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Abstract
Background—Adipocytokines may mediate the association between adiposity and lethal
prostate cancer outcomes.
Methods—In the Physicians’ Health Study, we prospectively examined the association of
prediagnostic plasma concentrations of adiponectin and leptin with risk of developing incident
prostate cancer (654 case diagnosed 1982-2000 and 644 age-matched controls) and, among cases,
risk of dying from prostate cancer by 2007.
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Results—Adiponectin concentrations were not associated with risk of overall prostate cancer.
However, men with higher adiponectin concentrations had lower risk of developing high grade or
lethal cancer (metastatic or fatal disease). The relative risk (95% confidence interval) comparing
the highest to the lowest quintile (Q5 vs. Q1) was 0.25 (0.07-0.87; Ptrend=0.02) for lethal cancer.
Among all the cases, higher adiponectin concentrations predicted lower prostate cancer-specific
mortality (hazard ratio, HR Q5 vs. Q1=0.39; 0.17-0.85; Ptrend=0.02), independent of body mass
index (BMI), plasma C-peptide (a marker of insulin secretion), leptin, clinical stage and tumor
grade. This inverse association was apparent mainly among men whose BMI ≥25 kg/m2
(HR Q5 vs. Q1=0.10; 0.01-0.78; Ptrend=0.02), but not among men of normal weight (Ptrend=0.51).
Although the correlation of leptin concentrations with BMI (r=0.58, P <0.001) was stronger than
that of adiponectin (r=−0.17, P<0.001), leptin was unrelated to prostate cancer risk or mortality.
Conclusion—Higher prediagnostic adiponectin (but not leptin) concentrations predispose men
to a lower risk of developing high grade prostate cancer and a lower risk of subsequently dying
from the cancer, suggesting a mechanistic link between obesity and poor PCa outcome.
Keywords
Adiponectin; obesity; prostate cancer; risk; survival
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INTRODUCTION
Adiposity has been consistently associated with increased risk of biochemical progression of
prostate cancer, metastasis, and fatal outcomes (1,2), but the underlying mechanisms are
poorly understood. We and others suggested that these effects may be mediated by
adipocytokines such as adiponectin and leptin.(3-6) Adiponectin is produced solely by
adipose tissue, is abundantly present in the plasma, and is inversely related to the degree of
adiposity.(7) It activates the AMP-activated protein kinase (AMPK), stimulates fatty acid
oxidation, improves insulin sensitivity and glucose metabolism (8), acts as a direct
endogenous inhibitor of inflammation and angiogenesis (9-11), and reduces the invasiveness
of breast cancer cells.(12) In contrast, circulating concentrations of leptin are closely and
directly related to adiposity, and leptin’s biological effects are generally opposite to those of
adiponectin.(13) Both adiponectin and leptin receptor isoforms are expressed in androgendependent and androgen-independent prostate cancer cell lines and human prostate cancer
tumor tissues.(14-16) In addition, adiponectin inhibits both androgen-dependent and
androgen-independent prostate cancer cell growth in vitro at physiological
concentrations(17), whereas leptin stimulates cell proliferation specifically in androgenindependent DU145 and PC-3 prostate cancer cells but not in androgen-dependent LNCaPFGC cells.(14)
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Epidemiological data regarding circulating adiponectin and leptin and risk of prostate cancer
are limited and inconsistent. Significantly lower concentrations of plasma adiponectin were
found among prostate cancer patients compared to healthy men (4) and among prostate
cancer patients, those with higher grade tumor (Gleason score ≥ 8) or advanced clinical
stage (extraprostatic cancer) tended to have lower adiponectin concentrations (3). In a recent
small prospective study, however, Baillargeon et al. found no significant relationship
between prediagnostic concentrations of adiponectin and overall prostate cancer risk (n =
125 cases).(18) Stattin et al. reported a significant association between plasma leptin
concentrations and increased risk of prostate cancer in the prospective Northern Sweden
Health and Disease Cohort.(19) However, in a subsequent study of a different cohort, the
same research group found no association of leptin with prostate cancer.(20) Neither the
study by Baillargeon et al. nor three other retrospective studies found any significant
associations for leptin.(5,18,21) Because of the weak or absent link between BMI and risk of
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overall incident prostate cancer, such null findings might be expected. However, the role of
these adipocytokines in association with prostate cancer metastasis and lethal outcomes has
not yet been evaluated. Given the close link between obesity and prostate cancer mortality,
we hypothesized that these adipocyte-derived cytokines could be involved in prostate cancer
progression and the development of lethal outcome.
We therefore examined the association of baseline circulating concentrations of adiponectin
and leptin with future risk of developing incident prostate cancer, especially lethal cancer, in
a case-control study nested within the Physicians’ Health Study. Among the cases diagnosed
with prostate cancer during the follow-up, we further assessed whether their prediagnostic
plasma concentrations of adiponectin and leptin predicted their subsequent risk of dying
from the cancer.

