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IMPORTANCE Pancreatic cancer is the third-leading cause of cancer death in the United
States; however, few high-risk groups have been identified to facilitate early diagnosis
strategies.

OBJECTIVE To evaluate the association of diabetes duration and recent weight change
with subsequent risk of pancreatic cancer in the general population.

DESIGN, SETTING, AND PARTICIPANTS This cohort study obtained data from female
participants in the Nurses’ Health Study and male participants in the Health Professionals
Follow-Up Study, with repeated exposure assessments over 30 years. Incident cases of
pancreatic cancer were identified from self-report or during follow-up of participant deaths.
Deaths were ascertained through reports from the next of kin, the US Postal Service, or the
National Death Index. Data collection was conducted from October 1, 2018, to December 31,
2018. Data analysis was performed from January 1, 2019, to June 30, 2019.

EXPOSURES Duration of physician-diagnosed diabetes and recent weight change.

MAIN OUTCOME AND MEASURES Hazard ratios (HRs) for subsequent development of
pancreatic cancer.

RESULTS Of the 112 818 women (with a mean [SD] age of 59.4 [11.7] years) and 46 207 men
(with a mean [SD] age of 64.7 [10.8] years) included in the analysis, 1116 incident cases of
pancreatic cancers were identified. Compared with participants with no diabetes, those
with recent-onset diabetes had an age-adjusted HR for pancreatic cancer of 2.97 (95% CI,
2.31-3.82) and those with long-standing diabetes had an age-adjusted HR of 2.16 (95% CI,
1.78-2.60). Compared with those with no weight loss, participants who reported a 1- to 4-lb
weight loss had an age-adjusted HR for pancreatic cancer of 1.25 (95% CI, 1.03-1.52), those
with a 5- to 8-lb weight loss had an age-adjusted HR of 1.33 (95% CI, 1.06-1.66), and those
with more than an 8-lb weight loss had an age-adjusted HR of 1.92 (95% CI, 1.58-2.32).
Participants with recent-onset diabetes accompanied by weight loss of 1 to 8 lb (91 incident
cases per 100 000 person-years [95% CI, 55-151]; HR, 3.61 [95% CI, 2.14-6.10]) or more than
8 lb (164 incident cases per 100 000 person-years [95% CI, 114-238]; HR, 6.75 [95% CI,
4.55-10.00]) had a substantially increased risk for pancreatic cancer compared with those
with neither exposure (16 incident cases per 100 000 person-years; 95% CI, 14-17). Incidence
rates were even higher among participants with recent-onset diabetes and weight loss with
a body mass index of less than 25 before weight loss (400 incident cases per 100 000
person-years) or whose weight loss was not intentional judging from increased physical
activity or healthier dietary choices (334 incident cases per 100 000 person-years).

CONCLUSIONS AND RELEVANCE This study demonstrates that recent-onset diabetes
accompanied by weight loss is associated with a substantially increased risk for developing
pancreatic cancer. Older age, previous healthy weight, and no intentional weight loss further
elevate this risk.
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P ancreatic cancer is the third-leading cause of cancer-
related death in the United States, with a 5-year sur-
vival rate of less than 10%.1 This low survival rate is

largely associated with the diagnosis occurring at an ad-
vanced stage when the cancer is no longer curable. To date,
patients with a strong family history or genetic predisposi-
tion and those with pancreatic cystic lesions have been the pri-
mary focus of pancreatic cancer early detection programs, with
initial evidence indicating a shift to earlier stage disease and
longer survival among those who undergo surveillance
imaging.2,3 Nevertheless, these patients represent only 15%
to 20% of those presenting with pancreatic cancer,4 and the
US Preventive Services Task Force recommends against pan-
creatic cancer screening for asymptomatic individuals with
average risk.5 The identification of other high-risk groups is
necessary to enhance screening efforts.

