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Introduction

With the improvement of surgical techniques and postopera-

tive comprehensive treatments, the survival time of patients with 

gastric cancer has extended after surgery; therefore, more atten-

tion has been paid to postoperative quality of life. The incidence 

of gallstones after gastrectomy for gastric cancer is higher than in 

the general population.1-5 Gallstones after gastrectomy may lead 

to cholecystitis, which requires further surgical treatment. Cho-

lecystectomy after gastrectomy is a challenging procedure that 

can seriously affect quality of life; the incidence and risk factors 

of gallstone formation after gastric cancer surgery need to be re-

evaluated.

The causes and mechanisms underlying the development 

of post-gastrectomy gallstones are unclear. Pathophysiologic 

changes associated with gallstone formation after gastrectomy in-

clude alterations in gallbladder motility, release of cholecystokinin 

(CCK), and gallbladder responses.2,6-8 Gallstones may also result 

from surgical sequel such as resection of the vagal nerve and 

nonphysiological reconstruction of the gastrointestinal tract.2,6-8 

The aim of this study was to evaluate the incidence of gallstone 
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Purpose: The incidence of gallstones after gastrectomy for gastric cancer is higher than in the general population. However, the causes 
and mechanisms of post-gastrectomy gallstones are unclear. The aim of this study was to evaluate the incidence of gallstone formation 
and the risk factors for their development after gastrectomy for gastric cancer.
Materials and Methods: Of 1,744 gastric cancer patients who underwent gastrectomy at Seoul National University Bundang Hospital 
between January 2010 and December 2012, 1,284 were included in this study and retrospectively reviewed. Patients’ age, sex, body 
mass index (BMI), tumor location, stage, type of gastrectomy, type of reconstruction, and extent of node dissection were evaluated. 
Results: The incidence of gallstones after gastrectomy for gastric cancer was significantly higher in men than in women (P=0.019). 
Exclusion of the duodenum during reconstruction was associated with a significantly higher incidence of gallstones (P=0.003). Over-
weight and obese patients with BMI ≥23 kg/m2 had significantly higher incidence of gallstones than those with a lower BMI (P=0.006). 
Multivariate analysis showed that obesity (hazard ratio, HR=1.614; 95% confidence interval, CI: 1.135~2.296; P=0.008), male sex 
(HR=1.515, 95% CI: 1.029~2.231, P=0.033), and exclusion of the duodenum (HR=1.648, 95% CI: 1.192~2.280, P=0.003) 
were significant, independent risk factors for gallstones after gastrectomy. 
Conclusions: The cumulative incidence of gallstones for 5 years after gastrectomy was 15.3%. Male sex, obesity, and exclusion of the 
duodenum were risk factors for gallstone formation after gastrectomy. Careful surveillance will be required for these patient groups after 
gastrectomy.
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formation and the risk factors for their development after gas-

trectomy for gastric cancer.

Materials and Methods

1. Patients

Between January 2010 and December 2012, 1,744 patients 

with gastric cancer underwent gastrectomy at the Seoul National 

University Bundang Hospital. Gallbladders were routinely evalu-

ated by performing a computed tomography (CT) scan before 

each gastrectomy and cholecystectomy was performed if gall-

stones were detected. Of these 1,744 patients, 460 patients were 

excluded; 24 patients who had a history of cholecystectomy, 107 

patients who underwent cholecystectomy at the time of their gas-

trectomy, 70 patients who had undergone segmental resection of 

the stomach, 5 patients who had remnant gastric cancer, and 254 

patients who followed-up with other hospitals or failed to follow-

up. The remaining 1,284 patients were analyzed for this study (Fig. 

1). Patients’ age, sex, preoperative body mass index (BMI), tumor 

location and stage, types of gastrectomy and reconstruction, and 

extent of node dissection were evaluated. 

All of the 1,284 patients included patients underwent distal 

gastrectomy (DG), total gastrectomy (TG), proximal gastrectomy 

(PG), or pylorus-preserving gastrectomy (PPG), and systemic 

lymph node dissection. The reconstruction methods after gastrec-

tomy included Billroth I or II anastomosis or Roux-en Y or uncut 

Roux-en Y reconstruction for DG, the Roux-en-Y method for 

TG, esophagogastrostomy or double tract reconstruction for PG, 

and gastrogastrostomy for PPG. The patients were followed for a 

median of 39.6 months, in accordance with institutional protocol. 

