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Background: In a previous study of
Chinese men, we found that men with a
higher waist-to-hip ratio (WHR) have
a higher prostate cancer risk. Because
leptin and insulin are related to body
fat distribution, we examined whether
leptin and insulin were associated with
prostate cancer risk. Methods: Blood
samples were collected from 128 case
patients with incident prostate cancer
and from 306 healthy control subjects
randomly selected from residents of
Shanghai, China. Epidemiologic infor-
mation and anthropometric measure-
ments were collected in personal inter-
views. Serum leptin, insulin, and sex
hormone levels were measured by ra-
dioimmunoassay, and insulin-like
growth factor-I (IGF-I) was measured
by enzyme-linked immunosorbent as-
say. Multiple logistic regression analy-
ses were used to estimate odds ratios
for prostate cancer in relation to serum
insulin and leptin levels. All statistical
tests were two-sided. Results: After
adjustment for body mass index, WHR,
IGF-I, and sex hormone levels, higher
serum insulin levels were associated
with a statistically significantly el-
evated risk of prostate cancer (P<.001).
Men in the highest tertile of insulin lev-
els had a 2.56-fold (95% confidence
interval [CI] = 1.38 to 4.75) risk of
prostate cancer compared with men in
the lowest tertile. Regardless of the ter-
tile level of WHR, higher serum insulin
levels were associated with an in-
creased risk of prostate cancer: Men in
the highest tertiles of WHR (>0.900)
and insulin (>8.83 µU/mL) had 8.55
times (95% CI = 2.80 to 26.10)
the prostate cancer risk of men in the
lowest tertiles of both, and those in the
lowest tertile of WHR (<0.873) and
highest tertile of insulin had 4.30 times
(95% CI = 1.17 to 15.70) the risk. By
contrast, the association between leptin
levels and prostate cancer risk was not

statistically significant. Conclusion:
Our results suggest that serum insulin
levels may influence the risk of prostate
cancer in Chinese men. Further re-
search, especially prospective studies,
is needed to confirm these findings in
high-risk populations and to clarify
the underlying mechanisms involved.
[J Natl Cancer Inst 2001;93:783–9]

Although China has one of the lowest
reported incidence rates of prostate cancer
in the world, the incidence of this disease
has increased steadily during the last few
decades (1,2). The reasons for the rise in
prostate cancer incidence in this low-risk
population are unclear, but changes in
lifestyle because of Westernization have
been implicated (2). Westernization in
developing countries usually involves
improved socioeconomic status, increased
intake of animal products, reduced levels
of physical activity, and increased preva-
lence of obesity and metabolic disorders,
such as diabetes and hypertension (3,4).
Chinese men are generally considered to
be relatively lean, with an average body
mass index (BMI) of 21.9 kg/m2 com-
pared with 26 kg/m2 in U.S. men. In an
earlier report (5), we showed that abdomi-
nal adiposity, as measured by waist-to-hip
ratio (WHR), is a risk factor for prostate
cancer in Chinese men.

Abdominal adiposity has been linked
to lower circulating levels of sex hor-
mone-binding globulin (SHBG) and
higher circulating levels of leptin, insulin,
and free fatty acids (6–10). High amounts
of visceral fat have also been associated
with decreased insulin sensitivity, perhaps
because of increased release of fatty acids
from the abdominal depots (11).

There is a close relationship between
circulating leptin and insulin levels and
adiposity. Leptin increases the amount
of adipose tissue in the body (12,13),
regulates food intake and energy balance
(14,15), and interacts with other endo-
crine systems (16,17), whereas insulin
increases leptin gene expression, stimu-
lates leptin protein production in rats, and
regulates leptin and SHBG protein levels
in vivo and in vitro (18–21).

Because of the potential role of insulin
and leptin both in regulating body fat dis-
tribution and in hormonal metabolism, we
examined the relationships of insulin and
leptin with prostate cancer risk as part
of a population-based, case–control study
in China. Our goal was to clarify whether
changes in serum levels of insulin and/or

leptin mediate the effect of abdominal
obesity on prostate cancer risk.

SUBJECTS AND METHODS

Study Population
Details of the study population have been reported

elsewhere (5,22,23). Briefly, case patients with pri-
mary prostate cancer (International Classification of
Diseases code 185) (24) newly diagnosed from 1993
through 1995 were identified through a rapid report-
ing system. We identified a total of 268 eligible case
patients who represented 95% of the prostate cancer
patients diagnosed in urban Shanghai, China, during
this period. Randomly selected control subjects were
identified from the permanent residents of Shanghai
through household registration records (6.5 million).
We identified 495 healthy control subjects, who
were frequency matched to the expected age distri-
bution (5-year categories) of the case patients.

