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A B S T R A C T

Purpose
Although obesity is associated with increased incidence of pancreatic cancer, studies have not
prospectively evaluated prediagnostic body mass index (BMI) and survival.

Patients and Methods
We analyzed survival by prediagnostic BMI assessed in 1986 among 902 patients from two large
prospective cohorts diagnosed from 1988 to 2010. We estimated hazard ratios (HRs) for death
using Cox proportional hazards models, with adjustment for age, sex, race/ethnicity, smoking,
diagnosis year, and stage. We evaluated the temporal association of BMI with survival by grouping
reported BMI by 2-year lag-time intervals before diagnosis.

Results
The multivariable-adjusted HR for death was 1.53 (95% CI, 1.11 to 2.09) comparing patients with
BMI � 35 kg/m2 with those with BMI � 25 kg/m2 (P trend � .001), which was similar after
adjustment for stage. The association of BMI with survival was stronger with longer lag times
between reported BMI and cancer diagnosis. Among patients with BMI collected 18 to 20 years
before diagnosis, HR for death was 2.31 (95% CI, 1.48 to 3.61; P trend � .001), comparing obese
with healthy-weight patients. No statistically significant differences were seen by cohort, smoking
status, or stage, although the association was stronger among never-smokers (HR, 1.61; 95% CI,
1.01 to 2.57; P trend � .002) than ever-smokers (HR, 1.36; 95% CI, 0.86 to 2.15; P trend � .63),
comparing BMI � 35 kg/m2 with BMI � 25 kg/m2. Higher prediagnostic BMI was associated with
more advanced stage at diagnosis, with 72.5% of obese patients presenting with metastatic
disease versus 59.4% of healthy-weight patients (P � .02).

Conclusion
Higher prediagnostic BMI was associated with statistically significantly decreased survival among
patients with pancreatic cancer from two large prospective cohorts.

J Clin Oncol 31. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic cancer is the fourth-leading cause of
cancer-related death in the United States.1 Among
patients who develop pancreatic adenocarcinoma,
only 5% will survive 5 years after diagnosis, and
most patients live � 12 months. The length of pa-
tient survival is greatly influenced by disease stage at
presentation, but few other markers of survival have
been well characterized.2

Multiple studies have demonstrated that high
body mass index (BMI) is associated with increased
risk of developing pancreatic cancer.3-5 Subsequent
work has suggested that alterations in systemic me-
tabolism as a consequence of peripheral insulin re-
sistance may underlie the association of excess
weight with disease risk.6-9 Additionally, chronic in-
flammation that can be induced by obesity may be

related to the observed associations.10,11 However,
few studies have evaluated the impact of BMI on
survival of patients with pancreatic cancer, and no
studies have used prospectively collected data
on BMI.

Early manifestations of subclinical pancreatic
cancer include weight loss and hyperglycemia, and
these symptoms are commonly seen 12 to 24
months before the clinical diagnosis of pancreatic
cancer.12,13 Therefore, measurement of BMI at the
time of diagnosis does not provide accurate repre-
sentation of a patient’s long-term exposure to
obesity and insulin resistance. Furthermore, retro-
spective studies are subject to biases related to pa-
tient recall and proxy respondents. Prospective
cohort studies provide a unique opportunity to eval-
uate repeated BMI evaluations collected over many
years before the diagnosis of pancreatic cancer. In
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the current study, we prospectively evaluated the association of predi-
agnostic BMI with survival among participants diagnosed with pan-
creatic cancer from two large prospective cohort studies.

PATIENTS AND METHODS

Study Population

We assessed the association of prediagnostic BMI with survival among
participants with pancreatic cancer from the Nurses’ Health Study (NHS) and
Health Professionals Follow-Up Study (HPFS). NHS was initiated in 1976
when 121,700 female registered nurses age 30 to 55 years returned a mailed
questionnaire describing demographics, lifestyle choices, and medical his-
tory.14 HPFS began in 1986 when 51,529 men age 40 to 75 years working as
dentists, veterinarians, pharmacists, optometrists, osteopathic physicians, or
podiatrists returned a mailed questionnaire on health-related behaviors and
medical history.15 Participants have updated information on exposures and
medical history through biennial follow-up questionnaires. The studies are
approved by the Human Research Committee at Brigham and Women’s
Hospital (Boston, MA), and participants provided informed consent.

