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Adiponectin, a hormone secreted by adipocytes, has insulin-sensitizing, antidiabetic, antiinflammatory, and
antiangiogenic properties. The authors conducted a nested case-control study in the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study cohort, a cohort of male Finnish smokers aged 5069 years at baseline, to test
whether prediagnostic adiponectin concentrations are associated with pancreatic cancer. Between January 1985
and October 2004, 311 incident exocrine pancreatic cancer cases were diagnosed among cohort participants with
serum samples. Controls (n = 510) were alive and free of cancer at the time the case was diagnosed and were
matched to the cases by age and date of blood drawing. The authors used conditional logistic regression adjusted
for smoking, blood pressure, and C-peptide level to calculate odds ratios and 95% confidence intervals for pan-
creatic cancer. Higher adiponectin concentrations were inversely associated with pancreatic cancer (for highest
quintile (>9.8 pg/mL) vs. lowest (<4.6 pg/mL), odds ratio = 0.65, 95% confidence interval: 0.39, 1.07; P-trend = 0.04).
The inverse association was significant among cases diagnosed 5 or more years after blood collection (n = 238) (for
highest quintile vs. lowest, odds ratio = 0.55, 95% confidence interval: 0.31, 0.98; P-trend = 0.03). These results
support the hypothesis that higher adiponectin concentrations may be inversely associated with the development of
pancreatic cancer.
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odds ratio.

Pancreatic cancer ranks fourth for cancer mortality
among men and women in the United States (1, 2). There
is no effective screening test for the malignancy; therefore,
it is often diagnosed at an advanced stage, which contributes
to a 5-year survival rate of 4.3% (3). In addition to cigarette
smoking (3), diabetes mellitus, higher glucose concentra-
tions, and obesity are among the few consistent and poten-
tially modifiable risk factors for pancreatic cancer (4-11).

Adiponectin is a hormone exclusively expressed and se-
creted by adipocytes (12). It is an insulin-sensitizing and
antidiabetic hormone that also has antiinflammatory and
antiangiogenic properties (12). In contrast to the case for
other adipocytokines, circulating levels of adiponectin are
decreased with obesity and type 2 diabetes (12, 13); pro-

spective studies have shown low adiponectin concentrations
preceding a decrease in insulin sensitivity (14). In addition,
the adiponectin receptors AdipoR1 and AdipoR2 are ex-
pressed in human pancreatic f cells (15), potentially linking
adiponectin to endocrine pancreatic function. Adiponectin
concentrations have been inversely associated with risk for
several malignancies that have been associated with either
obesity or insulin resistance, including colorectal, gastric,
endometrial, breast, and prostate cancers (12). One small
case-control study showed pancreatic cancer cases (n = 39)
to have significantly higher median adiponectin concentra-
tions than controls (n = 290) (16); however, the results
from that study could have been influenced by the weight
loss associated with the disease or by reverse causation.
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We previously reported that higher prediagnostic glucose
and insulin concentrations and biochemically defined diabe-
tes were associated with a significant 2-fold increased risk of
pancreatic cancer in the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention (ATBC) Study, a study of male smokers,
with the risk estimates increasing and becoming more sta-
tistically significant with longer follow-up (8). We therefore
evaluated whether prediagnostic adiponectin concentrations
were associated with a decreased risk of incident pancreatic
cancer. In order to reduce the potential influence of subclin-
ical cancer on adiponectin concentrations, we stratified our
analysis a priori according to time period of case occurrence
(prior to or after 5 years of follow-up).

MATERIALS AND METHODS
Study population

The ATBC Study was a double-blind, placebo-controlled,
2 X 2 factorial-design primary prevention trial that tested
whether o-tocopherol or B-carotene reduced cancer inci-
dence in Finnish male smokers. The study rationale, design,
and methods have been described previously (17). Between
1985 and 1988, 29,133 eligible men aged 50-69 years in
southwestern Finland who smoked at least 5 cigarettes per
day were randomized to receive active supplements or pla-
cebo. Men were excluded from the study if they had a history
of malignancy other than nonmelanoma skin cancer or car-
cinoma in situ, severe angina on exertion, chronic renal in-
sufficiency, liver cirrhosis, chronic alcoholism, or another
medical condition that might limit long-term participation;
if they were receiving anticoagulant therapy; or if they were
using supplements containing vitamin E (>20 mg/day),
vitamin A (>20,000 IU/day), or B-carotene (>6 mg/day).
All study participants provided written informed consent
prior to randomization, and the study protocol was approved
by the institutional review boards of both the National Public
Health Institute in Finland and the National Cancer Institute
in the United States.

During a prerandomization baseline visit, participants
completed questionnaires on general background character-
istics, including medical, smoking, dietary, and physical
activity histories (17). Trained study staff measured height,
weight, and blood pressure at baseline using standard meth-
ods. Body mass index (BMI; weight (kg)/height (m)z) was
calculated from measured weight and height. Diet was as-
sessed with a validated self-administered dietary history
questionnaire which determined the frequency of consump-
tion and usual portion size of 276 food items eaten during
the past year, using a color picture booklet as a guide for
portion size (18). Occupational activity was assessed by
asking how much exercise and physical burden had been
undertaken at work during the past year; responses could
range from not working or sedentary to heavy physical
work. Leisure-time activity was assessed by asking about
the average level of activity engaged in during the past
year; responses ranged from sedentary (reading, watching
television) to moderate (walking, fishing, hunting, garden-
ing regularly) to heavy or ‘“‘exercising to keep fit”” (running,
jogging, or skiing regularly).