Data Collection
In-person interviews were conducted to collect

information on demographic characteristics, usual
adult diet (reference period: 5 years before prostate
cancer diagnosis), smoking history, intake of alcohol
and other beverages, personal medical history, and
body size. Case patients were interviewed in the
hospital, and control subjects were interviewed
in their homes. We interviewed 243 (91%) of the
268 eligible case patients and 472 (95%) of the 495
eligible control subjects. On average, case patients
were interviewed within 20 days of diagnosis. After
the interview, standing height, weight, and circum-
ferences of waist, hip, and right upper arm were
measured. Pathology slides of the prostate cancers
from case patients were reviewed by pathologists
from both Shanghai and the U.S. Armed Forces
Institute of Pathology, Washington, DC, to confirm
the prostate cancer diagnosis. After the review, four
case patients were classified as having benign pros-
tatic hyperplasia and were, therefore, excluded from
the study, leaving 239 case patients for analysis.
Written informed consent was obtained from all par-
ticipating subjects, and the study was approved by
the Institutional Review Boards at the U.S. National
Cancer Institute (NCI), Bethesda, MD, and the
Shanghai Cancer Institute.

Blood Collection
A total of 20 mL of blood was collected from

subjects who had fasted overnight. The blood
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samples were taken before treatment or surgery from
200 (83.7%) case patients and from 306 (69.5%)
population control subjects. The refusal among con-
trol subjects was mostly because of cultural reasons.
Immediately after collection, the blood was deliv-
ered to a central laboratory at the Shanghai Cancer
Institute where the serum was separated from the
clotted blood by centrifugation for 15 minutes at
2000g at room temperature. All processed serum
samples were kept frozen at −70 °C at the Shanghai
Cancer Institute until they were shipped in dry ice to
the NCI repository in the United States and then
stored at −70 °C.

Laboratory Methods

We had sufficient sera from 128 case patients who
had not yet received any treatment and from 306
control subjects for serum insulin and leptin assays.
The serum samples were packed in dry ice and
shipped from the NCI repository to the laboratory of
F. Z. Stanczyk via overnight express. The samples
arrived in good condition without any evidence of
thawing and were analyzed for serum insulin, leptin,
and sex hormone levels by one of the authors (F. Z.
Stanczyk).

For the assays, samples were arranged in case–
control pairs and were identified only by specimen-
identification number. Laboratory personnel were
blinded to the case–control status of the individual
specimens. In addition, quality-control samples were
included with the study samples to measure intra-
assay and interassay variations. Leptin and insulin
levels were measured by commercially available
specific radioimmunoassay kits (Linco Research,
St. Charles, MO), as described previously(25,26).
Samples were assayed in duplicate. The limit of sen-
sitivity was 2�U/mL for the insulin assay and 0.5
ng/mL for the leptin assay. The intra-assay and in-
terassay coefficients of variation were 4.0% and
6.0% for the insulin assay and 3.9% and 4.7% for the
leptin assay, respectively. Sex hormones, including
testosterone, dihydrotestosterone, 5�-androstane-
3�,17�-diol glucuronide, and SHBG, were also
assayed by radioimmunoassay at the same labora-
tory (F. Z. Stanczyk), and insulin-like growth
factor-I (IGF-I) and its binding proteins (IGFBP-1
and IGFBP-3) were assayed at Diagnostic System
Laboratory (Webster, TX). Data on sex hormones
and IGFs and their association with prostate cancer
risk are presented in a separate report(23). Serum
prostate-specific antigen (PSA) levels were mea-
sured by Dianon Systems, Inc. (Stratford, CT), by
the PSA immunoassay, performed on the TOSOH
AIA-1200 automated immunoassay instrument
(Dianon Systems, Inc.).

Statistical Analysis

The distributions of leptin, insulin, and WHR
among control subjects were used to create tertiles
for analysis. Odds ratios (ORs) and 95% confidence
intervals (CIs) for prostate cancer risk in relation to
serum levels of leptin and insulin were estimated
by use of multiple logistic regression analysis(27),
simultaneously controlling for several potential con-
founding factors: age at interview, educational level,
BMI, and WHR. BMI, expressed as weight divided
by the square of height (kg/m2), was used as a mea-
sure of overall obesity, and WHR was used as a
measure of abdominal adiposity. BMI and WHR are
physiologic correlates of insulin and leptin levels.

The age-adjusted regression models attempt to cap-
ture an insulin and/or leptin effect, which may or
may not act through the obesity–insulin resistance
or IGF–axis pathways. The BMI- and WHR-
adjusted regression models are likely to capture any
insulin or leptin effect that is independent of these
pathways. IGF-I, IGFBP-1, and sex hormone levels
are potentially associated with both prostate cancer
risk and insulin levels; ORs in certain models were,
therefore, further adjusted for these variables. In
the multivariate models, most of the covariates, in-
cluding age, BMI, and serum levels of sex hor-
mones, were included as continuous variables. In
selected analyses, we considered the case patients
with localized or regional/remote disease as separate
categories to evaluate whether the extent of cancer
affected the exposure measurements and, therefore,
the exposure–disease relationships. Spearman’s
rank-order correlation coefficients were used to
measure the pairwise correlation between serum in-
sulin, leptin, IGFs, and WHR. All statistical tests
were two-sided.