Exposure Data

The primary exposure of baseline prediagnostic BMI (weight [kg] di-
vided by square of height [m]) was calculated from weight reported on the
1986 questionnaire in NHS and HPFS and height reported on the 1976 ques-
tionnaire in NHS and 1986 questionnaire in HPFS. For participants in NHS
without weight available on the 1986 questionnaire, we carried forward the
weight from 1980 to 1984, if available. For secondary analyses, we used weight
reported on biennial follow-up questionnaires to calculate BMI at additional
time points before diagnosis. BMI was categorized using WHO criteria for
healthy weight (18.5 to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and
obese (� 30 kg/m2). For some analyses, sample size was adequate to further
classify the obese group into two categories: BMI 30.0 to 34.9 kg/m2 and
BMI � 35 kg/m2. In a validation subsample, questionnaire-reported and
staff-measured weights were highly correlated (r � 0.96; mean difference,
3.3 lbs).16

Detailed covariate data, including age, race/ethnicity (white, black, other,
unknown), smoking status (never, past, current, missing), multivitamin use
(yes, no), physical activity (MET-hr/wk), alcohol intake (g/d), energy intake
(kcal/d), and history of diabetes mellitus (yes, no), were obtained from 1986
and subsequent questionnaires. Date and pancreatic cancer stage at diagnosis
were obtained from medical record review. Cancer stage was classified as: local
disease amenable to surgical resection; locally advanced disease with extra-
pancreatic extension rendering it unresectable, but without distant metastases;
distant metastatic disease; or unknown.

Patients With Pancreatic Cancer

Incident patient cases of pancreatic cancer were identified through May
31, 2010, in NHS and January 31, 2010, in HPFS by self-report or during
follow-up of a participant’s death. Deaths were ascertained from next of kin or
postal service and by searching the National Death Index; this method has been
shown to capture � 98% of deaths.17 Diagnoses were confirmed by review of
medical records, death certificates, and/or tumor registry data. Those with
nonadenocarcinoma histology were excluded.

During 24 years of follow-up, we identified 958 patient cases of pancre-
atic cancer in NHS and HPFS with available BMI from the baseline question-
naires. Fifty-eight participants who developed pancreatic cancer did not report
BMI on baseline questionnaires and therefore were not included in the analy-
sis. Because pancreatic cancer can lead to significant weight loss and metabolic
derangements in 12 to 24 months before diagnosis,9,10 we excluded 48 partic-
ipants diagnosed with pancreatic cancer within 2 years of return of the 1986
questionnaire. We also excluded eight participants with BMI � 18.5 kg/m2

because of concerns regarding coexistent illness that might limit survival.
Therefore, the current analysis included 902 patients with pancreatic cancer,
including 561 participants from NHS and 341 from HPFS.

Statistical Analysis

We examined the association of prediagnostic BMI with survival using
Cox proportional hazards regression to calculate hazard ratios (HRs) and 95%
CIs for mortality by category of BMI. Overall survival time was calculated from
pancreatic cancer diagnosis to death or May 31, 2010, in NHS and to death or
January 31, 2010, in HPFS, whichever came first. Two-sided tests for trend
across BMI categories were calculated by entering median values from each
BMI category into Cox models as continuous variables. The proportionality of
hazards assumption was satisfied by evaluating a time-dependent variable,
which was the cross-product of BMI and time (P � .73). Survival curves were

Table 1. Baseline Characteristics of Patients With Pancreatic Cancer

Characteristic

NHS
(n � 561)

HPFS
(n � 341)

Total
(N � 902)

No. % No. % No. %

Age at baseline BMI, years
Mean 56.5 60.1 57.8
SD 6.2 8.3 7.3

Age at cancer diagnosis,
years

Mean 71.2 72.8 71.8
SD 7.6 8.7 8.1

Race/ethnicity
White 547 97.5 308 90.3 855 94.8
Black 6 1.1 7 2.1 13 1.4
Other 8 1.4 11 3.2 19 2.1
Unknown 0 0.0 15 4.4 15 1.7

BMI, kg/m2

Mean 26.1 25.6 25.9
SD 5.2 3.1 4.5
� 25 290 51.7 153 44.9 443 49.1
25 to 29.9 162 28.9 161 47.2 323 35.8
� 30 109 19.4 27 7.9 136 15.1

