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ASED ON THE FINDINGS FROM

several retrospective and pro-

spective observational stud-

ies, type 2 diabetes mellitus and
glucose intolerance are fairly consis-
tent, albeit somewhat controversial, risk
factors for pancreatic cancer.'” This is
because it has been unresolved whether
diabetes mellitus is etiologically in-
volved in pancreatic carcinogenesis or
the result of subclinical malignancy.
One biologically plausible mechanism
whereby type 2 diabetes mellitus may
be related to pancreatic carcinogen-
esis is through the growth-regulatory
effects of insulin.® Experimental stud-
ies show that insulin has growth pro-
moting and mitogenic effects on pan-
creatic cancer cells” and patients with
type 2 diabetes mellitus are known to
exhibit hyperinsulinemia during the
early stages of their disease.® The pro-
posed hyperinsulinemia hypothesis is
also indirectly supported by several
studies of positive associations be-
tween obesity, lack of physical activ-
ity, and pancreatic cancer.”'*

We previously reported a signifi-
cant 2-fold increased risk between self-
reported diabetes mellitus and pancre-
atic cancer in the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention

See also Patient Page.
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Context Obesity, diabetes mellitus, and glucose intolerance have been associated
with increased pancreatic cancer risk; however, prediagnostic serum insulin concen-
tration has not been evaluated as a predictor of this malignancy.

Objective To investigate whether prediagnostic fasting glucose and insulin concen-
trations and insulin resistance are associated with subsequent incidence of exocrine
pancreatic cancer in a cohort of male smokers.

Design, Setting, and Participants A case-cohort prospective study within the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study (1985-1988) cohort of 29133
male Finnish smokers ages 50 to 69 years. The study included 400 randomly sampled
subcohort control participants and 169 incident pancreatic cancer cases that occurred
after the fifth year of follow-up. All participants were followed up through December
2001 (up to 16.7 years of follow-up).

Main Outcome Measures Incident exocrine pancreatic cancer identified from the
Finnish Cancer Registry.

Results After adjusting for age, smoking, and body mass index, higher baseline fast-
ing serum concentrations of glucose, insulin, and insulin resistance were positively as-
sociated with pancreatic cancer. The presence of biochemically defined diabetes melli-
tus (glucose, =126 mg/dL [=6.99 mmol/L]) and insulin concentration in the highest
vs lowest quartile both showed a significant 2-fold increased risk (hazard ratio [HR],
2.13; 95% confidence interval [Cl], 1.04-4.35; and HR, 2.01: 95% ClI, 1.03-3.93: re-
spectively). There were significant interactions for all the biomarker exposures by fol-
low-up time, such that the positive associations were stronger among the cases that
occurred more than 10 years after baseline (highest vs lowest quartile: glucose, HR,
2.16; 95% Cl, 1.05-4.42; P for trend=.02; insulin, HR, 2.90; 95% Cl, 1.22-6.92; P
for trend=.005; and insulin resistance, HR, 2.71; 95% Cl, 1.19-6.18; P for trend=.006).

Conclusions These results support the hypothesis that exposure to higher insulin
concentrations and insulin resistance predicts the risk of exocrine pancreatic cancer.
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(ATBO) Study of male smokers.'* In this
case-cohort study, we evaluated
whether fasting serum insulin and glu-
cose concentrations were prospec-
tively associated with risk for incident
pancreatic cancer. To reduce the po-
tential influence of subclinical cancer
on insulin and glucose concentra-
tions, only participants alive and with-

out clinical evidence of cancer during
the first 5 years of cohort follow-up
were included.