RESULTS

To determine whether serum levels of
insulin and leptin affect the risk of pros-
tate cancer in Chinese men, we conducted
a population-based, case–control study.
The age of case patients at prostate cancer
diagnosis ranged from 50 to 94 years
(median, 73 years). About two thirds of
the case patients were diagnosed with
advanced (regional/remote stage) cancer,
and most (>60%) had moderately or
poorly differentiated cancers. Most
(>75%) case patients were symptomatic
at diagnosis, with 77% having serum PSA
levels greater than 10 ng/mL (median,
87 ng/mL). Table 1 shows demographic
information and anthropometric measures
in case patients and control subjects. The

case patients had a higher caloric intake,
had smaller hips and larger WHRs, and
were less likely to be married, to have
attended college, to smoke, or to drink
alcohol. The prevalence of diabetes, hy-
pertension, and liver cirrhosis was similar
in case patients and control subjects.

We first determined whether there was
a correlation between serum insulin and
leptin levels among control subjects.
Among the 306 control subjects, there
was a statistically significant positive cor-
relation between serum insulin and leptin
levels (r � .52; P<.001) (Table 2). As
shown in Table 2, serum insulin levels
showed a statistically significant positive
correlation with WHR, with serum levels
of IGF-I, IGFBP-3, and 5�-androstane-
3�,17�-diol glucuronide, and with the
ratio of testosterone to SHBG but showed
a statistically significant negative correla-
tion with serum levels of testosterone, di-
hydrotestosterone, SHBG, and IGFBP-1.
Similar correlations were observed for se-
rum leptin levels.

Age-adjusted mean serum levels of
insulin were 11.98�U/mL (95% CI �
10.45 to 13.74) and 7.87�U/mL (95% CI
� 6.97 to 8.88), respectively, among case
patients and control subjects. Age-
adjusted mean serum levels of leptin were
3.32 ng/mL (95% CI� 2.88 to 3.83)
and 3.00 ng/mL (95% CI� 2.64 to 3.40),
respectively, among case patients and
control subjects. Mean serum levels of
insulin in case patients were 52% higher
than those in control subjects (P<.001).
Although mean serum levels of leptin in
case patients were 10% higher than those

Table 1. Selected characteristics of prostate cancer case patients and population control subjects
in China*

Characteristic

Case patients
(n � 128)

Population
control subjects

(n � 306)

Mean SD Mean SD

Age, y 71.9 7.5 72.0 7.2
Total intake of calories, kcal/day 2434 674 2337 709
Height, cm 167.6 5.9 167.5 5.9
Weight, kg 60.8 8.0 61.4 9.9
Body mass index, kg/m2 21.7 3.0 21.9 3.2
Waist circumference, cm 82.9 9.9 82.4 10.4
Hip circumference, cm 90.9 8.7 92.6 8.4
Waist-to-hip ratio 0.91 0.05 0.89 0.05
% married 87.5 91.8
% with education greater than college 17.9 11.0
% smokers 53.9 66.0
% alcohol users 32.0 42.8
% with diabetes 4.0 3.8
% with hypertension 35.9 32.7
% with liver cirrhosis 0.8 0.98

*SD � standard deviation.
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in control subjects, the difference was not
statistically significant.

We next assessed whether serum levels
of insulin or leptin were associated with
prostate cancer risk (Table 3). ORs were
sequentially adjusted first for age, next for
anthropometric factors, and then for se-
rum levels of IGF-I. After all adjustments,
the men in the highest tertile of insulin
levels had a 2.56-fold risk of prostate can-
cer (OR � 2.56; 95% CI �1.38 to 4.75)
relative to the men in the lowest tertile.
After adjustment for age, the men in the
highest tertile of leptin levels had an ap-
proximately twofold risk of prostate can-
cer (OR � 1.78; 95% CI � 1.07 to 2.95)
relative to the men in the lowest tertile.
This excess, however, disappeared after
further adjustment for WHR and IGF-I.

For both insulin and leptin levels, all ORs
for prostate cancer risk changed little after
further adjustment for IGFBP-1, IGFBP-
3, smoking, alcohol consumption, total
caloric intake, and sex hormone levels
(data not shown).

We next assessed the combined effect
of increased levels of insulin, leptin, and
WHR on prostate cancer risk. As shown
in Table 4, at every level of WHR, in-
creased insulin levels were associated
with increased risks of prostate cancer in
a statistically significant dose–response
relationship (P<.001). Compared with the
men in the lowest tertile of WHR levels
(<0.873) and in the lowest tertile of insu-
lin levels (<6.44 �U/mL), the men in the
lowest tertile of WHR levels and in the
highest tertile of insulin levels (>8.81 �U/

mL) had a more than fourfold risk of
prostate cancer (OR � 4.30; 95% CI �
1.17 to 15.70), while the men in the high-
est tertile of WHR levels (>0.900) and in
the highest tertile of insulin levels had a
more than eightfold risk of prostate can-
cer (OR � 8.55; 95% CI � 2.80 to
26.10). In addition, increasing levels of
WHR were associated with statistically
significant excess risks of prostate cancer
for each tertile of insulin levels. The as-
sociations between leptin levels and pros-
tate cancer risk were inconsistent.