Physical activity, MET-hr/wk
Mean 13.6 17.8 15.4
SD 18.3 20.8 19.6

Smoking status
Never 234 41.7 126 37.0 360 39.9
Past 162 28.9 151 44.3 313 34.7
Current 159 28.3 53 15.5 212 23.5
Missing 6 1.1 11 3.2 17 1.9

History of diabetes mellitus 24 4.3 17 5.0 41 4.6
Multivitamin use 172 30.7 149 43.7 321 35.6
Alcohol intake, g/d

Mean 6.9 12.0 9.2
SD 11.8 17.2 14.7

Cancer stage
Localized 75 13.4 58 17.0 133 14.8
Locally advanced 48 8.6 55 16.1 103 11.4
Metastatic 272 48.5 167 49.0 439 48.7
Unknown 166 29.6 61 17.9 227 25.2

Diagnosis period
1988 to 1995 108 19.3 104 30.5 212 23.5
1996 to 2000 125 22.3 98 28.7 223 24.7
2001 to 2005 185 33.0 94 27.6 279 30.9
2006 to 2010 143 25.5 45 13.2 188 20.8

Median time baseline BMI
to diagnosis, years 15.7 12.9 14.7

Median survival time,
months 5 5 5

Abbreviations: BMI, body mass index; HPFS, Health Professionals Follow-up
Study; NHS, Nurses’ Health Study; SD, standard deviation.
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generated using the Kaplan-Meier method, and statistical significance was
measured using the log-rank test.

A priori, we included in multivariable-adjusted models the covariates
with the greatest likelihood for confounding, including age at diagnosis,
race/ethnicity, sex, smoking status, and cancer stage. We also included the
time period of diagnosis to account for changes in survival over time. We
evaluated physical activity, alcohol intake, and multivitamin use as addi-
tional possible confounders, but none were associated with survival (all
P � .1). History of diabetes mellitus was not included in our multivariate
model, because it may lie within the causal pathway of BMI and survival.
However, in additional analyses, our results were similar after inclusion of
diabetes as a covariate in our multivariate model and after removal of
patients with diabetes at baseline or who developed diabetes before diag-
nosis. Given a prior study suggesting an association between metabolic
syndrome and pancreatic cancer stage at diagnosis,18 we created two
multivariable-adjusted models with and without stage to investigate
whether adjustment for stage might alter an association between BMI and
pancreatic cancer survival. We noted similar results in a sensitivity analysis
in which we removed patients with unknown stage.

The aim of this analysis was to characterize the association between
pancreatic cancer survival and chronic overweight/obesity, before weight
loss that often accompanies subclinical or newly diagnosed pancreatic
malignancy. Therefore, primary analyses evaluated baseline BMI in 1986
without cumulative updating during follow-up. We also excluded patients
diagnosed within 2 years of responding to the 1986 questionnaire to
achieve a minimum 2-year lag time between assignment of exposure and
diagnosis. We subsequently performed two secondary analyses using full
available data for BMI collected from participants every 2 years. First, we
grouped reported BMI by 2-year time intervals before cancer diagnosis and
evaluated whether the association of BMI with pancreatic cancer survival
differed by lag time between BMI measurement and cancer diagnosis.
Second, we investigated a cumulative average BMI for each participant,
which was average BMI weighted by exposure time from 1986 until the
most recent questionnaire returned � 2 years before diagnosis.

We assessed heterogeneity in the association between BMI and pancre-
atic cancer survival in NHS and HPFS using Cochran’s Q statistic19; the
Cochran’s Q statistic P value was .79 for the comparison of BMI � 30 kg/m2

with BMI � 25 kg/m2 across the cohorts. We also evaluated stratified analyses
by cohort (also stratified by sex), smoking status, disease stage, and diagnosis
period. We assessed statistical interaction by entering main effect terms and a
cross-product term of continuous BMI and stratification variable into the
model, evaluating likelihood ratio tests. All statistical analyses were performed
using SAS 9.3 statistical package (SAS Institute, Cary, NC), and all P values are
two sided.

RESULTS

Baseline characteristics of 902 patients with pancreatic cancer are
listed in Table 1. Mean age at baseline BMI measurement was 57.8
years, and median time between baseline BMI and pancreatic cancer
diagnosis was 14.7 years. Mean baseline BMI was 25.9 kg/m2, with
36% of patients classified as overweight and 15% as obese. Among
those with known disease stage, 19.7% had localized disease, 15.3%
had locally advanced disease, and 65.0% had metastatic disease. Me-
dian survival by cancer stage was 16 months for those with localized
disease, 8 months for those with locally advanced disease, and 3
months for those with metastatic disease. At the end of follow-up, 868
patients (96%) were deceased.