Ultrasonography (USG) was performed 3 months after surgery 

and an abdominal CT scan was performed 3 months after the 

USG. USG and CT scans were then performed alternatively ev-

ery 3 months. After 3 years, an abdominal CT scan was generally 

performed every year until the end of the follow-up. Although 

the primary purpose of these examinations was to detect meta-

static disease, gallbladder information was recorded in every ex-

amination. Patients were routinely followed-up for 5 years after 

their surgery. This study was approved by the ethics committee 

of the Seoul National University Bundang Hospital (No. B-1512-

328-115). All patients provided informed consent for surgery.

2. Statistical analysis

Categorical data were compared by using the Pearson c2 test 

or Fisher’s exact test, as appropriate. The total incidence of gall-

stones after gastrectomy was evaluated by using the Kaplan-

Meier method and differences between groups were evaluated by 

performing the log rank test. We analyzed patients who died dur-

ing the follow-up as censored. Multivariate analysis with the Cox 

proportional hazards model was used to evaluate the risk factors 

for gallstones after gastric cancer surgery. P-values of less than 

0.05 were considered to be statistically significant. All statistical 

analysis were performed with IBM SPSS ver. 21 for Windows 

(IBM Co., Armonk, NY, USA).

Results

Of 1,284 patients included in this study, 892 were men (69.5%) 

and the median age was 59.0 years. The median follow-up period 

was 39.6 months. The characteristics of these patients are shown 

in Table 1. Gallstone formation was observed in 150 of these 

patients. The incidence of gallstones 5 years after gastrectomy 

was 15.3% (Fig. 2A). The median interval between gastrectomy 

and the diagnosis of gallstones was 16.9 months. The incidence 

of gallstones at 5 years was significantly higher in men than in 

women (16.1% vs. 13.4%; P=0.019) (Fig. 2B). 

To examine the influence that food passage through the 

duodenum has on the incidence of gallstones, patients who had 

reconstructions that excluded the duodenum (Billroth II, Roux-

en Y, and uncut Roux-en Y) were compared to patients in whom 

Patients undergoing gastrectomy
from January 2010
to December 2012

(n=1,744)

Excluded:
Previous of concomitant

cholecystectomy
(n=131)

Follow-up loss
(n=254)

Segmental resection
(n=70)

Remnant gastric cancer
(n=5)

Included
(n=1,284)

Median follow-up:
39.6 months

Gallstone positive
(n=150)

Gallstone negative
(n=1,134)

Fig. 1. Flow chart showing patient characteristics following gastrec-
tomy.
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Table 1. Characteristics of the 1,284 patients included in this study

Characteristic Gallstone (–) (n=1,134) Gallstone (+) (n=150) P-value

Age (yr) 59.0±12.3 58.6±11.4 0.631

Sex 0.019

   Male 775 (68.3) 117 (78.0)

   Female 359 (31.7) 33 (22.0)

BMI (kg/m2) 23.6±3.1 24.5±3.0 0.149

Type of surgery 0.126

   Open 261 (23.0) 43 (28.7)

   Laparoscopy 873 (77.0) 107 (71.3)

Type of gastrectomy 0.634

   DG 869 (76.6) 110 (73.3)

   TG 198 (17.5) 32 (21.3)

   PG 56 (4.9) 6 (4.0)

   PPG 11 (1.0) 2 (1.3)

Duodenal exclusion 0.003

   Yes 517 (45.6) 86 (57.3)

   No 617 (54.4) 64 (42.7)

Extent of lymph node dissection* 0.439

   D1+ 454 (40.0) 65 (43.3)

   D2 680 (60.0) 85 (56.7)

Tumor location 0.181

   Upper 209 (18.4) 31 (20.7)

   Middle 202 (17.8) 34 (22.7)

   Lower 692 (61.0) 84 (56.0)

   Multiple 31 (2.7) 1 (0.7)

TNM stage* 0.444

   IA 572 (50.4) 85 (56.7)

   IB 143 (12.6) 22 (14.7)

   IIA 107 (9.5) 13 (8.7)

   IIB 71 (6.3) 9 (6.0)

   IIIA 71 (6.3) 9 (6.0)

   IIIB 65 (5.7) 6 (4.0)

   IIIC 70 (6.1) 3 (2.0)

   IV 35 (3.1) 3 (2.0)

Obesity† 0.015

   Underweight 51 (4.6) 2 (1.3)

   Normal 423 (37.5) 42 (28.0)

   Overweight 295 (25.9) 50 (33.3)

   Obese 365 (32.0) 56 (37.3)

Values are presented as mean±standard deviation or number (%). BMI = body mass index; DG = distal gastrectomy; TG = total gastrectomy; PG = 
proximal gastrectomy; PPG = pylorus-preserving gastrectomy. *According to the 7th Union for International Cancer Control/American Joint 
Committee on Cancer TNM system. †Underweight, BMI<18.5 kg/m2; normal, BMI 18.5~23.0 kg/m2; overweight, BMI 23.0~25.0 kg/m2; obese, 
BMI≥25.0 kg/m2.
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passage through the duodenum was maintained (Billroth I, PG, 

and PPG). The incidence of gallstones was significantly higher in 

the group with duodenal exclusion (P=0.003) (Fig. 2C).