MATERIALS AND METHODS
Study Population
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The Physicians’ Health Study was a randomized trial of aspirin and β-carotene among
22,071 healthy U.S. male physicians ages 40-84 years that began in 1982 (22), with
continuing follow-up. The research protocol was approved by the Human Subjects
Committee at Brigham and Women’s Hospital, and all participants gave written informed
consent.
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Men were excluded at baseline if they had a history of myocardial infarction, stroke,
transient ischemic attack, unstable angina, or cancer (except for nonmelanoma skin cancer)
or current renal or liver disease, peptic ulcer, gout, or use of platelet-active agents, vitamin
A, or β-carotene supplements. Study participants provided baseline information via selfadministrated questionnaires, including height, weight, and presence of diabetes. Before
randomization, 14,916 men (68%) provided a blood sample in 1982. Additional
questionnaires were mailed at 6 and 12 months and annually thereafter to obtain medical
information. Study investigators, unaware of the questionnaire or assay data, verified the
reports of prostate cancer by participants and reviewed medical records and pathological
reports to determine the tumor Gleason score (Gleason 2-6, 7 or 8-10) and clinical stage
using the TNM classification system (T1/T2N0M0, T3/T4N0M0, and TxN1/M1) at
diagnosis. Causes of death are determined by the End Points Committee using all available
information from medical records, death certificates, and the participant’s family. Follow-up
for morbidity and mortality up to 2007 is 97% complete. Because the associations of
adiponectin with risks of metastatic cancer at diagnosis (TxN1/M1, n= 22) and fatal prostate
cancer (n=96) during subsequent follow-up were similar and the sample size of each of these
groups was relatively small, we report results for “lethal prostate cancer” for these
categories combined.
Cases for the current study were drawn from participants who provided blood specimens at
baseline and were later diagnosed with prostate cancer during 1982-2000. For each case, one
control was selected at random from those who provided blood, had not had a
prostatectomy, and had not reported a diagnosis of prostate cancer at the time the diagnosis
was reported by the case subject. Controls were individually matched to cases byage (±1
year when feasible, or up to ±5 years for older men).
Laboratory Assessment for Adiponectin
Plasma adiponectin and leptin concentrations were measured by competitive
radioimmunoassay (Linco Research, St. Charles, MO). We previously demonstrated that the
body mass index (BMI)-adjusted intraclass correlation between two adiponectin
measurements over a 1-year period was high (r = 0.84, 95% CI 0.65-0.94) (23), indicating
Clin Chem. Author manuscript; available in PMC 2011 January 1.
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that adiponectin measured from a single blood sample is reasonably accurate and stable over
a long period and is not substantially affected by transport conditions. Samples for cases and
matched controls were analyzed together, in random order, with the case status unknown to
the laboratory personnel. Adiponectin concentrations were successfully measured for 620
men diagnosed with prostate cancer between 1982 and 2000 and 599 controls. The median
intraindividual coefficient of variation for blinded duplicate quality-control samples was
11%. Leptin concentrations were available for 649 prostate cancer patients and 635 controls.
The median intraindividual coefficient of variation for blinded duplicate quality-control
samples was 5.0%. Of these, we had previously assayed PSA concentrations at baseline for
416 cases and 402 controls.
Statistical Analysis
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We compared baseline characteristics between cases and controls. We used nonparametric
Wilcoxon rank sum test to assess differences in plasma concentrations of adiponectin, leptin,
and PSA, because data for these tests were not normally distributed, and generalized linear
models for all other continuous variables. We examined the association of circulating
adiponectin and leptin concentrations with risk of overall prostate cancer using conditional
logistic regression models and calculated odds ratios (OR) and 95% confidence intervals
(CI) comparing quintiles, as defined by the distribution among controls, with the lowest
quintile as the reference. We then separately performed analyses according to clinical stage
(T1/T2N0M0, T3/T4N0M0, and TxN1/M1) and grade (Gleason 2-6, 7 or 8-10) at diagnosis,
and for those with metastases or who died from prostate cancer (lethal prostate cancer). In
these subgroup analyses, we excluded 14 men with unknown grade and 63 men with
unknown stage.
To assess adiponectin or leptin (in quintiles) in relation to prostate cancer mortality among
all the cases, we estimated hazard ratios (HRs) and 95% CIs using Cox proportional hazard
models. All tests for trend for the plasma adiponectin or leptin concentration were conducted
using median concentrations of quintiles among controls. We further conducted stratified
analyses by duration of follow-up (diagnosed before or after 1990, i.e., pre- or post-PSA
era).
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We further investigated whether the associations of adiponectin or leptin with prostate
cancer are independent of BMI, plasma concentrations of C-peptide (reflecting insulin
production), and the major components of the insulin-like growth factor system and whether
they are modified by age or BMI. To test for the statistical significance of potential
interactions of BMI with adiponectin or leptin, or the interaction between the two
biomarkers, we analyzed models with and without the cross-product term and conducted the
likelihood ratio test. To assess whether any associations between plasma adiponectin or
leptin concentrations and risk of prostate cancer may be influenced by latent disease at
baseline, we conducted secondary analyses after excluding cases (for the nested case-control
analysis) or all deaths (for the prostate-specific mortality analysis) that occurred during the
first five years of follow-up after the blood collection. We also tested whether the
associations of adiponectin or leptin with prostate cancer were modified by the β-carotene
and the aspirin treatments in the randomized trial. All statistics were calculated by SAS
(version 9.1.3; SAS Institute Inc, Cary, NC), with a two-sided significance level of 0.05.

