
Vol.:(0123456789)1 3

Gastric Cancer (2019) 22:1247–1255 
https://doi.org/10.1007/s10120-019-00951-x

ORIGINAL ARTICLE

Should pylorus-preserving gastrectomy be performed for overweight/
obese patients with gastric cancer?

Masahiro Tsujiura1 · Naoki Hiki1 · Manabu Ohashi1 · Souya Nunobe1 · Koshi Kumagai1 · Satoshi Ida1 · 
Takuma Ohashi1 · Takeshi Sano1 · Toshiharu Yamaguchi1

Received: 11 October 2018 / Accepted: 9 March 2019 / Published online: 19 March 2019 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2019

Abstract
Background Pylorus-preserving gastrectomy is an alternative to distal gastrectomy for early gastric cancer, and is expected 
to have postoperative advantages including maintenance of body weight. Overweight/obesity is a risk factor for chronic 
disorders, including hypertension and diabetes mellitus; in these conditions, body weight control is frequently required as 
part of treatment. It remains unknown whether pylorus-preserving gastrectomy should be performed in overweight/obese 
patients because excess body weight may be maintained postoperatively.
Methods We retrospectively investigated body weight changes and postoperative nutritional status of overweight/obese 
patients who underwent laparoscopic distal gastrectomy (LDG) or laparoscopic pylorus-preserving gastrectomy (LPPG) 
between 2006 and 2015. Among 349 overweight patients (BMI ≥ 25 kg/m2), 101 LDG and 101 LPPG cases were compared 
after propensity score matching to adjust for patient characteristics.
Results The mean relative body weight ratios (postoperative/preoperative ratios) were 87.5 ± 8.0% after LDG and 89.6 ± 6.7% 
after LPPG (difference not significant, p = 0.088). The prealbumin level at 2 years and hemoglobin levels at 6 months, 1 year 
and 2 years were significantly well maintained after LPPG than after LDG. Prealbumin and hemoglobin levels at 2 years 
had almost returned to baseline levels in the LPPG group. The superiority of LPPG in the hemoglobin level was confirmed 
regardless of reconstruction methods after LDG.
Conclusions For overweight/obese patients, LDG and LPPG resulted in similar degrees of postoperative weight loss, with 
patients achieving near-ideal body weight. The postoperative nutritional advantages of LPPG were confirmed. LPPG seemed 
to be better even for overweight/obese patients who meet indication criteria.
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Abbreviations
ASA-PS  American Society of Anesthesiologists physical 

status
(B1)  Billroth I
BMI  Body mass index
DG  Distal gastrectomy
GC  Gastric cancer

LDG  Laparoscopic distal gastrectomy
LPPG  Laparoscopic pylorus-preserving gastrectomy
PPG  Pylorus-preserving gastrectomy
PSM  Propensity score matching
(RY)  Roux-en-Y

Introduction

Pylorus-preserving gastrectomy (PPG) is a major function-
preserving procedure and is an alternative to distal gastrec-
tomy (DG) for early gastric cancer in the middle third of 
the stomach [1]. PPG has several functional advantages and 
a lower incidence of postgastrectomy syndromes such as 
dumping syndrome and bile reflux, compared with conven-
tional DG with Billroth I reconstruction [2–4]. Additionally, 
several studies have demonstrated that patients who undergo 
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PPG have better postoperative nutritional status and body-
weight maintenance compared with patients following other 
types of gastrectomy [5–8].

Overweight/obesity is among the most important grow-
ing health issues worldwide and is associated with various 
health problems, including cardiovascular and kidney dis-
orders, hypertension and diabetes mellitus [9–12]. Body 
weight control is frequently required in the treatment of 
obese patients with these chronic lifestyle-related diseases 
[13, 14]. It remains unknown whether PPG should be per-
formed in overweight/obese patients because excess body 
weight may be maintained postoperatively.