Multiple studies have identified type 2 diabetes as a risk fac-
tor for pancreatic cancer.6,7 However, a subset of patients with
pancreatic cancer develop diabetes several months to years be-
fore their cancer diagnosis.8,9 Hyperglycemia in this setting is
associated with an intact but not yet clinically diagnosed pan-
creatic tumor and has been classified as pancreatogenic or type
3c diabetes.10,11 Although type 2 diabetes is often accompa-
nied by weight gain, pancreatogenic diabetes can paradoxi-
cally be accompanied by weight loss.12,13 Nonetheless, the risks
for pancreatic cancer associated with different duration of dia-
betes and degree of weight loss have not been evaluated in the
general population. Furthermore, whether metrics of weight loss
intentionality are associated with the accuracy of pancreatic can-
cer risk prediction has not been assessed. Many patients with
pancreatic cancer who present with pancreatogenic diabetes
have a localized, surgically resectable tumor at the onset of
hyperglycemia, providing a window of opportunity for earlier
cancer detection and treatment.14

Methods
The protocol of this cohort study was approved by the insti-
tutional review boards of the Brigham and Women’s Hospital
and the Harvard T.H. Chan School of Public Health and those
of participating registries as required. All participants pro-
vided written informed consent for the researchers to access
their medical records. Data collection was conducted from
October 1, 2018, to December 31, 2018. Data analysis was per-
formed from January 1, 2019, to June 30, 2019.

Study Population
This study analyzed data from the Nurses’ Health Study (NHS),
a study initiated in 1976 in which 121 700 US female nurses aged
30 to 55 years completed a mailed questionnaire on demo-
graphic characteristics, lifestyle choices, and medical history.15

Another source of data was the Health Professionals Fol-
low-Up Study (HPFS), which was initiated in 1986 and in-
volved 51 529 US male health professionals aged 40 to 75 years
who responded to a similar mailed questionnaire.16 Since en-
rollment, participants in both the NHS and HPFS have up-
dated their information through biennial follow-up question-

naires. In this study, we set the baseline as 1978 for the NHS
and 1988 for the HPFS and excluded participants with preva-
lent diabetes or prior history of cancer at baseline. The study
population comprised 112 818 women and 46 207 men.

Incident Cases of Pancreatic Cancer
and Diabetes Duration
We identified incident cases of pancreatic cancer from self-report
or during follow-up of participant deaths. Deaths were ascer-
tained through reports from the next of kin, the US Postal Ser-
vice, or the National Death Index.17 Among us, 2 physicians (K.N.,
B.M.W.) who were blinded to exposure status confirmed the di-
agnosis of pancreatic cancer by reviewing medical records, death
certificates, or cancer registry data. Patients with nonadenocar-
cinoma type of pancreatic tumor were excluded.

The enrollment and biennial follow-up questionnaires
asked participants if they had ever had a diabetes diagnosis by
a physician. To verify the diagnosis, a supplementary ques-
tionnaire was sent to participants for details, such as the date
of diagnosis, symptoms, diagnostic tests, and treatment. The
validity of the supplementary questionnaire was established
by medical record review.18,19 In the current study, we identi-
fied diabetes status from participant responses on biennial
questionnaires and the supplementary questionnaire. For 2%
of participants (n = 535) without a reported date of diabetes
diagnosis on main or supplementary questionnaires, we used
the return date of the biennial questionnaire on which they first
reported being told by a physician that they had diabetes. Par-
ticipants were categorized into 3 exposure groups: no diabe-
tes, recent-onset diabetes (≤4 years), and long-standing dia-
betes (>4 years) (eFigure 1 in the Supplement). Participants with
type 1 diabetes were excluded.

Weight Change Over 2-Year Intervals
Current weight was reported at enrollment and every 2 years
thereafter. Recent change in body weight was calculated by sub-
tracting the current weight (ie, weight from the most recent ques-
tionnaire) from the previous weight (ie, weight before the cur-
rentweight).Therefore,forsurveycyclesinwhichpancreaticcan-
cer was diagnosed, weight change was measured by comparing
questionnaires returned at a median of 1 year (current weight)
and 3 years (previous weight) before cancer diagnosis (eFigure 1
in the Supplement). We grouped those who lost no weight or

Key Points
Question Is there an association of diabetes duration and recent
weight loss with subsequent risk of pancreatic cancer?

Findings In this cohort study of 112 818 women and 46 207 men
enrolled in 2 US cohort studies, participants with recent-onset
diabetes accompanied by weight loss of 1 to 8 lb or more than 8 lb
had a substantially increased risk for pancreatic cancer compared
with participants with no such exposure.