RESULTS
Baseline characteristics among cases and controls are presented in Table 1. Among controls,
baseline plasma adiponectin concentrations were inversely correlated with BMI (ageadjusted Spearman correlation r = −0.17, P =0.0001), plasma concentrations of C-peptide (r
= −0.23, P<0.0001), leptin (r =−0.13, P = 0.0016), and IGFBP-3 (r = −0.11, P = 0.01), but
Clin Chem. Author manuscript; available in PMC 2011 January 1.
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not with IGF-I. The correlations of plasma leptin concentrations with BMI (r = 0.58, P
<0.0001) and C-peptide (r = 0.34, P<0.0001) were much stronger than those of adiponectin,
although in the opposite direction. Leptin concentrations were not correlated to IGFs.
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We first examined the association of plasma adiponectin concentrations and risk of incident
prostate cancer using conditional logistic regression analysis and found no association for
overall risk. However, men with higher adiponectin concentrations had lower risk of
developing high grade tumors (Gleason score ≥ 8) or lethal cancer. Comparing the highest
quintile (Q5) to the lowest quintile (Q1) of plasma adiponectin concentrations, the relative
risks (RR Q5 vs. Q1, 95% confidence interval, CI) were 0.49 (95% CI: 0.20-1.22; Ptrend =
0.25) for high grade tumors and 0.25 (95% CI: 0.07-0.87; Ptrend = 0.02) for lethal prostate
cancer (Table 2). The association for high grade disease became stronger after adjustment
for BMI and plasma concentrations of C-peptide (RR Q5 vs. Q1 = 0.23, 95% CI: 0.06-0.83;
Ptrend = 0.08). However, adjustment for BMI and C-peptide concentrations significantly
attenuated the association for lethal prostate cancer (RR Q5 vs. Q1 = 0.61, 95% CI: 0.12-2.99;
Ptrend = 0.44), suggesting that adiponectin serves in part as a mediator of the link between
obesity and lethal prostate cancer. Plasma adiponectin concentrations were not significantly
associated with risk of nonlethal prostate cancer (data not shown). Exclusion of cases
diagnosed during the first 5 years of follow-up did not materially change the results for
lethal prostate cancer except to broaden the confidence interval, reflecting the decreased
statistical power (RR Q5 vs. Q1 = 0.35, 95% CI: 0.09-1.36; Ptrend = 0.07).
In contrast to adiponectin, prediagnostic plasma leptin concentrations were not associated
with risk of incident prostate cancer (lethal or nonlethal), with or without adjustment for
BMI and C-peptide concentration (Table 2). We found no significant interactions between
BMI and adiponectin or leptin or between the two biomarkers in association with risk of
incident prostate cancer.
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Among the men diagnosed with prostate cancer during the 25 years of follow-up, men in the
highest quintile of adiponectin were less than half as likely to develop lethal disease after
diagnosis (9%) than those whose adiponectin was in the lowest quintile (21%) (Table 3).
Using a Cox proportional hazard regression model, we found a significant inverse doseresponse relationship between prediagnostic concentrations of adiponectin and prostate
cancer-specific mortality (Figure 1). In a multivariate model, the proportional hazard ratio
(HR) Q5 vs. Q1 was 0.35 (95% CI: 0.14-0.89, Ptrend = 0.03) after controlling for age at
diagnosis, baseline BMI, plasma C-peptide concentrations at baseline, clinical stage, and
tumor grade at diagnosis (Table 4). The association remained similar after excluding men
who died of any cause during the first five years after the baseline blood collection. In
contrast, plasma leptin concentrations did not predict prostate cancer-specific mortality
(Table 4).
We found that the inverse trend between prediagnostic adiponectin concentrations and
progression to fatal prostate cancer after diagnosis was apparent mainly among men who
were overweight or obese (BMI ≥25 kg/m2); in that group, the HRs from the lowest to the
highest quintile were 1.00 (reference), 0.56, 0.71, 0.72, and 0.10 (95% CI 0.01-0.78, Ptrend =
0.02). Among those of normal weight (BMI <25 kg/m2), adiponectin concentrations were
not significantly associated with prostate cancer mortality (HRQ1-5 = 1.00 (reference), 1.44,
0.87, 0.95, and 0.86, 95% CI 0.31-2.38, Ptrend = 0.51). A formal test for interaction yielded a