Recently, some groups have reported that overweight/
obese patients with gastric cancer (GC) tend to have greater 
postoperative weight loss than other patients. In an Asian 
series, Kong et al. [15] found that overweight patients (body 
mass index [BMI] ≥ 25 kg/m2) were likely to lose excessive 
body weight and to achieve ideal body weight after curative 
gastrectomy. In a Western series, Davis et al. [16] reported 
that the extent of weight loss after gastrectomy for GC 
was associated with preoperative BMI (≥ 30 kg/m2 versus 
< 30 kg/m2) as well as extent of gastric resection (total ver-
sus subtotal). However, those reports were based on clinical 
data after standard gastrectomy for GC. Body weight change 
after modified function-preserving procedures such as PPG 
in overweight/obese patients has not been reported to date. 
At our institution, we have proactively adopted laparoscopic 
PPG (LPPG) for patients with clinically diagnosed early gas-
tric cancer in the middle third of the stomach, regardless of 
preoperative BMI. Using the accumulated clinical data from 
overweight/obese patients, we aimed to compare surgical 

outcomes following LPPG versus laparoscopic DG (LDG) 
in patients with BMI ≥ 25 kg/m2. We compared postopera-
tive nutritional status and body weight change between the 
groups after adjusting for patient characteristics with pro-
pensity score matching (PSM).

Methods

Study design and patient selection

Between January 2006 and December 2015, a total of 1655 
patients underwent LDG (n = 1017) or LPPG (n = 638) at our 
institution for cStage I GC. These populations included both 
non-overweight (BMI < 25 kg/m2, n = 1306) and overweight 
(BMI ≥ 25 kg/m2, n = 349) patients. Among the 349 patients 
with BMI ≥ 25 kg/m2, 36 were excluded from further anal-
ysis because they had other malignancies, received adju-
vant chemotherapy or died/relapsed postoperatively. PSM 
was performed with the remaining overweight patients to 
improve comparability between LDG and LPPG groups. The 
propensity score model was created using logistic regres-
sion analysis with the following variables: sex, age, BMI, 
histological type and American Society of Anesthesiologists 
physical status (ASA-PS) score. Nearest-neighbor matching 
was performed with a caliper width of 0.2 standard devia-
tions of the logit of the estimated propensity score at a ratio 
of 1:1 without replacement. The laboratory data and body 
weight change of 202 propensity score-matched patients 
(LDG: n = 101; LPPG: n = 101) were analyzed in the cur-
rent study (Fig. 1).

Fig. 1  Study flow chart; a 
total of 1665 patients, who 
underwent LDG or LPPG for 
cStage I GC between 2006 
and 2015, were categorized to 
non-overweight (BMI < 25 kg/
m2, n = 1306) and overweight 
(BMI ≥ 25 kg/m2, n = 349). 
After exclusion of 36 cases, 
an adjustment by propensity 
score matching was performed. 
Finally, 202 overweight cases 
(LDG; n = 101, LPPG; n = 101) 
were analyzed in this study

n=1655, cStage I GC, LDG/LPPG performed, between 2006 and 2015

Overweight (BMI ≥25) (n=349)
LDG (n=226)
LPPG (n=123)

Synchronous cancer (n=9)
Metachronous cancer (n=11)
(2 duplicated case included)

Adjuvant chemotherapy (n=12)
Recurrence (n=3)
Dead case (n=6)
(3 duplicated cases included)

-18 cases

-18 cases

nutri�onal assessment

Overweight (BMI ≥25) (n=313)
LDG (n=198)
LPPG (n=115)

Overweight (BMI ≥25) (n=202)
LDG (n=101)
LPPG (n=101)

propensity score matching 
(by sex, age, BMI, histological type and ASA-PS)

Non-overweight (BMI <25) (n=1306)
LDG (n=791)
LPPG (n=515)
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Data regarding clinical features and postoperative out-
comes were collected from a prospectively maintained data-
base in our institution and investigated retrospectively. This 
study was approved by the institutional review board at the 
Cancer Institute Hospital, Tokyo, Japan.

Surgical procedure

We performed LDG or LPPG for cStage I GC located in the 
middle to distal portion of the stomach. As described previ-
ously [8], our indication for LPPG was fulfillment of the 
following conditions: (1) preoperative diagnosis of intramu-
cosal or submucosal carcinoma without lymph node metas-
tasis; (2) patient age of 75 years or less; (3) tumor located 
in the middle third of the stomach and more than 5 cm from 
the pyloric ring; (4) any histological type; and (5) no hiatus 
hernia or esophageal reflux. In patients who met these condi-
tions, LPPG was the first-choice procedure for cT1 N0 GC in 
the middle third of the stomach. The alternative procedure, 
LDG, was applied in the remaining cases.