We also determined the ORs for the
relationship between insulin and leptin
levels and the stage at diagnosis of pros-
tate cancer. Regardless of the stage at
diagnosis, increased insulin levels were
associated with excess risks of prostate
cancer (the highest tertile of insulin ver-
sus the lowest tertile: OR for localized
stage cancer � 1.81 [95% CI � 0.78 to
4.19]; OR for regional/remote stage can-
cer � 2.50 [95% CI � 1.22 to 8.13]).
Higher levels of leptin were also associ-
ated with an increased risk of prostate
cancer, but the trends were not statisti-
cally significant (data not shown). Risks
of prostate cancer in relation to insulin
levels were further examined by median
levels of WHR, IGF-I, or IGFBP-1.
Regardless of the levels of WHR and
IGFBP-1, higher serum levels of insulin
were associated with statistically signifi-
cantly increased risks of prostate cancer.
Men with higher (> median) serum insu-
lin levels and lower WHR (< median) and
IGF-I levels (< median) had a more than
fourfold risk of prostate cancer (OR �
4.47; 95% CI �1.50 to 13.31).

Table 2. Spearman’s correlation coefficients between serum insulin or leptin levels and selected factors
among 306 population control subjects in China

Factor Insulin Leptin

Insulin 1.00 0.52
Leptin 0.52 1.00
Insulin-like growth factor-I 0.32 0.31
Insulin growth factor-binding protein-1 −0.39 −0.49
Insulin growth factor-binding protein-3 0.19* 0.27
Testosterone −0.25 −0.30
Dihydrotestosterone −0.21† −0.26
5�-androstane-3�,17�-diol glucuronide 0.20‡ 0.26
Sex hormone-binding globulin (SHBG) −0.36 −0.35
Testosterone/SHBG ratio 0.26 0.18§
Body mass index� 0.28 0.38
Waist-to-hip ratio 0.30 0.38

All statistical tests were two-sided. All P values <.001 unless noted.

*P � .009.
†P � .003.
‡P � .006.
§P � .002.
�Body mass index is calculated as weight divided by the square of height (kg/m2).

Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for prostate cancer risk in relation to serum levels of insulin and leptin in
the population-based, case–control study in China

No. of case patients/
control subjects

Adjusted for age
Further adjusted for education
and anthropometric factors* Further adjusted for IGF-I†

OR 95% CI OR 95% CI OR 95% CI

Tertile of insulin‡
Low (<6.44 �U/mL) 26/100 1.00§ — 1.00§ — 1.00§ —
Middle (6.44–8.83 �U/mL) 28/102 1.07 0.59 to 1.96 1.03 0.55 to 1.94 0.99 0.52 to 1.86
High (>8.83 �U/mL) 72/101 2.80 1.64 to 4.78 2.81 1.52 to 5.17 2.56 1.38 to 4.75

Pfor trend� <.001 <.001 .001

Tertile of leptin‡
Low (<2.30 ng/mL) 34/101 1.00§ — 1.00§ — 1.00§ —
Middle (2.31–4.04 ng/mL) 33/101 0.97 0.56 to 1.69 0.67 0.36 to 1.27 0.60 0.38 to 1.15
High (>4.04 ng/mL) 61/102 1.78 1.07 to 2.95 1.10 0.59 to 2.07 0.80 0.52 to 1.90

Pfor trend� .02 .66 .95

*Multivariate adjusted for age, education, body mass index, and waist-to-hip ratio. Leptin model included insulin, and insulin model included leptin.
†IGF-I � insulin-like growth factor-I.
‡Tertiles among control subjects were used as the cutoffs.
§Referent.
�All statistical tests were two-sided.
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DISCUSSION

Results from this population-based, case–
control study suggest that higher serum
levels of insulin are associated with an
increased risk of prostate cancer. To date,
only one study has evaluated the role of
insulin; it found no association with pros-
tate cancer (28). One small case–control
study (43 case patients and 48 healthy
control subjects) (29) reported no associa-
tion of leptin with prostate cancer risk,
while one nested case–control study in
Sweden reported a positive association
with leptin, and a recent clinical survey
(30) showed that higher plasma leptin lev-
els were associated with larger (>0.5 cm3)
tumor volume.