Case ascertainment and control selection

All cases of pancreatic cancer diagnosed between January
1985 and October 2004 were identified through the Finnish
Cancer Registry, which provides almost complete case as-
certainment in Finland (19). Because the etiology of islet
cell carcinomas (International Classification of Diseases,
Ninth Revision, code 157.4) may differ from that of exo-
crine tumors, only exocrine tumors (International Classifi-
cation of Diseases, Ninth Revision, code 157) were included
as the cancer outcome of interest. During the follow-up
period, we identified 311 exocrine pancreatic cancer cases
for which serum samples had been collected at baseline. The
interval between serum collection and diagnosis extended to
19.1 years (median follow-up for case diagnosis, 9.4 years).

Controls were selected from ATBC Study participants
who were alive and free of cancer (except nonmelanoma
skin cancer) at the time the case was diagnosed. Controls
were matched to each case by age (*5 years) and date of
baseline blood drawing (=30 days). For the early cases, we
used a nested case-control set created for our previous study
that had a 2:1 ratio of controls to cases (20). For the cases
that were identified later during follow-up, controls were
selected at a 1:1 ratio.

Biomarkers

At their prerandomization visit, a blood sample was ob-
tained from study participants after an overnight fast, and
serum was stored at —70°C (17). Frozen baseline serum
samples were sent to Dr. Michael Pollak’s laboratory
at Lady Davis Institute for Medical Research, Montreal,
Quebec, Canada. Total adiponectin concentrations (duplicate
measures) were analyzed by enzyme-linked immunosorbent
assay with reagents from Millipore (formerly Linco Research,
Inc.; St. Charles, Missouri). C-peptide was analyzed by
enzyme-linked immunosorbent assay with reagents from
Diagnostic Systems Laboratory (Webster, Texas). Case
and control specimens were handled in the same standard
manner, and the laboratory was blinded to case-control status.
Matched serum case and control samples were analyzed
consecutively within batches; blinded replicate ‘“phantom’
samples from 2 pooled samples were placed randomly in
each batch and comprised 10% of each batch. Using a nested
components-of-variance analysis with logarithmically trans-
formed quality control measurements across all batches (21),
the calculated overall (intra- and interbatch) coefficients of
variation for adiponectin and C-peptide were 6.8% and 5.5%,
respectively.

Statistical analysis

We compared the distributions of selected case and con-
trol characteristics using the Wilcoxon rank-sum test for
continuous variables and the chi-squared test for categorical
variables. Adiponectin concentrations were categorized into
quintiles based on the distribution in the controls. General-
ized linear models were used to calculate mean values for
continuous variables, and frequencies were used to calculate
proportions (percentages) for the categorical variables to
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describe control characteristics across adiponectin quintiles.
Variables examined in the analyses and as potential con-
founders in the risk models were based on previous findings
from the ATBC Study cohort or were associated with pan-
creatic cancer in the literature. Variables that have been as-
sociated with pancreatic cancer in the ATBC cohort include
age; history of chronic bronchial asthma; diabetes; cigarette
smoking habits; occupational and leisure activity; and folate,
carbohydrate, and total and saturated fat intakes (8, 22-24).
Additional variables examined as potential confounders in-
cluded serum C-peptide concentration; education; living in
a city; height, weight, and BMI; measured systolic and di-
astolic blood pressure; pancreatitis, peptic ulcer, and gallblad-
der disease; nutrient intake from foods (energy, calcium,
vitamin D, and protein); alcohol use; and other variables
presented in Table 1. Serum glucose and insulin levels were
not examined in these analyses because they were not mea-
sured in controls. Data on dietary nutrients and foods highly
correlated with energy intake were adjusted for energy using
the residual method described by Willett and Stampfer (25).

Conditional logistic regression was used to calculate odds
ratios for pancreatic cancer, with men in the lowest quintile
serving as the reference category. Continuous adiponectin
odds ratios were standardized to the average size of the
2 central quartiles, and the P value for the continuous odds
ratio was used for the dose-response trend. Multivariable
models were developed by individually entering potentially
confounding variables into the model. Variables remained in
the model if they were associated with both the disease and
exposure, had a P value of 0.20 or less in the full model, and
changed the risk estimate by more than 10%. Diastolic
blood pressure and C-peptide level were confounders. Al-
though smoking history did not influence the risk estimates,
smoking duration was included in the model because smok-
ing is a putative risk factor and has been associated with
pancreatic cancer in the ATBC cohort. The final multivari-
able models included smoking duration, diastolic blood
pressure, and C-peptide concentration (all continuous vari-
ables). Effect modification by trial intervention, BMI, smok-
ing intensity and duration, diabetes history, and C-peptide
concentration was evaluated with cross-product terms com-
posed of continuous adiponectin and dichotomized vari-
ables (median split for BMI, smoking duration and dose,
and C-peptide level) in multivariable models and stratified
analyses. We stratified our analysis a priori by time period of
case diagnosis (e.g., <5 years, >5 years, >5 and <10 years,
>10 and <15 years after baseline) to assess the potential for
reverse causation. All statistical analyses were performed
using SAS software (SAS Institute Inc., Cary, North Caro-
lina), and statistical tests were 2-tailed. Because cases and
controls were matched, their median values, proportions,
and all risk estimates should be interpreted as having been
adjusted for the matching factors (i.e., age, month of blood
drawing, and follow-up time).

RESULTS

Compared with the controls, cases tended to be taller, had
lower systolic and diastolic blood pressures, had higher total

and saturated fat intakes, and had different distributions of
occupational activity (Table 1). Cases and controls did not
significantly differ with respect to other characteristics. The
mean adiponectin concentration was 7.41 pg/mL (standard
deviation, 3.32; range, 1.64-27.6) for the cases and 7.46 ng/
mL (standard deviation, 3.54; range, 2.1-27.6) for the controls.