Higher baseline BMI was associated with reduced survival (Table
2). In Cox regression models adjusted for age, cohort (also adjusted for
sex), race/ethnicity, smoking status, and time period of diagnosis, the
HR for death was 1.53 (95% CI, 1.11 to 2.09), comparing BMI � 35
kg/m2 with BMI � 25 kg/m2 (P trend � .001). In multivariate models
further adjusted for disease stage, the association was mildly attenu-
ated, with HR for death of 1.45 (95% CI, 1.05 to 1.99), comparing
BMI � 35 kg/m2 with BMI � 25 kg/m2 (P trend � .01). Kaplan-Meier
curves are shown in Figure 1 (log-rank P � .03). Furthermore, we
divided participants into quintiles based on survival time to examine
the proportion of healthy-weight individuals across categories of sur-
vival time (Appendix Table A1, online only). Notably, 44.1% of those
in the bottom 20% of survival time (� 2 months) and 55.7% of those
in the top 20% of survival time (� 13 months) were of healthy weight.

Higher baseline BMI was associated with more advanced stage of
disease at diagnosis (Table 3). Patients had mean baseline BMI of 25.2
kg/m2 when presenting with localized disease, 25.5 kg/m2 with locally
advanced disease, and 26.3 kg/m2 with metastatic disease (analysis of
variance P � .03). This corresponded to 72.5% of patients with base-
line BMI � 30 kg/m2 having metastatic disease at presentation com-
pared with only 59.4% of patients with BMI � 25 kg/m2 (Table 3; �2

P � .02).
In secondary analyses, cumulatively updated BMI was similarly

associated with pancreatic cancer survival. In our multivariate model
adjusted for disease stage, HR for death was 1.37 (95% CI, 1.00 to
1.88), comparing those with cumulatively updated BMI � 35 kg/m2

Table 2. HRs for Death Resulting From Pancreatic Cancer by Baseline BMI

Variable

BMI (kg/m2)

P�

� 25.0
HR

25.0 to 26.9 27.0 to 29.9 30.0 to 34.9 � 35.0

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Person-months 4,592 1,820 1,326 831 357
No. of deaths 421 of 443 156 of 167 155 of 156 92 of 92 44 of 44
Age adjusted 1.0 1.00 0.84 to 1.21 1.24 1.03 to 1.50 1.16 0.93 to 1.46 1.47 1.07 to 2.00 .003
MV adjusted I† 1.0 0.98 0.82 to 1.18 1.23 1.02 to 1.49 1.22 0.96 to 1.54 1.53 1.11 to 2.09 .001
MV adjusted II‡ 1.0 0.88 0.73 to 1.06 1.04 0.86 to 1.26 1.21 0.96 to 1.53 1.45 1.05 to 1.99 .01

Abbreviations: BMI, body mass index; HR, hazard ratio; MV, multivariable.
�P for trend; tests calculated by entering stratum-specific median values for BMI as continuous variables in Cox proportional hazards models.
†Adjusted for age at diagnosis, cohort (also adjusted for sex), race/ethnicity (white, nonwhite, unknown), smoking status (current, past, never, missing), and

year of diagnosis (1988 to 1995, 1996 to 2000, 2001 to 2005, 2006 to 2010).
‡Adjusted for age at diagnosis, cohort (also adjusted for sex), race/ethnicity (white, nonwhite, unknown), smoking status (current, past, never, missing), year of

diagnosis (1988 to 1995, 1996 to 2000, 2001 to 2005, 2006 to 2010), and stage at diagnosis (localized, locally advanced, metastatic, unknown).