METHODS
Study Population

The ATBC Study was a double-blind,
placebo-controlled, 2 X 2 factorial de-
sign, primary prevention trial that tested
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whether a-tocopherol or beta carotene
could reduce the incidence of cancer
among male smokers. Study rationale,
design, and methods have been previ-
ously described.”” Between 1985 and
1988, 29 133 eligible men in southwest-
ern Finland aged 50 to 69 years who
smoked at least 5 cigarettes per day were
randomized to receive active supple-
ments (50 mg/d of a-tocopherol, 20
mg/d of beta carotene, or both) or pla-
cebo. Men were excluded from the study
if they had a history of malignancy other
than nonmelanoma cancer of the skin
or carcinoma in situ, severe angina on
exertion, chronic renal insufficiency,
liver cirrhosis, chronic alcoholism, or
other medical conditions that might limit
long-term participation; or if they were
receiving anticoagulant therapy or used
supplements containing vitamin E (>20
mg/d), vitamin A (>20 000 IU/d), or
beta carotene (>6 mg/d). All partici-
pants provided written informed con-
sent before randomization into the study.
The study was approved by the institu-
tional review boards of both the Na-
tional Public Health Institute, Hel-
sinki, Finland, and the US National
Cancer Institute, Bethesda, Md.
Participants completed question-
naires on general background charac-
teristics, including medical, smoking,
dietary, and physical activity history
during their prerandomization base-
line visit."”> Trained study staff mea-
sured height and weight at baseline us-
ing standard methods. Body mass index
(BMI) was calculated as weight in ki-
lograms divided by height in meters
squared. Diet was assessed with a vali-
dated self-administered dietary his-
tory questionnaire that determined the
frequency of consumption and usual
portion size of 276 food items during
the past year, using a color picture
booklet as a guide for portion size.*

Selection of Case

and Control Participants

To reduce the potential influence of sub-
clinical cancer on insulin and glucose
concentrations, all participants were
alive and without clinical evidence of
cancer during the first 5 years of co-
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hort follow-up. Cases of pancreatic can-
cer occurring after their fifth year of co-
hort follow-up through December 2001
were identified from the Finnish Can-
cer Registry, which provides almost
100% case ascertainment in Finland.!”
As their etiology may be different from
the exocrine tumors, islet cell carcino-
mas (International Classification of Dis-
eases, Ninth Revision [ICD-9] code 157.4
and ICD, 10th Revision [ICD-10] code
C254) were excluded. During the fol-
low-up period, 169 exocrine pancre-
atic cancer cases (ICD-9 code 157 and
ICD-10 code C25) were confirmed. We
selected a random sample of 400 par-
ticipants among all eligible cohort mem-
bers alive without a cancer diagnosis as
of 5 years of follow-up or subcohort con-
trol participants as the comparison
group. The interval between serum col-
lection and follow-up was up to 16.7
years (median follow-up time for diag-
nosis, 13.8 years).

Biomarkers

At their prerandomization visit, study
participants had a venipuncture for se-
rum after an overnight fast and serum
was stored in the dark at -70°C. Frozen
baseline serum samples were assayed for
insulin and glucose concentration us-
ing the 2-site immunoenzymatic assay
performed on an automated immuno-
assay system (Access, Beckman Instru-
ments, Chaska, Minn) and a chemical
analyzer and the hexokinase reagent
(Hitachi 912 Chemistry Analyzer,
Boehringer Mannheim, Indianapolis,
Ind), respectively. Laboratory person-
nel were blinded to case and control
sample status. Insulin resistance was es-
timated by using the Homeostasis Model
Assessment-Insulin Resistance (HOMA-
IR) formula {[fasting insulin (mIU/L)
X fasting glucose (mmol/L)]/22.5}.18
In 2000, 93 participants with inci-
dent pancreatic cancer that occurred
through 1997 and the 400 subcohort
control participants had glucose and in-
sulin values measured. In 2004, we
measured glucose and insulin values at
the same laboratory on an additional 76
case participants that occurred through
2001 to increase the sample size and

power of the study. Blinded replicate
quality control phantom samples from
a pooled sample were placed ran-
domly in all batches. Among the
samples run in 2000, quality controls
were 10% of each batch and had coef-
ficient of variation percentages of less
than 5% for both glucose and insulin.
For the samples run in 2004, 27% of the
samples tested were from our quality
control pool. Unthawed samples from
the same pooled quality control se-
rum used in the batches run in 2000
were randomly placed throughout the
2004 study samples. Unthawed vials
from 8 participants from the ATBC
study who were control participants
in the original study were also ran-
domly placed throughout the study
samples. Using a nested components of
variance analysis, with logarithmi-
cally transformed quality control
measurements across all batches, the
estimated overall (intrabatch and in-
terbatch) coefficient of variation per-
centages of the assays for glucose and
insulin were 2.46% and 4.83%, respec-
tively. The interbatch coefficient of
variation percentage for the repeated
measurements on the 8 control partici-
pants was 2.22% for glucose and 4.25%
for insulin. Given the low coefficient of
variation percentage calculated from
our quality control study, we were con-
fident that there were no differences in
the measurements of glucose or insu-
lin measured at the 2 times.