Meaning The findings from this study suggest that individuals
with recent-onset diabetes accompanied by weight loss have a
high risk for developing pancreatic cancer and may be a group for
whom early detection strategies would be advantageous.
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gained weight into the no weight loss category, and we catego-
rized those who lost weight into the following groups: 1- to 4-lb
weight loss, 5- to 8-lb weight loss, and more than 8-lb weight loss
(to convert lb to kg, multiply by 0.45).

Assessment of Covariates
In the NHS, height was included in the 1976 questionnaire, and
weight at age 18 years was asked in the 1980 questionnaire. In
the HPFS, height and weight at age 21 years were included in
the 1986 questionnaire. Body mass index (BMI) was calcu-
lated as weight in kilograms divided by height in meters
squared and grouped as follows: healthy weight (<25.0 BMI),
overweight (25.0-29.9 BMI), obese (30.0-34.9 BMI), or mor-
bidly obese (≥35.0 BMI). Information on date of birth, race/
ethnicity, physical activity, cigarette smoking, dietary intake,
and multivitamin use was also obtained from question-
naires. Intentionality of weight loss (low, medium, or high) was
ascertained by combining data on changes in physical activ-
ity and diet (a detailed description is provided in the eMethods
in the Supplement).

Statistical Analysis
Person-years for participants were calculated from the return
of the baseline questionnaire until the occurrence of pancreatic
cancer, death from any cause, or the end of the follow-up period
(June 2012 for the NHS, and January 2012 for the HPFS), which-
ever came first. We analyzed the risk of pancreatic cancer accord-
ing to (1) diabetes duration, (2) recent weight change, and
(3) combined status of diabetes and weight change (eMethods
in the Supplement). Incidence rates were calculated by divid-
ing the number of incident cases by the number of person-years
in each category of exposure, with 95% CIs estimated by a Pois-
son distribution. Incidence ratios for each of the nonreference
categories were computed by dividing the rates in these catego-
ries by the rate in the reference category, with 95% CIs estimated
by the Mantel-Haenszel method. Cox proportional hazards re-
gression model was used to compute adjusted hazard ratios
(HRs) and 95% CIs, with age and calendar year at the beginning
of each survey cycle as stratification variables. We confirmed no
violations of the proportional hazards assumption (eMethods
in the Supplement). Cubic spline regression20 was used to de-
lineate the association with the amount of weight loss. In mul-
tivariable analyses, we included a priori known or suspected fac-
tors for pancreatic cancer (eMethods in the Supplement). The
likelihood ratio test was used to assess the potential interactions
between diabetes duration and weight loss and by sex or cohort.
For secondary analyses of the BMI trend, we matched each in-
cident case of pancreatic cancer with 5 control participants who
were free of pancreatic cancer at the time of the case diagnosis.

All analyses were performed with SAS, version 9.4 (SAS
Institute Inc). A 2-sided P < .05 indicated statistical significance.

Results
Participant Characteristics
During 4.5 million person-years of follow-up in a study popu-
lation of 112 818 women (with a mean [SD] age of 59.4 [11.7]

years) from the NHS and 46 207 men (with a mean [SD] age of
64.7 [10.8] years) from the HPFS, 1116 incident cases of pan-
creatic cancer (0.7%) were identified, for an incidence rate of
25 per 100 000 person-years. Age-specific incidence rates were
somewhat lower than those in the US general population cap-
tured in the Surveillance, Epidemiology, and End Results Pro-
gram (eTable 1 in the Supplement).21 Among participants with
a new diagnosis of diabetes, the 2-year cumulative incidence
of pancreatic cancer after diabetes diagnosis was 0.18% (n = 41)
and the 4-year rate was 0.29% (n = 67) (eFigure 2 in the Supple-
ment). Among the 937 incident cases with known diabetes sta-
tus, 135 participants (14.4%) reported long-standing (>4 years)
diabetes and 67 participants (7.2%) reported recent-onset (≤4
years) diabetes. As expected, participants with diabetes vs
those with no diabetes, were older (mean [SD] age: 68.6 [9.5]
years vs 60.0 [11.6] years), had a higher mean (SD) BMI (29.7
[5.5] vs 24.9 [4.0]), and were less physically active (mean [SD]:
14.8 [14.5] hours per week vs 20.1 [20.2] hours per week)
(Table 1).