BMI and Pancreatic Cancer Survival

www.jco.org © 2013 by American Society of Clinical Oncology 3

T1

T2

F1,
AQ:G

T3

rich4/zlj-jco/zlj-jco/zlj99910/zlj3947-13z xppws S�1 9/17/13 0:50 4/Color Figure(s): F1 Art: 17532 Input-BM



with BMI � 25 kg/m2 (P trend � .06). To further investigate the
temporal association of prediagnostic BMI with pancreatic cancer
survival, we grouped reported BMI by 2-year time intervals before
cancer diagnosis. In these analyses, we noted a stronger association
with greater time between BMI assessment and cancer diagnosis (Ta-
ble 4). Among participants with BMI reported between 18 and 20
years before cancer diagnosis, HR for death was 2.31 (95% CI, 1.48 to
3.61), comparing those with BMI � 30 kg/m2 with BMI � 25.0 kg/m2

(P trend � .001).
No statistically significant effect modification was seen by cohort

(also stratified by sex), disease stage, smoking status, or diagnosis
period (Table 5), although the association did seem stronger among
never-smokers than ever-smokers (P interaction � .06).

DISCUSSION

In this large study with prospectively collected BMI, we noted reduced
survival for patients with pancreatic cancer who were obese years
before their diagnosis. We also observed a statistically significant asso-
ciation between prediagnostic BMI and cancer stage, with more obese
patients presenting with metastatic disease than patients with healthy
weight. Nevertheless, the association of prediagnostic BMI was inde-
pendent of other predictors of survival, including cancer stage. Fur-

thermore, the association of prediagnostic BMI with pancreatic cancer
survival was strongest when BMI was measured many years before
diagnosis, suggesting the importance of chronic exposure to elevated
BMI in the association with survival. In aggregate, these results suggest
that chronic alterations in systemic metabolism may affect survival of
patients with pancreatic adenocarcinoma.

Three hospital-based studies have evaluated BMI and survival
among patients with pancreatic cancer.20-22 In these studies, patients
were queried about height and weight at the time of diagnosis and
were asked to recall their usual weight during adulthood or at different
time points during their life. At MD Anderson Cancer Center,20 pa-
tients with recalled usual adult BMI � 30 kg/m2 had HR of death of
1.75 (95% CI, 1.23 to 2.50), compared with those with a healthy weight
from ages 30 to 39 to 50 to 59 years. In a study of patients from
Memorial Sloan-Kettering Cancer Center,21 those with recalled BMI
classified as obese had a nonstatistically significant elevated risk of
death. Among patients from Mayo Clinic who completed a question-
naire at diagnosis,22 BMI was inversely associated with survival (P
trend � .009). Patients with recalled usual adult BMI of 35 to 39.9
kg/m2 and � 40 kg/m2 had HRs for death of 1.32 (95% CI, 1.02 to
1.72) and 1.67 (95% CI, 1.19 to 2.33), respectively, compared with
those with healthy weight.

The associations of prediagnostic BMI with pancreatic cancer
survival noted in these retrospective case-control studies are gen-
erally consistent with results from our study. However, prospective
cohort studies have several design advantages over hospital-based,
retrospective case-control studies, lending additional validity to
their results. In retrospective case-control studies, patients are
asked to recall their weight from many years before diagnosis or
provide their usual weight during adulthood. Therefore, misclas-
sification can occur because of incorrect recall of weight. Further-
more, if systematic differences in recall exist by the patient’s
performance status at diagnosis, recall bias can be introduced.
Prospective study designs, such as that in our analysis, limit issues
with misclassification and recall bias by soliciting BMI years before
diagnosis, such that participants provide their current weight and
are not influenced by their degree of illness at diagnosis.

Another limitation of hospital-based case-control studies relates
to generalizability to the full population of patients presenting with
pancreatic cancer. Tertiary centers attract patients who are younger,
have fewer comorbidities, and present with earlier-stage disease.20-23

Furthermore, patients who consent to participate in large hospital-
based case-control studies may not represent the full patient panel of
the center. Some patients may be too ill or pass away before complet-
ing the necessary consents and questionnaires, therefore leading to an
under-representation of patients with more aggressive tumor biology.
This is of particular importance in studies of rapidly fatal malignan-
cies, such as pancreatic cancer. Prospective study designs, such as that
in our analysis, more fully capture the spectrum of patients with
pancreatic cancer in terms of disease aggressiveness and stage of dis-
ease, because individuals are enrolled before their diagnosis. Notably,
survival times for patients in the current study were highly similar to
those of 121,713 patients included in the National Cancer Data Base,
which is thought to capture 76% of patient cases of pancreatic cancer
diagnosed in the United States each year.23 Median survival time for all
patients with pancreatic cancer in the National Cancer Data Base was
4.4 months; by stage, survival times were 2.5 months for metastatic
disease, 7.7 months for locally advanced disease, and 12.7 to 24.1
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Fig 1. Kaplan-Meier curves of overall survival by baseline body mass
index (BMI).