p-value of 0.08. We observed no interactions between plasma adiponectin and C-peptide
concentrations, or with the β-carotene, or aspirin treatments of the trial. There were no
interactions of leptin with any of these factors.
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Both adiponectin and leptin have been suggested as potential biological links between
obesity and prostate cancer but little epidemiological data are available for their roles in fatal
prostate cancer.(24-26) In this prospective nested case-control study of U.S. physicians,
prediagnostic concentrations of adiponectin and leptin were not associated with risk of
developing overall prostate cancer. However, men with higher (top 20%) prediagnostic
plasma concentrations of adiponectin were at lower risk for a Gleason ≥ 8 tumor and had a
markedly significant 75% lower risk of developing lethal prostate cancer (metastatic or fatal
cancer) than men with low (bottom 20%) plasma adiponectin concentrations. Our
prospective observations are in line with previous clinical observations that prostate cancer
patients with Gleason score ≥ 8 or extraprostatic cancer had lower adiponectin
concentrations (3). The inverse association of adiponectin with lethal prostate cancer was
attenuated after controlling for baseline BMI and C-peptide concentrations suggesting that
adiponectin serves in part as a mediator of the link between obesity and lethal prostate
cancer. Moreover, among men diagnosed with prostate cancer, those with higher
prediagnostic plasma adiponectin concentrations had a significant 65% reduced prostatespecific mortality compared to those with lower concentrations, independent of baseline
BMI, C-peptide, Gleason grade, and clinical stage.
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In contrast to adiponectin, circulating concentrations of leptin were unrelated to risk of
developing lethal prostate cancer or to prostate cancer-specific mortality. These findings
were somewhat unexpected because leptin is much more strongly correlated to BMI (r=0.58)
than adiponectin (r=−0.17) in this study population. Among three prospective and three
case-control published studies (5,18-21), however, only one reported a significant positive
association with incident prostate cancer.(19) Our findings together with these data suggest
that circulating concentrations of leptin are unlikely to be related to prostate cancer risk or
progression. Our parallel evaluation of the two major adipocytokines for both risk of
developing prostate cancer and subsequent risk of dying from the cancer suggests a possible
role of circulating adiponectin (but not leptin) as an inverse mediator of the effects of
obesity in tumor progression.
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Several lines of evidence support a biological link between adiponectin and prostate cancer
tumorigenesis. First, adiponectin stimulates phosphorylation and activation of the AMPK
pathway (8), an evolutionarily conserved sensor of cellular energy status that plays a crucial
role in systemic energy balance. Activation of AMPK also inhibits growth of androgenindependent (DU145, PC3) and androgen-sensitive (LNCaP) prostate cancer cell lines by
90%.(27) Adiponectin at physiological concentrations inhibits both androgen-dependent and
androgen-independent prostate cancer cell growth. (17) Second, adiponectin inhibits
inflammation by suppressing the phagocytic activity of mature macrophages, their
lipopolysaccharide-induced production of tumor necrosis factor alpha (TNF-α), and the
activity of Toll-like receptor (TLR)-4, all of which have been linked to prostate cancer.
(9,10,28) Third, adiponectin inhibits in vitro and in vivo cell proliferation and induces
apoptosis in vitro.(10,11) Finally, adiponectin has inhibitory effects on metastatic prostate
cancer cell lines from three distinct sites: brain (DU145), bone (PC-3), and lymph nodes
(LNCAP-FGC)(17), and inhibits in vivo primary tumor growth by decreasing
neovascularization.(11) These data, together with recent evidence that adiponectin reduces
the invasiveness of breast cancer cells (12) and our current findings, suggest that adiponectin
may act as a direct endogenous inhibitor of metastasis and may thereby prolong cancer
survival.
The significant inverse trend between prediagnostic adiponectin concentrations and prostate
