01). The median %BW
loss at 3 months postoperatively was –11.7% (–22.9 to –4.3)
in the TG group, and –5.3% (–13.6 to 5.8) in the DG group
(p<0.01). The %BW loss of the two groups showed
statistically significant differences at 1 month and 3 months
postoperatively (Figure 2).

The DI and BW were compared at the preoperative
examination. The correlation coefficients of the overall
population, the TG group, and the DG group were 0.395
(p<0.001), 0.417 (p=0.016), and 0.451 (p<0.001), respectively
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Figure 2. Rate of decrease in body weight (%) in the total gastrectomy (TG) and distal gastrectomy (DG) groups.



(Figure 3). The %DI loss at 1 month postoperatively and the
%BW loss at 1 month postoperatively were compared. The
correlation coefficients of the overall study population, the TG
group, and the DG group were 0.218 (p=0.007), 0.407
(p=0.019), and 0.142 (p=0.125), respectively (Figure 4). The
%DI loss at 1 month postoperatively and the %BW loss at 3
months postoperatively were compared. The correlation
coefficients of the overall study population, the TG group, and
the DG group were 0.280 (p=0.001), 0.332 (p=0.059), and
0.254 (p=0.006), respectively (Figure 5). The %DI loss at 3
months postoperatively and the %BW loss at 3 months
postoperatively were compared. The correlation coefficients
of the overall study population, the TG group, and the DG
group were 0.280 (p=0.001), 0.071 (p=0.695), and 0.189
(p=0.042), respectively. After TG, the %DI loss at 1 month
postoperatively was correlated with the %BW loss at 1 month
postoperatively, and 3 months postoperatively.

Discussion

The aim of the study was to quantify the changes in dietary
intake after gastrectomy, and to clarify how much dietary intake
loss was experienced after TG. The major finding was that
patients experienced DI loss of approximately 10% of the
preoperative DI at 1 month after gastrectomy. The %DI loss at
1 month postoperatively was correlated with the %BW loss at
1 month postoperatively, and 3 months postoperatively. In
addition, the %DI loss after gastrectomy in the TG and DG did
not differ to a statistically significant extent at 1 month
postoperatively, while at 1 month postoperatively, the patients
in the TG group tended to experience greater %DI loss in
comparison to the DG group. After TG, the %DI loss at 1
month postoperatively was found to be correlated with the
%BW loss at 1 month postoperatively, and 3 months
postoperatively. Taken together, our results suggested that if the
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Figure 3. Scatter plot between the dietary intake and the body weight before surgery.



DI loss at 1 month postoperatively could be prevented by
nutritional intervention until 1 month after surgery, the BW loss
after gastrectomy might be suppressed. In particular, after TG,
nutritional intervention until 1 month after surgery was expected
to have a greater preventive effect in relation to BW loss.

The present study demonstrated that DI decreased by
approximately 10% from 1,713.5 kcal/day before surgery to
1,541.5 kcal/day at 1 month postoperatively, and that the DI
decreased by approximately 4% from 1,713.5 kcal/day
before surgery to 1,638.5 kcal/day at 3 months
postoperatively. Previously, several studies quantified the
changes in DI after gastrectomy (20, 21). Lee et al.
examined the effects of intensive education after gastrectomy
for early gastric cancer on the nutritional status and diet
quality, and demonstrated that the intake of patients at one
week post-discharge was 1,390.5 kcal/day, while that at 3-
month post-discharge was 1,725.6 kcal/day (20). Noguchi et

al. examined the nutritional alternation after gastrectomy,
regarding caloric intake and the utilization of nutrients. In
their study, at the time of discharge, the DI after TG was
1,020 kcal/day, and the DI after subtotal gastrectomy was
1,326 kcal/day (22). There are several possible reasons to
why the DI at 1 month after surgery in the present study was
higher in comparison to previous studies (20). The first
possible reason must be differences in perioperative
management, which was based on the ERAS protocol in the
present study. The postoperative period of “nothing by
mouth” and the length of hospital stay were shorter in
comparison to previous studies (20, 22). The ERAS protocol
was expected to reduce DI loss at 1 month postoperatively.
The second possible reason is the patients’ background and
operative details, which included progression classification,
surgical procedure, method of reconstruction, and other
factors. In the present study, we restricted enrollment to
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Figure 4. Scatter plot between the rate of decrease of dietary intake at 1 month postoperatively and the rate of decrease of body weight at 1 month
postoperatively.