Table 2 shows the means and percentages of selected
baseline characteristics among the controls according to
quintile of serum adiponectin concentration. Across increas-
ing quintiles of serum adiponectin, the proportion of men
who reported living in a city increased, while serum
C-peptide concentration, diastolic blood pressure, BMI, pro-
tein intake, and the proportion of men reporting a history of
diabetes or gallstones decreased (P-trend < 0.05). Men in
the lowest quintile of adiponectin tended to have smoked for
fewer years than those in the other quintiles. The Spearman
correlation of adiponectin with C-peptide was —0.39.

Higher concentrations of adiponectin were not associated
with pancreatic cancer in crude conditional logistic regres-
sion models (Table 3); however, they showed a nonsignifi-
cant inverse association with pancreatic cancer in
multivariable adjusted models (for highest quintile vs. low-
est, odds ratio (OR) = 0.65, 95% confidence interval (CI):
0.39, 1.07; P-trend = 0.04). The inverse association be-
tween adiponectin concentration and pancreatic cancer risk
was significant among the cases diagnosed 5 or more years
after baseline (for highest quintile vs. lowest, OR = 0.55,
95% CI: 0.31, 0.98; P-trend = 0.03) and was strongest
among cases diagnosed 5-<10 years after baseline (for
highest quintile vs. lowest, OR = 0.32, 95% CI: 0.11,
0.90; P-trend = 0.03). Among cases that occurred prior to
5 years of follow-up, adiponectin was not associated with
pancreatic cancer. Similar associations were observed when
participants with outlier adiponectin values (>22.0 pg/mL;
n = 3) were excluded from the analysis (in adjusted model,
for fifth quintile vs. first, overall OR = 0.63, 95% CI: 0.37,
1.05; P-trend = 0.06; for cases diagnosed 5 or more years
after baseline, OR = 0.55, 95% CI: 0.31, 0.97; P-trend =
0.03). The association between adiponectin and pancreatic
cancer was not modified by smoking habits, BMI, trial in-
tervention, diabetes history, or C-peptide concentration
overall or among cases that occurred 5 or more years after
baseline (all P’s > 0.15).

DISCUSSION

To our knowledge, this is the first study to show an asso-
ciation between higher prediagnostic adiponectin concentra-
tions and reduced risk of pancreatic cancer. The association
we observed was independent of C-peptide concentrations
and was statistically significant among cases that were diag-
nosed 5 or more years following baseline blood collection.

No experimental study has examined the direct effect of
adiponectin on pancreatic cancer; therefore, any molecular
mechanism for an impact of adiponectin on pancreatic car-
cinogenesis is highly speculative. Among the prospective
studies that have measured adiponectin concentrations,
inverse associations have been observed for prostate, endo-
metrial, colon, and postmenopausal breast cancer (with the
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Table 1. Selected Baseline Characteristics of Case and Control Subjects, Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study, 1985—-1988

Cases (n = 311) Controls (n = 510)

Characteristic P Value?®
Median (IQR) % Median (IQR) %
Age, years 58.0 (55.0-62.0) 58.0 (565.0-62.0) 0.72
Adiponectin concentration, pug/mL® 6.77 (5.03-9.11) 6.74 (4.99-8.78) 0.79
Height, cm 173 (169-178) 173 (168-177) 0.04
Body mass index® 25.8 (23.7-28.0) 26.1 (23.8-28.7) 0.25
Systolic blood pressure, mm Hg 140.0 (130.0-152.0) 144.0 (132.0-158.0) 0.005
Diastolic blood pressure, mm Hg 88.0 (80.0-94.0) 90.0 (82.0-98.0) 0.001
Medical history
Diabetes mellitus 71 6.1 0.57
Pancreatitis 1.6 1.6 0.97
Gallstones 4.8 4.9 0.96
Ulcers 17.4 14.5 0.27
Smoking history
Total cigarettes smoked per day 20.0 (15.0-25.0) 20.0 (15.0-25.0) 0.56
Years of smoking 39.0 (32.0-43.0) 39.0 (34.0-43.0) 0.84
Primary school education or less 771 81.6 0.13
Living in city 447 43.1 0.66
Daily dietary intake®
Energy, kcal 2,701 (2,228-3,200) 2,753 (2,230-3,220) 0.65
Total fat, g 102.4 (93.3-112.1) 100.6 (90.2-110.0) 0.04
Saturated fat, g 53.5 (45.6-63.5) 52.1 (42.5-61.4) 0.048
Carbohydrate, g 300.1 (271.9-325.5) 300.8 (270.6-331.4) 0.37
Protein, g 102.9 (95.4-111.9) 1.01.9 (94.3-109.4) 0.10
Physical activity
Occupational activity 0.03
Sedentary 16.1 9.8
Moderate 29.3 27.7
Heavy 6.1 8.0
Not working 48.6 54.5
Leisure activity® 0.40
Sedentary 45.3 41.3
Light or moderate 52.9 48.0
Exercising to keep fit 5.8 6.7

Abbreviation: IQR, interquartile range.

@ P values for categorical variables were based on the chi-squared test or Fisher's exact test; P values for
continuous variables were based on Wilcoxon’s rank-sum test.

® For cases, the mean adiponectin concentration was 7.41 png/mL (standard deviation, 3.32; range, 1.64-27.6); for
controls, it was 7.46 ng/mL (standard deviation, 3.54; range, 2.1-27.6).

© Weight (kg)/height (m)>.

