
Qing-long Jiang, Cheng-feng Wang, Yan-tao Tian, Shui-
sheng Zhang, Dong-bing Zhao, Jie Ma, Wei Yuan, Yue-
min Sun, Xu Che, Jian-wei Zhang, Yun-mian Chu, Ying-tai 
Chen, Department of Pancreatic and Gastric Surgery, National 
Cancer Center/Cancer Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing 100021, 
China

Huang Huang, Ya-wei Zhang, Department of Surgery, Yale 
School of Medicine, Yale Cancer Center, New Haven, CT 06511, 
United States

Author contributions: Jiang QL, Wang CF, Chen YT and Zhang 
YW designed the research; Tian YT, Huang H, Zhang SS, Zhao 
DB and Ma J collected the data; Yuan W, Sun YM, Che X and 
Zhang JW analyzed the data; Jiang QL and Chen YT wrote the 
paper; all authors contributed to this manuscript.

Supported by National Natural Science Foundation of China, 
no. 81401947; Beijing Nova Program, no. xxjh2015A090; 
Cancer Hospital of the Chinese Academy of Medical Sciences, 
no. LC2015L11.

Institutional review board statement: The study was reviewed 
and approved by the Cancer Hospital of the Chinese Academy of 
Medical Sciences.

Informed consent statement: All study participants provided 
informed written consent prior to study enrolment.

Conflict-of-interest statement: The authors declare that there 
are no conflicts of interest related to this study.

Data sharing statement: 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/

Manuscript source: Unsolicited manuscript

Correspondence to: Ying-tai Chen, MD, PhD, Department of 
Pancreatic and Gastric Surgery, National Cancer Center/Cancer 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing 100021, 
China. yingtai.chen@yale.edu
Telephone: +86-10-87787120
Fax: +86-10-87787123

Received: February 22, 2017
Peer-review started: February 24, 2017
First decision: April 7, 2017
Revised: May 5, 2017
Accepted: July 12, 2017
Article in press: July 12, 2017
Published online: September 14, 2017

Abstract
AIM
To evaluate the association of body mass index 
(BMI) with the overall survival of pancreatic ductal 
adenocarcinoma (PDAC) patients.

METHODS
A retrospective analysis of PDAC patients diagnosed 
in the National Cancer Center of China between 
January 1999 and December 2014 was performed. 
These patients were categorized into four BMI groups 
(< 18.5, 18.5-22.9, 23-27.4 and ≥ 27.5 kg/m2). χ 2 
tests for comparison of the proportions of categorical 
variables, and Student’s t -test or Mann-Whitney test for 
continuous variables were employed. Survival analysis 
was performed with the Kaplan-Meyer method. Their 
HRs of mortality and 95%CIs were estimated using the 
Cox proportional hazards model.
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RESULTS
With a median age of 59.6 years (range: 22.5-84.6 
years), in total 1783 PDAC patients were enrolled in 
this study. Their mean usual BMI was 24.19 ± 3.53 for 
the whole cohort. More than half of the patients (59.3%) 
experienced weight loss during the disease onset and 
progression. Compared with healthy-weight individuals, 
newly diagnosed patients who were overweight or 
obese had more severe weight loss during their disease 
onset and progression (p  < 0.001). Individuals who 
were overweight or obese were associated with positive 
smoking history (p  < 0.001). A significant difference 
in comorbidity of diabetes (p  = 0.044) and coronary 
artery disease (p  < 0.001) was identified between 
high BMI and normal-weight patients. After a median 
follow-up of 8 mo, the survival analysis showed no 
association between BMI and the overall survival (p  = 
0.90, n  = 1783). When we stratified the whole cohort 
by pancreatic cancer stage, no statistically significant 
association between BMI and overall survival was found 
for resectable (p  = 0.99, n  = 217), unresectable locally 
advanced (p  = 0.90, n  = 316) and metastatic patients 
(p  = 0.88, n  = 1250), respectively. The results did not 
change when we used the BMI at diagnosis.