patients with pathological stage IA or IB, in order to
eliminate the influence of symptoms caused by cancer and
postoperative adjuvant chemotherapy. The third possible
reason is the method used to calculate DI. In the present
study, DI was calculated using the FFQW82, which is
expected to reflect the DI over a one-month period. In
previous studies, the DI was calculated based on the patient’s
description of the daily food intake over three consecutive
days. Moreover, the preoperative DI was not described in the
previous studies, and the rate of DI loss from before surgery
to 1 month postoperatively was not calculated. Taken
together, it was considered that the present study could
quantify the change in DI after gastrectomy more accurately
in comparison to previous studies. In the present study, the
DI loss at 1 month postoperatively was lower in comparison
to previous studies. However, the %DI loss at 1 month
postoperatively was still found to be approximately 10%, and

was correlated with the %BW loss at 1 month
postoperatively, and 3 months postoperatively. Therefore, the
changes in DI at 1 month postoperatively should be targeted
in order to suppress the BW loss after gastrectomy.

The second aim of the present study was to clarify how
much DI loss was experienced after TG, in comparison to
after DG. In the present study, the %DI loss after gastrectomy
in the TG and DG groups did not differ to a statistically
significant extent at 1 month after surgery, while the patients
in the TG group tended to experience greater %DI loss in
comparison to the DG group (TG –15.6% vs. DG –8.9%,
p=0.10). From 1 month after surgery to 3 months after surgery,
the patients of both groups showed a recovery in %DI loss. At
3 months postoperatively, the %DI loss of the two groups did
not differ to a statistically significant extent (TG –5.3% vs.
DG –3.3%, p=0.49). In contrast, the %BW loss of the TG
group was significantly greater than that of the DG group at
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Figure 5. Scatter plot between the rate of decrease of dietary intake at 1 month postoperatively and the rate of decrease of body weight at 3 months
postoperatively.



1 month (TG –8.1% vs. DG –4.7%, p<0.01), and 3 months
(TG –11.7% vs. DG –5.3%, p<0.01) postoperatively.
Furthermore, from 1 to 3 months after surgery, the %BW loss
of the TG group continued to decrease, while the %BW loss
after DG tended to stop decreasing. The patients of both
groups showed similar changes in %DI loss, which decreased
at 1 month postoperatively, and recovered at 3 months
postoperatively. However, the changes in %BW loss differed
between the two groups. The %BW loss after TG continued
to decrease at 1 month and 3 months postoperatively. The
%BW loss after DG decreased at 1 month postoperatively and
stopped decreasing at 3 months postoperatively. There are two
possible explanations for the differences between the %DI loss
and the %BW loss. The first possible reason is that the DI loss
after TG at 1 month surgery affected the BW loss at both 1
month and 3 months after surgery. The second possible reason
is that the BW loss after TG were more affected by additional
factors, other than DI loss after DG. Other factors that were
considered included malabsorption and hyper-catabolism;
however, these could not be identified based on the results of
the present study (9-11, 21). Accordingly, in order to suppress
the BW loss after TG, more intensive nutritional intervention
should be provided until 1 month after surgery, and other
factors should be investigated and improved.

The present study is associated with certain limitations.
First, this study was a prospective single-center study with a
small sample size. The number of the patients may be too
small to lead to definite conclusions. The results need to be
confirmed in another cohort or in a prospective multicenter-
study. Second, the DI was quantified using FFQW82 which
could not directly measure the DI. This is the weakness of
using FFQW82. However, as described above, the present
study using the FFQW82 was considered to quantify the
change in DI after gastrectomy more accurately in
comparison to previous studies. The strengths of using
FFQW82 are the ease to answer and a lot of information
which includes the energy and nutritional intake for
breakfast, lunch, and dinner, as well as for the whole day.
However, the most suitable methods for calculating the DI
after gastrectomy should be investigated. Third, the patients
in this study showed good compliance, as they accurately
completed the FFQW82 three times at (before surgery, 1
month postoperatively, and 3 months postoperatively). Thus,
it is possible that there was a selection bias.

In conclusion, at 1 month after gastrectomy, the patients
showed approximately 10% DI loss. The comparison of the
TG and DG groups revealed that, at 1 month postoperatively,
patients who received TG tended to experience greater %DI
in comparison to those who received DG. After TG, the %DI
loss at 1 month postoperatively was found to be correlated
with the %BW loss at 1 month and 3 months postoperatively.
To suppress the BW loss after TG, more intensive nutritional
intervention should be provided until 1 month after surgery.
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