9 Dietary intake analysis was based on 300 cases and 473 controls. Data on all foods and nutrients except alcohol

were adjusted for energy intake.

¢ Leisure activity variables were based on 310 cases and 510 controls.

later 3 reaching statistical significance); these are cancer
sites that are also associated with obesity, hormones, or
potentially inflammation (26-29). One mechanism by
which higher adiponectin concentrations might influence

pancreatic cancer risk is by increasing insulin sensitivity,
decreasing insulin concentrations and facilitating glucose
control. Epidemiologic and experimental studies support
the biologic plausibility that greater insulin concentrations


eboskovi
Rectangle

eboskovi
Rectangle


Table2. Selected Characteristics of Control Subjects by Quintile of Adiponectin Concentration, Alpha-Tocopherol,

Beta-Carotene Cancer Prevention Study, 1985-2004

Quintile of Serum Adiponectin Concentration, pg/mL?

Q2 Q3 Q4

Characteristic Q1 Qs
(s CiEamd  Colemd  CTamd o
Mean adiponectin concentration, pg/mL 3.74 5.39 6.73 8.37 13.08
Mean age, years 57.0 58.7 58.7 58.3 58.6
Mean C-peptide concentration, ng/mL 2.91 1.97 2.06 1.76 1.72
Mean height, cm 173.0 1725 173.0 172.9 171.8
Mean body mass index® 28.9 27.3 271 24.8 245
Mean systolic blood pressure, mm Hg 143.2 147.3 149.8 143.4 143.5
Mean diastolic blood pressure, mm Hg 89.8 90.5 92.2 88.0 87.1
Medical history, %
Diabetes mellitus 17.7 5.9 2.0 29 2.0
Pancreatitis 0 4.0 0 2.9 1.0
Gallstones 5.9 10.8 4.9 1.0 2.0
Ulcers 16.7 17.7 9.8 15.7 12.8
Smoking history
Total cigarettes smoked per day 20.1 19.2 20.2 20.8 19.7
Years of smoking 33.3 37.8 39.1 37.7 38.3
Primary school education or less, % 81.4 76.5 80.4 82.4 87.3
Living in city, % 36.3 38.2 36.3 54.9 50.0
Daily dietary intake®
Energy, kcal 2716 2827 2799 2848 2878
Total fat, g 97.6 96.7 101.3 103.0 100.0
Saturated fat, g 51.9 50.0 52.4 53.6 51.2
Carbohydrate, g 302.6 3115 300.8 301.4 297.6
Protein, g 107.9 103.8 104.6 99.7 99.4
Physical activity, %
Occupational activity
Sedentary 11.8 7.8 11.8 9.8 7.8
Moderate 31.4 22.6 235 30.4 30.4
Heavy 10.8 5.9 9.8 3.9 9.8
Not working 46.1 63.7 54.9 55.9 52.0
Leisure activity
Sedentary 55.9 324 39.2 53.9 451
Light or moderate 36.3 64.7 56.9 38.2 441
Exercising to keep fit 7.8 2.9 3.9 7.8 10.8

Abbreviation: Q, quintile.

& Adiponectin quintiles were based on the distribution in all controls (n = 510).

P Weight (kg)/height (m)2.

¢ Dietary intake analysis was based on 473 controls. Data on all foods and nutrients except alcohol were adjusted

for energy intake.

or secretion and insulin resistance promote the development
of pancreatic cancer (8, 30-33). The association between
adiponectin and pancreatic cancer became significant after
we controlled for C-peptide level; therefore, alternative
mechanism(s) that are independent of insulin could possibly
explain our findings. Adiponectin has been shown to directly

suppress cell growth and proliferation in myelomonocytic,
breast, and prostate cancer cell lines (34). These direct ac-
tions on malignant cells may be related to activation of
downstream signaling pathways that could limit cell pro-
liferation (34). Adiponectin may have direct effects on tu-
mor vessels by activating the caspase cascade and inhibiting
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Table 3. Age- and Multivariable-Adjusted Odds Ratios and 95% Confidence Intervals for the Relation Between Baseline Adiponectin Concentration and Pancreatic Cancer Risk Among
311 Cases and 510 Matched Controls, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, 1985-2004

Quintile of Serum Adiponectin Concentration, png/mL

al Q2 Q3 Q4 Qs
(>4.59 and (>6.16 and (>7.41 and
(<4.59) <6.16) <7.41) <9.80) (>9.80)
No. of cases/no. of controls 60/102 71102 48/102 70/102 62/102

Crude OR (95% CI)°
Adjusted OR (95% CI)
Cases diagnosed <5 years after baseline
No. of cases/no. of controls
Crude OR (95% CI)
Adjusted OR (95% CI)
Cases diagnosed >5 years after baseline
No. of cases/no. of controls
Crude OR (95% CI)
Adjusted OR (95% ClI)
Cases diagnosed >5 and <10 years after baseline
No. of cases/no. of controls
Crude OR (95% Cl)
Adjusted OR (95% ClI)
Cases diagnosed >10 and <15 years after baseline
No. of cases/no. of controls
Crude OR (95% CI)
Adjusted OR (95% ClI)
Cases diagnosed >5 and <15 years after baseline
No. of cases/no. of controls
Crude OR (95% CI)
Adjusted OR (95% ClI)
Cases diagnosed >15 years after baseline
No. of cases/no. of controls
Crude OR (95% CI)
Adjusted OR (95% ClI)

1.00 (referent)
1.00 (referent)

10/16
1.00 (referent)
1.00 (referent)

50/86
1.00 (referent)
1.00 (referent)

19/37
1.00 (referent)
1.00 (referent)

25/44
1.00 (referent)
1.00 (referent)