Association Between Diabetes
and Pancreatic Cancer Risk
Participants with diabetes were at higher risk for pancreatic
cancer (Table 2; eTable 2 in the Supplement). The age-
adjusted HR was 2.97 (95% CI, 2.31-3.82) for those with
recent-onset diabetes and 2.16 (95% CI, 1.78-2.60) for those
with long-standing diabetes. When further stratified by
duration of diabetes, a similarly elevated risk of pancreatic
cancer was noted for participants with diabetes for more
than 4 to 10 years (HR, 2.25; 95% CI, 1.74 -2.92) and for more
than 10 years (HR, 2.07; 95% CI, 1.61-2.66). The association
of diabetes with risk of pancreatic cancer was noted for all
BMI groups, including when BMI was considered from early
adulthood (eg, <25.0 BMI: HR for long-standing diabetes,
2.03; 95% CI, 1.61-2.57) and middle to late adulthood (eg,
<25.0 BMI: HR for long-standing diabetes, 2.19; 95% CI, 1.47-
3.26) (eTable 3 in the Supplement). Among participants with
a BMI lower than 25 throughout life, diabetes continued to
be associated with elevated risk of pancreatic cancer (recent-
onset diabetes: HR, 3.88 [95% CI, 2.39-6.29]; long-standing
diabetes: HR, 2.29 [95% CI, 1.50-3.51]) (eTable 4 in the
Supplement). Thus, recent-onset and long-standing diabetes
were associated with future development of pancreatic can-
cer, and these elevated cancer risks were present for indi-
viduals regardless of their BMI.

Association Between Recent Weight Change
and Pancreatic Cancer Risk
We found a stepwise increase in risk for pancreatic cancer with
absolute amount and percentage of recent weight loss (eFig-
ure 3 in the Supplement). Compared with participants in the
no weight loss group, participants who reported a 1- to 4-lb
weight loss had an age-adjusted HR for pancreatic cancer of
1.25 (95% CI, 1.03-1.52), those with a 5- to 8-lb weight loss had
an age-adjusted HR of 1.33 (95% CI, 1.06-1.66), and those with
a weight loss of more than 8 lb had an age-adjusted HR of 1.92
(95% CI, 1.58-2.32) (Table 2). The HRs were similar after ad-
justment for previous weight and diabetes duration.
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Incidence of Pancreatic Cancer by Combined Status
of Diabetes and Weight Change
We analyzed the risk for pancreatic cancer by both diabetes du-
ration and recent weight change (Table 3). Recent-onset dia-

betes accompanied by weight loss was associated with a forth-
coming diagnosis of pancreatic cancer. A substantially higher
incidence of pancreatic cancer was noted for participants with
recent-onset diabetes accompanied by a 1- to 8-lb weight loss

Table 1. Age-Adjusted Characteristics of Participants by Diabetes Status

Characteristica

Nurses’ Health Study Health Professionals Follow-Up Study Combined cohorts

No diabetes With diabetes No diabetes With diabetes No diabetes With diabetes
Person-years 3 122 370 220 187 848 063 62 910 3 970 434 283 097

Age, mean (SD), y 58.8 (11.6) 67.9 (9.5) 64.2 (10.7) 71.1 (9.4) 60.0 (11.6) 68.6 (9.5)

Race/ethnicity, %b

White 97.2 94.5 91.2 87.5 95.9 93.3

Black 1.8 3.9 0.8 2.1 1.5 3.5

Other 1.0 1.7 3.1 5.5 1.5 2.4

Unknown 0 0 5.0 4.8 1.1 0.9

BMI, %b

Mean (SD) 24.6 (4.2) 29.9 (5.7) 25.7 (3.2) 28.8 (4.4) 24.9 (4.0) 29.7 (5.5)

<25.0 61.7 19.5 45.3 18.2 58.1 19.3

25.0-29.9 27.7 35.1 46.4 48.9 31.8 37.6

30.0-34.9 7.8 27.0 7.0 24.3 7.6 26.5

≥35.0 2.6 18.2 1.1 8.5 2.3 16.4

Missing 0.1 0.2 0.2 0.1 0.1 0.2

Physical activity, mean (SD),
MET-h/wk

17.1 (18.1) 12.8 (12.7) 27.3 (22.9) 21.2 (18.6) 20.1 (20.2) 14.8 (14.5)