The observed association of insulin
with prostate cancer risk is independent
of overall and abdominal adiposity. Even
among men in the lowest tertile of WHR
(<0.873), those in the highest tertile of
insulin levels had a fourfold risk of pros-
tate cancer, suggesting that insulin may
modulate the risk of prostate cancer
through mechanisms other than obesity.
One such mechanism may be the IGF-I
axis. IGF-I has been implicated in the
regulation of prostate epithelial cell pro-
liferation and in the etiology of prostate
cancer (31–34). Recently, we also re-
ported a positive association of IGF-I
with prostate cancer risk (23). Like IGF-I,
insulin is a mitogen that appears to be
a growth factor for prostatic epithelial
cells and has an antiapoptotic effect
(35,36). Insulin also decreases IGFBP-1
production and secretion, thereby increas-
ing the bioavailability of IGF-I (37).
Furthermore, because the receptors for

insulin and IGF-I are homologous, insulin
can bind to and activate the IGF-I recep-
tor (34). However, despite the potential
relationship between insulin and IGFs, the
observed insulin association with prostate
cancer risk in our study was independent
of IGF-I, IGFBP-1, and IGFBP-3 levels,
and the statistically significant excess
prostate cancer risk associated with high
insulin levels (>7.53 �U/mL) persisted
in the subgroup of men with low WHR
(<0.89) and low IGF-I (<123 �U/mL)
levels (OR � 4.47; 95% CI � 1.50 to
13.31).

The insulin–prostate cancer associa-
tion among men with abdominal obesity
(WHR >0.90) is of special interest be-
cause abdominal adiposity was reported
(5) to be a strong risk factor for prostate
cancer among Chinese men in the same
case–control study. Abdominal obesity,
especially visceral fat (intra-abdominal
fat) obesity, is often associated with insu-
lin resistance and androgen metabolism
(6–9). Thus, in addition to affecting the
IGF-I axis, insulin may affect prostate
cancer risk through the obesity–sex hor-
mone pathway. Insulin appears to regulate
the production and metabolism of testos-
terone and SHBG (38). An in vitro study
(39) showed that insulin suppresses the
hepatic synthesis of SHBG, and cross-
sectional studies (40,41) reported an in-
verse correlation between insulin and
SHBG levels. Decreased levels of SHBG
result in increased levels of the bioactive-
free fraction of testosterone, which, in
turn, may increase the risk of prostate
cancer. Consistent with a study by Haff-
ner (38), we found that serum levels of
insulin correlated negatively with those of

total testosterone, dihydrotestosterone,
and SHBG but positively with those of
5�-androstane-3�,17�-diol glucuronide
and the testosterone/SHBG ratio, which
are surrogate markers of intraprostatic an-
drogenicity (see Table 2). These results
suggest that insulin may influence pros-
tate cancer risk through changes in the
hormonal milieu within the prostate
gland.

However, the earlier reported (5)
WHR association with prostate cancer
risk does not seem to be explained totally
by insulin, since, at each tertile of insulin,
increasing levels of WHR were associated
with an excess prostate cancer risk. Thus,
other biologic mechanisms may be in-
volved. It is unclear whether the underly-
ing biologic mechanisms for a role of in-
sulin in prostate cancer development in
men with or without abdominal obesity
are similar. Further research, especially
prospective studies, is needed to confirm
the insulin association and to elucidate the
specific biologic mechanisms involved.

The reported lower prostate cancer risk
among diabetic patients in some studies
(42–45) but not in all (46) further sup-
ports a potential role for insulin in pros-
tate cancer etiology. The basis for the
reduced prostate cancer risk among dia-
betics is unclear, but potential explana-
tions include lower levels of testosterone
and IGF-I, as well as insulin insensitivity,
in people with non-insulin-dependent dia-
betes mellitus (type II diabetes) (47–49).
Type II diabetes is usually associated with
abdominal obesity and insulin resistance
(50). Metabolic changes in individuals
with type II diabetes are complex; defects
in both insulin secretion and action coex-

Table 4. Odds ratios (ORs) and 95% confidence intervals (CIs) for prostate cancer in relation to serum levels of insulin, by tertile levels
of waist-to-hip ratio (WHR) in the population-based, case–control study in China

Tertile of WHR

Low (<0.873) Middle (0.873–0.900) High (>0.900)

No. of case patients/
control subjects OR* 95% CI

No. of case patients/
control subjects OR 95% CI

No. of case patients/
control subjects OR 95% CI

Tertile of insulin (�U/mL)†
Low (<6.44) 5/42 1.00‡ — 10/37 2.57 0.78 to 8.43 11/21 5.08 1.52 to 17.0
Middle (6.44–8.83) 7/41 1.74 0.49 to 6.12 9/30 2.40 0.71 to 8.05 12/31 3.50 1.07 to 11.50
High (>8.83) 9/18 4.30 1.17 to 15.70 22/31 6.83 2.18 to 21.4 40/52 8.55 2.80 to 26.10

Tertile of leptin (ng/mL)†
Low (<2.30) 9/55 1.00‡ — 10/25 2.38 0.79 to 7.15 14/21 4.00 1.43 to 11.10
Middle (2.31–4.04) 7/24 1.34 0.41 to 4.40 12/46 0.93 0.32 to 2.68 14/31 2.19 0.78 to 6.12
High (>4.04) 5/22 0.97 0.25 to 3.68 20/28 3.18 1.18 to 8.60 36/52 2.89 1.10 to 7.57

*Adjusted for age, education, body mass index, and insulin-like growth factor-I. Leptin model was further adjusted for insulin, and insulin model was further
adjusted for leptin.