cancer-specific mortality was apparent mainly among men with BMI ≥25 kg/m2. This
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observation is consistent with our previous finding of a strong positive association of plasma
C-peptide with prostate cancer mortality primarily in men with BMI ≥25 kg/m2. (2)The
obesity-linked up-regulation of insulin production and down-regulation of adiponectin and,
as a consequence, down-regulation of AMPK, is a plausible mechanism whereby obesity
directly or indirectly influences prostate cancer progression.
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These observations support the hypothesis that certain obesity-related metabolic factors such
as hyperinsulinemia favor aggressive neoplastic behavior, whereas adiponectin counteracts
these obesity-related adverse effects (2). Our prospective data further support the notion that
tumors can start developing metastasis very early, i.e., before they may even become
clinically detactable (29) and that aggressive neoplastic behavior could be manipulated by
systemic metabolic factors. These concepts may aid in refinement of prostate cancer risk
prediction (especially for lethal outcomes) by including BMI (30) and related biomarkers
such as C-peptide and adiponectin in the clinical nomogram to improve performance. The
concepts may also help to identify novel cancer therapeutic and prevention strategies.
Recent in vitro data demonstrated that adiponectin has the characteristics of an AMPKdependent growth inhibitor that is deficient in obesity, and this may contribute to the adverse
effects of obesity on neoplastic disease (31). Furthermore, metformin, a widely used
antidiabetic drug, activates AMPK, inhibits prostate cancer cell growth (31), and lowers
overall cancer risk and mortality among diabetic patients (32) and is associated with lower
risk of prostate cancer (33). Together, these data suggest that metformin, as an insulinlowering drug, and adiponectin, as an endogenous insulin-sensitivity regulator, may be of
value in attenuating the adverse effects of obesity on prostate cancer prognosis via the
common AMPK pathway.
Our prospective study design reduces the potential for bias due to the influence of an
existing tumor (or its treatment) on adiponectin concentrations. Moreover, the associations
persisted after we excluded cases (or deaths) that occurred during the first five years after
blood collection, further suggesting that these results are likely unaffected by underlying
disease (reverse causation). Our study was limited by the use of a single adiponectin
measurement from the baseline sample, which may not have fully characterized long-term
status. However, repeated adiponectin measurements analyzed from samples collected over
a 1-year period showed a high correlation of 0.7-0.8.(23) In addition, blood samples for
cases and matched controls were collected, processed, and stored similarly and assayed
together in matched pairs to assure comparability. Any random within-person variation
would tend to be associated with underestimates of the true associations.
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In conclusion, our prospective data provide strong evidence that higher prediagnostic
concentrations of adiponectin, but not leptin, are associated with a lower risk of developing
high grade or lethal prostate cancer and predispose prostate cancer patients to a lower
cancer-specific mortality, independent of clinical stage and Gleason grade. Our findings
provide new evidence for a biological link between obesity and fatal prostate cancer
development and also may help to guide the development of novel cancer therapeutic
strategies targeting the AMPK pathway, especially among overweight prostate cancer
patients. Circulating and adipose tissue adiponectin concentrations can be increased,
whereas insulin (and C-peptide) concentrations can be reduced by weight loss (34), dietary
modifications (35), caloric restriction (36), physical exercise (37,38), or antidiabetic therapy.
(39,40) These observations further indicate the importance of maintaining a healthy body
weight and lifestyle to reduce risk of developing a clinically significant high grade tumor or
lethal prostate cancer.
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AMPK