CONCLUSION
Our results showed no significance of BMI for the 
overall survival of PDAC patients.

Key words: Body mass index; Pancreatic cancer; 
Overweight; smoking history; Survival analysis
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Core tip: It remains controversial whether body mass 
index (BMI) influences the prognosis of pancreatic 
cancer. The strengths of this study included a 
large quantity of patients and the accurate BMI 
categorization according the Asian criterion. To the 
best of our knowledge, it is the largest study in Asia 
to evaluate the prognostic role of BMI on the overall 
survival of pancreatic cancer patients. Our results 
showed no significant influence of BMI on the overall 
survival of pancreatic ductal adenocarcinoma patients 
and are consistent with those of many other studies.

Jiang QL, Wang CF, Tian YT, Huang H, Zhang SS, Zhao DB, 
Ma J, Yuan W, Sun YM, Che X, Zhang JW, Chu YM, Zhang 
YW, Chen YT. Body mass index does not affect the survival 
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INTRODUCTION
Pancreatic cancer is a devastating malignant cancer, 
with a 5-year survival rate of < 6%[1]. The survival 

length of patients is greatly influenced by disease 
stage at diagnosis, but few other survival markers 
have been well characterized[2-4].

Excessive adipose can impair both humoral and 
cellular immunity, which may be important in the 
development of pancreatic cancer. Although many 
studies have demonstrated that a high body mass 
index (BMI), an indirect measure of adiposity, is 
associated with increased risk of developing pancreatic 
cancer, it remains controversial whether BMI influences 
the prognosis of pancreatic cancer. Several studies 
have reported that a higher BMI is associated with 
decreased survival of pancreatic cancer patients[5-10], 
whereas other results informed that BMI was not a 
statistically significant prognostic factor[11-15]. Tsai 
et al[16] even expressed improved long-term survival of 
pancreatic cancer patients with higher BMIs. As such, 
we conducted a single-center, large-scale retrospective 
study to determine the associations between BMI and 
overall survival of Chinese pancreatic ductal adeno
carcinoma (PDAC) patients.

MATERIALS AND METHODS
Patients
The medical records of all patients diagnosed with 
PDAC from January 1999 to December 2014 in the 
Cancer Hospital, Chinese Academy of Medical Science 
and Peking Union Medical College were studied by 
retrospective chart review. All patients had histological 
diagnosis of PDAC confirmed by pathology. Clinical 
information was systematically abstracted from 
these patients’ medical records using an established 
abstraction form by trained individuals with a medical 
background. For the whole cohort, the extracted 
information included age, sex, weight, height, smoking 
history, alcohol use history, previous history of cancer, 
and previous abdominal surgery. The patients’ height 
and weight of 1 year prior to diagnosis and at diagnosis 
were all recorded. Comorbidities were also recorded, 
such as diabetes, coronary artery disease and hy
pertension. Clinical disease stage was defined on the 
basis of the patients’ initial computed tomographic 
images and endoscopic ultrasound reports, as stated 
in the American Joint Committee on Cancer Staging 
Manual using the TNM staging system. Follow-up 
information was obtained through telephone-based 
interviews, as well as from the records of outpatient 
follow-up, if any. The primary outcome variable was 
overall survival, defined for patients as the period from 
date of diagnosis to date of death. Informed consent 
was obtained from all individual participants included 
in the study.

Statistical analysis
BMI was calculated as weight (kg) divided by the 
square of height (m2), using self-reported usual adult 
height and weight. According to the Asian criterion, 
BMI was classified as underweight (< 18.5 kg/m2), 
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healthy weight (18.5-22.9 kg/m2), overweight (23.0-27.4 
kg/m2), and obese (≥ 27.5 kg/m2). χ2 tests for com
parison of the proportions of categorical variables, and 
Student’s t-test or Mann-Whitney test for continuous 
variables were employed. The unconditional logistic 
regression model was used to estimate the ORs and 
95%CIs for the associations among BMI, clinical 
characteristics and overall survival of PDAC patients, 
and for the PDAC subtypes in different clinical stages. 
Survival analysis was performed by the Kaplan-Meyer 
method. The group with BMI 18.5-22.9 kg/m2 was 
the reference group. All P-values presented were two-
sided, and all analyses were carried out using SAS 
Software Version 9.2 (SAS Institute, Cary, NC, United 
States). Statistical significance was defined as a P 
value of < 0.05.