†Tertiles among population control subjects were used as cutoffs.
‡Referent.
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ist. Initially, insulin levels may be higher
than normal in the prediabetic state be-
cause of insulin resistance, i.e., more in-
sulin is produced to elicit a biologic re-
sponse. Subsequently, serum insulin
levels in type II diabetic patients (without
insulin injection) may remain low be-
cause a dysfunction of the pancreatic beta
cells can impair insulin secretion (51),
even though these patients are markedly
insulin resistant. Low serum levels of
IGF-I and high serum levels of IGFBP-1
have been reported among diabetic pa-
tients (48), further supporting the possi-
bility of a reduced prostate cancer risk
among these patients. In our study, type II
diabetes was not a risk factor for prostate
cancer, and the exclusion of the 18 sub-
jects with a history of diabetes from the
analysis did not change the insulin results
(data not shown). Although the precise
mechanisms relating obesity, diabetes,
and insulin resistance to prostate cancer
risk are complex and presently unclear, it
is important to clarify the interrelation-
ships among these factors and their role in
prostate cancer etiology because the
prevalence of diabetes and obesity in both
Western and Asian populations has in-
creased over time (52–54).

Few studies have investigated the role
of insulin in prostate cancer, in part be-
cause of the difficulty in measuring insu-
lin sensitivity and resistance in epidemio-
logic studies. Moreover, serum levels
of insulin fluctuate with glucose levels
and food intake. The gold-standard
method used to measure insulin resistance
in clinical studies, the hyperinsulinemic
euglycemic glucose clamp, is complex
and labor intensive and is thus impractical
in large-scale epidemiologic studies (55).
Nevertheless, among healthy subjects
without diabetes, a single measure of fast-
ing insulin compared well with the clamp
measurement (56), suggesting that fasting
insulin levels can be used as a marker of
insulin resistance. Because peripheral
blood insulin levels depend on the rate of
insulin secretion and metabolism, it is not
clear from our study whether it is hyper-
insulinemia per se or insulin resistance
that is associated with the observed ex-
cess risk of prostate cancer. To examine
this question further, future studies should
also incorporate measurements of fasting
glucose to use the homeostasis model
(a mathematical model to assess insulin
resistance and �-cell function based on
insulin and glucose levels) to estimate in-
sulin resistance more accurately (57).

Prostate cancer risk patterns associated
with leptin were less consistent. In this
study, the association of leptin with pros-
tate cancer risk was confined largely
to men with a WHR higher than 0.87,
suggesting that leptin may interact with
markers related to abdominal obesity,
such as sex hormones or IGF-I, to in-
crease the risk of prostate cancer. In fact,
although leptin has a role in gonadotropin
and androgen action in rats (58), the
physiologic role of leptin in humans is
less clear.

Possible limitations of our study were
potential confounding of variables, the
cross-sectional design, and possible dif-
ferential measurement errors. Confound-
ing is possible but should not account for
the insulin or leptin findings entirely
because the observed associations were
independent of several known risk fac-
tors. However, confounding by unconsid-
ered or unmeasured factors cannot be
ruled out because insulin is linked with
many other metabolic measurements.
Thus, it is possible that increased levels of
insulin are markers for other hormonal
or metabolic aberrations that may affect
the risk of prostate cancer.

The cross-sectional design is an inher-
ent limitation of this study that hampers
investigation of the temporal relationship
between insulin or leptin levels and pros-
tate cancer risk. In addition, the presence
of cancer among case patients may poten-
tially affect serum levels of insulin and
leptin. However, such an effect, if any,
should be minimal for several reasons.
First, unlike IGF-I, which can be pro-
duced by prostatic cells, currently there
are no data to suggest that insulin can be
produced by either normal or tumor pros-
tatic cells. Second, in general, anorexia
and cachexia associated with advanced
tumors can result in lower serum levels of
insulin in prostate cancer patients and,
therefore, in an underestimation of the
true association between insulin levels
and prostate cancer risk. Such an effect
should have been minimal in our study
because case patients had little weight
loss (average, 1–2 pounds) and statisti-
cally significantly higher serum levels of
insulin than control subjects. Third, pro-
longed administration of anabolic steroids
can increase insulin levels. Such a treat-
ment effect should have been negligible
in our study because blood samples from
case patients were collected before treat-
ment. Finally, the small difference in lep-
tin and insulin levels between case pa-

tients with localized prostate cancer and
those with regional/remote stage prostate
cancers in our study further suggests that
the exposures in the study were not
greatly influenced by the presence of can-
cer.

