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Abstract

 Background & Aims—Obesity is associated with an increased risk for pancreatic cancer, but 

it is unclear whether it affects mortality. We performed a systematic review and meta-analysis to 

assess the association between premorbid obesity and mortality from pancreatic cancer.

 Methods—We performed a systematic search through January 2015 and identified studies of 

the association between premorbid obesity (at least 1 year prior to pancreatic cancer diagnosis) 

and pancreatic cancer–related mortality. We estimated summary adjusted hazard ratio (aHR) with 

95% confidence interval (CI), comparing data from obese (body mass index [BMI] ≥30 kg/m2) 

and overweight subjects (BMI, 25.0–29.9 kg/m2) with those from individuals with a normal BMI 

(controls) by using random-effects model.

 Results—We identified 13 studies (including 3 studies that pooled multiple cohorts); 5 studies 

included only patients with pancreatic cancer, whereas 8 studies evaluated pancreatic cancer–

related mortality in cancer-free individuals at inception. In the meta-analysis, we observed increase 

in pancreatic cancer–related mortality among overweight (aHR, 1.06; 95% CI, 1.02–1.11; I2 = 0) 

and obese individuals (aHR, 1.31; 95% CI, 1.20–1.42; I2 = 43%), compared with controls; the 

association remained when we analyzed data from only subjects with pancreatic cancer. Each 1 

kg/m2 increase in BMI was associated with 10% increase in mortality (aHR, 1.10; 95% CI, 1.05– 

1.15) with minimal heterogeneity (I2 = 0). In the subgroup analysis, obesity was associated with 

increased mortality in Western populations (11 studies; aHR, 1.32; 95% CI, 1.22–1.42) but not in 

Asia-Pacific populations (2 studies; aHR, 0.98; 95% CI, 0.76–1.27).

 Conclusions—In a systematic review and meta-analysis, we associated increasing level of 

obesity with increased mortality in patients with pancreatic cancer in Western but not Asia-Pacific 
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populations. Strategies to reduce obesity-induced metabolic abnormalities might be developed to 

treat patients with pancreatic cancer.
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Pancreatic cancer is the fourth leading cause of cancer-related deaths in the United States.1 It 

carries a dismal prognosis with 5-year survival of 5%, in part because of late stage at time of 

diagnosis; however, even for surgically resectable pancreatic cancer, 5-year survival is only 

10%–20%. Obesity, both overall and visceral, has been implicated as a risk factor for 

development of pancreatic cancer. In a systematic review of 23 prospective cohort studies, 

Aune et al2 observed a non-linear association between body mass index (BMI) and 

pancreatic cancer risk, with a 10% increase for each 5-unit change in BMI after adjustment 

for confounding variables. This may be related to induction of chronic inflammatory state in 

obese individuals with increased production of proinflammatory cytokines (eg, 

interleukin-6) and adipocytokines (eg, adiponectin, leptin), hyperinsulinemia, insulin 

resistance, and elevated levels of insulin-like growth factors.3–7

Recent evidence suggests that premorbid obesity may also be associated with increased 

mortality in patients with cancer, including colorectal,8 breast,9 prostate cancer,10 and 

leukemia.11 Several observational studies have evaluated the association between obesity 

and mortality in patients with pancreatic cancer, with variable results. In a case-control 

study, Li et al12 observed that obesity in adulthood was associated with reduced overall 

survival of pancreatic cancer, independent of disease stage and tumor resection status. In 

contrast, in a pooled analysis of 16 cohorts from Asian countries, Lin et al13 did not observe 

a significant association between increased BMI and pancreatic cancer–related mortality.

Hence, to better understand this association, we performed a systematic review with meta-

analysis of observational studies that investigated the association between premorbid BMI 

and pancreatic cancer–related mortality.

 Methods

This systematic review is reported according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses statement and was conducted following a priori established 

protocol.14

 Study Selection

We included observational studies that reported statistical measures of association (hazard 

ratio [HR], incidence rate ratio, or relative risk, with 95% confidence intervals [CIs]) 

between premorbid (ie, at least 1 year before diagnosis of pancreatic cancer) measures of 

obesity (BMI) and mortality (all-cause or cancer-related) in adults (relative to patients with 

normal BMI). Two types of patient populations were considered, studies performed in 

patients with established pancreatic cancer and those performed in cancer-free individuals at 

inception and followed for development of pancreatic cancer–related mortality. Inclusion 

was otherwise not restricted by study size, language, or publication type. When there were 

Majumder et al. Page 2

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



multiple publications from the same cohort, only data from the most recent comprehensive 

report were included.

We excluded cross-sectional studies, studies only with data on BMI changes at or after 

diagnosis of pancreatic cancer (confounding by underlying disease), and studies that did not 

provide a measure of association (precluded statistical analysis).

 Data Sources and Search Strategy

First, we conducted a systematic literature search of PubMed (MEDLINE), Embase, Web of 

Science, Cochrane Library, and Google Scholar from inception to January 31, 2015 by using 

a combination of keywords or medical subject headings for cancer, obesity, mortality, and 

prognosis. All identified studies were combined together in a single reference manager file 

(EndNote; Thomson Reuters, Stamford, CT), duplicates were discarded, and the title and 

abstracts were reviewed by 2 authors independently to exclude studies that did not report the 

association between obesity and mortality, which was based on pre-specified inclusion and 

exclusion criteria. The full text of the remaining articles was examined to determine whether 

it contained relevant information. Disagreements were harmonized by consensus, in 

conjunction with the principal investigator. Second, the reference lists from included original 

articles and recent reviews and meta-analyses on obesity and cancer-related mortality were 

hand searched to identify any additional studies. Third, conference proceedings of major 

gastroenterology and oncology conferences (Digestive Diseases Week, Gastrointestinal 

Cancers Symposium, annual meetings of the American Society of Clinical Oncology and 

European Society of Medical Oncology) from 2010 to 2014 were reviewed for relevant 

abstracts. Figure 1 shows the schematic diagram of study selection.

 Data Abstraction and Quality Assessment

Two reviewers independently abstracted data on the study-related and patient-related 

characteristics onto a standardized form, as detailed in the Supplementary Materials.

The risk of bias in these prognostic individual studies was assessed by 2 authors 

independently by using the Quality In Prognosis Studies tool, which evaluates validity and 

bias in studies of prognostic factors across 6 domains: participation, attrition, prognostic 

factor measurement, confounding measurement and account, outcome measurement, and 

analysis and reporting.15

 Outcomes Assessed

Our primary outcome was the association between obesity and pancreatic cancer–related 

mortality. This was assessed by using 3 approaches. First, we compared mortality risk with 

the highest reported BMI category in a study with the reference category and summarized 

these estimates. However, there were minor differences in reported categories of obesity in 

individual studies; hence, for standardized interpretation, we calculated mortality risk in 

obese patients (BMI ≥30 kg/m2) and overweight patients (BMI 25.0–29.9 kg/m2), compared 

with normal BMI patients. For this analysis, we pooled effects for all BMI categories of 

BMI ≥30 kg/m2 into a single summary estimate for obese patients and likewise pooled 

effects of all BMI categories for BMI 25.0–29.9 kg/m2 into a single summary estimate for 
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overweight patients. This analysis also helped assess for the presence of a dose-response 

relationship (deemed to be present if the summary estimates for overweight and obese 

patients had an incremental association, compared with referent normal BMI). Finally, we 

estimated change in mortality per unit BMI by using linear trend meta-analytic statistical 

methodology (Supplementary Materials).16

 Subgroup and Sensitivity Analyses

A priori hypotheses to assess robustness of the analysis and explain potential heterogeneity 

in the direction and magnitude of effect among different observational studies were assessed 

by using subgroup analyses. These subgroups were based on location (Western vs Asia-

Pacific), design (pooled cohorts vs individual studies), and study setting (hospital-based vs 

population-based); during the review process, additional subgroup analyses were proposed 

on the basis of method of exposure ascertainment (self-reported vs measured weight and 

height) and time period over which study was conducted (defined on the basis of period of 

cohort recruitment: before 1980s vs 1980s–2000 vs beyond 2000 vs a category from 1980s 

to current). Because it is possible that the association between obesity and mortality in 

pancreatic cancer may be confounded by diabetes and stage, treatment response (especially 

surgical resection), and performance status, we performed subgroup analysis comparing 

studies that did and did not account for these variables.

We also performed a sensitivity analysis restricted only to studies reporting the association 

between obesity and mortality in a cohort of patients with established pancreatic cancer 

(excluding studies that included cancer-free individuals at inception). In addition, we 

performed sensitivity analysis by excluding one study at a time to assess whether a particular 

study significantly influenced the summary estimate and/or heterogeneity.

 Statistical Analysis

We used random-effects model described by DerSimonian and Laird to calculate summary 

HR and 95% CI.17 Maximally adjusted HR (aHR), when reported in studies, was used for 

analysis to account for confounding variables. To estimate what proportion of total variation 

across studies was due to heterogeneity rather than chance, inconsistency index (I2 statistic) 

was calculated; values of <30%, 30%–59%, 60%–75%, and >75% were suggestive of low, 

moderate, substantial, and considerable heterogeneity, respectively.18 Subgroup analyses 

was performed by stratifying original estimates according to study characteristics (as 

described above). In this analysis, a P value < .10 for differences between subgroups was 

considered statistically significant.

We assessed for publication bias quantitatively by using the Egger regression test 

(publication bias considered present if P ≤ .10) and qualitatively by visual inspection of 

funnel plots.19,20 All P values were 2-tailed. All calculations and graphs were performed by 

using Comprehensive Meta-Analysis (CMA) version 2 (Biostat, Englewood, NJ).

 Results

Of 795 unique studies identified by using our search strategy, we reviewed full texts of 61 

studies, and 13 studies fulfilled our inclusion criteria and were included in the meta-analysis 
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(10 independent cohorts and 3 studies reporting pooled data from multiple 

cohorts).12,13,21–31 There were no randomized controlled trials evaluating the association 

between obesity and mortality in patients with pancreatic cancer. Five studies32–36 from 

overlapping cohorts, 1 study that reported alternative measures of obesity37 (intra-abdominal 

fat via preoperative computed tomography imaging), and 1 study with insufficient data for 

estimation of statistical association were excluded.38

 Characteristics and Quality of Included Studies

Thirteen studies were included that reported on 3,434,737 participants, of whom 11,626 

patients with pancreatic cancer died.12,13,21–31 For the purposes of data abstraction, all 

studies were cohort by design (with subjects being followed over time after exposure 

[obesity], for development of outcome [mortality]), although some studies inherently were 

reported as case-control studies.12,24,25 Although 5 studies12,21,23–25 included a cohort of 

patients with established pancreatic cancer and reported the association between premorbid 

obesity and all-cause mortality, 8 studies were large cohorts of cancer-free participants at 

inception and followed them for development of pancreatic cancer-related mortality through 

record linkage with national death indices. The characteristics of the included studies are 

shown in Table 1. Eleven studies were based in North America or Europe,12,21–25,27–31 

including 1 pooled study of 7 cohorts of black participants.27 Two studies were conducted in 

the Asia-Pacific region, both pooled analysis of multiple individual cohorts (30 cohorts from 

the Asia-Pacific Cohort Studies Collaboration26 and 16 cohorts from the Asia Cohort 

Consortium13). Study size ranged from 475 patients with pancreatic cancer to 1,222,630 

participants (of which 8 studies had an unclear proportion of pancreatic cancer), and total 

number of deaths in patients with pancreatic cancer ranged from 139 to 3558. All of the 

included studies had an average follow-up of at least 3 years. BMI was assessed as primary 

measure of obesity in all studies, with premorbid evaluation performed at least 1 year before 

pancreatic cancer diagnosis. The association between central adiposity (using waist 

circumference) and mortality was assessed in only 1 study.26 The baseline characteristics of 

the participants in individual studies are reported in Table 2. Patients with obesity expectedly 

had higher rates of diabetes in included studies.