44/81
1.00 (referent)
1.00 (referent)

6/5
1.00 (referent)
1.00 (referent)

1.12 (0.72, 1.74)
0.96 (0.61, 1.53)

19/24
1.13 (0.42, 3.07)
1.14 (0.41, 3.19)

52/78
1.13 (0.69, 1.86)
0.91 (0.54, 1.53)

17/36
0.89 (0.40, 2.00)
0.58 (0.22, 1.57)

24/34
1.41 (0.68, 2.89)
1.21 (0.57, 2.56)

41/70
1.13 (0.66, 1.92)
0.86 (0.49, 1.52)

11/8
1.02 (0.26, 4.05)
2.82 (0.32, 24.97)

0.76 (0.47, 1.23)
0.69 (0.41, 1.14)

10/19
0.77 (0.24, 2.46)
0.79 (0.24, 2.52)

38/83
0.76 (0.45, 1.28)
0.64 (0.37, 1.13)

17/34
0.93 (0.40, 2.19)
0.57 (0.20, 1.65)

18/42
0.74 (0.36, 1.53)
0.72 (0.34, 1.55)

35/76
0.82 (0.48, 1.43)
0.66 (0.36, 1.21)

3/7
0.29 (0.04, 1.94)
0.76 (0.07, 7.90)

1.08 (0.68, 1.71)
0.80 (0.49, 1.31)

20/21
1.35 (0.48, 3.78)
1.01 (0.34, 3.03)

50/81
1.01 (0.60, 1.70)
0.73 (0.42, 1.27)

16/33
0.89 (0.38, 2.10)
0.45 (0.16, 1.30)

29/44
1.13 (0.55, 2.32)
0.94 (0.44, 2.00)

45/77
1.02 (0.59, 1.76)
0.69 (0.38, 1.25)

5/4
0.81 (0.13, 5.10)
2.08 (0.18, 24.68)

1.00 (0.63, 1.56)
0.65 (0.39, 1.07)

14/14
1.43 (0.47, 4.34)
0.98 (0.29, 3.21)

48/88
0.93 (0.56, 1.52)
0.55 (0.31, 0.98)

23/44
0.99 (0.46, 2.14)
0.32 (0.11, 0.90)

18/34
0.98 (0.47, 2.05)
0.73 (0.32, 1.64)

41/78
0.98 (0.57, 1.67)
0.54 (0.29, 0.98)

7110
0.48 (0.10, 2.26)
2.45 (0.19, 31.00)

Continuous OR?

0.99 (0.91, 1.07)
0.91 (0.83, 1.00)

1.04 (0.86, 1.26)
0.95 (0.77, 1.18)

0.98 (0.89, 1.07)
0.89 (0.80, 0.99)

1.01 (0.88, 1.01)
0.81 (0.68, 0.98)

0.97 (0.85, 1.11)
0.92 (0.79, 1.07)

0.99 (0.90, 1.09)
0.88 (0.79, 0.99)

0.91 (0.73, 1.15)
1.01 (0.76, 1.35)

P-Trend®

0.78
0.04

0.68
0.65

0.62
0.03

0.86
0.03

0.68
0.27

0.85
0.03

0.44
0.93

Abbreviations: Cl, confidence interval; OR, odds ratio; Q, quintile.
& Continuous variables were standardized to the average size of the 2 central quartiles. Therefore, this is the OR associated with a 25% change in serum adiponectin concentrations relative
to the control distribution (per 1.96-pg/mL increase in adiponectin).

b P-trend for continuous odds ratio.

¢ The crude OR should be considered adjusted for matching factors (age at baseline and month of blood drawing).
9 Adjusted for years of smoking, diastolic blood pressure, and C-peptide concentration.
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the nuclear factor-k3 pathway in endothelial cells, which
could consequently promote apoptosis and suppression of
tumor angiogenesis (34). Nuclear factor-kf3 activation oc-
curs in both type 1 and type 2 diabetes (35, 36) and has been
observed in pancreatic cancer cell lines, in animal models of
exocrine pancreatic cancer, and in human pancreatic cancer
tissue (37). Adiponectin may also regulate cell proliferation
directly by selectively binding growth and angiogenic fac-
tors, thereby restricting their bioavailability; however, re-
search on this is conflicting (12).

In many (but not all) epidemiologic studies, investigators
have reported positive associations between obesity and
pancreatic cancer, with recent meta-analyses supporting
high BMI as a modest risk factor for pancreatic cancer (in
cohort studies, the summary relative risk per 5-unit increase
in BMI was 1.14 (95% CIL: 1.07, 1.22) (11, 38-40)).
Although BMI is inversely associated with adiponectin con-
centrations in our population of smokers, BMI is not asso-
ciated with pancreatic cancer in our cohort (24) or in the
present nested case-control study. In addition, the majority
of the ATBC cohort participants are overweight (BMI > 25)
(24), with a BMI distribution similar to that of populations
that include nonsmokers in which positive BMI associations
with pancreatic cancer have been observed (41, 42). Other
investigators have also shown the association between BMI
and pancreatic cancer to be less apparent in smokers (40,
43-45). It is possible that the carcinogenic effect of cigarette
smoke on the pancreas may mask the association between
BMI and pancreatic cancer. Historically, many studies have
shown smokers to have lower body weights than non-
smokers; however, research also supports heavy smokers’
having greater body weights and more central adiposity than
light smokers and nonsmokers (46). The latter finding has
been attributed to a clustering of unhealthy behaviors (i.e.,
poor diet, low physical activity, high alcohol intake, and
smoking) and/or to smoking-related hormonal responses
(e.g., cortisone, testosterone, or others) contributing to
greater visceral fat accumulation and insulin resistance
(46). In addition, age-related variation and reduction in lean
mass (muscle and skeletal mass) may reduce the validity of
BMI as a measure of body fatness in older persons (47). In
comparison with BMI, intraabdominal body fat as measured
by computed tomography is a stronger, more significant
positive determinant of adiponectin level and an inverse
predictor of insulin sensitivity (48). Therefore, it is possible
that serum adiponectin concentration more accurately re-
flects intraabdominal body fat than does BMI in our middle-
aged/older smoker population (48), with intraabdominal
body fat accounting for our adiponectin association.