Differential measurement errors or
variations are also unlikely explanations
for the observed differences in insulin
levels among case and control subjects
because all serum samples were treated
identically and because the study was de-
signed and conducted with extreme cau-
tion to minimize laboratory variation.
Selection bias was minimal because the
response rate for the study was high,
inclusion of subjects in the study was
not related to survival, and there were
no appreciable differences in demo-
graphic characteristics or in the preva-
lence of potential risk factors between
case patients who gave blood and those
who did not.

In summary, the results from our popu-
lation-based, case–control study in China
suggest that, independent of overall and
abdominal adiposity, higher serum levels
of insulin confer a higher risk of prostate
cancer. Whether concomitant hormonal
and metabolic alterations related to ab-
dominal obesity and insulin resistance
are the underlying mechanisms for the
observed association is unclear. Future
studies, especially prospective studies,
are needed to confirm these results, to
clarify the specific biologic mechanisms
involved, and to determine the clinical
usefulness of the insulin finding in pre-
dicting the risk of clinically significant
prostate cancer. Whether the much low-
er insulin levels and obesity in Chinese
men, relative to Western men, can help
explain the substantial ethnic difference
in prostate cancer risk also needs to be
clarified.

REFERENCES

(1) Hsing AW, Devesa SS, Jin F, Gao YT. Rising
incidence of prostate cancer in Shanghai,
China. Cancer Epidemiol Biomarkers Prev
1998;7:83–4.

(2) Hsing AW, Tsao L, Devesa SS. International
trends and patterns of prostate cancer incidence
and mortality. Int J Cancer 2000;85:60–7.

(3) Kagawa Y. Impact of Westernization on the
nutrition of Japanese: changes in physique,
cancer, longevity, and centenarians. Prev Med
1978;7:205–17.

(4) Tominaga S, Kuroishi T. An ecological study
on diet/nutrition and cancer in Japan. Int J Can-
cer 1997;Suppl 10:2–6.

Journal of the National Cancer Institute, Vol. 93, No. 10, May 16, 2001 REPORTS 787



(5) Hsing AW, Deng J, Sesterhenn I, Mostofi KF,
Stanczyk FZ, Benichou J, et al. Body size and
prostate cancer: a population-based case–con-
trol study in China. Cancer Epidemiol Biomar-
kers Prev 2000;9:1335–41.

(6) Gray DS, Fujioka K, Devine W, Cuyegkeng T.
Abdominal obesity is associated with insulin
resistance. Fam Med 1993;25:396–400.

(7) Kawamoto T, Ishikawa K. Intra-abdominal fat,
lipid metabolism and insulin resistance in coro-
nary artery disease. Hypertens Res 1996;19:
Suppl 1:S69–74.

(8) Bjorntorp P. Body fat distribution, insulin re-
sistance, and metabolic diseases. Nutrition
1997;13:795–803.

(9) Bjorntorp P. Metabolic implications of body
fat distribution. Diabetes Care 1991;14:1132–43.

(10) Maffei M, Halaas J, Ravussin E, Pratley RE,
Lee GH, Zhang Y, et al. Leptin levels in human
and rodent: measurement of plasma leptin and
ob RNA in obese and weight-reduced subjects.
Nat Med 1995;1:1155–61.

(11) Bergman RN, Van Citters GW, Mittelman SD,
Dea MK, Hamilton-Wessler M, Kim SP, et al.
Central role of the adipocyte in the metabolic
syndrome. J Investig Med 2001;49:119–26.

(12) Niskanen LK, Haffner S, Karhunen LJ, Turpe-
inen AK, Miettinen H, Uusitupa MI. Serum
leptin in obesity is related to gender and body
fat topography but does not predict successful
weight loss. Eur J Endocrinol 1997;137:61–7.

(13) Bennett FI, McFarlane-Anderson N, Wilks R,
Luke A, Cooper RS, Forrester TE. Leptin con-
centration in women is influenced by regional
distribution of adipose tissue. Am J Clin Nutr
1997;66:1340–4.

(14) van Aggel-Leijssen DP, van Baak MA, Tenen-
baum R, Campfield LA, Saris WH. Regulation
of average 24h human plasma leptin level; the
influence of exercise and physiological
changes in energy balance. Int J Obes Relat
Metab Disord 1999;23:151–8.

(15) Larsson H, Elmstahl S, Berglund G, Ahren B.
Evidence for leptin regulation of food intake in
humans. Clin Endocrinol Metab 1998;83:
4382–5.

(16) Licinio J, Mantzoros C, Negrao AB, Cizza G,
Wong ML, Bongiorno PB, et al. Human leptin
levels are pulsatile and inversely related to
pituitary-adrenal function. Nat Med 1997;3:
575–9.

(17) Haffner SM, Miettinen H, Karhapaa P, Myk-
kanen L, Laakso M. Leptin concentrations, sex
hormones, and cortisol in nondiabetic men.
J Clin Endocrinol Metab 1997;82:1807–9.