Table 3. Baseline BMI and Pancreatic Cancer Stage at Diagnosis

Baseline BMI
(kg/m2)

Stage�

Localized
Locally

Advanced Metastatic

No. % No. % No. %

� 25.0 79 24.3 53 16.3 193 59.4
25.0 to 29.9 39 15.1 40 15.4 180 69.5
� 30.0 15 16.5 10 11.0 66 72.5

Abbreviation: BMI, body mass index.
��2 P � .02.
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months for localized disease. In the current study, median overall
survival was 5 months among all patients, and survival times by stage
were 3 months for metastatic disease, 8 months for locally advanced
disease, and 16 months for localized disease.

Because of the prospective study design, we also could evaluate
the association of biennially updated data on BMI with pancreatic
cancer survival. Interestingly, BMI reported a greater number of years
before cancer diagnosis was more strongly associated with pancreatic
cancer survival. These data suggest that chronic exposure to the con-
sequences of obesity may be important in affecting patient survival.
Recent experimental data suggest that pancreatic tumors develop and
spread over years, providing opportunities for chronic alterations in
systemic metabolism and inflammation to influence malignant char-
acteristics and growth.24,25 In this regard, multiple metabolic and
inflammatory alterations related to obesity have been shown to have

an impact on tumor growth in preclinical models,11,26-28 providing
experimental rationale for these findings in patients. Additionally,
fatty infiltration of the pancreas may supply growth-promoting sig-
nals locally to adjacent malignant cells.29,30 Nevertheless, we cannot
rule out that survival in patients with chronic obesity may also be
affected by increased complication rates from surgery or systemic
therapies or greater degree of comorbidity that limits aggressiveness of
care.31,32 Importantly, stratified analyses by stage at diagnosis did not
suggest that our results were primarily driven by those with localized
disease, the population of patients for whom surgical resection is
generally pursued. We also noted that obese patients were more likely
to be diagnosed with advanced-stage disease, which may contribute to
their worse survival. However, even after adjustment for stage, predi-
agnostic BMI remained associated with survival, suggesting additional
mechanisms aside from more advanced stage at diagnosis.

Table 4. Temporal Association of Prediagnostic BMI and HR for Death Resulting From Pancreatic Cancer

Years Between Reported
BMI and Diagnosis Date

No. of
Patients

BMI (kg/m2)

P �

� 25.0
HR†

25.0 to 29.9 � 30.0

HR† 95% CI HR† 95% CI

2 to � 4 731 1.0 0.99 0.84 to 1.17 1.29 1.04 to 1.60 .04
4 to � 6 696 1.0 0.96 0.81 to 1.14 1.29 1.02 to 1.61 .06
6 to � 8 664 1.0 1.08 0.90 to 1.28 1.18 0.94 to 1.49 .14
8 to � 10 611 1.0 1.03 0.86 to 1.24 1.26 0.99 to 1.60 .08
10 to � 12 548 1.0 1.08 0.89 to 1.31 1.16 0.90 to 1.49 .23
12 to � 14 496 1.0 1.04 0.84 to 1.27 1.28 0.99 to 1.67 .07
14 to � 16 401 1.0 1.33 1.05 to 1.68 1.40 1.04 to 1.89 .01
16 to � 18 300 1.0 1.08 0.82 to 1.41 1.60 1.12 to 2.27 .02
18 to � 20 202 1.0 1.36 0.96 to 1.93 2.31 1.48 to 3.61 � .001

Abbreviations: BMI, body mass index; HR, hazard ratio.
�P for trend; tests calculated by entering stratum-specific median values for BMI as single variables in Cox proportional hazards models.
†Adjusted for age at diagnosis, cohort (also adjusted for sex), race/ethnicity (white, nonwhite, unknown), smoking status (current, past, never, missing), year of

diagnosis (1988 to 1995, 1996 to 2000, 2001 to 2005, 2006 to 2010), and stage at diagnosis (localized, locally advanced, metastatic, unknown).