Alternatively, cigarette smoke-related bioactive chemi-
cals could possibly affect adipose tissue and reduce adipo-
nectin concentrations (49). In particular, nicotine has
a lipolytic effect on adipose tissue, mediated via catechol-
amine release (50-52), that could affect adiponectin synthe-
sis. Plasma adiponectin concentration has also been shown
to be lower in smokers than in nonsmokers, independently
of BMI (50, 53-56), percentage of body fat as measured
by bioimpedence (55), and insulin resistance and sensitivity
(49). The mean adiponectin concentration in our smoker pop-
ulation appears to be similar or slightly lower than concen-

trations observed in healthy nonsmoking men of similar age
(13, 26, 27, 48, 50).

The strength of our study is its prospective nature, with
serum adiponectin status being assessed up to 19 years prior
to cancer diagnosis. The results we observed among the
cases that occurred 5 or more years after blood collection
are unlikely to have been a consequence of pancreatic can-
cer and are consistent with our previously reported associ-
ations between serum glucose and insulin concentrations,
diabetes, and pancreatic cancer (8). Metabolic changes
and associated weight loss that accompany subclinical pan-
creatic cancer probably contributed to the lack of an asso-
ciation among the cases that occurred early during follow-up.
A limitation of our study is that we did not have repeated
measurements taken over time; a single measurement of
adiponectin may not reflect adiponectin concentrations over
a lifetime, particularly since adiposity changes with aging
(>15 years) (57).

Our study had internal validity because both cases and
controls were derived from the same cohort. Residual con-
founding by amount of cigarette smoking is unlikely in our
study, since all participants were current smokers at baseline
and the smoking exposures were not confounders or effect
modifiers of the adiponectin—pancreatic cancer association.
Although our findings may not be generalizable to popula-
tions that include nonsmokers or women, our previous re-
sults for glucose concentration, biochemical diabetes, and
insulin resistance being associated with pancreatic cancer
are consistent with findings from other studies conducted in
diverse populations (4-6, 8—10, 33); therefore, because adipo-
nectin concentrations are known to be correlated with
glucose control and inversely associated with diabetes and
insulin resistance (13, 14, 34), similar associations between
adiponectin and pancreatic cancer might be observed in
nonsmoker populations. Different forms of adiponectin ap-
pear to have distinct biologic effects (12). In particular,
high molecular weight adiponectin is a better indicator of
insulin sensitivity and may have stronger associations with
cancer than total adiponectin (12), which we measured in
our study.

In conclusion, our results support the hypothesis that
higher levels of adiponectin may play a protective role in
pancreatic carcinogenesis among male smokers. Further re-
search is needed to confirm our results in populations that
include women and nonsmokers, particularly in cohorts
with extended follow-up. In addition, the effect of adipo-
nectin on molecular mechanisms underlying pancreatic car-
cinogenesis should be investigated experimentally. If the
results of our study are confirmed and extended, adiponectin
concentration may prove to be a novel predictor of pancre-
atic cancer risk, with potentially preventive implications.

ACKNOWLEDGMENTS

Author affiliations: Nutritional Epidemiology Branch,
Division of Cancer Epidemiology and Genetics, National Can-
cer Institute, Bethesda, Maryland (Rachael Z. Stolzenberg-
Solomon, Stephanie Weinstein, Demetrius Albanes); Cancer


eboskovi
Rectangle

eboskovi
Rectangle


Prevention Program, Jewish General Hospital and McGill Uni-
versity, Montreal, Quebec, Canada (Michael Pollak, Yuzhen
Tao); Genetic Epidemiology Branch, Division of Cancer
Epidemiology and Genetics, National Cancer Institute,
Bethesda, Maryland (Philip R. Taylor); and Department of
Health Promotion and Chronic Disease Prevention, National
Public Health Institute, Helsinki, Finland (Jarmo Virtamo).

This research was supported by the Intramural Research
Program of the National Institutes of Health, Division of Can-
cer Epidemiology and Genetics, National Cancer Institute,
and by US Public Health Service contracts NO1-CN-45165,
NO1-RC-45035, and NO1-RC-37004 from the National Cancer
Institute.

The authors acknowledge Dr. Barry Graubard for his as-
sistance with and contribution to the statistical analysis.

REFERENCES

1. Ries LAG, Melbert D, Krapcho M, et al. SEER Cancer Sta-
tistics Review, 1975-2005. Bethesda, MD: National Cancer
Institute; 2008.

2. Edwards BK, Brown ML, Wingo PA, et al. Annual report
to the nation on the status of cancer, 1975-2002, featuring
population-based trends in cancer treatment. J Natl Cancer
Inst. 2005;97(19):1407-1427.

3. Anderson KE, Mack TM, Silverman DT. Cancer of the pan-
creas. In: Schottenfeld D, Fraumeni JF Jr, eds. Cancer Epi-
demiology and Prevention. 3rd ed. New York, NY: Oxford
University Press; 2006:721-762.

4. Jee SH, Ohrr H, Sull JW, et al. Fasting serum glucose level and
cancer risk in Korean men and women. JAMA. 2005;293(2):
194-202.

5. Gapstur SM, Gann PH, Lowe W, et al. Abnormal glucose
metabolism and pancreatic cancer mortality. JAMA. 2000;
283(19):2552-2558.

6. Batty GD, Shipley MJ, Marmot M, et al. Diabetes status and
post-load plasma glucose concentration in relation to site-
specific cancer mortality: findings from the original Whitehall
Study. Cancer Causes Control. 2004;15(9):873-881.

7. Balkau B, Barrett-Connor E, Eschwege E, et al. Diabetes and
pancreatic carcinoma. Diabete Metab. 1993;19(5):458-462.

8. Stolzenberg-Solomon RZ, Graubard BI, Chari S, et al. Insulin,
glucose, insulin resistance, and pancreatic cancer in male
smokers. JAMA. 2005;294(22):2872-2878.

9. Huxley R, Ansary-Moghaddam A, Berrington DG, et al.
Type-1I diabetes and pancreatic cancer: a meta-analysis of
36 studies. Br J Cancer. 2005;92(11):2076-2083.

10. Stattin P, Bjor O, Ferrari P, et al. Prospective study of hyper-
glycemia and cancer risk. Diabetes Care. 2007;30(3):
561-567.

11. World Cancer Research Fund/American Institute for Cancer
Research. Pancreas. In: Food, Nutrition, Physical Activity, and
the Prevention of Cancer: A Global Perspective. Washington,
DC: American Institute for Cancer Research; 2007:
271-274.

12. Barb D, Williams CJ, Neuwirth AK, et al. Adiponectin in re-
lation to malignancies: a review of existing basic research and
clinical evidence. Am J Clin Nutr. 2007;86(3):s858—s866.

13. Spranger J, Kroke A, Mohlig M, et al. Adiponectin and pro-
tection against type 2 diabetes mellitus. Lancet.
2003;361(9353):226-228.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Stefan N, Vozarova B, Funahashi T, et al. Plasma adiponectin

concentration is associated with skeletal muscle insulin re-
ceptor tyrosine phosphorylation, and low plasma concentra-
tion precedes a decrease in whole-body insulin sensitivity in
humans. Diabetes. 2002;51(6):1884—1888.

. Kadowaki T, Yamauchi T, Kubota N, et al. Adiponectin and

adiponectin receptors in insulin resistance, diabetes, and

the metabolic syndrome. J Clin Invest. 2006;116(7):
1784-1792.

Chang MC, Chang YT, Su TC, et al. Adiponectin as a potential
differential marker to distinguish pancreatic cancer and
chronic pancreatitis. Pancreas. 2007;35(1):16-21.

. ATBC Cancer Prevention Study Group. The Alpha-Tocopherol,

Beta-Carotene Lung Cancer Prevention Study: design, methods,
participant characteristics, and compliance. Ann Epidemiol.
1994;4(1):1-10.

Pietinen P, Hartman AM, Haapa E, et al. Reproducibility
and validity of dietary assessment instruments. I. A self-
administered food use questionnaire with a portion size picture
booklet. Am J Epidemiol. 1988;128(3):655-666.

Korhonen P, Malila N, Pukkala E, et al. The Finnish Cancer
Registry as follow-up source of a large trial cohort—accuracy
and delay. Acta Oncol. 2002;41(4):381-388.
Stolzenberg-Solomon RZ, Vieth R, Azad A, et al. A pro-
spective nested case-control study of vitamin D status and
pancreatic cancer risk in male smokers. Cancer Res. 2006;
66(20):10213-10219.

Fears TR, Ziegler RG, Donaldson JL, et al. Reproducibility
studies and interlaboratory concordance for androgen assays in
female plasma. Cancer Epidemiol Biomarkers Prev. 2000;
9(4):403-412.

Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, et al. Pro-
spective study of diet and pancreatic cancer in male smokers.
Am J Epidemiol. 2002;155(9):783-792.
Stolzenberg-Solomon R, Pietinen P, Barrett MJ, et al. Dietary
and other methyl-group availability factors and pancreatic
cancer risk in a cohort of male smokers. Am J Epidemiol.
2001;153(7):680-687.

Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, et al.

A prospective study of medical conditions, anthropometry,
physical activity, and pancreatic cancer in male smokers
(Finland). Cancer Causes Control. 2002;13(5):417-426.
Willett W, Stampfer MJ. Total energy intake: implications for
epidemiologic analyses. Am J Epidemiol. 1986;124(1):17-27.
Wei EK, Giovannucci E, Fuchs CS, et al. Low plasma adipo-
nectin levels and risk of colorectal cancer in men: a prospec-
tive study. J Natl Cancer Inst. 2005;97(22):1688—1694.
Baillargeon J, Platz EA, Rose DP, et al. Obesity, adipokines,
and prostate cancer in a prospective population-based study.
Cancer Epidemiol Biomarkers Prev. 2006;15(7):1331-1335.
Cust AE, Kaaks R, Friedenreich C, et al. Plasma adiponectin
levels and endometrial cancer risk in pre- and postmenopausal
women. J Clin Endocrinol Metab. 2007;92(1):255-263.
Tworoger SS, Eliassen AH, Kelesidis T, et al. Plasma adipo-
nectin concentrations and risk of incident breast cancer. J Clin
Endocrinol Metab. 2007;92(4):1510-1516.

Hennig R, Ding XZ, Adrian TE. On the role of the islets of
Langerhans in pancreatic cancer. Histol Histopathol. 2004;
19(3):999-1011.