(18) Russell CD, Petersen RN, Rao SP, Ricci
MR, Prasad A, Zhang Y, et al. Leptin expres-
sion in adipose tissue from obese humans:
depot-specific regulation by insulin and dexa-
methasone. Am J Physiol 1998;275(3 Pt 1):
E507–15.

(19) Segal KR, Landt M, Klein S. Relationship be-
tween insulin sensitivity and plasma leptin con-
centration in lean and obese men. Diabetes
1996;45:988–91.

(20) Johannsson G, Karlsson C, Lonn L, Marin P,
Bjorntorp P, Sjostrom L, et al. Serum leptin
concentration and insulin sensitivity in men
with abdominal obesity. Obes Res 1998;6:
416–21.

(21) Ho SC, Tai ES, Eng PH, Ramli A, Tan CE, Fok
AC. A study in the relationships between lep-
tin, insulin, and body fat in Asian subjects. Int
J Obes Relat Metab Disord 1999;23:246–52.

(22) Hsing AW, Gao YT, Wu G, Wang X, Deng J,
Chen YL, et al. Polymorphic CAG and GGN
repeat lengths in the androgen receptor gene
and prostate cancer risk: a population-based
case–control study in China. Cancer Res 2000;
60:5111–6.

(23) Chokkalingam AP, Pollak M, Fillmore CM,
Gao YT, Stanczyk FZ, Deng J, et al. Insulin-
like growth factors and prostate cancer: a popu-
lation-based case–control study in China. Can-
cer Epidemiol Biomarkers Prev. In press 2001.

(24) World Health Organization (WHO). Manual
of the International Statistical Classification of
Diseases, Injuries, and Causes of Death.
Geneva (Switzerland): WHO; 1977.

(25) Ma Z, Gingerich RL, Santiago JV, Klein S,
Smith CH, Landt M, et al. Radioimmunoassay
of leptin in human plasma. Clin Chem 1996;
42:942–6.

(26) Morgan CR, Lazarow A. Immunoassay of
insulin: two antibody system plasma insulin
levels in normal subdiabetic and diabetic rats.
Diabetes 1963;12:115–26.

(27) Breslow NE, Day NE. Statistical methods in
cancer research. Volume 1—The analysis of
case–control studies. IARC Sci Publ 1980;32:
5–338.

(28) Stattin P, Soderberg S, Hallmans G, Bylund A,
Kaaks R, Stenman UH, et al. Leptin is associ-
ated with increased prostate cancer risk:
a nested case–referent study. J Clin Endocrinol
Metab 2001;86:1341–5.

(29) Lagiou P, Singorello LB, Trichopoulos D,
Tzonou A, Trichopolous A, Mantzoros CS.
Leptin in relation to prostate cancer and benign
prostatic hyperplasia. Int J Cancer 1998;76:
25–8.

(30) Chang S, Hursting SD, Contois JH, Stron SS,
Yamamaura Y, Babaian RJ, et al. Leptin and
prostate cancer. Prostate 2001;46:62–7.

(31) Chan JM, Stampfer MJ, Giovannucci E, Gann
PH, Ma J, Wilkinson P, et al. Plasma insulin-
like growth factor-I and prostate cancer risk:
a prospective study. Science 1998;279:563–6.

(32) Wolk A, Mantzoros CS, Andersson SO, Berg-
strom R, Signorello LB, Lagiou P, et al. Insu-
lin-like growth factor 1 and prostate cancer
risk: a population-based, case–control study.
J Natl Cancer Inst 1998;90:911–5.

(33) Pollak M, Beamer W, Zhang JC. Insulin-like
growth factors and prostate cancer. Cancer
Metastasis Rev 1998–99;17:383–90.

(34) Giovannucci E. Insulin-like growth factor-I
and binding protein-3 and risk of cancer. Horm
Res 1999;51 Suppl 3:34–41.

(35) Peehl DM, Stamey TA. Serum-free growth of
adult human prostatic epithelial cells. In Vitro
Cell Dev Biol 1986;22:82–90.

(36) Suikkari AM, Koivisto VA, Rutanen EM,
Yki-Jarvinen H, Karonen SL, Seppala M. In-
sulin regulates the serum levels of low molecu-
lar weight insulin-like growth factor-binding
protein. J Clin Endocrinol Metab 1988;66:
266–72.

(37) McCarty MF. Up-regulation of IGF binding
protein-1 as an anticarcinogenic strategy: rel-

evance to caloric restriction, exercise, and
insulin sensitivity. Med Hypotheses 1997;48:
297–308.

(38) Haffner SM. Sex hormones, obesity, fat distri-
bution, type 2 diabetes and insulin resistance:
epidemiological and clinical correlation. Int
J Obes Relat Metab Disord 2000;24 Suppl
2:S56–8.

(39) Kelley KM, Oh Y, Gargosky SE, Gucev
Z, