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Abstract

AIM: To examine the impact of body mass index (BMI) on outcomes following pancreatic resection in the Chinese population.

METHODS: A retrospective cohort study using prospectively collected data was conducted at the Cancer Hospital of the Chinese Academy of Medical Sciences, China National Cancer Center. Individuals who underwent pancreatic resection between January 2004 and December 2013 were identified and included in the study. Persons were classified as having a normal weight if their BMI was < 24 kg/m2 and overweight/obese if their BMI was ≥ 24 kg/m2 as defined by the International Life Sciences Institute Focal Point in China. A 2 test (for categorical variables) or a t test (for continuous variables) was used to examine the differences in patients’ characteristics between normal weight and overweight/obese groups. Multiple logistic regression models were used to assess the associations of postoperative complications, operative difficulty, length of hospital stay, and cost with BMI, adjusting for age, sex, and type of surgery procedures.

RESULTS: A total of 362 consecutive patients with data available for BMI calculation underwent pancreatic resection for benign or malignant disease from January 1, 2004 to December 31, 2013. Of the 362 patients, 156 were overweight or obese and 206 were of normal weight. One or more postoperative complications occurred in 35.4% of the patients following pancreatic resection. Among patients who were overweight or obese, 42.9% experienced one or more complications, significantly higher than normal weight (29.6%) individuals (P = 0.0086). Compared with individuals who had normal weight, those with a BMI ≥ 24.0 kg/m2 had higher delayed gastric emptying (19.9% vs 5.8%, P < 0.0001) and bile leak (7.7% vs 1.9%, P = 0.0068). There were no significant differences seen in pancreatic fistula, gastrointestinal hemorrhage, reope​ration, readmission, or other complications. BMI did not show a significant association with intraoperative blood loss, operative time, length of hospital stay, or cost.

CONCLUSION: Higher BMI increases the risk for postoperative complications after pancreatectomy in the Chinese population. The findings require replication in future studies with larger sample sizes.
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Core tip: The influence of body mass index on post-surgical complications after pancreatectomy remains controversial. Moreover, a majority of these studies were conducted in Western countries. This study was conducted to examine the associations between body mass index and complications after pancreatectomy in a cohort of Chinese patients.

INTRODUCTION

Over the past 20 years, overweight and obesity rates have increased dramatically in China[1-3]. The national survey showed that the prevalence of overweight and obesity in Chinese adults was 39.6% in 2009[1]. Body mass index (BMI), an indirect measure of adipo​sity, has been linked to an increased risk of chronic pancreatitis and pancreatic cancer[4-8]. For both conditions, pancreatectomy is imperative.

The influence of BMI on post-surgical complications after pancreatectomy remains controversial. Several studies have reported a positive association between BMI and risk of postoperative complications[9-15], including increased length of hospital stay[9-12], blood loss[13,14], and surgical site infection[15]; whereas others found no association[16-18]. Moreover, a majority of these studies were conducted in Western countries. Because body fat distribution, genetic predisposition to obesity, and background lifestyle factors are different between Caucasians and Asians[19], it is possible that the associations between BMI and postoperative complications following pancreatectomy may differ by ethnic group. Thus, a retrospective study of Chinese patients was conducted to examine the associations between BMI and complications after pancreatectomy.

MATERIALS AND METHODS
Patient selection and data collection

Patients who underwent pancreatic resection at the Cancer Hospital of the Chinese Academy of Medical Sciences, China National Cancer Center between January 2004 and December 2013 were identified and included in the study. The prospective database tracks data on patient anthropometrics, demographics, clinical history, past medical history, smoking and alcohol consumption, occupational exposure, medical conditions and medication use, diet, family and social history, physical findings, diagnostic tests, therapeutic interventions, complications, pathologic data, and outcomes, including perioperative mortality and long-term survival. Adult height and weight measurements were used to calculate BMI. All data were backed up by source documents and the accuracy of the data entered into the database was periodically reviewed. All study procedures were approved by the Institutional Review Board at the Cancer Hospital of the Chinese Academy of Medical Sciences.