Supplementary Table 1 depicts the methodological quality of all studies. The overall risk of 

bias was low to moderate. Ten studies relied on self-reported weight (4 studies using self-

reported “usual” body weight and height and 6 studies using self-reported “current” body 

weight and height at time of enrollment in cohort), and 2 studies relied on weight and height 

measured by research staff at enrollment; 1 study relied partly on self-reported values and 

partly on measured values. Mortality in most studies was assessed through record linkage 

with the national death index and/or other sources to obtain death certificates, and some 

studies complemented this with mailed inquiries to the family. In the Asia-Pacific Cohort 

Studies Collection, BMI was measured at enrollment; however, the study had an 

acknowledged limitation of non-standardization of data collection. Most studies adjusted for 

the following confounders: age (12 of 13), sex (8 of 13), race (4 of 13), diabetes mellitus (9 

of 13), smoking (11 of 13), and stage (5 of 13).
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 Body Mass Index and All-cause Mortality in Patients With Pancreatic Cancer

Of 13 studies, 9 studies observed higher mortality in patients with higher premorbid BMI, 

and this was statistically significant in 5 studies. On meta-analysis, when comparing patients 

in the highest category of BMI with the lowest category, we observed that patients with high 

BMI had 33% higher mortality (aHR, 1.33; 95% CI, 1.19–1.49), with moderate 

heterogeneity (I2 = 35%) (Figure 2A).

 Dose-response Relationship

On comparing 9 studies that allowed estimation of a summary estimate for obese and 

overweight patients, we observed an incremental and significant increase in mortality in both 

overweight patients (aHR, 1.06; 95% CI, 1.02–1.11; I2 = 0%) and obese patients with 

pancreatic cancer (aHR, 1.31; 95% CI, 1.20–1.42; I2 = 43%), as compared with normal BMI 

pancreatic cancer patients (Figure 2B); 4 studies were excluded from this analysis because 

they provided data only as tertiles, quartiles, or nonconventional BMI categories (without 

conventional World Health Organization–defined categories for overweight and obesity). 

There was significant difference between summary estimates for overweight and obese 

patients, suggesting a dose-response relationship (P value for trend, < .001).

On inputing mortality risk per unit BMI, we again observed a dose-response relationship, 

with each unit increase in BMI above normal associated with a 10% increase in mortality 

(aHR, 1.10, 95% CI, 1.05–1.15) with minimal heterogeneity (Figure 2C).

 Subgroup Analysis

To assess robustness of the association between BMI and mortality in patients with 

pancreatic cancer, we performed several pre-planned subgroup analyses. For these analyses, 

we used World Health Organization–defined categories for overweight and obesity for 

studies where such data were available; when these data were not available, available BMI 

categories were transformed into 3 categories, and lowest BMI category was used as 

reference, middle category was regarded as overweight, and highest category was regarded 

as obese. We observed that incremental and significant increase in mortality in both 

overweight and obese patients with pancreatic cancer was seen only in Western studies (11 

studies; overweight vs normal BMI: aHR, 1.07; 95% CI, 1.02–1.12; obese vs normal BMI: 

aHR, 1.32; 95% CI, 1.22–1.42) but not in studies performed in the Asia-Pacific region (2 

studies; overweight vs normal BMI: aHR, 0.98; 95% CI, 0.87–1.11; obese vs normal BMI: 

aHR, 0.98; 95% CI, 0.76–1.27) (Table 3). The association between obesity and mortality 

was stronger in individual studies as compared with pooled cohorts, although 2 out of 3 

pooled cohorts were performed in Asia-Pacific regions. Both population-based and hospital-

based subgroups reported increase in mortality to a similar degree. There was no differences 

in summary estimates that were based on subgroups defined by method of exposure 

ascertainment and time period in which the study was conducted (ie, the association between 

obesity and mortality was stable over time).