Table 5. HRs for Death Resulting From Pancreatic Cancer by Baseline BMI Stratified by Covariates

Stratification
Covariate

No. of
Patients

BMI (kg/m2)

P�

� 25.0
HR†

25.0 to 26.9 27.0 to 29.9 30.0 to 34.9 � 35.0

HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI

Cohort study .59
HPFS (male) 341 1.0 1.12 0.85 to 1.48 1.07 0.79 to 1.45 1.22 0.76 to 1.95 2.23 0.88 to 5.66
NHS (female) 561 1.0 0.67 0.50 to 0.88 1.10 0.86 to 1.41 1.17 0.89 to 1.54 1.37 0.97 to 1.93

Smoking status .06
Never-smoker 360 1.0 0.95 0.70 to 1.29 1.65 1.21 to 2.24 1.48 1.02 to 2.13 1.61 1.01 to 2.57
Ever-smoker 525 1.0 0.81 0.63 to 1.03 0.80 0.62 to 1.03 1.07 0.78 to 1.46 1.36 0.86 to 2.15

Diagnosis period .09
1988 to 2000 435 1.0 0.72 0.56 to 0.94 0.90 0.68 to 1.19 0.88 0.63 to 1.24 1.23 0.80 to 1.91
2001 to 2010 467 1.0 1.04 0.79 to 1.38 1.16 0.89 to 1.52 1.53 1.10 to 2.14 1.49 0.92 to 2.40

Cancer stage .85
Localized 133 1.0 0.97 0.56 to 1.68 1.09 0.60 to 1.95 1.01 0.56 to 1.82
Locally advanced 103 1.0 0.39 0.22 to 0.70 0.77 0.39 to 1.54 1.42 0.68 to 2.97
Metastatic 439 1.0 1.01 0.78 to 1.32 1.14 0.88 to 1.48 1.32 0.98 to 1.78

Abbreviations: BMI, body mass index; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; NHS, Nurses’ Health Study.
�P for interaction.
†Adjusted for age at diagnosis, cohort (also adjusted for sex), race/ethnicity (white, nonwhite, unknown), smoking status (current, past, never, missing), year

of diagnosis (1988 to 1995, 1996 to 2000, 2001 to 2005, 2006 to 2010), and stage at diagnosis (localized, locally advanced, metastatic, unknown), excluding
stratification covariate.

BMI and Pancreatic Cancer Survival

www.jco.org © 2013 by American Society of Clinical Oncology 5

rich4/zlj-jco/zlj-jco/zlj99910/zlj3947-13z xppws S�1 9/17/13 0:50 4/Color Figure(s): F1 Art: 17532 Input-BM



Limitations of our study also require consideration. Among
study participants, treatment programs likely varied, and we could not
control for differences in treatment, because this information was not
collected in our cohorts. Nevertheless, chemotherapy and irradiation
have had only a modest impact on patient survival,2 and treatment
programs were unlikely to have varied greatly by baseline BMI mea-
sured years before diagnosis. We used overall mortality data in our
analyses, as opposed to pancreatic cancer–specific mortality. How-
ever, pancreatic cancer is a highly lethal malignancy with cure rates
� 5%, such that overall mortality is a good surrogate for cancer-
specific mortality. This approach has been used in other studies of
pancreatic cancer survival.20-22 We cannot rule out that our findings
may have been influenced in part by residual confounding. Nonethe-
less, we collected information on multiple other exposures and in-
cluded possible confounding covariates in multivariate models
without observing meaningful changes in risk estimates. Finally, our
study participants were predominantly individuals of European de-
scent, and additional studies in other populations are warranted.

In conclusion, higher prediagnostic BMI was associated with
statistically significantly decreased survival among patients with pan-
creatic cancer from two large prospective cohort studies. This associ-

ation was similar across patient subgroups and seemed stronger for
BMI measured a greater number of years before cancer diagnosis.
These data emphasize the link between chronic alterations in systemic
metabolism and pancreatic cancer survival and suggest obesity-related
metabolic pathways for possible therapeutic intervention in patients
with pancreatic adenocarcinoma.
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Appendix

Table A1. Proportion of Patients With Healthy Weight by Quintiles of Survival Time

Quintile of Survival Time Survival Time Range (months) No. of Patients

No. of Patients With
Healthy Weight�

No. %

1 � 2 211 93 44.1
2 2 to 3 157 75 47.8
3 4 to 7 199 96 48.2
4 8 to 13 156 79 50.6
5 � 13 167 93 55.7

Abbreviation: BMI, body mass index.
�Healthy weight defined as baseline BMI of 18.5 to 24.9 kg/m2.
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