Statistical Analysis

We compared the distribution of the
characteristics of the case and subco-
hort control participants for continu-
ous variables using the Wilcoxon rank
sum test and for categorical variables
using asymptotic x* test. Generalized
linear models and logistic regression ad-
justed for age, continuous factors, and
proportions, respectively, were used to
calculate means and 95% confidence in-
tervals (CIs) of the cohort characteris-
tics among the control participants by
fasting serum insulin quartile to help
identify potential confounders. SAS
software version 8.2 (SAS Institute Inc,
Cary, NC) was used for these analyses.

(Reprinted) JAMA, December 14, 2005—Vol 294, No. 22 2873

Downloaded from www.jama.com at National Institute of Hith, on January 18, 2006


http://www.jama.com

INSULIN, GLUCOSE, AND INSULIN RESISTANCE AND PANCREATIC CANCER

To account for the differential sample
rates of the case and subcohort control
participants in a survival analysis, we
used SUDAAN software version 9.0 (Re-
search Triangle Institute, Research Tri-
angle Park, NC) to perform weighted
Cox proportional hazards regression
analyses in which each participant’s
weight was the inverse of their sample
fraction. Case participants were given
weights of 1 because they were sampled
with certainty and the subcohort con-
trol participants had weights of 61.77
(24 708/400). By chance, as pancreatic
cancer is relatively rare, none of the sub-
cohort sample developed pancreatic can-
cer during follow-up. In the survival
analysis, follow-up time was used as the
underlying time metric to calculate haz-
ard ratios (HRs) and 95% ClIs. Using age
as an underlying time metric in the sur-
vival analysis to more tightly control for
age conferred similar HRs; however, we
chose to use the follow-up time metric
to evaluate the effects of latent disease
with stratified analyses by follow-up
time. Serum glucose, insulin, and insu-
lin resistance were categorized in quar-
tiles based on the distribution of the con-
trol participants. Biochemically defined
diabetes mellitus was defined as a glu-
cose concentration of at least 126 mg/dL
(=6.99 mmol/L). Dose response trends
were tested using a score variable based
on the median value of each category.
Multivariable models were developed for
serum glucose, insulin, and insulin re-
sistance by individually adding poten-
tial confounders into the model, which
included baseline age at randomiza-
tion; height, weight, and BMI; smoking
history (years of smoking, cigarettes
smoked per day, and pack-years); ur-
ban living; education; self-reported
medical history of gallstones, pancre-
atitis, peptic and duodenal ulcers, and
diabetes mellitus; trial intervention
group (a-tocopherol or beta carotene);
occupational and leisure activity; and di-
etary energy, energy-adjusted protein,
fat, saturated fat, carbohydrate, fiber,
starch, free sugars, sucrose, zinc, cal-
cium, and folate intake, and alcohol con-
sumption. Although none of the smok-
ing variables were confounders of our

2874 JAMA, December 14, 2005—Vol 294, No. 22 (Reprinted)

associations in our smoker population,
smoking duration was included in our
models because smoking is a putative
risk factor for pancreatic cancer. Other
variables were included in the final
model if they were associated with both
the risk factor and the disease, changed
the risk estimate to at least 10%, had
P=.20 in the full model, and/or in-
creased the precision of the risk esti-
mate. The final multivariable models in-
cluded continuous variables for age,
years of smoking, and BMI.

We used a case-cohort design rather
than a matched-nested, case-control de-
sign because it allows use of time-to-
disease data and provides an unbiased es-
timate of the HR in our population. It also
enabled us to examine interactions by
time, which was one of our study goals.
Because all participants in our study were
smokers, the potentially relevant match-
ing factors for which our cases differed
from the subcohort control partici-
pants were age and smoking duration
(years of smoking). We controlled for
these differences by including both vari-
ables as covariates in the Cox propor-
tional hazards regression analysis, as one
would in a cohort study. This model ad-
justment approach worked especially
well for our analysis because there was
substantial overlap between our case and
subcohort control participants in the dis-
tributions of these variables.

Effect modification of glucose, insu-
lin, and insulin resistance by BMI, smok-
ing intensity and duration, alcohol in-
take, trial intervention group, and
follow-up time was tested through cross-
product terms in multivariable models
by using the serum biomarkers trend
variables and dichotomized BMI, smok-
ing, alcohol (based on the median split),
and follow-up time from baseline (<8
years and =8, 10, 12, and 14 years, re-
spectively). Analyses stratified by fol-
low-up time were also conducted. All sta-
tistical tests were 2-sided and considered
statistically significant at P=.05.