To evaluate for potential confounding by presence of diabetes and differences in treatment 

and/or performance status between obese and normal BMI patients, we performed stratified 

analysis of studies that did and did not adjust for these variables in their analysis. Higher 
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mortality in overweight and obese patients persisted after adjusting for diabetes, suggesting 

a diabetes independent effect (Table 3). Similarly, no difference was observed in the 

association between obesity and mortality outcome in studies that did or did not adjust for 

pancreatic cancer stage, treatment, or performance status. Because obesity increases risk of 

surgical mortality in patients with pancreatic cancer, we analyzed the association between 

obesity and mortality in patients who underwent resection and those who did not. Obese 

patients (vs normal BMI) had increased mortality in both patients who underwent surgical 

resection (2 studies; aHR, 2.29; 95% CI, 1.13–4.67) and those who did not undergo 

resection of primary tumor (2 studies; aHR, 1.53; 95% CI, 1.17–2.01), with comparable 

summary estimates (P value for difference between groups, .30).12,24

 Sensitivity Analysis and Publication Bias

The results were stable on restricting analysis to studies performed in patients with 

established pancreatic cancer12,21,23–25 (overweight vs normal BMI: aHR, 1.07; 95% CI, 

0.98–1.16; I2 = 0; obese vs normal BMI: aHR, 1.35; 95% CI, 1.21–1.51; I2 = 21%).

To assess whether any one study had a dominant effect on the meta-analytic HR, we 

excluded each study at a time and analyzed its effect on the main summary estimate. On this 

analysis, the overall summary estimate for the comparison between obesity and mortality in 

pancreatic cancer patients ranged from 1.26 to 1.32, with no single study significantly 

affecting summary estimate. On the basis of the visual inspection of the funnel plot 

(Supplementary Figure 1) as well as on quantitative measurement by using the Egger 

regression test, there was no evidence of publication bias (P = .67).

 Discussion

Although obesity has been associated with increased risk of developing pancreatic cancer, in 

this systematic review we made several key observations on the association between 

premorbid obesity and pancreatic cancer–related mortality. First, we observed that obesity 

(present before diagnosis of pancreatic cancer) is associated with increased pancreatic 

cancer–related mortality both in patients with established pancreatic cancer and in cancer-

free individuals at baseline in a dose-dependent and consistent manner. Both overweight 

(BMI 25.0–29.9 kg/m2) and obese patients (BMI ≥30 kg/m2) had 6% and 31% higher 

mortality, respectively, as compared with patients with normal BMI, without significant 

heterogeneity. Second, this association between obesity and increased mortality is observed 

only in the Western regions but not in patients with pancreatic cancer diagnosed in the Asia-

Pacific regions. Third, the association is independent of diabetes and pancreatic cancer stage 

and treatment and is observed regardless of whether patients underwent surgical resection. 

Because of the very poor prognosis of patients with pancreatic cancer even with aggressive 

intervention, this observation mandates further research into the role of obesity-associated 

proinflammatory state in the progression of pancreatic cancer and merits evaluation of 

obesity as an effect modifier in treatment trials of pancreatic cancer.

Several observational and preclinical interventional studies have demonstrated an association 

between obesity and pancreatic cancer. The underlying mechanism of how obesity drives 

pancreatic tumorigenesis is related to complex interplay between obesity/high-fat diet, 
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associated altered metabolism including insulin resistance, chronic inflammation, and 

oncogenic KRAS signaling. Metabolically active visceral fat exerts systemic 

proinflammatory effects that may promote, independently or synergistically, pancreatic 

carcinogenesis.39–42 Recent evidence suggests that obesity is associated with intrapancreatic 

fatty infiltration, which is associated with pancreatic intraepithelial neoplasia, a precursor of 

pancreatic cancer, thus suggesting a paracrine effect of these mediators. Obesity-induced 

insulin resistance and peripheral hyperinsulinemia have also been associated with increased 

risk of developing pancreatic cancer. Insulin-like growth factor-1 and insulin-like growth 

factor-1 receptor are highly expressed in pancreatic cancer cell lines, and insulin-like growth 

factor-1 mediated signalling promotes proliferation, invasion, and expression of angiogenic 

factors and decreases apoptosis in these cell lines. Hence, obesity may induce a more 

aggressive phenotype of pancreatic cancer.