To evaluate the influence of degree of obesity on gallstone 

formation, patients were divided into four groups based on BMI: 

underweight (BMI＜18.5 kg/m2), normal (18.5 kg/m2≤BMI

＜23.0 kg/m2), overweight (23.0 kg/m2≤BMI＜25.0 kg/m2), and 

obese (25.0 kg/m2≤BMI). The prevalence of gallstones tended 

to be higher in the obese group than in the non-obese groups; 

however, the difference was not statistically significant. The in-

cidence of gallstones was significantly higher in overweight and 

obese patients (P=0.006) compared to the incidence in under-

weight and normal patients (Fig. 2D).

Gallstones developed in 43 patients (14.1%) of the 304 patients 

who underwent open surgery and in 107 patients (10.9%) of the 

980 patients who underwent laparoscopic surgery. While the in-

cidence was higher in the open group, there was no significant 

difference between the two groups (P=0.126). Of the 765 patients 

who underwent gastrectomy with standard D2 or D2+ lymph 

node dissection, 85 patients (11.1%) developed gallstones, com-

pared to development of gallstones in 65 patients (12.5%) of 519 

patients who underwent gastrectomy with D1+ or D1 lymph node 

dissection (P=0.439).

The incidence of gallstones for each type of gastrectomy was 

evaluated. Gallstones developed in 110 patients (11.2%) of the 

979 patients who underwent DG, 32 patients (13.9%) of the 230 

patients who underwent TG, 6 patients (9.7%) of the 62 patients 

who underwent PG, and 2 patients (15.4%) of the 13 patients who 

underwent PPG. There were no significant differences between 

the incidence of gallstones and the type of gastrectomy (P=0.634). 

Combining patients who underwent DG, PG, and PPG into a 

partial gastrectomy group, the incidences of gallstones in patients 
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Fig. 2. (A) Cumulative incidence of gallstones after gastrectomy. (B) Incidence of post-gastrectomy gallstones in men and women (P<0.01, log rank 
test). (C) Incidence of gallstones after gastrectomy in patients who underwent reconstruction with or without duodenal exclusion (P<0.01, log rank 
test). (D) Incidence of post-gastrectomy gallstones in overweight and obese patients (≥23 kg/m2) vs. normal and underweight (<23 kg/m2) patients 
(P<0.001, log rank test). BMI = body mass index.
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who underwent partial gastrectomy and TG were 11.2% and 

13.9%, respectively. Although the incidence was higher in the TG 

group, the difference was not statistically significant (P=0.245).

The incidence of gallstones was also evaluated according to 

the type of reconstruction after DG. Gallstones developed in 56 

patients (9.2%) of the 606 patients reconstructed by performing 

Billroth I anastomosis, 11 patients (13.4%) of 82 patients who 

underwent Billroth II reconstruction, 5 patients (22.7%) of 22 pa-

tients were reconstructed by the Roux-en-Y procedure, and 38 

patients (14.1%) of 269 patients who underwent the uncut Roux-

en-Y procedure. The proportion of patients who developed 

gallstones was significantly higher after a Roux-en-Y procedure 

than after a Billroth I anastomosis in the DG group (P=0.036). 

Variables that showed significant difference on using univari-

ate analysis and were known risk factors for gallstone develop-

ment after gastrectomy were selected for multivariate analysis. 

Multivariate analysis performed by using the Cox proportional 

hazard model showed that obesity, male sex, and exclusion of the 

duodenum were significant independent risk factors for gallstone 

development after gastrectomy (Table 2). 