RESULTS

Selected characteristics of the case and
subcohort control participants are shown
in TABLE 1. Compared with the subco-

hort control participants, case partici-
pants were older (P<<.001), had smoked
for more years (P=.002), tended to have
higher fasting glucose concentrations
(P=.06), and more often reported a his-
tory of diabetes mellitus (P=.07).
TABLE 2 shows the age-adjusted
means and 95% ClIs of selected base-
line characteristics of the subcohort con-
trol participants, according to quartile
of fasting serum insulin concentration.
With increasing quartiles of fasting se-
rum insulin concentration, the mean lev-
els of serum glucose, insulin resis-
tance, weight, BMI, protein, and total
and saturated fat intake, and the pro-
portion of participants reporting a his-
tory of diabetes mellitus all increased (all
P=.02), although the proportion of par-
ticipants reporting living in a city
(P=.04) and leisure activity of exercis-
ing to keep fit decreased (P=.02).
After adjustment for age, years of
smoking, and BMI, higher concentra-
tions of glucose, insulin, and insulin
resistance tended to show positive
dose-response associations with pan-
creatic cancer (all P for trend =.05)
(TABLE 3). Biochemically defined dia-
betes mellitus and the highest insulin
quartile demonstrated significant
2-fold increased risks. There were sig-
nificant interactions between quartile-
categorized glucose, insulin, and insu-
lin resistance and pancreatic cancer
by follow-up time, such that risks
were greater among the cases that
occurred with longer follow-up time
(FIGURE). There was no interaction
of the association between glucose,
insulin, or insulin resistance and
pancreatic cancer by BMI, smoking
intensity and duration, alcohol
intake, or trial intervention group, or
interaction of the association for bio-
chemically defined diabetes mellitus
by follow-up time. Exclusion of par-
ticipants who fasted less than 12
hours before blood collection and
self-reported diabetes mellitus did
not substantially change our results.

COMMENT

To our knowledge, this is the first study
to show that higher prediagnostic fast-

©2005 American Medical Association. All rights reserved.

Downloaded from www.jama.com at National Institute of Hith, on January 18, 2006


http://www.jama.com

ing serum insulin and insulin resis-
tance are associated with an increased
risk for pancreatic cancer. The dose-
response nature of the association, the
2-fold increase in risk of biochemi-
cally defined diabetes mellitus, and the
substantially enhanced risk observed
with longer follow-up support the ve-
racity of our results.

Both the direction and magnitude of
our findings confirm the positive asso-
ciation between higher glucose concen-
trations, biochemically defined diabe-
tes mellitus, and pancreatic cancer
reported in other prospective studies.*
The Paris Prospective Study (all men)’
with 17 years of follow-up and the Chi-
cago Heart Association Detection Project
in Industry cohort® and Whitehall study
(all men)* both with 25 years of fol-
low-up showed 2- to 5-fold increased
relative risks for postload glucose-
defined diabetes mellitus (glucose, =200
mg/dL [=11.1 mmol/L]) and pancre-
atic cancer mortality.>” The Chicago
Heart Association study® demonstrated
a significant positive linear association
for postload glucose among men that cor-
responded with significant increased can-
cer risk with increasing BMI and serum
uric acid levels; however, no associa-
tion for these factors were observed in
women. The Korean Cancer Preven-
tion Study (KCPS), with 10 years of fol-
low-up, showed a similar 1.5- to 2-fold
increased pancreatic cancer risk with in-
creased fasting serum glucose and bio-
chemically defined diabetes mellitus
(fasting glucose, =126 mg/dL [=6.99
mmol/L]) for both men and women, and
for both incident and fatal disease.” The
majority of participants in KCPS are con-
sidered lean by western standards and the
associations between fasting glucose and
pancreatic cancer were unchanged af-
ter controlling for BMI and did not vary
by BML.? Body mass index is not associ-
ated with a greater pancreatic cancer risk
in the ATBC study cohort despite the fact
that approximately half of the popula-
tion was overweight.'* In addition, in our
study, the glucose, insulin, and insulin
resistance associations became stron-
ger after controlling for BMI, and simi-
lar to KCPS, BMI did not modify our as-
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sociations. Smokers tend to be more
insulin resistant and have higher insu-
lin levels compared with nonsmokers, in-
dependent of obesity.”® In addition to
BMLI, our findings along with those of
KCPS suggest that other factors inde-
pendent of BMI may also contribute to

the diabetes mellitus that is associated
with pancreatic cancer.