AmP-activated protein kinase

BMI

Body mass index

PSA

Prostate cancer specific androgen

OR

Odds ratio

CI

Confidence intervals

HR

Hazard ratio

Q5

Highest quintile

Q1

Lowest Quintile

TNF-α

Tumor necrosis factor alpha

TLR-4

Toll-like receptor
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Figure 1.

Age-adjusted cumulative probability of prostate cancer-specific mortality by quintile of
plasma adiponectin and leptin.
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Table 1

Baseline characteristics among prostate cancer (PCa) cases and controls

NIH-PA Author Manuscript

Age at study enrollment (yr) ab
Diabetes, N (%)

Cases (n = 654)

Controls (n = 644)

59.0 ± 8.2

58.6 ± 7.9

10 (1.5)

6 (0.9)

Smoking status, N (%) a
Current smoker

58 (8.9)

54 (8.4)

279 (42.7)

276 (42.9)

68.6 ± 7.2

--

9.8 (0.1-17.8)

--

24.6 ± 2.4

24.7 ± 2.5

244 (37.3)

245 (38.0)

19 (2.9)

19 (3.0)

2.7 (1.0-14.4)

1.1 (0.4-3.5)

PSA >= 4, N (%)

158 (38.0)

33 (8.2)

PSA >= 10, N (%)

64 (15.4)

3 (0.8)

8.7 (4.0 – 35.4)

--

PSA >= 4, N (%)

390 (90.1)

--

PSA >= 10, N (%)

188 (43.4)

--

Past smoker
Age at diagnosis (yr) b
Interval from baseline to diagnosis (yr)
BMI (kg/m2) b
BMI 25-29.9, N (%)
BMI 30+, N (%)
Baseline PSA c (ng/mL), median (10th–90th
percentile)

NIH-PA Author Manuscript

PSA c at diagnosis (ng/mL), median (10th–90th
percentile)

Tumor grade at diagnosis, N (%)

--

Gleason 2-6/well-differentiated

240 (37.9)

--

Gleason 7/moderately-differentiated

266 (42.0)

--

Gleason 8-10/poorly-differentiated

127 (20.1)

--

Unknown

21

Clinical stage at diagnosis d, N (%)

--

T1/T2N0M0

445 (75.3)

--

T3/T4N0M0

112 (19.0)

--

TxN11

34 (5.7)

Unknown

63

NIH-PA Author Manuscript

Metastases or PCa-specific death by 2007

118 (18.0)

--

Adiponectin (mg/L)

6.2 (2.6-12.7)

6.4 (2.8-13.1)

Leptin (μg/L)

5.5 (2.4-13.4)

5.5 (2.3-14.1)

Plasma concentration e, median (10th – 90th)

a

Matching factors.

b

Mean ± standard deviation.

c
Baseline PSA: available for 416 cases and 402 controls; PSA at diagnosis: available for 433 cases.
d

American Joint Committee on Cancer (AJCC) TNM classification system.

e
Adiponectin concentrations were available for 620 cases and 599 controls; leptin concentrations were available for 649 cases and 635 controls
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2.8
(0.3 – 3.8)

1.00

Simple model + BMI + C-peptide

1.00
1.00

Simple model

Simple model + BMI + C-peptide
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1.00

Simple model + BMI + C-peptide

1.00
1.00

Simple model + BMI + C-peptide

121/127

Simple model

No. of cases/controls

Overall PCa (635 cases and 635 controls)

Median concentration
(range, μg/L) b
2.3
(0.8 – 3.2)

1.00

Simple model

Leptin

29/23

No. of cases/controls

Lethal PCa c (117 cases and 117 controls)

27/20

No. of cases/controls

High grade PCa c (115 cases and 115 controls)

1.00

131/119

Simple model

No. of cases/controls

Overall PCa (599 cases and 599 controls)

Median concentration
(range, mg/L) b

Adiponectin

1 (ref.)

129/127
1.07
(0.75-1.54)
1.07
(0.70-1.64)

128/127
1.06
(0.74-1.52)
1.00
(0.67-1.49)

5.5
(4.7– 6.5)

0.97
(0.26-3.53)

0.77
(0.26-2.26)

3.9
(3.3 – 4.6)

0.70
(0.24-2.03)

0.69
(0.27-1.76)

0.23
(0.07-0.72)

0.29
(0.08-1.06)

24/20

0.47
(0.20-1.10)

26/23

20/31

1.00
(0.66-1.53)

0.82
(0.53-1.27)

0.83
(0.32-2.11)

0.85
(0.58-1.25)

0.86
(0.59-1.26)

21/18

116/120

6.4
(5.6 – 7.2)

3

116/120

4.7
(3.9 – 5.5)

2

1.10
(0.71-1.71)

1.09
(0.76-1.56)

131/127

8.0
(6.6 – 10.0)