Outcome measures

Postoperative outcomes included occurrence of pan​creatic fistula, delayed gastric emptying, gastrointe​stinal hemorrhage, reoperation, readmission, surgical site infection or other complications, mortality, operative time, intraoperative blood loss, and length of hospital stay. Pancreatic fistula was reported if it met the criteria for the International Study Group of Pancreatic Fistula grade B or C[20]. Delayed gastric emptying was defined as the failure to maintain oral intake by postoperative day 14. Bile leak was defined as bilious drainage from peripancreatic, intraoperatively placed drains or radiographically proven fluid collection requiring percutaneous drainage and demonstrating elevated bilirubin levels. Gastrointestinal hemorrhage was defined as any blood loss that could only be attributed to the gastrointestinal tract, including hematemesis, hematochezia, or melena requiring blood product transfusion or reoperation. Mortality was defined as death during the resection hospitalization or within 30 d of discharge after resection. Other complications were defined as any of the following: wound infection was defined as culture-positive purulent drainage from the postoperative wound and requiring open packing; cholangitis was defined as fever, leukocytosis, and culture-positive bilious drainage from operative or percutaneous drains; urinary tract infection was defined as culture-positive urine with urinalysis-proven pyuria and bacteriuria; pneumonia was defined as fever, leukocytosis, culture-positive sputum with polymorphonuclear leukocytes on Gram stain, and chest radiograph demonstrating focal infiltrates; central line infection was defined as culture-positive line segment from an erythematous or purulent insertion site; pulmonary embolus was defined as radiographically proven pulmonary perfusion abnormality in the setting of hypoxemia or respiratory distress and requiring anticoagulation therapy; deep venous thrombosis was defined as characteristic venous obstruction of an involved extremity as demonstrated on Doppler ultrasound; arrhythmia was defined as characteristic electrocardiographic abnormality with or without symptoms and requiring pharmacologic or electrical intervention; cerebrovascular accident was defined as characteristic neurologic findings on physical examination with radiographically proven lesion. Operative time and blood loss were retrieved from anesthesiology records. Length of stay was calculated from date of surgery until time of discharge or transfer from the acute care setting.

Statistical analysis

BMI was calculated as weight (kg) divided by the square of height (m), using self-reported values. Normal weight was defined as BMI < 24 kg/m2 and overweight/obese was defined as BMI ≥ 24 kg/m2 based on the definitions by the International Life Sciences Institute Focal Point in China[21]. 2 tests (for categorical variables) or t tests (for continuous variables) were used to examine the differences in patients’ characteristics between normal weight and overweight/obese groups.

Multiple logistic regression models were used to assess the associations of postoperative complications, operative difficulty, length of hospital stay, and cost with BMI, adjusting for age, sex, and type of surgery procedures. Additional adjustment for smoking, alcohol consumption, and family history did not result in material changes in the observed associations, and these variables were not included in the final models reported here. All tests were considered significant with a two-sided  < 0.05. All analyses were performed using SAS Software version 9.3 (SAS Institute Inc., Cary, NC, United States).

RESULTS

Demographics and comorbidities

A total of 362 patients who underwent pancreatic resection, performed by the authors (Zhao DB, Tian YT, and Wang CF) between January 2004 and December 2013, were identified and included in the study (Table 1). The procedures included  pancreaticoduodenectomy (n = 195), distal pancreatectomy (n = 142), and middle-segment pancreatectomy (n = 25). Among these patients, 206 were normal weight, and 156 were overweight/obese. The mean BMI was 21.075 kg/m2 for the normal weight group, and 26.993 kg/m2 for the overweight/obese group. The mean patient age of the overweight/obese group was higher than the normal weight group (P = 0.0111). Comorbidity burden was greater in overweight/obese patients, as 68.6% had one or more comorbidities compared with 36.9% in the normal weight group (P < 0.0001). Compared with patients with normal weight, those with a BMI ≥ 24.0 kg/m2 were more likely to have a family history of cancer (P < 0.0001). No significant differences in sex, smoking, alcohol consumption, or surgical procedures were observed between the two groups.

BMI and postoperative complications

One or more postoperative complications occurred in 35.4% of the patients following surgery (Table 2). Of overweight/obese patients, 42.9% suffered complications of any type, compared to only 29.6% of normal weight patients (P = 0.0086). Overweight/obese patients had a significantly higher delayed gastric emptying compared with normal weight patients (P < 0.0001). In addition, the presence of bile leak in overweight/obese patients was significantly higher than in the normal weight group (P = 0.0068). However, no significant differences were seen in pancreatic fistula, mortality, reoperation, readmission, gastrointestinal hemorrhage, or other complications.

BMI and operative variables/length of hospital stay

BMI did not show a significant association with intraoperative blood loss, or operative time (Table 3). Mean intraoperative blood loss varied from 450 mL to 520 mL depending on BMI, and mean operative time was 229 min in normal weight patients compared to 235 min in those who were overweight or obese. In addition, an increased mean length of hospital stay of 24.22 d was seen in patients with a BMI of 24 kg/m2 or more compared to those with normal weight (21.85 d), but this was not statistically significant. There was no significant difference in the cost of hospitalization between the two groups.

DISCUSSION

Pancreatectomy is recognized as a highly invasive surgery. Despite recent advances in surgical technique, devices, and perioperative care, pancreatectomy is associated with a mortality of approximately 5% and a morbidity of 35%-60%[22-24]. Several studies suggested that the mortality after pancreatic surgery in most high-volume centers should be < 3%[25-27]. The present study was performed in a tertiary care and academic institution having the aforementioned prerequisites and resulted in a mortality rate (1.4%) that was in accordance with experienced centers. During the past six years, the annual caseload has increased to more than 40 resections, which might be partially responsible for the improved outcome. Moreover, operative time and blood administration were comparable to other series because of the high volume. Our study is consistent with others that have found comparable mortality in the control and overweight/obese group[16-18]. Analysis of the cause of mortality in our study revealed that pancreatic fistula with subsequent hemorrhage was responsible for 100% (5/5) of the deaths.

Several studies have consistently reported a greater risk for postoperative complications in the obese population as compared to lean subjects[9-15]. However, many recent reports seem to challenge this long-held opinion[16-18]. Morbidity after pancreatectomy in the present study was 35.4%, and the most frequent causes for morbidity were pancreatic fistulas resulting from pancreatic anastomotic insufficiency, bile leak resulting from biliary anastomotic insufficiency, surgical site infection, and delayed gastric emptying. Among patients who were overweight or obese, 42.9% experienced one or more complications, and this is significantly higher than normal weight individuals (29.6%). The results of the present study add to the growing debate over whether BMI increases complications after pancreatectomy.

Sledzianowski et al[28] identified obesity as an additional risk factor for leakage after distal pancrea​tectomy, and the study by Noun et al[12] highlights the increased risk after pancreaticoduodenectomy. The results of the present study are consistent with these studies that found higher bile leakage in the overweight/obese group. Pancreatic fistula is the factor most strongly linked with death in the majority of case series and remains the leading cause of morbidity after pancreatectomy. Noun et al[12] reported a significant association between BMI and pancreatic fistula after pancreatectomy. In this study, however, BMI did not show a significant association with pancreatic fistula. One potential explanation for this conflicting result is that there were only 92 cases included in their study. 

In this study, an increased risk of delayed gastric emptying was observed in the overweight/obese group. In contrast, two earlier studies from American medical centers suggested that BMI was not signifi​cantly associated with delayed gastric emptying after pancreaticoduodenectomy[29,30]. One potential explanation for these conflicting results is that the association between BMI and delayed gastric emptying following pancreatectomy may differ by ethnic group. Additionally, the study by Sfarti et al[31] revealed that higher BMI correlated with delayed gastric emptying in type 1 diabetic patients, which might responsible for the phenomenon.

The influence of obesity on the operative difficulty of several abdominal procedures has previously been reported and has translated into increased blood loss and longer operating times than in normal-weight individuals[32,33]. In the present study, however, intraoperative difficulty was not significantly altered by intraoperative variables (blood transfusion, blood loss, and operative time) in the overweight/obese group. No one can ignore the fact that performing pancreatectomy in obese patients is more challenging and hazardous. There was no significant difference in the length of hospital stay between the two groups, which is consistent with many other studies[16,18].

There are several limitations of the current study. The retrospective nature of this study can be associated with selection bias as well as increased risk of differential misclassification bias. In addition, all patients were analyzed from a single institution, so the findings may not be generalizable to other settings. The limited sample size makes it difficult to adequately adjust for all potential confounding factors. There was an insufficient number of patients to perform subcategory analysis by BMI. Additionally, the relatively small sample size made it impossible to evaluate anything other than the overall complication rate on multivariable analyses. Although the majority of patients were tracked in a prospective database, a proportion required retrospective chart analysis.