All patients enrolled in this study underwent LDG or 
LPPG with modified D1 + or D2 lymphadenectomy. In LDG, 
modified D1 + lymphadenectomy (lymph node stations 1, 3a, 
3b, 4sb, 4d, 5, 6, 7, 8a, 9, and 11p) was performed in patients 
with clinically diagnosed T1 N0 GC; D2 lymphadenectomy 
(lymph node stations 1, 3a, 3b, 4sb, 4d, 5, 6, 7, 8a, 9, 11p, 
12a) was performed in patients with clinically diagnosed T1 
N1 or T2 N0 GC. In LPPG, because lymph node dissection 
of station #5 and part of station #6 was omitted to retain the 
blood supply of the pyloric cuff, as described in a previous 
report from our institution [8], modified D1 + lymphadenec-
tomy (1, 3a, 3b, 4sb, 4d, 6, 7, 8a, 9, 11p) was performed for 
clinically diagnosed T1 N0 GC.

Extracorporeal/intracorporeal reconstructions were per-
formed with Billroth I (B1) or Roux-en-Y (RY) procedures 
(for LDG) or gastrogastrostomy (for LPPG), according to 
tumor location, size of the remnant stomach and surgeons’ 
preferences.

Perioperative data and surveillance

The demographic and clinicopathological data, including 
age, sex, BMI, ASA-PS, and short-term surgical results, 
were obtained from our database. The macroscopic and 
microscopic classification of tumors was based on the 3rd 
English edition of the Japanese Classification of Gastric Car-
cinoma [17] and the 7th edition of the International Union 
Against Cancer/American Joint Committee on Cancer TNM 
staging system [18]. Postoperative complications were cat-
egorized according to the Clavien–Dindo classification [19].

After gastrectomy, patients were followed according to 
the established protocol at our hospital, which included 
physical examination, blood tests and imaging examinations. 

Body weight was regularly measured at hospital visits, and 
relative body weight ratio (postoperative/preoperative) was 
calculated for each patient using data collected from 1 to 
2 years after surgery. Nutritional parameters, including 
serum total protein, albumin, prealbumin and hemoglobin, 
were also investigated at 6 months, 1 year and 2 years after 
surgery. Delta values for nutritional data (postoperative–pre-
operative) were calculated for each patient and compared 
between groups.

Statistical analysis

To compare clinical parameters between groups, the Chi-
square test was used for categorical variables and the Stu-
dent’s t test or Mann–Whitney U test was used for continuous 
variables. Values are shown as mean ± standard deviation or 
median (range). A p value of < 0.05 was considered statisti-
cally significant. Statistical analyses were conducted with 
 JMP® 11 software (SAS Institute, Cary, NC, USA).

Results

Patient and clinical characteristics

The distribution of BMI for all 1655 patients is summarized 
in the histogram in Supplemental Fig. 1. Population charac-
teristics before and after PSM are summarized in Table 1. 
The rates of preoperative comorbidities (diabetes melli-
tus, hypertension, cerebrovascular disease, cardiovascular 
disease, pulmonary disease and reflux esophagitis) were 
compared between LDG and LPPG groups. After adjust-
ment with PSM, there were no significant differences in any 
background characteristics between the groups. Among the 
LDG group after PSM, B1 and RY reconstructions were 
performed in 43 and 58 patients, respectively.

Pathological results and surgical outcomes

The pathological findings and operative results of the groups 
after PSM are shown in Table 2. Regarding pathological 
results, the LDG group showed significantly advanced 
T category compared with the LPPG group (p = 0.023). 
Extra-corporeal anastomosis was frequently performed in 
the LPPG group (p = 0.003). The two groups had compa-
rable and acceptable short-term surgical outcomes. No sig-
nificant differences were found between groups in operation 
time, blood loss or overall rate of postoperative complica-
tions. The rates of each postoperative event, such as anas-
tomotic leakage, pancreatic fistula, intra-abdominal infec-
tious complication and delayed gastric emptying, were not 
significantly different between two groups. No in-hospital 
mortality occurred in this case series. Iron drugs were used 
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for postoperative anemia or iron deficiency in some cases 
after gastrectomy, as shown in Table 2.

Postoperative body weight change and nutritional 
status

The postoperative body weight patterns of overweight 
patients are shown in Table 3. The mean relative body 
weight ratios (postoperative/preoperative ratios) were 
87.5 ± 8.0% after LDG and 89.6 ± 6.7% after LPPG (differ-
ence not significant; p = 0.088). Postoperative median BMI 
values were less than 25 kg/m2 in the both groups (difference 
not significant; p = 0.121).