0.69
(0.24-1.98)

0.53
(0.21-1.32)

28/32

0.37
(0.12-1.16)

0.95
(0.42-2.16)

30/22

1.13
(0.75-1.69)

1.04
(0.73-1.49)

140/120

8.6
(7.3 – 10.4)

4

1.06
(0.65-1.72)

1.05
(0.73-1.51)

126/127

14.1
(10.1 – 50.6)

0.61
(0.12-2.99)

0.25
(0.07-0.87)

10/19

0.23
(0.06-0.83)

0.49
(0.20-1.22)

17/24

0.73
(0.46-1.14)

0.69
(0.47-1.03)

96/120

13.1
(10.5 – 31.9)

5

Quintile categories according to baseline plasma adiponectin concentration

0.8

0.90

0.44

0.02

0.08

0.25

0.38

0.18

P,trend

Relative risk (RR) and 95% confidence interval (CI) of prostate cancer (PCa) according to quintile of baseline concentrations of plasma adiponectin and
leptina
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1.00
1.00

Simple model

Simple model + BMI + C-peptide

24/26
1.00
1.00

No. of cases/controls

Simple model

Simple model + BMI + C-peptide

Lethal PCa c (121 cases and 121 controls)

23/26

No. of cases/controls

High grade PCa c (124 cases and 124 controls)

25/24
1.22
(0.54-2.77)
0.58
(0.19-1.79)

0.66
(0.25-1.74)

0.52
(0.19-1.46)

0.76
(0.30-1.89)

0.96
(0.43-2.14)

0.83
(0.37-1.85)

1.02
(0.46-2.22)

26/30

20/27

3

24/28

2

0.41
(0.12-1.45)

0.99
(0.44-2.26)

23/25

1.04
(0.36-3.02)

1.58
(0.68-3.68)

29/23

4

0.94
(0.25-3.51)

1.69
(0.67-4.23)

23/16

1.29
(0.44-3.80)

1.74
(0.76-4.00)

28/20

5

0.81

0.24

0.34

0.12

P,trend

c
Metastatic/Fatal PCa included patients with stage D PCa at diagnosis and those who developed metastases or death due to PCa during the follow-up.

Medians and range calculated among control subjects only.

b

All analyses were performed using conditional logistic regression models adjusting for matching factors (age and smoking status at baseline); p-values for trend were calculated using median of quintiles as
a continuous variable. Clinical stage for cases was determined on the basis of the TNM staging; high-grade PCa included men with poorly differentiated or Gleason 8-10 tumor; cases who had unknown
stage and grade (and matched controls) were excluded from subgroup analyses.

a

NIH-PA Author Manuscript

1 (ref.)
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Quintile categories according to baseline plasma adiponectin concentration
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Table 3

NIH-PA Author Manuscript

Disease characteristics by plasma concentration quintiles (1, 3 and 5) of adiponectin (or leptin) among prostate
cancer (PCa) cases a
Characteristic
Adiponectin (mg/L), median (range)
N

Quintile 1

Quintile 3

Quintile 5

Pc

2.7 (0.2-3.8)

6.3 (5.5-7.2)

13.3 (10.5-26.3)

--

133

118

100

--

Metastases or PCa-specific death by 2007,
N (%)

28 (21.1)

20 (17.0)

9 (9.0)

0.13

BMI (kg/m2) b

25.3 ± 2.5

24.7 ± 2.7

24.1 ± 2.3

<0.0001

2.7 (1.0-14.4)

2.5 (0.8-13.0)

2.5 (0.8-8.6)

0.37

8.0 (3.5-28.4)

9.0 (4.1-50.0)

8.0 (4.0-31.0)

0.49

Gleason 2-6/well-differentiated

41 (31.8)

44 (38.3)

41 (42.3)

Gleason 7/moderately-differentiated

61 (47.3)

50 (43.5)

38 (39.2)

Gleason 8-10/poorly-differentiated

27 (20.9)

21 (18.2)

18 (18.5)

T1/T2N0M0

92 (76.0)

82 (76.6)

69 (77.5)

T3/T4N0M0

24 (19.8)

16 (15.0)

17 (19.1)

5 (4.2)

9 (8.4)

3 (3.4)

2.4 (1.0-3.1)

5.5 (4.6-6.5)

13.4 (10.3119.2)

125

132

128

23 (18.4)

24 (18.2)

22 (17.2)

0.83

23.2 (21.125.1)

24.3 (22.426.4)