We observed that obesity, as measured by BMI, was associated with increased mortality only 

in the Western population but not in the Asia-Pacific regions. This may be related to 

underlying differences in the pathophysiology and progression of pancreatic cancer in these 

different populations or may be a reflection of the failure of overall obesity to capture 

underlying metabolic syndrome. It is well-known that Asians, in particular South Asians, 

may have higher rates of metabolic syndrome even with apparently normal BMI; hence, 

Asians may be experiencing similar effects of adiposity-associated chronic inflammation 

and insulin resistance at seemingly normal levels of BMI. In their pooled analysis of the 

Asia-Pacific Cohort Studies Collaboration, Ansary-Moghaddam et al26 did not observe any 

significant association between premorbid BMI and pancreatic cancer mortality but 

observed that each 2-cm increase in waist circumference was associated with 8% increase in 

mortality (aHR, 1.08; 95% CI, 1.02–1.14). Additional studies evaluating ethnicity as an 

effect modifier of obesity in pancreatic cancer mortality are warranted.

Obesity also creates unique challenges in delivering appropriate therapy that may lead to 

worse survival outcomes for obese patients. It can limit the extent of a cancer operation and 

increase surgical morbidity and mortality. Obesity also complicates the planning or delivery 

of radiation therapy and is associated with inadequate dosing of chemotherapeutic agents. 

Despite guidelines recommending dosing that is based on actual body weight, practice 

pattern studies demonstrate that up to 40% of obese patients receive limited chemotherapy 

doses that are not based on actual body weight because of concerns about toxicity or 

overdosing.43 Hence, one of the factors linking obesity and worse survival could be 

inadequate chemotherapy dosing in obese patients.

 Strengths and Limitations

The strengths of this systematic review include (1) comprehensive and systematic literature 

search with well-defined inclusion criteria, carefully excluding redundant studies and studies 

in which BMI was assessed at time of pancreatic cancer diagnosis; (2) rigorous evaluation of 

study quality by using a validated tool for prognostic studies; (3) subgroup and sensitivity 

analyses to evaluate the stability of findings, regardless of presence or absence of 

heterogeneity; and (4) rigorous assessment of a dose-response relationship by using 2 

approaches, adding biological credibility to findings.
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There are several limitations in our study. First, the meta-analysis included only 

observational studies with inherent biases and suboptimal control of confounders. Second, 

not all studies were restricted to patients with established pancreatic cancer; several studies 

were large cohort studies that enrolled cancer-free individuals at baseline and followed them 

for development of several outcomes including pancreatic cancer–related mortality; 

however, our results were stable on restricting analysis to the former group of studies. Third, 

all studies did not consistently account for relevant covariates, including pancreatic cancer 

stage and treatment, and despite adjusting for several covariates, it is not possible to 

eliminate the potential of residual confounding, especially with regard to factors that go into 

determining treatment choice for patients with medically complicated obesity. However, 

subgroup analyses that are based on adjustment for diabetes and pancreatic cancer stage and 

treatment did not suggest significant impact of these factors. Fourth, we did not specifically 

analyze all-cause and cancer-related mortality separately because of paucity of such data in 

the included studies. However, competing risk for mortality is unlikely to play a significant 

part in pancreatic cancer because of high mortality associated with this disease. The 

included studies had inherent limitations, including variability in method and timing of 

exposure ascertainment and outcome assessment.