No significant differences were found between LDG 
and LPPG groups preoperatively in the four nutritional 
parameters compared (total protein, albumin, preal-
bumin and hemoglobin). Changes in nutritional data 

(postoperative–preoperative) were calculated for each 
patient and compared in postoperative analysis. Prealbumin 
level at 2 years and hemoglobin levels at 6 months, 1 year 
and 2 years were significantly well maintained after LPPG 
(Fig. 2). Of note, prealbumin and hemoglobin levels at 
2 years had almost returned to baseline levels in the over-
weight LPPG group.

Two different reconstruction methods, such as B1 and 
RY, were included in the LDG group. Therefore, the com-
parisons between LPPG and DG with each reconstruction 
pattern were additionally analyzed. In comparison between 
LDGB1 (n = 43) and LPPG (n = 101), hemoglobin levels 
at 1 year and 2 years were significantly well maintained in 
the LPPG group (Fig. 3a). In comparison between LDGRY 
(n = 58) and LPPG (n = 101), prealbumin level at 2 years 
and hemoglobin levels at 6 months, 1 year and 2 years were 
significantly well maintained in the LPPG group (Fig. 3b).

Table 1  Patient and clinical characteristics

Values are shown mean ± standard deviation
BMI body mass index, ASA-PS American Society of Anesthesiologists physical status, B1 Billroth I, RY Roux-en-Y
a Differentiated type refers to papillary adenocarcinoma, well-differentiated adenocarcinoma, and moderately differentiated adenocarcinoma
b Undifferentiated type refers to poorly differentiated adenocarcinoma and signet ring cell carcinoma
c Severer than Grade A esophagitis according to the Los Angeles classification. *

Variable Overweight (BMI ≥ 25)
Non-matched patients (n = 313)

p value Overweight (BMI ≥ 25)
Matched patients (n = 202)

p value

LDG (n = 198) LPPG (n = 115) LDG (n = 101) LPPG (n = 101)

Sex, n (%)
 Male 157 (79.3%) 73 (63.5%) p = 0.002 72 (71.3%) 71 (70.3%) p = 0.877
 Female 41 (20.7%) 42 (36.5%) 29 (28.7%) 30 (29.7%)

Age (years) 63.0 ± 10.3 58.4 ± 9.6 p < 0.001 59.4 ± 11.1 59.5 ± 9.3 p = 0.963
Body weight, kg 72.5 ± 9.3 72.7 ± 9.9 p = 0.838 72.7 ± 10.0 73.4 ± 10.1 p = 0.647
BMI, kg/m2 27.0 ± 2.0 27.2 ± 2.3 p = 0.462 27.0 ± 2.3 27.1 ± 2.3 p = 0.720
Histological type, n (%)
 Differentiated  typea 101 (51.0%) 34 (29.6%) p < 0.001 35 (34.7%) 34 (33.7%) p = 0.882
 Undifferentiated  typeb 197 (49.0%) 81 (70.4%) 66 (65.3%) 67 (66.3%)

ASA-PS, n (%)
 I 92 (46.5%) 55 (48.8%) p = 0.968 47 (46.5%) 46 (45.5%) p = 0.826
 II 104 (52.5%) 59 (51.3%) 52 (51.5%) 54 (53.5%)
 III- 2 (1.0%) 1 (0.9%) 2 (2.0%) 1 (1.0%)

Comorbidity, n (%)
 Diabetes mellitus 15 (7.6%) 5 (4.4%) p = 0.260 7 (6.9%) 5 (5.0%) p = 0.552
 Hypertension 65 (32.8%) 39 (33.9%) p = 0.844 33 (32.7%) 35 (34.7%) p = 0.766
 Cerebrovascular disease 8 (4.0%) 2 (1.7%) p = 0.264 3 (3.0%) 2 (2.0%) p = 0.651
 Cardiovascular disease 14 (7.1%) 3 (2.6%) p = 0.093 7 (6.9%) 3 (3.0%) p = 0.195
 Pulmonary disease 12 (6.1%) 2 (2.6%) p = 0.168 6 (5.9%) 2 (2.0%) p = 0.149
 Reflux  esophagitisc 12 (6.1%) 6 (5.2%) p = 0.757 6 (5.9%) 5 (5.0%) p = 0.719

Reconstruction, n (%)
 B1 79 (39.9%) – 43 (42.6%) –
 RY 110 (60.1%) – 58 (57.4%) –
 Gastro-gastrostomy – 115 (100%) – 101 (100%)



1251Should pylorus-preserving gastrectomy be performed for overweight/obese patients with gastric…