26.4 (23.5-29.8)

<0.0001

Baseline PSA (ng/mL), median (10th–90th
percentile)

2.5 (0.8-11.5)

2.5 (0.9-17.6)

2.4 (1.0-15.3)

0.80

PSA at diagnosis (ng/mL), median (10th–90th
percentile)

9.6 (3.4-35.4)

7.5 (3.6-28.0)

8.4 (4.5-28.9)

0.28

Gleason 2-6/well-differentiated

45 (37.2)

48 (38.1)

43 (34.4)

Gleason 7/moderately-differentiated

51 (42.1)

58 (46.0)

54 (43.2)

Gleason 8-10/poorly-differentiated

25 (20.7)

20 (15.9)

28 (22.4)

T1/T2N0M0

86 (76.1)

89 (73.6)

90 (77.6)

T3/T4N0M0

20 (17.7)

23 (19.0)

20 (17.2)

7 (6.2)

9 (7.4)

6 (5.2)

Baseline PSA (ng/mL), median
percentile)

(10th–90th

PSA at diagnosis (ng/mL), median (10th–90th
percentile)
Tumor grade at diagnosis d, N (%)

0.81

NIH-PA Author Manuscript

Clinical stage at diagnosis d, N (%)

TxN1/M1
Leptin (μg/L), median (range)
N
Metastases and/or died of PCa by 2007, N
(%)
BMI (kg/m2) b

0.42

--

Tumor grade at diagnosis d, N (%)

NIH-PA Author Manuscript

0.83

Clinical stage at diagnosis d, N (%)
0.90
TxN1/M1
a

Quintile categories was defined based on the distribution among controls.

b

Mean ± standard deviation.
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c
P-values calculated using generalized linear regression for BMI and nonparametric techniques for plasma concentrations of PSA at baseline and at
diagnosis.
d

NIH-PA Author Manuscript

American Joint Committee on Cancer (AJCC) TNM classification system. Cases with unknown clinical stage (or grade/Gleason score) were
excluded.
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1 (ref.)

1.00
1.00

Simple model + BMI, C-peptide b

Simple model + BMI, C-peptide,
stage, grade

1
1
1

Simple model + BMI b

Simple model + BMI, C-peptide b

Simple model + BMI, C-peptide,
stage, grade

0.73
(0.39-1.36)
0.69
(0.35-1.36)

0.83
(0.46-1.49)
0.87
(0.45-1.65)

20/111

1.10 (0.54-2.22)

0.97 (0.49-1.93)

1.03 (0.55-1.94)

1.08 (0.58-2.03)

0.90 (0.43-1.87)

0.91 (0.46-1.82)

0.94 (0.49-1.80)

1.06(0.56-2.02)

19/113

0.58
(0.28-1.17)

0.69
(0.37-1.30)

0.97
(0.50-1.88)

16/102

0.81
(0.45-1.47)

3

19/101

2
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0.46 (0.20-1.09)

0.57 (0.26-1.24)

0.59 (0.28-1.22)

0.66 (0.28-1.53)

0.71 (0.32-1.58)

0.82 (0.40-1.68)

1.21 (0.65-2.24)

22/106

0.35
(0.14-0.89)

0.36
(0.14-0.90)

0.42
(0.19-0.92)

0.39
(0.17-0.85)

8/92

5

0.24

0.32

0.47

0.68

0.03

0.04

0.03

0.02

P,trend

BMI (kg/m2), continuous; plasma C-peptide in quartiles.

b

Quintiles were categorized on the basis of concentrations among matched controls, as for the nested case-controls study (see Table 2). All the survival analyses were performed using Cox proportional
hazard model adjusting for age at diagnosis (<65, 65-74.9, >=75 years); p-values for trend were calculated using the median values of quintiles as a continuous variable.

a

14/119

0.79
(0.40-1.53)

0.87
(0.46-1.62)

0.76
(0.42-1.37)

0.69
(0.39-1.23)

21/128

4

0.73 (0.36-1.47)

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; BMI, body mass index.

1

No. of PCa deaths/Censored

Simple model

19/106

1.00

Simple model + BMI b

Leptin (94 PCa deaths/555 censored)

1.00

26/107

Simple model

No. of PCa deaths /Censored

Adiponectin (90 PCa deaths/530 censored)

HR (95% CI) by quintile

Proportional hazard ratio (HR) of prostate cancer (PCa)-specific mortality among prostate cancer cases according to baseline prediagnostic plasma
adiponectin and leptin concentrations a
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