In conclusion, the data show that pancreatectomy can be performed safely in overweight/obese patients, although with somewhat higher postoperative complications, bile leak, and delayed gastric emptying rate. However, the positive results in this study need to be replicated in studies with larger sample sizes with greater power.

ACKNOWLEDGMENTS

We sincerely thank Zhihan Zou (McGill University) and Francine Foss (Yale University) for language proofreading. 

COMMENTS

Background

The impact of body mass index (BMI) on complications following pancreatectomy remains controversial, and most pivotal studies have been conducted in Western counties. For the Chinese population, however, the results are scarce.

Research frontiers

The aim of this study was to examine the impact of BMI on outcomes following pancreatic resection in a Chinese population.

Innovations and breakthroughs

Higher BMI increases the risk for postoperative complications after pancreatectomy in the Chinese population. 

Applications

The data from this study show that pancreatectomy can be performed safely in overweight/obese patients, although with somewhat higher postoperative complications, bile leak, and delayed gastric emptying rate.

Terminology

BMI is an indirect measure of adiposity, calculated as weight (kg) divided by the square of height (m).

Peer-review

This is an interesting study regarding the impact of BMI on complications following pancreatectomy. In this study, the authors examined the impact of BMI on outcomes following pancreatic resection in a Chinese population.

REFERENCES

1
Liu AD, Zhang B, Wang HJ, Zhao LY, Su C, Yu DM, Zhai FY. Distribution of body mass index and its changing trends among Chinese adults in nine provinces from 1997 to 2009. Zhonghua Yufang Yixue Zazhi 2011; 31: 167-170

2
Jaacks LM, Gordon-Larsen P, Mayer-Davis EJ, Adair LS, Popkin B. Age, period and cohort effects on adult body mass index and overweight from 1991 to 2009 in China: the China Health and Nutrition Survey. Int J Epidemiol 2013; 42: 828-837 [PMID: 23771721 DOI: 10.1093/ije/dyt052]

3
Ma GS, Li YP, Wu YF, Zhai FY, Cui ZH, Hu XQ, Luan DC, Hu YH, Yang XG. [The prevalence of body overweight and obesity and its changes among Chinese people during 1992 to 2002]. Zhonghua Yu Fang Yi Xue Zazhi 2005; 39: 311-315 [PMID: 16266539]

4
Patterson RE, Frank LL, Kristal AR, White E. A comprehensive examination of health conditions associated with obesity in older adults. Am J Prev Med 2004; 27: 385-390 [PMID: 15556738 DOI: 10.1016/j.amepre.2004.08.001]

5
Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: a systematic review and meta-analysis of prospective observational studies. Lancet 2008; 371: 569-578 [PMID: 18280327 DOI: 10.1016/S0140-6736]

6
Nöthlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE, Kolonel LN. Body mass index and physical activity as risk factors for pancreatic cancer: the Multiethnic Cohort Study. Cancer Causes Control 2007; 18: 165-175 [PMID: 17219012 DOI: 10.1007/s10552-006-0100-0]

7
Olson SH, Chou JF, Ludwig E, O’Reilly E, Allen PJ, Jarnagin WR, Bayuga S, Simon J, Gonen M, Reisacher WR, Kurtz RC. Allergies, obesity, other risk factors and survival from pancreatic cancer. Int J Cancer 2010; 127: 2412-2419 [PMID: 20143395 DOI: 10.1002/ijc.25240]

8
Li D, Morris JS, Liu J, Hassan MM, Day RS, Bondy ML, Abbruzzese JL. Body mass index and risk, age of onset, and survival in patients with pancreatic cancer. JAMA 2009; 301: 2553-2562 [PMID: 19549972 DOI: 10.1001/jama.2009.886]

9
Benns M, Woodall C, Scoggins C, McMasters K, Martin R. The impact of obesity on outcomes following pancreatectomy for malignancy. Ann Surg Oncol 2009; 16: 2565-2569 [PMID: 19557479 DOI: 10.1245/s10434-009-0573-7]

10
Fleming JB, Gonzalez RJ, Petzel MQ, Lin E, Morris JS, Gomez H, Lee JE, Crane CH, Pisters PW, Evans DB. Influence of obesity on cancer-related outcomes after pancreatectomy to treat pancreatic adenocarcinoma. Arch Surg 2009; 144: 216-221 [PMID: 19289659 DOI: 10.1001/archsurg.2008.580]

11
Williams TK, Rosato EL, Kennedy EP, Chojnacki KA, Andrel J, Hyslop T, Doria C, Sauter PK, Bloom J, Yeo CJ, Berger AC. Impact of obesity on perioperative morbidity and mortality after pancreaticoduodenectomy. J Am Coll Surg 2009; 208: 210-217 [PMID: 19228532 DOI: 10.1016/j.jamcollsurg.2008.10.019]

12
Noun R, Riachy E, Ghorra C, Yazbeck T, Tohme C, Abboud B, Naderi S, Chalhoub V, Ayoub E, Yazbeck P. The impact of obesity on surgical outcome after pancreaticoduodenectomy. JOP 2008; 9: 468-476 [PMID: 18648138]

13
Tsai S, Choti MA, Assumpcao L, Cameron JL, Gleisner AL, Herman JM, Eckhauser F, Edil BH, Schulick RD, Wolfgang CL, Pawlik TM. Impact of obesity on perioperative outcomes and survival following pancreaticoduodenectomy for pancreatic cancer: a large single-institution study. J Gastrointest Surg 2010; 14: 1143-1150 [PMID: 20431978 DOI: 10.1007/s11605-010-1201-3]

14
Su Z, Koga R, Saiura A, Natori T, Yamaguchi T, Yamamoto J. Factors influencing infectious complications after pancreato​duodenectomy. J Hepatobiliary Pancreat Sci 2010; 17: 174-179 [PMID: 19517055 DOI: 10.1007/s00534-009-0128-0]

15
Dindo D, Muller MK, Weber M, Clavien PA. Obesity in general elective surgery. Lancet 2003; 361: 2032-2035 [PMID: 12814714 DOI: 10.1016/S0140-6736(03)13640-9]

16
Mullen JT, Davenport DL, Hutter MM, Hosokawa PW, Henderson WG, Khuri SF, Moorman DW. Impact of body mass index on perioperative outcomes in patients undergoing major intra-abdominal cancer surgery. Ann Surg Oncol 2008; 15: 2164-2172 [PMID: 18548313 DOI: 10.1245/s10434-008-9990-2]

17
Lermite E, Pessaux P, Brehant O, Teyssedou C, Pelletier I, Etienne S, Arnaud JP. Risk factors of pancreatic fistula and delayed gastric emptying after pancreaticoduodenectomy with pancreaticogastrostomy. J Am Coll Surg 2007; 204: 588-596 [PMID: 17382217 DOI: 10.1016/j.jamcollsurg.2007.01.018]

18
Balentine CJ, Enriquez J, Cruz G, Hodges S, Bansal V, Jo E, Ahern C, Sansgiry S, Petersen N, Silberfein E, Brunicardi FC, Berger DH, Fisher W. Obesity does not increase complications following pancreatic surgery. J Surg Res 2011; 170: 220-225 [PMID: 21514600 DOI: 10.1016/j.jss.2011.03.048]

19
Wen W, Cho YS, Zheng W, Dorajoo R, Kato N, Qi L, Chen CH, Delahanty RJ, Okada Y, Tabara Y, Gu D, Zhu D, Haiman CA, Mo Z, Gao YT, Saw SM, Go MJ, Takeuchi F, Chang LC, Kokubo Y, Liang J, Hao M, Le Marchand L, Zhang Y, Hu Y, Wong TY, Long J, Han BG, Kubo M, Yamamoto K, Su MH, Miki T, Henderson BE, Song H, Tan A, He J, Ng DP, Cai Q, Tsunoda T, Tsai FJ, Iwai N, Chen GK, Shi J, Xu J, Sim X, Xiang YB, Maeda S, Ong RT, Li C, Nakamura Y, Aung T, Kamatani N, Liu JJ, Lu W, Yokota M, Seielstad M, Fann CS, Wu JY, Lee JY, Hu FB, Tanaka T, Tai ES, Shu XO. Meta-analysis identifies common variants associated with body mass index in east Asians. Nat Genet 2012; 44: 307-311 [PMID: 22344219 DOI: 10.1038/ng.1087]

20
Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, Neoptolemos J, Sarr M, Traverso W, Buchler M. Postoperative pancreatic fistula: an international study group (ISGPF) definition. Surgery 2005; 138: 8-13 [PMID: 16003309 DOI: 10.1016/j.surg.2005.05.001]

21
Chen C, Lu FC. The guidelines for prevention and control of overweight and obesity in Chinese adults. Biomed Environ Sci 2004; 17 Suppl: 1-36 [PMID: 15807475]

22
Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-Barbash R, Hollenbeck A, Leitzmann MF. Overweight, obesity, and mortality in a large prospective cohort of persons 50 to 71 years old. N Engl J Med 2006; 355: 763-778 [PMID: 16926275 DOI: 10.1056/NEJMoa055643]

23
Ramsey AM, Martin RC. Body mass index and outcomes from pancreatic resection: a review and meta-analysis. J Gastrointest Surg 2011; 15: 1633-1642 [PMID: 21484490 DOI: 10.1007/s11605-011-1502-1]

24
Hill JS, Zhou Z, Simons JP, Ng SC, McDade TP, Whalen GF, Tseng JF. A simple risk score to predict in-hospital mortality after pancreatic resection for cancer. Ann Surg Oncol 2010; 17: 1802-1807 [PMID: 20155401 DOI: 10.1245/s10434-010-0947-x]

25
Ouaïssi M, Giger U, Louis G, Sielezneff I, Farges O, Sastre B. Ductal adenocarcinoma of the pancreatic head: a focus on current diagnostic and surgical concepts. World J Gastroenterol 2012; 18: 3058-3069 [PMID: 22791941 DOI: 10.3748/wjg.v18.i24.3058]

26
Cameron JL, Pitt HA, Yeo CJ, Lillemoe KD, Kaufman HS, Coleman J. One hundred and forty-five consecutive pancreati​coduodenectomies without mortality. Ann Surg 1993; 217: 430-435; discussion 435-438 [PMID: 8098202]

27
Büchler MW, Wagner M, Schmied BM, Uhl W, Friess H, Z’graggen K. Changes in morbidity after pancreatic resection: toward the end of completion pancreatectomy. Arch Surg 2003; 138: 1310-1314; discussion 1315 [PMID: 14662530 DOI: 10.1001/archsurg.138.12.1310]

28
Sledzianowski JF, Duffas JP, Muscari F, Suc B, Fourtanier F. Risk factors for mortality and intra-abdominal morbidity after distal pancreatectomy. Surgery 2005; 137: 180-185 [PMID: 15674199 DOI: 10.1016/j.surg.2004.06.063]

29
Hashimoto Y, Traverso LW. Incidence of pancreatic anastomotic failure and delayed gastric emptying after pancreatoduodenectomy in 507 consecutive patients: use of a web-based calculator to improve homogeneity of definition. Surgery 2010; 147: 503-515 [PMID: 20018335 DOI: 10.1016/j.surg.2009.10.034]

30
House MG, Fong Y, Arnaoutakis DJ, Sharma R, Winston CB, Protic M, Gonen M, Olson SH, Kurtz RC, Brennan MF, Allen PJ. Preoperative predictors for complications after pancreati​coduodenectomy: impact of BMI and body fat distribution. J Gastrointest Surg 2008; 12: 270-278 [PMID: 18060467 DOI: 10.1007/s11605-007-0421-7]

31
Sfarti C, Trifan A, Hutanasu C, Cojocariu C, Singeap AM, Stanciu C. Prevalence of gastroparesis in type 1 diabetes mellitus and its relationship to dyspeptic symptoms. J Gastrointestin Liver Dis 2010; 19: 279-284 [PMID: 20922192]

32
Tsujinaka T, Sasako M, Yamamoto S, Sano T, Kurokawa Y, Nashimoto A, Kurita A, Katai H, Shimizu T, Furukawa H, Inoue S, Hiratsuka M, Kinoshita T, Arai K, Yamamura Y. Influence of overweight on surgical complications for gastric cancer: results from a randomized control trial comparing D2 and extended para-aortic D3 lymphadenectomy (JCOG9501). Ann Surg Oncol 2007; 14: 355-361 [PMID: 17146738 DOI: 10.1245/s10434-006-9209-3]

33
Hawn MT, Bian J, Leeth RR, Ritchie G, Allen N, Bland KI, Vickers SM. Impact of obesity on resource utilization for general surgical procedures. Ann Surg 2005; 241: 821-826; discussion 826-828 [PMID: 15849518]

Footnotes

Supported by National Natural Science Foundation of China, No. 81401947; the Specialized Research Fund for the Doctoral Program of Higher Education, No. 20131106120011; and The Cancer Hospital/Institute of the Chinese Academy of Medical Sciences, No. JK2011B13, Beijing Nova Program.

Ethics approval: The study was reviewed and approved by the Cancer Hospital of the Chinese Academy of Medical Sciences Institutional Review Board.

Informed consent: All study participants, or their legal guardian, provided informed written consent prior to study enrollment.

Conflict-of-interest: The authors declare no competing financial interests.

Data sharing: No additional data are available.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Peer-review started: December 17, 2014

First decision: January 22, 2015

Article in press: April 28, 2015
P- Reviewer: Ryan EM    S- Editor: Yu J    L- Editor: AmEditor    E- Editor: Ma S










�





Table 3  Association between operative difficulty, length of hospital stay, and cost with body mass index


Variable


�
BMI < 24 kg/m2


�
BMI ≥ 24 kg/m2


�
Total


�
OR


�
95%CI


�
P value


�
�
�
(n = 206)


�
(n = 156)


�
(n = 362)


�
�
�
�
�
Mean operative time (min)


�
     229.59


�
     235.03


�
     231.91


�
0.942


�
0.651-1.362


�
0.6050


�
�
Mean intraoperative blood loss (mL)


�
450


�
     520.41


�
     481.16


�
0.926


�
0.617-1.389


�
0.4433


�
�
Blood transfusion, n


�
103


�
  79


�
182


�
0.703


�
0.413-1.197


�
0.9311


�
�
Mean hospital stay (d)


�
      21.85


�
      24.22


�
       22.87


�
0.968


�
0.670-1.398


�
0.1167


�
�
Mean cost (in RMB)


�
78519.62


�
76160.05


�
 77527.28


�
1.493


�
0.760-2.931


�
0.8532


�
�
RMB: Renminbi.





Table 2  Postoperative complications in patients grouped according to body mass index  n (%)


Complication


�
BMI < 24 kg/m2


�
BMI ≥ 24 kg/m2


�
Total


�
OR


�
95%CI


�
P value


�
�
�
(n = 206)


�
(n = 156)


�
(n = 362)


�
�
�
�
�
Patients with any complication


�
  61 (29.6)


�
  67 (42.9)


�
128 (35.4)


�
1.128


�
1.087-1.376


�
   0.0086


�
�
Pancreatic fistula


�
  34 (16.5)


�
  30 (19.2)


�
  64 (17.7)


�
0.825


�
0.430-1.582


�
   0.4340


�
�
Delayed gastric emptying


�
12 (5.8)


�
  31 (19.9)


�
  43 (11.9)


�
1.279


�
1.072-1.487


�
< 0.0001


�
�
Bile leak


�
  4 (1.9)


�
12 (7.7)


�
16 (4.4)


�
1.332


�
1.193-1.725


�
   0.0068


�
�
Reoperation


�
  4 (1.9)


�
  2 (1.3)


�
  6 (1.7)


�
1.513


�
0.267-8.570


�
   0.6627


�
�
Readmission


�
  1 (0.5)


�
  1 (0.6)


�
  2 (0.6)


�
0.382


�
0.291-0.532


�
   0.3897


�
�
Gastrointestinal hemorrhage


�
  6 (2.9)


�
  4 (2.6)


�
10 (2.8)


�
1.271


�
0.344-4.697


�
   0.8782


�
�
Wound infection


�
  8 (3.9)


�
  8 (5.1)


�
16 (4.4)


�
0.513


�
0.193-1.367


�
   0.2229


�
�
Cholangitis


�
  3 (1.5)


�
  2 (1.3)


�
  5 (1.4)


�
1.162


�
0.253-3.921


�
   0.8881


�
�
Urinary tract infection


�
  8 (3.9)


�
10 (6.4)


�
18 (5.0)


�
0.469


�
0.212-1.219


�
   0.2229


�
�
Pneumonia


�
  2 (1.0)


�
  3 (1.9)


�
  5 (1.4)


�
1.143


�
0.893-2.134


�
   0.4421


�
�
Intra-abdominal abscess


�
  6 (2.9)


�
  3 (1.9)


�
  9 (2.5)


�
0.450


�
0.112-5.321


�
   0.5493


�
�
Bacteremia


�
  3 (1.5)


�
  6 (3.8)


�
  9 (2.5)


�
0.631


�
0.461-5.235


�
   0.1481


�
�
Central line infection


�
  7 (3.4)


�
  6 (3.8)


�
13 (3.6)


�
0.778


�
0.353-2.341


�
   0.8205


�
�
Pulmonary embolus


�
  0 (0.0)


�
  0 (0.0)


�
  0 (0.0)


�
NA


�
NA


�
NA


�
�
Deep venous thrombosis


�
  1 (0.5)


�
  1 (0.6)


�
  2 (0.6)


�
0.124


�
0.064-7.320


�
   0.8432


�
�
Arrhythmia


�
  7 (3.4)


�
  7 (4.5)


�
14 (3.9)


�
0.491


�
0.212-1.625


�
   0.5467


�
�
Cerebrovascular accident


�
  1 (0.5)


�
  0 (0.0)


�
  1 (0.3)


�
NA


�
NA


�
   0.3919


�
�
Mortality


�
  3 (1.5)


�
  2 (1.3)


�
  5 (1.4)


�
1.259


�
0.203-7.815


�
   0.9288


�
�
NA: Not applicable; BMI: Body mass index.





Table 1  Demographic, comorbidity, and operation type in patients grouped according to body mass index


Variable


�
BMI < 24 kg/m2 (n = 206)


�
BMI ≥ 24 kg/m2 (n = 156)


�
Total (n = 362)


�
P value


�
�
Mean age (yr)


�
59.32


�
63.14


�
60.97


�
   0.0111


�
�
Sex


�
�
�
�
�
�
   Male


�
  95


�
84


�
179


�
�
�
   Female


�
111


�
72


�
183


�
�
�
   Male/female ratio


�
       0.9


�
     1.2


�
       1.0


�
   0.1452


�
�
Mean BMI (kg/m2) 


�
         21.075


�
       26.993


�
         23.625


�
< 0.0001


�
�
Smoking


�
�
�
�
   0.3641


�
�
   Never


�
135


�
  95


�
230


�
�
�
   Ever


�
  71


�
  61


�
132


�
�
�
Smoking amount (packs/yr)


�
  51


�
  57


�
  53


�
   0.3166


�
�
Mean smoking time (yr)


�
       23.25


�
26.94


�
       25.00


�
   0.3558


�
�
Alcohol, n


�
�
�
�
   0.6835


�
�
   Never


�
166


�
123


�
289


�
�
�
   Ever


�
  40


�
  33


�
  73


�
�
�
Comorbidity, n


�
�
�
�
�
�
   Any comorbidity


�
  76


�
107


�
183


�
< 0.0001


�
�
   Diabetes


�
  38


�
  43


�
  81


�
   0.0610


�
�
   Coronary artery disease


�
    9


�
  40


�
  49


�
< 0.0001


�
�
   Hypertension


�
  43


�
  41


�
  84


�
   0.8930


�
�
   COPD


�
    6


�
    6


�
  12


�
   0.6232


�
�
   HBV


�
  12


�
    5


�
  17


�
   0.2198


�
�
   HCV


�
    5


�
    2


�
    7


�
   0.4201


�
�
Previous history of cancer, n


�
    1


�
    2


�
    3


�
   0.4253


�
�
Previous abdominal surgery, n


�
  21


�
  16


�
  37


�
   0.9514


�
�
Family history of cancer, n


�
  11


�
  38


�
  49


�
< 0.0001


�
�
   Operation type, n


�
�
�
�
�
�
   Pancreaticoduodenectomy


�
116


�
  79


�
195


�
   0.2839


�
�
   Distal pancreatectomy


�
  75


�
  67


�
142


�
   0.2069


�
�
   Middle-segment pancreatectomy


�
  15


�
  10


�
  25


�
   0.7461


�
�
COPD: Chronic obstructive pulmonary disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body mass index.