1 3

Discussion

In the current study, we addressed the following clini-
cal question, “Should PPG be performed in overweight/

obese patients?” Because PPG is an alternative to DG for 
early gastric cancer in the middle third of the stomach, 
we designed our comparison of the procedures to resolve 

Table 2  Pathological results and 
surgical outcomes

Values are shown as median (range)
M mucosa, SM submucosa, MP muscularis propria
a According to the Clavien–Dindo classification
b Severer than Grade 2 complications according to the Clavien–Dindo classification

Variable Overweight (BMI ≥ 25)
Matched patients (n = 202)

p value

LDG (n = 101) LPPG (n = 101)

pT category, n (%)
 T1a (M) 40 (39.6%) 51 (50.5%) p = 0.023
 T1b (SM) 48 (47.5%) 47 (46.5%)
 T2– (MP–) 13 (12.9%) 3 (3.0%)

pN category, n (%)
 N0 92 (91.1%) 91 (90.1%) p = 0.810
 N1– 9 (8.9%) 10 (9.9%)

Anastomosis, n (%)
 Extra-corporeal 56 (55.4%) 76 (75.2%) p = 0.003
 Intra-corporeal 45 (44.6%) 25 (24.8%)

Number of resected lymph nodes 38 (19–121) 39 (13–84) p = 0.789
Operation time (min) 268 (160–515) 254 (78–368) p = 0.246
Blood loss (g) 45 (0-440) 35 (0-400) p = 0.522
Postoperative complications, n (%)a

 No complication/Grade I 86 (85.1%) 80 (79.2%) p = 0.424
 Grade II 9 (8.9%) 15 (14.9%)
 Grade IIIa- 6 (5.9%) 6 (5.9%)

Anastomotic leakage, n (%)b 1 (1.0%) 1 (1.0%) p = 1.000
Pancreatic fistula, n (%)b 1 (1.0%) 1 (1.0%) p = 1.000
Intra-abdominal infectious complication, 
n (%)b

5 (5.0%) 9 (8.9%) p = 0.268

Delayed gastric emptying, n (%) 1 (1.0%) 3 (3.0%) p = 0.313
Postoperative hospital stay (day) 10 (8–54) 11 (7–35) p = 0.078
In-hospital mortality, n (%) 0 (0%) 0 (0%) –
Postoperative iron drug usage, n (%)
 Yes 4 (4.0%) 2 (2.0%) p = 0.407
 No 97 (96.0%) 99 (98.0%)

Table 3  Postoperative body weight change

Values are shown mean ± standard deviation

Relative body weight Preoperative p value Postoperative (1–2 years) p value

Overweight LDG 100% – 87.5 ± 8.0% p = 0.088
Overweight LPPG 100% 89.6 ± 6.7%

BMI Preoperative p value Postoperative (1–2 years) p value

Overweight LDG 27.0 ± 2.3 p = 0.720 23.8 ± 2.9 p = 0.121
Overweight LPPG 27.1 ± 2.3 24.5 ± 2.8
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this question after adjusting for patient characteristics with 
PSM.

We have reported that postoperative body weight loss 
after LPPG was 6.76% on average including non-overweight 
and overweight patients [8]. In this study, overweight/obese 
patients lost an average of more than 10% of body weight 
after LPPG; this weight loss was similar to that after LDG. 
Previous studies have shown that overweight/obese patients 
tend to lose a higher proportion of body weight than non-
overweight/non-obese patients after standard curative resec-
tion of GC, such as distal or total gastrectomy [15, 16]. The 
present study focused on body weight change following a 
function-preserving procedure, PPG, in which body weight 
is generally expected to be well maintained. Our results can 
be explained by the fact that substantial body weight loss 
occurs regardless of the type of gastrectomy in overweight/
obese patients. The clinical importance of preoperative 
BMI and postoperative body weight loss has been widely 

discussed; these parameters are reported to be associated 
with survival outcomes and continuation of systemic chemo-
therapy for GC [15, 20, 21]. Thus, it is important to acknowl-
edge different patterns according to body composition and 
BMI. To our knowledge, this is the first study to compare 
nutritional status and weight loss between PPG and DG in an 
overweight/obese cohort and to clearly evaluate substantial 
postoperative weight loss after PPG in this cohort.