The associations we observed for dia-
betes mellitus, insulin concentration, and
insulin resistance are unlikely a conse-
quence of pancreatic cancer, given our
prospective study design that excluded

]
Table 1. Baseline Characteristics of Case and Subcohort Control Participants*

Subcohort Control
Case Participants Participants P
Characteristics (n =169) (n = 400) Valuet
Demographics
Age, ¥ 8 (54-61) 6 (52-60) <.001
Height, cm 174 (171-179) 174 (1 70-178) 43
Weight, kg 78.8 (69.9-87.3) 79.5 (70.9-87.8) .55
BMI 25.6 (23.5-28.3) 26.2 (23.9-28.9) .25
Primary school education 125 (74.0) 314 (78.5) .26
or less, No. (%)
Living in a city, No. (%) 1(47.9) 183 (45.8) .63
Clinical characteristics
Glucose, mg/dL 101.0 (94.0-109.0) 99.0 (93.0-107.0) .06
Biochemically defined diabetes mellitus 16 (9.5) 24 (6.0) 14
(glucose =126 mg/dL), No. (%)
Insulin, plU/mL 4.40 (2.80-6.50) 4.10 (2.75-6.10) .35
Insulin resistance (HOMA-IR) 1.07 (0.67-1.65) 1.02 (0.69-1.53) .28
Medical history
History of diabetes mellitus, No. (%) 14 (8.9) 18 (4.5) .07
History of pancreatitis, No. (%) 4(2.4) 5(1.3 .33
Smoking history
Total cigarettes/d 20 (15-25) 20 (15-25) A7
Years of smoking 38 (32-43) 35 (30-40) .002
Dietary intake per df
Energy, kcal 2730 (2321-3194) 2721 (2314-3256) .86
Fat, g 102.0 (94.3-113.4)  102.2 (92.8-111.4) 24
Saturated fat, g 54.2 (47.0-63.9) 53.1 (44.4-61.6) 15
Carbohydrate, g 302 (272-327) 292 (263-330) .68
Sucrose, g 51.8(36.0-71.8) 57.2 (40.3-73.7) 10
Fiber, mg 24.5 (20.9-30.9) 25.3(18.6-31.3) 46
Alcohol, g 10.1 (2.42-26.3) 11.4(2.2-26.9) .65
Physical activity, No. (%)§
Occupational
Sedentary 28 (16.6) 54 (13.5) N
Light/moderate 57 (33.7) 161 (40.2)
Heavy 9 (5.9 36 (9.0) 13
Nonworking 75 (44.4) 149 (37.2) |
Leisure
Sedentary 72 (42.9) 172 (43.0) N
Light, moderate 86 (51.2) 204 (51.0) .99
Exercise to keep fit 10 (6.0) 24 (6.0) _

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HOMA-IR,
Homeostasis Model Assessment—Insulin Resistance.
Sl conversions: To convert glucose to mmol/L, multiply by 0.0555; insulin to pmol/L, multiply by 6.945.

*Data are presented as median (interquartile range) unless otherwise specified.

tCategorical variables (primary school education, living in a city, biochemically defined diabetes mellitus, history of dia-
betes mellitus and pancreatitis, and physical activity) are based on x? or Fisher exact test and continuous variables
(age, height, weight, BMI, glucose, insulin, insulin resistance, smoking history, and dietary intake) are based on Wil-

coxon rank sum test.

IDietary intake analysis was based on 166 cases and 383 control participants.

§Self-reported physical activity during the past 12 months. Occupational activities included sedentary (desk work), light/
moderate (walking and lifting), heavy (heavy labor), and not working. Leisure activity variables were based on 168
cases and 400 control participants, and included sedentary (read, watch TV, go to movies), moderate (walk, fish,

hunt, gardening), and heavy (exercising to keep fit).
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cases diagnosed within the first 5 years
after blood collection. Moreover, our as-
sociations for glucose, insulin, and in-
sulin resistance were stronger among
cases that occurred at least 10 years af-
ter baseline blood draw from which the
insulin and glucose were determined.
Most of the participants in the highest
insulin quartile have normal concentra-
tions that do not correspond with hy-
perinsulinemia (>14 plU/mL [>97.2
pmol/L]). Given the close proximity of