Tobacco smoking, pack-years, %b

Never 44.1 44.3 47.3 42.4 44.8 44.0

<5 9.5 9.1 4.4 3.8 8.4 8.1

5-19 18.5 18.0 18.0 17.6 18.4 17.9

20-39 15.8 15.3 16.0 19.1 15.9 16.0

≥40 10.8 11.9 8.8 11.6 10.3 11.9

Missing 1.4 1.4 5.6 5.4 2.3 2.1

Alcohol use, mean (SD), g/d 6.2 (9.4) 3.2 (6.6) 11.2 (13.7) 8.7 (12.3) 7.4 (10.8) 4.4 (8.3)

Multivitamin use, %b 48.1 45.9 48.5 45.5 48.2 46.0

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); MET, metabolic equivalent.
a All values other than age have been directly standardized to the age

distribution of the study population.
b The percentages were standardized and thus were not consistent with the

unstandardized numbers.

Table 2. Observed Risk of Pancreatic Cancer by Diabetes Duration and Recent Weight Change

Exposure Person-years
No. of
cases

Incidence rate
(95% CI)a

Incidence ratio
(95% CI)

Hazard ratio (95% CI)

Age-adjustedb Multivariablec

Diabetes duration

No diabetes 3 970 434 735 19 (17-20) 1 [Reference] 1 [Reference] 1 [Reference]

Recent-onset diabetes
(≤4 y)

86 715 67 77 (61-98) 4.17 (3.25-5.36) 2.97 (2.31-3.82) 2.86 (2.21-3.69)

Long-standing diabetes
(>4 y)

196 382 135 69 (58-81) 3.71 (3.09-4.46) 2.16 (1.78-2.60) 2.11 (1.73-2.57)

Recent weight change

No weight loss 2 155 859 377 17 (16-19) 1 [Reference] 1 [Reference] 1 [Reference]

1-4–lb weight loss 490 957 137 28 (24-33) 1.60 (1.31-1.94) 1.25 (1.03-1.52) 1.26 (1.04-1.54)

5-8–lb weight loss 334 566 99 30 (24-36) 1.69 (1.36-2.11) 1.33 (1.06-1.66) 1.29 (1.03-1.62)

>8-lb weight loss 351 653 153 44 (37-51) 2.49 (2.06-3.00) 1.92 (1.58-2.32) 1.69 (1.38-2.05)

SI conversion factors: To convert weight to kg, multiply by 0.45.
a Incidence rates are presented as cases per 100 000 person-years.
b Conditioned on age (continuous) and calendar year of the survey cycle.
c Conditioned on age (continuous) and calendar year of the survey cycle and

adjusted for sex/cohort, race/ethnicity (White, Black, other, or unknown),
body mass index (calculated as weight in kilograms divided by height in

meters squared; <25.0, 25.0-29.9, 30.0-34.9, �35.0, or missing), physical
activity (quintiles by sex), smoking in pack-years (never, <5, 5-19, 20-39, �40,
or missing), alcohol intake in grams per day (0, 0.1-4.9, 5.0-14.9, 15.0-29.9,
�30.0, or missing), and multivitamin use (yes or no). In the analyses of weight
change, the hazard ratios were also adjusted for previous weight (continuous)
and diabetes duration (no diabetes, �4 years, or >4 years).
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(91 incident cases per 100 000 person-years [95% CI, 55-151];
age-adjusted HR, 3.61 [95% CI, 2.14-6.10]) or by a weight loss
of more than 8 lb (164 incident cases per 100 000 person-
years [95% CI, 114-238]; age-adjusted HR, 6.75 [95% CI, 4.55-
10.00]) compared with participants with neither exposure
(16 incident cases per 100 000 person-years [95% CI, 14-17]).
In contrast, the HRs for participants who developed weight
loss in the setting of long-standing diabetes were less pro-
nounced (1-8–lb weight loss: HR, 2.90 [95% CI, 2.00-4.22];
>8-lb weight loss: HR, 2.80 [95% CI, 1.81-4.34]) (Table 3). These
findings were similar in the 2 independent prospective co-
horts: the HRs for participants with recent-onset diabetes and
weight loss were 6.89 (95% CI, 4.32-10.99) in the NHS and 5.81
(95% CI, 2.73-12.38) in the HPFS (eTable 5 in the Supple-
ment). The secondary analyses that used recent change in BMI
instead of weight detected a similar HR of 7.22 (95% CI, 4.90-
10.64) for participants with recent-onset diabetes accompa-
nied by a BMI decline of 1.5 or more (eTable 6 in the Supple-
ment). Consistently, in the stratified analyses without joint
effects, the association between weight change and pancre-
atic cancer risk was greater among participants with recent-
onset diabetes (>8 lb weight loss: HR, 2.93; 95% CI, 1.49-5.77)
vs those with no diabetes (HR, 1.72; 95% CI, 1.37-2.15) or with
long-standing diabetes (HR, 1.19; 95% CI, 0.70-2.04) (eTable 7
in the Supplement).

To further define groups with a high risk for pancreatic can-
cer, we conducted stratified analyses by the following covar-
iates: current age, previous BMI, and change in physical ac-
tivity and diet. We hypothesized that a particularly high-risk
group would be older individuals given that pancreatic can-
cer is a disease of older age. We also investigated participants
who initially had healthy weight or who did not increase physi-
cal activity or pursue a healthier diet because intentional weight

loss was less likely in these individuals. Among participants
with recent-onset diabetes and weight loss, we noted particu-
larly high incidence rates of pancreatic cancer in those 70 years
or older (234 incident cases per 100 000 person-years), those
with a BMI of less than 25 before weight loss (400 incident cases
per 100 000 person-years), and those with a low likelihood of
intentional weight loss judging by changes in physical activ-
ity and diet (334 incident cases per 100 000 person-years)
(Figure 1).

Four-Year Pancreatic Cancer Risk by Combined Status
of Diabetes and Weight Change
Among cohort participants with recent-onset diabetes and
weight loss of more than 8 lb, the 4-year risk of pancreatic can-
cer was 0.66% (eTable 8 in the Supplement). This risk was
higher in participants 70 years or older (0.94%) or in those who
had healthy weight before weight loss or a low likelihood of
intentional weight loss (1.45%). If participants with recent-
onset diabetes and weight loss were both 70 years or older and
had these BMI or weight loss characteristics, they carried a
4-year risk of 2.01% for pancreatic cancer. The absolute risks
for pancreatic cancer by age and sex were 20% to 30% lower
in the NHS and HPFS cohorts than in the general US popula-
tion (eTable 1 in the Supplement) such that the identified 4-year
risk estimates likely underestimated what would be identi-
fied in the US population as a whole.

Secondary Analyses
We examined the association between diabetes duration and
weight loss among cases of pancreatic cancer (eTable 9 in the
Supplement). Participants with recent-onset diabetes lost sub-
stantially more weight (median [interquartile range {IQR}],
7 [0-15] lb) than those with no diabetes (median [IQR], 0 [–4

Table 3. Observed Risk of Pancreatic Cancer by Combined Status of Diabetes and Recent Weight Change

Exposure Person-years
No. of
cases

Incidence rate
(95% CI)a

Incidence ratio
(95% CI)

Hazard ratio (95% CI)

Age-adjustedb Multivariablec

No diabetes

+ No weight loss 2 043 907 318 16 (14-17) 1 [Reference] 1 [Reference] 1 [Reference]

+ 1-8–lb weight loss 772 054 190 25 (21-28) 1.58 (1.32-1.89) 1.24 (1.04-1.49) 1.24 (1.04-1.49)

+ >8-lb weight loss 307 034 103 34 (28-41) 2.16 (1.73-2.69) 1.70 (1.36-2.13) 1.67 (1.33-2.10)

Recent-onset diabetes
(≤4 y)d

+ No weight loss 33 480 16 48 (29-78) 3.07 (1.86-5.08) 2.29 (1.38-3.79) 2.15 (1.29-3.57)

+ 1-8–lb weight loss 16 448 15 91 (55-151) 5.86 (3.49-9.84) 3.61 (2.14-6.10) 3.47 (2.05-5.87)

+ >8-lb weight loss 17 021 28 164 (114-238) 10.57 (7.18-15.56) 6.75 (4.55-10.00) 6.44 (4.31-9.62)

Long-standing diabetes
(>4 y)e

+ No weight loss 78 472 43 55 (41-74) 3.52 (2.56-4.84) 2.10 (1.52-2.90) 2.01 (1.44-2.80)