This study confirmed the superiority of LPPG for 
maintaining certain postoperative nutritional parameters. 
Although the nutritional status of patients was similar after 
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Fig. 2  Postoperative nutritional assessment of LDG and LPPG; the 
nutritional comparison between the overweight LDG group (n = 101) 
and the overweight LPPG group (n = 101) was conducted using a 

delta value (postoperative–preoperative). TP total protein, Alb albu-
min, Pre-Alb prealbumin, Hb hemoglobin, *p < 0.05

Fig. 3  Postoperative nutritional assessment of LDGB1/LDGRY and 
LPPG; a The comparison between the overweight LDGB1 group 
(n = 43) and the overweight LPPG group (n = 101). b The comparison 
between the overweight LDGRY group (n = 58) and the overweight 
LPPG group (n = 101). The comparisons were conducted using a 
delta value (postoperative–preoperative). TP total protein, Alb albu-
min, Pre-Alb prealbumin, Hb hemoglobin, *p < 0.05

▸
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LPPG and LDG (except for prealbumin level 2 years postop-
eratively) significantly higher hemoglobin levels were con-
firmed in the LPPG group at 6 months, 1 year and 2 years, 
indicating an apparent benefit for anemia. Prealbumin has 
a short half-life (about 2 days) and is a sensitive nutritional 
marker; its usefulness has been reported in several clini-
cal settings [22–25]. Friedrich et al. [26] confirmed both 
pronounced body muscle loss and prealbumin loss after 
laparoscopic sleeve gastrectomy for a bariatric purpose, sug-
gesting a correlation between body composition change and 
prealbumin status. The stability of prealbumin levels after 
LPPG may indicate the potential nutritional benefits of the 
procedure in overweight/obese patients.

The reasons for postgastrectomy anemia are multifacto-
rial and include the altered alimentary tract, impaired food 
intake/absorption, reduced gastric intrinsic factor, and inad-
equate pH balance of the remnant stomach [27]. Compared 
with conventional DG, PPG preserves gastric acid secretion 
and longer retention time in the remnant stomach, result-
ing in an appropriate conversion of ingested ferric iron to 
absorbable ferrous iron after mixture with gastric acid [28, 
29]. As expected, the postoperative hemoglobin levels were 
well maintained and were significantly higher after LPPG 
than after LDG at each time point.

The main limitation of the present study is its nonrand-
omized retrospective design. To resolve this limitation, we 
conducted an adjustment with PSM, resulting in no signifi-
cant differences in patient characteristics between groups.

Other possible limitation is a mixture of two reconstruc-
tion methods, such as B1 and RY procedures, in the LDG 
group. The previous randomized clinical trial by Hirao et al. 
[30] showed no significant differences only in serum albumin 
and lymphocyte count between DGB1 and DGRY. Regard-
ing iron status and postoperative anemia, the superiority of 
DGB1 has been previously suggested [31–33]. In compari-
son of four nutritional parameters (total protein, albumin, 
prealbumin and hemoglobin) between DGB1 (n = 43) and 
DGRY (n = 58) in the current case series, no significant dif-
ferences were observed (data not shown). The comparisons 
between LPPG and LDG with each reconstruction proce-
dure were additionally analyzed in our study. As a result, 
the superiority of LPPG in the hemoglobin level over both 
LDGB1 and LDGRY was indicated (Fig. 3a, b). However, 
reconstruction methods after DG can have various influences 
in terms of postoperative food passage and nutritional status, 
which should be always minded in a clinical trial.

Finally, ethnic and regional variations regarding physique 
and baseline BMI are also possible problems. We set a BMI 
of 25 kg/m2 as the cutoff point, considering the distribution 
pattern of Japanese patients in the current study (Supplemen-
tal Fig. 1). The rates of overweight and obesity differ widely 
between Asian and Western countries [10]. Furthermore, a 
World Health Organization expert group has recommended 

population-specific BMI cut-off points for overweight and 
obesity [34]. The applicability of our results for Western 
populations needs to be assessed carefully; a different BMI 
cutoff may be needed in these populations.

In this study, we first clarified nutritional status and 
weight loss patterns following LPPG in overweight/obese 
patients by comparing LPPG results with those of LDG. 
For overweight/obese patients, LDG and LPPG resulted in 
similar degrees of postoperative weight loss, with patients 
achieving near-ideal body weight levels; the postoperative 
nutritional advantages of LPPG were also confirmed. We 
plan to further evaluate improvements in lifestyle-related 
diseases such as hypertension and diabetes mellitus, body 
composition changes, and postoperative quality of life with 
a questionnaire-based study in the near future.

Conclusions

LPPG seemed to be better even for overweight/obese 
patients who meet indication criteria. A study of the subse-
quent clinical benefits of LPPG is required to reinforce our 
current results.
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