Wang F, Herrington M, Larsson J, et al. The relationship be-
tween diabetes and pancreatic cancer [electronic article]. Mol
Cancer. 2003;2(1):4.

. Schneider MB, Matsuzaki H, Haorah J, et al. Prevention of

pancreatic cancer induction in hamsters by metformin. Gas-
troenterology. 2001;120(5):1263-1270.


eboskovi
Rectangle

eboskovi
Rectangle

eboskovi
Rectangle


33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Michaud DS, Wolpin B, Giovannucci E, et al. Prediagnostic
plasma C-peptide and pancreatic cancer risk in men and
women. Cancer Epidemiol Biomarkers Prev. 2007;16(10):
2101-21009.

Barb D, Pazaitou-Panayiotou K, Mantzoros CS. Adiponectin:
a link between obesity and cancer. Expert Opin Investig Drugs.
2006;15(8):917-931.

Bacher S, Schmitz ML. The NF-kB pathway as a potential
target for autoimmune disease therapy. Curr Pharm Des.
2004;10(23):2827-2837.

Fraser CC. Exploring the positive and negative consequences
of NF-«B inhibition for the treatment of human disease. Cell
Cycle. 2006;5(11):1160-1163.

Garcea G, Dennison AR, Steward WP, et al. Role of inflam-
mation in pancreatic carcinogenesis and the implications for
future therapy. Pancreatology. 2005;5(6):514-529.
Berrington A, Sweetland S, Spencer E. A meta-analysis of
obesity and the risk of pancreatic cancer. Br J Cancer.
2003;89(3):519-523.

Larsson SC, Orsini N, Wolk A. Body mass index and pan-
creatic cancer risk: a meta-analysis of prospective studies. Int J
Cancer. 2007;120(9):1993-1998.

Stolzenberg-Solomon R, Adams K, Leitzmann M, et al. Adi-
posity, physical activity and pancreatic cancer in the National
Institutes of Health-AARP Diet and Health Cohort. Am J
Epidemiol. 2008;167(5):586-597.

Coughlin SS, Calle EE, Patel AV, et al. Predictors of pancreatic
cancer mortality among a large cohort of United States adults.
Cancer Causes Control. 2000;11(10):915-923.

Michaud DS, Giovannucci E, Willett WC, et al. Physical ac-
tivity, obesity, height, and the risk of pancreatic cancer. JAMA.
2001;286(8):921-929.

Berrington DG, Spencer EA, Bueno-de-Mesquita HB, et al.
Anthropometry, physical activity, and the risk of pancreatic
cancer in the European Prospective Investigation into Cancer
and Nutrition. Cancer Epidemiol Biomarkers Prev.
2006;15(5):879-885.

Larsson SC, Permert J, Hakansson N, et al. Overall obesity,
abdominal adiposity, diabetes and cigarette smoking in
relation to the risk of pancreatic cancer in two Swedish
population-based cohorts. Br J Cancer. 2005;93(11):1310-1315.
Nothlings U, Wilkens LR, Murphy SP, et al. Body mass index
and physical activity as risk factors for pancreatic cancer: The

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Multiethnic Cohort Study. Cancer Causes Control. 2007,
18(2):165-175.

Chiolero A, Faeh D, Paccaud F, et al. Consequences of
smoking for body weight, body fat distribution, and insulin
resistance. Am J Clin Nutr. 2008;87(4):801-809.

Willett W. Anthropometric measures and body composition.
In: Willett W, ed. Nutritional Epidemiology. New York, NY:
Oxford University Press; 1998:244-272.

Cnop M, Havel PJ, Utzschneider KM, et al. Relationship of
adiponectin to body fat distribution, insulin sensitivity and
plasma lipoproteins: evidence for independent roles of age and
sex. Diabetologia. 2003;46(4):459-469.

Abbasi F, Farin HM, Lamendola C, et al. The relationship
between plasma adiponectin concentration and insulin resis-
tance is altered in smokers. J Clin Endocrinol Metab. 2006;
91(12):5002-5007.

Iwashima Y, Katsuya T, Ishikawa K, et al. Association of
hypoadiponectinemia with smoking habit in men. Hyperten-
sion. 2005;45(6):1094-1100.

Kershbaum A, Khorsandian R, Caplan REF, et al. The role of
catecholamines in the free fatty acid response to cigarette
smoking. Circulation. 1963;28:52-57.

Andersson K, Arner P. Systemic nicotine stimulates human
adipose tissue lipolysis through local cholinergic and cate-
cholaminergic receptors. Int J Obes Relat Metab Disord.
2001;25(8):1225-1232.

Miyazaki T, Shimada K, Mokuno H, et al. Adipocyte derived
plasma protein, adiponectin, is associated with smoking status
in patients with coronary artery disease. Heart. 2003;89(6):
663.

Kim OY, Koh SJ, Jang Y, et al. Plasma adiponectin is related to
other cardiovascular risk factors in nondiabetic Korean men
with CAD, independent of adiposity and cigarette smoking:
cross-sectional analysis. Clin Chim Acta. 2006;370(1-2):63-71.
Thamer C, Stefan N, Stumvoll M, et al. Reduced adiponectin
serum levels in smokers. Atherosclerosis. 2005;179(2):
421-422.

Tsukinoki R, Morimoto K, Nakayama K. Association between
lifestyle factors and plasma adiponectin levels in Japanese
men [electronic article]. Lipids Health Dis. 2005;4:27.
Cartwright MJ, Tchkonia T, Kirkland JL. Aging in adipocytes:
potential impact of inherent, depot-specific mechanisms. Exp
Gerontol. 2007;42(6):463-471.


eboskovi
Rectangle

eboskovi
Rectangle