the exocrine pancreatic tissue to the is-
lets of Langerhans, exocrine pancreatic
cells are estimated to be exposed to in-
sulin concentrations that are 20-fold
higher than the systemic circulation,
which some have hypothesized may po-
tentially have implications for pancre-
atic cancer promotion.” In vitro stud-
ies have shown that insulin promotes
hamster, rat, and human pancreatic can-
cer cell lines.®?! In addition, a number
of animal studies have shown that pe-

ripheral insulin resistance promotes duc-
tal pancreatic carcinogenesis,”*?” and
treatment with metformin, a drug used
to treat glucose intolerance that specifi-
cally reduces insulin production, pre-
vented the development of malignant le-
sions.”” The peripheral insulin resistance
effect on pancreatic carcinogenesis in re-
cently developed animal models, which
more closely resemble human pancre-
atic cancer, however, have not yet been
reported.”® These experimental studies

]
Table 2. Selected Age-Adjusted Characteristics of Subcohort Control Participants by Quartile of Fasting Serum Insulin*

Fasting Serum Insulin, Quartile

[ ] P for
Characteristics 1 2 3 4 Trend
Quartile, plU/mL 2.05 (1.51-2.58) 3.47 (2.94-4.00) 5.04 (4.52-5.57) 10.22 (9.67-10.77)
Demographics
Age, y 56.6 (65.6-57.4) 56.1 (65.2-57.1) 56.1 (65.1-57.1) 56.7 (65.7-57.7) .67
Height, cm 173.1 (171.9-174.2) 174.0 (172.8-175.1) 174.4 (173.2-175.5) 173.8 (175.0-172.6) .54
Weight, kg 72.5(70.4-74.7) 75.9 (73.8-78.1) 82.5 (80.4-84.7) 91.2 (89.0-93.5) <.001
BMI 24.2 (23.6-24.8) 25.0 (24.4-25.7) 27.1 (26.5-27.8) 30.8 (29.5-30.8) <.001
Primary school education or less 84.0 (75.5-90.0) 75.4 (66.1-82.8) 71.1(61.6-79.0) 84.3 (75.6-90.3) .66
Living in a city 54.1 (44.3-63.4) 46.4 (37.0 (66.2) 43.6 (34.3-53.4) 38.7 (29.5-48.7) .04
Clinical characteristics
Glucose, mg/dL 94.3 (89.9-98.8) 99.5 (95.1-103.9) 105.3 (100.9-109.7) 115.7 (111.2-120.3) <.001
Insulin resistance (HOMA-IR) 0.48 (0.18-0.77) 0.85 (0.55-1.14) 1.31 (1.02-1.60) 3.14 (2.84-3.44) <.001
Medical history
History of diabetes mellitus 1.0(0.1-6.7) 1.0 (0.1-6.7) 3.9 (1.5-9.9) 12.2 (7.0-20.5) <.001
Smoking history
Total cigarettes/d 20.6 (19.0-22.1) 20.7 (19.1-21.0) 19.4 (17.8-21.0) 21.3(19.7-238.0) 57
Years of smoking 35.5 (34.1-36.9) 34.5(33.1-35.8) 34.1(32.8-35.5) 35.3 (33.9-36.7) .87
Dietary intake per dt
Energy, kcal 2862.6 (2696-3029) 2760 (2597-2924) 2782 (2619-2944) 2942 (2775-3110) .32
Protein, g 100.6 (97.8-103.5) 102.5 (99.7-105.3) 106.4 (103.6-109.2) 105.4 (102.5-108.2) .02
Fat, g 98.6 (95.2-101.9) 100.7 (97.4-104.0) 102.8 (99.5-106.0) 104.2 (100.8-107.6) .02
Saturated fat, g 51.6 (48.8-54.5) 52.7 (49.9-55.5) 52.6 (49.9-55.4) 56.5 (563.6-59.4) .01
Carbohydrate, g 308 (299-318) 308 (299-316) 300 (291-309) 301 (292-311) .26
Starch, g 145.4 (138.5-152.3) 146.9 (140.1-153.7) 145.0 (138.3-151.8) 142.8 (135.9-149.8) 49
Free sugars, g 71.4 (65.0-77.7) 69.3 (75.5-63.1) 67.9 (61.7-74.0) 65.0 (68.6-71.4) 16
Sucrose, g 64.4 (58.4-70.3) 61.1 (65.2-67.0) 58.1 (562.2-63.9) 56.8 (50.7-62.8) .08
Fiber, g 26.1 (24.5-27.7) 25.7 (24.2-27.3) 25.1 (23.5-26.6) 25.3 (23.7-26.9) .48
Alcohol, g 241 (19.4-28.8) 19.6 (14.9-24.2) 16.9 (12.3-21.4) 18.1(13.4-22.8) 10
Physical activity
Occupational
Sedentary 1(4.1-15.1) 12.6 (7.5-20.5) 14.5(8.9-22.8) 13.6 (8.1-22.1) .29
Light/moderate 41.1 (31.3-51.6) 41.9 (832.3-52.2) 37.0 (27.7-47.3) 34.4 (25.2-44.9) .29
Heavy 11.1 (6.2-19.0) 10.0 (6.5-17.5) 9(2.8-12.3) 8(2.6-12.5) 13
Nonworking 36.1(27.9-44.2) 32.9 (24.8-41.0) 38.3 (30.3-46.9) 42.0 (33.7-50.3) 18
Leisure
Sedentary 42.2 (31.9-53.2) 35.9 (26.2-47.0) 40.3 (30.2-51.2) 44.0 (33.6-55.0) 12
Exercise to keep fit 10.8 (6.0-18.6) 6.9 (3.3-13.8) 2.9 (0.9-8.6) 3.0 (1.0-9.0) .02
Walk, fishing, hunt, gardening 46.9 (37.3-56.7) 56.6 (46.8-65.9) 53.5 (43.9-62.9) 46.7 (37.9-56.7) .64