In conclusion, we observed that premorbid obesity adversely influences pancreatic cancer–

related mortality in a dose-dependent manner, independent of presence or absence of 

diabetes or type of treatment. This increased risk is observed primarily in the Western 

population but not in Asia-Pacific regions. Premorbid obesity and its underlying metabolic 

alterations and associated chronic inflammation may be a potential therapeutic target in 

improving mortality in this highly lethal cancer. In current treatment schemes, premorbid 

obesity should be considered as a marker of poor prognosis, with a focus on more aggressive 

intervention, and may be used as a stratification variable in interventional studies.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow sheet summarizing study identification and selection. OR, short of odds ratio; PaC, 

pancreatic cancer; RR, relative risk.
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Figure 2. 
(A) Summary of maximally adjusted HR for association between premorbid BMI and 

pancreatic cancer-related mortality, comparing patients in the highest category of BMI with 

the lowest category. The size of the box corresponds to the weight of the given study. (B) 

Summary of maximally adjusted HR for association between premorbid BMI and pancreatic 

cancer-related mortality, comparing overweight (BMI 25.0–29.9 kg/m2) and obese (BMI 

≥30 kg/m2) patients with normal BMI patients. The size of the box corresponds to the 

weight of the given study. (C) Summary of maximally adjusted HR for evaluation of dose-

response relationship between premorbid BMI and pancreatic cancer–related mortality. The 

estimate represents mortality increase per 1 kg/m2 increase in BMI. SE, standard error.
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Table 3
Subgroup Analysis

Subgroups Categories No. of studies Overweight Obese

Location Asia-Pacific 2 0.98 (0.87–1.11), I2 = 0 0.98 (0.76–1.27), I2 = 0

Western 11 1.07 (1.02–1.12), I2 = 0 1.32 (1.22–1.42), I2 = 30

Study type Pooled cohort 3 0.98 (0.89–1.08), I2 = 0 1.08 (0.95–1.23), I2 = 3

Individual site 10 1.08 (1.03–1.13), I2 = 0 1.35 (1.27–1.43), I2 = 5

Study setting Population-based 10 1.06 (1.01–1.11), I2 = 0 1.26 (1.15–1.37), I2 = 60

Hospital-based 3 1.06 (0.94–1.18), I2 = 0 1.45 (1.14–1.84), I2 = 60

Adjusted for diabetes Yes 9 1.03 (0.95–1.10), I2 = 0 1.27 (1.11–1.46), I2 = 37

No 4 1.08 (1.02–1.14), I2 = 2 1.30 (1.18–1.44), I2 = 50

Whether primary tumor underwent 
surgical resection

Yes 2 — 2.29 (1.13–4.67), I2 = 39

No 2 — 1.53 (1.17–2.01), I2 = 0 (P value 
for difference, .30)

Adjusted for stage and/or treatment of 
pancreatic cancer and/or performance 
status

Yes 5 1.07 (0.98–1.16), I2 = 0 1.35 (1.21–1.51), I2 = 21

No 8 1.06 (1.01–1.12), I2 = 0 1.23 (1.09–1.38), I2 = 49 (P value 
for difference between groups, .
26)

Ascertainment of exposure Self-reported 3 1.05 (0.93–1.18), I2 = 0 1.26 (1.00–1.58), I2 = 41

Measured 10 1.06 (1.02–1.11), I2 = 0 1.30 (1.18–1.42), I2 = 41 (P value 
for difference between groups, .
83)

Time period of recruitment of patients Before 1980s 3 1.04 (0.85–1.26), I2 = 0 1.26 (0.90–1.75), I2 = 32

1980–2000 5 1.07 (1.02–1.13), I2 = 0 1.28 (1.13–1.45), I2 = 42

2001–2010 3 1.06 (0.94–1.18), I2 = 0 1.45 (1.14–1.84), I2 = 60

Across 1980–2010 2 1.04 (0.93–1.16), I2 = 21 1.21 (1.03–1.42), I2 = 43 (P value 
for difference between groups = .
66)
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