RESULTS
Clinical characteristics
Data were extracted from a total of 1783 subjects with 
PDAC who had complete medical history. Histological 
or cytological diagnosis was obtained from the primary 
pancreatic lesion or metastases in all cases. The 
pathology was confirmed by two pathologists. Baseline 
characteristics of 1783 patients with pancreatic cancer 
are listed in Table 1. Of those subjects, 1009 (56.6%) 

were male, with a median age of 59.6 years. Among the 
total, 29.6% patients had a positive smoking history, 
22.3% had a drinking history, and 22.3%, 13.9% and 
15.0% patients had diabetes, coronary artery disease 
and hypertension at diagnosis of pancreatic cancer as 
concomitant comorbidities, respectively. 

Among those with known disease stage, 217 had 
potentially resectable tumors at the time of diagnosis, 
316 had locally advanced disease, and 1250 had 
distant metastasis. Their mean baseline BMI was 24.19 
kg/m2, and 44.4% of the patients were classified as 
overweight and 17.2% as obese. More than half of the 
patients (59.3%) experienced weight loss during their 
disease onset progression. Compared with healthy-
weight individuals, the newly diagnosed patients 
who were overweight or obese had more severe 
weight loss during the disease onset progression (p 
< 0.001). Individuals who were overweight or obese 
are associated with a positive smoking history (p = 
0.0003). A significant difference in comorbidity of 
diabetes (p = 0.044) and coronary artery disease (p 
< 0.001) was identified between high BMI values and 
normal-weight patients.

Survival analysis
The median follow-up duration was 8 mo for all cases. 
Median overall survival for each BMI category (kg/m2) 
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Table 1  Demographics, comorbidity and stage of patients grouped according to body mass index

Characteristic All patients BMI category, kg/m2 P  value

< 18.5 18.5-22.9 23-27.4 ≥ 27.5
Patients 1783 98 (5.5) 588 (33.0) 791 (44.4) 306 (17.2)
Sex 0.97
   Male 1009 (56.6) 54 (3.0) 334 (18.7) 445 (25.0) 176 (9.9)
   Female 774 (43.4) 44 (2.5) 254 (14.2) 346 (19.4) 130 (7.3)
Male/female ratio            1.30     1.23     1.31     1.29     1.35
BMI as kg/m2, mean ± SD 24.19 ± 3.53 17.60 ± 0.84 21.16 ± 1.23 25.07 ± 1.29 29.68 ± 2.11
Age at diagnosis in yr
   Median        59.6 62.3 59.0 59.6 59.7
   Range 22.5-84.6 28.7-81.7 22.5-80.2 30.7-84.6 26.0-84.6
Weight loss as % of usual adult weight
   None 725 (40.7) 61 (3.4) 333 (18.7) 299 (16.8) 32 (1.8)
   > 0, ≤ 10% 652 (36.6) 23 (1.3) 190 (10.7) 321 (18.0) 118 (6.6)
   > 10% 406 (22.8) 14 (0.79) 65 (3.6) 171 (9.6) 156 (8.7) < 0.0001
   Any weight loss 1058 (59.3) 37 (2.1) 255 (14.3) 492 (27.6) 274 (15.4) < 0.0001
Smoking     0.0003
   Never 1243 (69.7) 72 (4.1) 408 (22.9) 568 (31.9) 195 (10.9)
   Ever   527 (29.6) 22 (1.2) 176 (9.9) 220 (12.3) 109 (6.1)
Alcohol 0.42
   Never 1377 (77.2) 76 (4.3) 465 (26.1) 614 (34.4) 222 (12.5)
   Ever   398 (22.3) 21 (1.2) 121 (6.8) 174 (9.8) 82 (4.6)
Comorbidity
   Diabetes 398 (22.3) 13 (0.7) 125 (7.0) 196 (11.0) 64 (3.6)   0.044
   Coronary artery disease 247 (13.9) 8 (0.4) 46 (2.6) 166 (9.3) 27 (1.5) < 0.0001
   Hypertension 267 (15.0) 9 (0.5) 88 (4.9) 111 (6.2) 59 (3.3)   0.055
Previous history of cancer 14 (0.8) 1 (0.06) 6 (0.34) 6 (0.34) 1 (0.06) 0.72
Previous abdominal surgery 87 (4.9) 7 (0.39) 34 (1.9) 34 (1.9) 12 (0.67) 0.35
Stage group 0.89
   Resectable 217 (12.2) 15 (0.84) 73 (4.1) 93 (5.2) 36 (2.0)
   Unresectable locally advanced 316 (17.7) 17 (0.95) 108 (6.1) 143 (8.0) 48 (2.7)
   Metastatic 1250 (70.1) 66 (3.7) 407 (22.8) 555 (31.1) 222 (12.5)