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); Cl, confidence interval; HOMA-IR, Homeostasis Model Assessment—Insulin
Resistance.

Sl conversions: To convert glucose to mmol/L, multiply by 0.0555; insulin to pmol/L, multiply by 6.945.

*Generalized linear models and logistic regression, adjusted for age, continuous factors, and proportions, respectively, were used to calculate means and 95% Cls.

TDietary variables were adjusted for energy, with the exception of alcohol.
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Table 3. Age- and Multivariable-Adjusted Hazard Ratios of Baseline Fasting Serum Insulin, Glucose, and Insulin Resistance and Pancreatic
Cancer Among Cases (n = 169) and Subcohort Control Participants (n = 400)

Quartiles
[ ] P for
1 2 3 4 Linear Trend
Glucose, mg/dL <93 93-98 99-107 >107
No. of pancreatic cancer cases/ 34/99 37/100 48/102 50/99
subcohort control participants
HR (95% ClI)
Age-adjusted 1.00 1.12 (0.64-1.96) 1.45(0.85-2.49) 1.60 (0.94-2.74) .06
Multivariable-adjusted* 1.00 1.15 (0.66-2.02) 1.49 (0.86-2.59) 1.69 (0.97-2.94) .05
Cut Point
I 1
Biochemically defined diabetes mellitus, <126 =126
glucose, mg/dL
No. of pancreatic cancer cases/ 153/376 16/24
subcohort control participants
HR (95% ClI)
Age-adjusted 1.00 2.06 (1.02-4.15)
Multivariable-adjusted™® 1.00 2.13(1.04-4.35)
Insulin, plU/mL <2.75 2.75-4.10 4.11-6.10 >6.10
No. of pancreatic cancer cases/ 38/100 40/101 41/103 50/96
subcohort control participants
HR (95% ClI)
Age-adjusted 1.00 1.09 (0.63-1.86) 1.07 (0.63-1.84) 1.53 (0.90-2.60) .09
Multivariable-adjusted* 1.00 1.14 (0.66-1.96) 1.27 (0.72-2.22) 2.01 (1.03-3.93) .03
Insulin resistance (HOMA-IR)t <0.70 0.70-1.02 1.03-1.53 >1.63
No. of pancreatic cancer cases/ 44/100 36/100 37/100 52/100
subcohort control participants
HR (95% ClI)
Age-adjusted 1.00 0.84 (0.49-1.43) 0.85 (0.50-1.45) 1.34 (0.81-2.24) 15
Multivariable-adjusted* 1.00 0.85 (0.50-1.47) 0.99 (0.56-1.73) 1.69 (0.92-3.14) .049

Abbreviations: Cl, confidence interval; HOMA-IR, Homeostasis Model Assessment-Insulin Resistance; HR, hazard ratio.
Sl conversions: To convert glucose to mmol/L, multiply by 0.0555; insulin to pmol/L, multiply by 6.945.

*Adjusted for age, years of smoking, and body mass index.
TEstimated by using the HOMA-IR formula {[fasting insulin (mlU/L) X fasting glucose (mmol/L)}/22.5}.

Figure. Hazard Ratios of Baseline Fasting Serum Glucose, Insulin, and Insulin Resistance and Pancreatic Cancer Stratified by Time

Follow-up, y Glucose Insulin
A 5-10 103 pfor Interaction=.05 3 Pfor Interaction=.04 P for Trend =.005
® >10 ] Pfor Trend = .02 ] —‘7
S ] T T T 1 ®
2 T [ 1
8 ' sl *
e E— 1 T 7 o T 1
] l PforTrend=58 1 l l Pfor Trend=.61
0.2
1 2 4 1 2 4
(<93) (93-98) (99-107) (>107) (<2.75) (2.75-4.10) (4.11-6.10) (>6.10)
Glucose Quartiles (mg/dL) Insulin Quartiles (ulU/mL)
Follow-up
5-10y No. of Cases 17 24 27 18 21 28 15 22
No. of Controls 99 100 102 99 100 101 103 96
HR (95% Cl) 1.00 1.54 1.75 1.23 1.00 1.35 0.78 1.37
(0.76-3.12) (0.86-3.59) (0.59-2.57) (0.71-2.56) (0.38-1.61) (0.56-3.38)
>10y No. of Cases 17 13 21 32 16 13 26 28
No. of Controls 89 88 89 79 89 89 91 76
HR (95% Cl) 1.00 0.79 1.26 2.16 1.00 0.87 1.95 2.90
(0.35-1.74) (0.60-2.63) (1.05-4.42) (0.38-1.96) (0.92-4.14) (1.22-6.92)

Insulin Resistance

P for Interaction=.03 Pfor Trend =.006

T
T T/IT/ ]

A \

- l Pfor Trend=.75

1 2 3 4
(<0.70)  (0.70-1.02) (1.03-158)  (>1.58)

Insulin Resistance Quartiles

27 21 15 23
100 100 100 100
1.00 0.82 0.65 1.09
(0.43-1.57) (0.31-1.37) (0.50-2.37)
17 15 22 29
89 88 90 78
1.00 0.91 1.50 2.71
(0.42-1.98) (0.71-3.17) (1.19-6.18)

HR indicates hazard ratio; Cl, confidence interval. Adjusted for age, years of smoking, and body mass index; n = 86 cases developing during 5 to 10 years of follow-up;
n = 83 cases developing more than 10 years of follow-up (up to 16.7 years). Hazard ratios are plotted on a log scale with error bars indicating 95% Cls. Insulin resis-
tance was estimated by using the Homeostasis Model Assessment-Insulin Resistance formula {[fasting insulin (mIU/L) X fasting glucose (mmol/L)]/22.5}.
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support the biological plausibility of
higher insulin concentrations and insu-
lin resistance promoting pancreatic can-
cer development and our observed as-
sociations in humans.

In conclusion, our results support the
hypothesis that higher insulin concen-
trations and insulin resistance may be
amechanism that explains the associa-
tions between diabetes mellitus, higher
glucose concentration, and pancreatic
cancer observed in previous stud-
ies."”!* Although based solely on male
smokers, our findings for glucose and
biochemically defined diabetes melli-
tus are consistent with previous stud-
ies conducted in diverse populations
that have included women and non-
smokers.”” As with any cause-specific
analysis, competing causes of death
were treated as censored at the time they
occurred and assumed to be indepen-
dent of occurrence of pancreatic can-
cer. If the censored events were re-
lated to occurrence of pancreatic cancer,
there is potential for biased relative haz-
ards. However, we have no reason to
believe that such dependency exists,
particularly because pancreatic cancer
has few strong risk factors that result
in higher mortality. The associations
for insulin and insulin resistance re-
ported herein require confirmation and
along with observations of other stud-
ies'>!'*?7 could potentially have im-
portant implications for nutrition and
treatment-related cancer preventive
strategies that modify or interfere with
the insulin resistance pathway to help
decrease the burden from this devas-
tating disease. Lifestyle changes to de-
crease glucose and insulin concentra-
tions through weight reduction,
increasing physical activity, and diet,
such as decreasing saturated fat in-
take, and identification of other modi-
tiable factors that may contribute to
higher glucose and insulin concentra-
tions could possibly impact pancre-
atic cancer development, as well as
other cancer and chronic disease.”*
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