+ 1-8–lb weight loss 37 021 31 84 (59-119) 5.38 (3.72-7.78) 2.90 (2.00-4.22) 2.82 (1.93-4.13)

+ >8-lb weight loss 27 597 22 80 (52-121) 5.12 (3.33-7.89) 2.80 (1.81-4.34) 2.64 (1.68-4.13)

SI conversion factors: To convert weight to kg, multiply by 0.45.
a Incidence rates are presented as cases per 100 000 person-years.
b Conditioned on age (continuous) and calendar year of the survey cycle.
c Conditioned on age (continuous) and calendar year of the survey cycle and

adjusted for sex/cohort, race/ethnicity (White, Black, other, or unknown),
body mass index (calculated as weight in kilograms divided by height in
meters squared; <25.0, 25.0-29.9, 30.0-34.9, �35.0, or missing), physical

activity (quintiles by sex), smoking in pack-years (never, <5, 5-19, 20-39, �40,
or missing), alcohol intake in grams per day (0, 0.1-4.9, 5.0-14.9, 15.0-29.9,
�30.0, or missing), and multivitamin use (yes or no).

d P for interaction = .05 between recent-onset diabetes and recent weight
change.

e P for interaction = .35 between long-standing diabetes and recent weight
change.
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to 5] lb) or with long-standing diabetes (median [IQR], 1 [–2 to
8] lb) (P < .001), and nearly half of patients with recent-onset
diabetes (n = 28 [47.5%]) lost more than 8 lb. Similar weight
loss was not seen for matched control participants with recent-
onset diabetes (median [IQR], 0 [–5 to 10] lb), suggesting that
the weight loss was specific to participants who developed pan-
creatic cancer.

We examined the 20-year trend in BMI before cancer di-
agnosis (Figure 2). Participants with pancreatic cancer and long-
standing diabetes (n = 96) typically started heavy (mean BMI,
29.3) and maintained weight, whereas those with recent-
onset diabetes (n = 59) started less heavy (mean BMI, 28.2) and
gained weight later in life before losing the weight as the pan-
creatic cancer diagnosis approached. In contrast, partici-
pants with no diabetes (n = 611) started lean (mean BMI, 25.2)
and had modest weight gain as they advanced in age, which
was similar to control participants with no diabetes (n = 3055).

We performed multiple linear regression analysis to iden-
tify the factors associated with weight loss before pancreatic
cancer diagnosis (eTable 10 in the Supplement). Older age (co-

efficient = 0.1442 per year), heavier previous weight (coeffi-
cient = 0.0519 per lb), greater weight gain in middle to late life
(coefficient = 0.0627 per lb), and recent-onset diabetes (coef-
ficient = 4.6575) were independently associated with greater
weight loss before cancer diagnosis (all P ≤ .008). Long-
standing diabetes was not associated with such weight loss (co-
efficient = 0.1530; P = .90). Weight loss before cancer diagno-
sis was not associated with a more advanced stage of disease
at presentation (63.9% of patients with a weight loss of more
than 8 lb had metastatic disease at presentation vs 62.2% of
patients with no weight loss) (eTable 11 in the Supplement).

Discussion
In the NHS and HPFS cohorts of 112 818 women and 46 207 men
with 4.5 million person-years of follow-up, diabetes and re-
cent weight loss were each independently associated with a
moderate increase in the risk for pancreatic cancer. However,
when weight loss co-occurred with recent-onset diabetes, the

Figure 1. Pancreatic Cancer Incidence by Combined Status of Diabetes and Recent Weight Change
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subsequent risk of pancreatic cancer increased by more than
6-fold. In addition, the likelihood of a pancreatic cancer diag-
nosis was even further elevated among individuals with older
age, healthy weight before weight loss, and unintentional
weight loss.

The high mortality of pancreatic cancer has been associ-
ated with the presentation of more than 80% of patients with
advanced, incurable disease.21 However, patients who are di-
agnosed with early-stage cancer can be cured with aggressive
treatment, and such treatment has been improving with ad-
vancements in surgical procedures, chemotherapy, and
radiotherapy.22-24 General population-based approaches to
early detection for pancreatic cancer remain difficult, how-
ever, because of the overall low prevalence of the disease and
the morbidity and cost of managing false-positive results.25 As
mentioned, the US Preventive Services Task Force does not rec-
ommend screening for pancreatic cancer in individuals who
are asymptomatic and have average risk.5 Identification and
characterization of high-risk groups can potentially limit sur-
veillance to individuals for whom the risk-to-benefit ratio of
screening would be most favorable.26

Pancreatic cancer has been associated with the develop-
ment of diabetes within 4 years before the cancer diagnosis in
up to 20% of patients.8,9 In the present study, recent-onset dia-
betes was associated with a 3-fold higher adjusted risk of pan-
creatic cancer and a 0.29% pancreatic cancer risk at 4 years,
which was consistent with findings in previous studies evalu-
ating physician-diagnosed diabetes.6,7,27-29 In other studies,
when diabetes was defined at hyperglycemic onset rather than
by physician diagnosis, approximately 0.8% of patients were
identified with pancreatic cancer in the ensuing 3 to 4 years
given that hyperglycemia may occur months to years before a
formal diabetes diagnosis is made.13,30 Another study found
that most patients with recent-onset diabetes who devel-
oped pancreatic cancer had early-stage cancer at the time that
they developed hyperglycemia, suggesting a window of op-
portunity for diagnosing and managing the cancer when it is
still curable.14 Nevertheless, the risk associated with recent-
onset diabetes alone may be insufficient to warrant risk strati-
fication of the population to implement pancreatic cancer
screening.13,27-29

In this cohort study, incidence rates for pancreatic cancer
were 6-fold to 10-fold higher among participants with recent-
onset diabetes and weight loss compared with participants
without these exposure factors. Thus, the identified risks in
this population were similar to those for families with a his-
tory of pancreatic cancer and inherited genetic mutations in
pancreatic cancer predisposition genes, such as ATM (RefSeq
NM_000051.4), BRCA2 (RefSeq NM_000059.4), and CDKN2A
(RefSeq NM_000077.5).31 Members of such families undergo
pancreatic cancer surveillance after age 50 to 55 years at spe-
cialized clinics,32 and data indicate a shift to earlier-stage dis-
ease diagnosis and longer patient survival with surveillance.2,3

The question of whether recent-onset diabetes after age 50
years in the context of weight loss should trigger pancreatic
cancer surveillance should be evaluated in large prospective
studies.33 Nevertheless, the coexistence of these symptoms
should be recognized by clinicians given that both the rela-

tive and absolute risks for pancreatic cancer are high, particu-
larly in individuals with healthy weight before weight loss or
those who are not trying to lose weight through changes in
physical activity or diet.

Previous research has demonstrated that adipose tissue
and skeletal muscle wasting were early events in pancreatic
cancer development.34-36 The present study found that weight
loss before a pancreatic cancer diagnosis was associated with
recent-onset diabetes, because individuals with long-
standing diabetes or with no diabetes experienced substan-
tially less prediagnostic weight loss. Overall, these changes sug-
gest the potential for tumor-induced alterations in the
metabolism of the host to indicate the presence of early-
stage pancreatic cancer.37

Limitations
This study has limitations. Although the prospective design
of the study was advantageous in many ways, it presented
several limitations. First, a subset of participants with pan-
creatic cancer did not return a questionnaire close to the
time of cancer diagnosis; therefore, we could not calculate
weight change. Second, the use of biennial questionnaires
could result in a lower proportion of participants with pan-
creatic cancer who were identified with recent-onset diabe-
tes given that some patients may have developed diabetes
after the last questionnaire was returned. Third, because
weight measurements were reported every 2 years, we could
not definitively identify whether weight loss had already
begun before the development of hyperglycemia or occurred
only afterward. Weight loss also may be attributed to other
chronic conditions associated with diabetes. Fourth, the
study participants were predominantly White health profes-
sionals; thus, a study of additional patient populations is
warranted.

Figure 2. Twenty-Year Trend in Body Mass Index (BMI) Before Diagnosis
in Patients With Pancreatic Cancer and in Control Participants
Without Pancreatic Cancer
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Conclusions

In this study, recent-onset diabetes accompanied by weight loss
was associated with a substantial increase in risk for pancre-

atic cancer and may represent a high-risk group in the gen-
eral population for whom early detection strategies would be
advantageous. Further elevation of risk was seen in individu-
als with older age, previous healthy weight, and no inten-
tional weight loss.
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