Data are n (%), unless otherwise indicated. BMI: Body mass index.

Jiang QL et al . BMI and pancreatic cancer survival



6290 September 14, 2017|Volume 23|Issue 34|WJG|www.wjgnet.com

Obesity has been found to be associated with a wide 
array of morbidities, including cardiovascular disease, 
chronic kidney disease, sleeping disorder, type 2 
diabetes, and several forms of cancer. Obesity is 
considered to be an adverse prognostic factor in malig
nancies, such as breast and colon cancers[18,19]. In our 
study, a significant difference in comorbidity of diabetes 
and coronary artery disease was identified between high 
BMI values and normal-weight patients. But survival 
analysis showed that BMI did not affect the survival of 
pancreatic cancer patients.

Previous studies conferring the role of BMI were 
mainly carried out in cohorts of United States adults, 
which presented a higher percentage of obese (BMI ≥ 
30) and very obese (BMI ≥ 35) patients and the BMI 
categorization as opposed to our Asian criterion. For 
a Mayo Clinic cohort of patients covering all stages of 
pancreatic cancer respectively, including early-stage 
patients who underwent surgery, McWilliams et al[6] 
reported that the BMI at diagnosis had a negative 
impact on survival. This was particularly pronounced 
in the very obese patients with a BMI of 35 to 39.99 
kg/m2 (HR = 1.32, 95%CI: 1.08-1.62) and > 40 kg/ m2 
(HR = 1.60, 95%CI: 1.26-2.04), respectively. In a case 
control study designed to assess the risk of developing 
pancreatic cancer in overweight persons, Li et al[5] 
described a shorter survival period for patients who were 
overweight or obese during the year prior to diagnosis. 
Another study from Olson et al[11] demonstrated that 
obesity was non-significantly associated with poorer 
survival of PDAC patients, particularly in the resected 
group (HR = 1.62, 95%CI: 0.76-3.44). The experience 
from Chen et al[20] showed that a higher BMI increases 
the risk for postoperative complications after pan
createctomy in the Chinese population. However, 
Tsai et al[16] reported that obese patients undergoing 
pancreaticoduodenectomy for pancreatic cancer had 
improved long-term survival, independent of known 

was as follows: < 18.5: 8 mo; 18.5-22.9: 9.7 mo; 
23.0-27.4: 9.5 mo; and ≥ 27.5: 9.8 mo (Table 2). 
Kaplan-Meier survival comparisons (Figure 1) showed 
no association between BMI and the overall survival 
of pancreatic cancer patients (p > 0.05). When we 
stratified the whole cohort by pancreatic cancer stage, 
no statistically significant association between BMI and 
overall survival was found for resectable (p = 0.99, n 
= 217), unresectable locally advanced (p = 0.90, n = 
316) and metastatic (p = 0.88, n = 1250) patients. The 
multivariate Cox regression survival analysis showed 
the same results (Figures 2 and 3). Considering the 
effect of cancer-related weight loss among patients, 
the results did not change when we used the BMI at 
diagnosis.

DISCUSSION
Overweight/obesity and its related morbidities represent 
a growing health problem, claiming 2.8 million lives 
annually according to the WHO 2010 Global Report[17]. 
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Figure 1  Unadjusted Kaplan-Meier analysis of overall survival among 
1783 pancreatic cancer patients according to usual adult body mass 
index category. BMI: Body mass index.
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Table 2  Pancreatic cancer survival by usual adult body mass index category

Stage group BMI category n Median overall survival, 
mo (95%CI)

HR 95%CI P  value P trend value

Overall < 18.5   98   8.0 (5.8-11.3) 1.12 0.83-1.52 0.45
18.5-22.9 588   9.7 (8.7-11.1) 1.00 Ref. Ref.
23-27.4 791   9.5 (8.6-10.5) 0.99 0.87-1.14 0.92
≥ 27.5 306   9.8 (7.6-11.2) 1.05 0.88-1.25 0.61 0.90

Resectable < 18.5   15 11.1 (3.3-19.3) 1.92 0.74-5.01 0.18
18.5-22.9   73   15.6 (10.1-21.3) 1.00 Ref. Ref.
23-27.4   93   16.7 (11.9-27.4) 0.92 0.59-1.44 0.71
≥ 27.5   36 16.2 (4.5-23.7) 1.13 0.61-2.08 0.70 0.99

Unresectable locally 
advanced

< 18.5   17 7.0 (3.4-26.1) 0.83 0.38-1.84 0.65

18.5-22.9 108 8.7 (7.3-11.7) 1.00 Ref. Ref.
23-27.4 143 8.6 (6.8-11.5) 1.03 0.73-1.45 0.86
≥ 27.5   48 8.6 (4.9-15.6) 0.95 0.59-1.54 0.84 0.90

Metastatic < 18.5   66 4.9 (2.8-8.0) 1.07 0.76-1.51 0.70
18.5-22.9 407 5.5 (4.0-6.4) 1.00 Ref. Ref.
23-27.4 555 5.7 (3.7-6.8) 0.99 0.84-1.16 0.89
≥ 27.5 222 5.6 (3.3-7.7) 1.02 0.84-1.27 0.76 0.88

BMI: Body mass index.
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clinicopathologic factors. Big controversy has lasted 
about the real role of BMI on pancreatic cancer for 
years. The results in this study need to be replicated 
in more studies with larger sample sizes with a greater 
power.

Limited information was available on the possible 
effect of weight loss on the survival of PDAC patients. 
As we know, loss of weight is usual for pancreatic 
cancer patients either before or after diagnosis. In 
our study, more than half of the patients experienced 
weight loss during their disease progression, especially 
in the obese group, which might explain why the 
obesity-specific co-morbidities such as diabetes were 
not more prevalent in the obese group compared 
with the normal populations. Dalal et al[21] believed 

that obese patients experienced higher loss in weight, 
skeletal muscle and visceral adipose tissue, which 
may contribute to poorer survival of pancreatic cancer 
patients. So, we carried out the survival analysis using 
patients’ BMIs at usual time as well as at diagnosis, 
but the results did not change.

The strengths of this study included a large quantity 
of patients and the accurate BMI categorization 
according the Asian criterion. To the best of our 
knowledge, it is the largest study in Asia to evaluate 
the prognostic role of BMI on the overall survival of 
pancreatic cancer patients. Our results showed no 
significant influence of BMI on the overall survival of 
PDAC patients and are consistent with those of many 
other studies[11-15]. We, however, must admit that 
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there are several limitations for the current study. The 
retrospective nature of this study can be associated with 
selection bias as well as increased risk of differential 
misclassification bias. Another shortcoming was 
the limited generalizability because the entire study 
population came from a single hospital.

In conclusion, BMI has not shown any clear re
lationship with the survival outcome of pancreatic 
cancer. More studies are needed to validate this finding 
and evaluate the mechanism behind the observation.
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