Discussion

In Asian countries, the prevalence of gallstone disease in the 

general population ranges from 3% to 10%.9 Thus, the rate of 

gallstone formation is higher after gastrectomy than in the gener-

al population. In this study, the cumulative incidence of gallstones 

5 years after gastrectomy was 15.2%, which is within the previ-

ously reported range of 15% to 25%.1-3,5,10-12 

The incidence of gallstone formation differed significantly in 

patients who underwent Billroth I and Roux-en-Y reconstruction 

for DG. The reason for the higher incidence of gallstone forma-

tion in the Roux-en-Y group was evaluated further by analyzing 

the influence that excluding the duodenum from reconstruction 

had on the development of gallstones. Exclusion of the duodenum 

during reconstruction has been associated with gallstone develop-

ment after gastrectomy.2,4,5 Food passage through the duodenum 

stimulates the secretion of CCK, which induces contractions of 

Table 2. Multivariate analysis of risk factors for gallstones after gastrectomy

Variable Univariate analysis (P-value*)
Multivariate analysis

Hazard ratio (95% CI) P-value

Age 0.998 0.999 (0.985~1.012) 0.865

Sex 0.021

   Female 1

   Male 1.515 (1.029~2.231) 0.033

Type of gastrectomy 0.431

   DG 1

   TG 0.999 (0.642~1.554) 0.997

   PG 1.024 (0.438~2.393) 0.957

   PPG 2.389 (0.579~9.849) 0.228

Node dissection† 0.483

   D1+ 1

   D2 0.811 (0.579~1.136) 0.223

Duodenal exclusion 0.003

   No exclusion‡ 1

   Exclusion§ 1.648 (1.192~2.280) 0.003

BMI (kg/m2) 0.007

   <23 1

   ≥23 1.614 (1.135~2.296) 0.008

DG = distal gastrectomy; TG = total gastrectomy; PG = proximal gastrectomy; PPG = pylorus-preserving gastrectomy; BMI = body mass index; CI 
= confidence interval. *Cox proportional hazards model. †According to the 7th Union for International Cancer Control/American Joint Committee 
on Cancer TNM system. ‡Billroth I; proximal gastrectomy = pylorus preserving gastrectomy. §Billroth II; Roux-en-Y = uncut Roux-en-Y.
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the gallbladder. If the duodenum is excluded, food would directly 

enter the jejunum, reducing CCK secretion and gallbladder con-

tractions, thus increasing the risk of gallstones.

We found that the incidence of gallstones after gastrectomy 

was higher in overweight and obese patients than in those who 

were underweight and normal weight, which supports previous 

findings showing an association between high BMI and gallstone 

disease.13-16 BMI is the method most frequently used to assess 

adiposity. Obesity may contribute to the increased hepatic secre-

tion of cholesterol, a key event in the development of cholesterol 

gallstones.14,15 Weight cycling (i.e., weight loss and regain) and 

larger weight fluctuation are risk factors for gallstone disease.17 In 

general, a larger number of obese patients lost a great amount of 

weight after gastrectomy, and showed a larger weight fluctuation, 

suggesting a link between higher BMI and a higher incidence of 

gallstone formation after gastrectomy. Although gallstone inci-

dence is reported to be higher in women than in men,13,18-20 this 

study found that the incidence of gallstones after gastrectomy 

was higher in men. The mechanism underlying this phenomenon 

has not yet been clearly revealed; it remains uncertain and more 

studies are needed.

This study also assessed the incidence of post-gastrectomy 

gallstones in subgroups of patients classified by types of gastrec-

tomy. Patients undergoing TG were reported to have a higher 

incidence of gallstones than patients undergoing other types of 

gastrectomy.2,4 Although this study observed a higher incidence in 

patients who underwent TG, these differences were not statisti-

cally significant, the rate of gallstone development did not differ 

by type of gastrectomy. 

Although a higher degree of lymph node dissection has been 

associated with a higher incidence of gallstones after gastrec-

tomy,3,8,11,21,22 we observed no significant difference in the rate of 

gallstone formation between the D1 plus D1+ groups and the D2 

plus D2+ groups, although the incidence was higher in the D1 

plus D1+ groups. The incidence of gallstones is reported to be 

significantly higher in patients who underwent lymph node dis-

section in the hepatoduodenal ligament than in those who did 

not.2 Our facility started performing laparoscopic gastrectomy in 

May 2003; 75% of these operations between 2010 and 2012 were 

performed laparoscopically. Laparoscopic surgery has several 

advantages over traditional open surgery, including a magnified 

view that allows for more precise surgery; efforts were always 

made to identify and preserve the vagus nerve during dissection 

around the hepatoduodenal ligament. We found that the incidence 

of gallstones was not different between these two groups. 

This study had several limitations, including its retrospective 

design. In addition, the preoperative work-up for gallstones were 

performed with CT scan, which is recognized as being less accu-

rate than ultrasound in detecting gallstones. Therefore, gallstones 

present before gastrectomy may have been missed and we may 

have overestimated the incidence of post-gastrectomy gallstones. 

Prospective, multicenter, well-designed clinical studies in larger 

patient cohorts are needed to evaluate the incidence of and factors 

relating to post-gastrectomy gallstones.

In conclusion, multivariate analysis in this study showed that 

obesity, male sex, and exclusion of the duodenum increased the 

incidence of post-gastrectomy gallstones. Obese male patients 

should be carefully followed-up due to their increased potential 

to develop gallstones after gastrectomy. In addition, reconstruc-

tion that maintains the duodenum may better prevent gallstones 

after gastrectomy. 
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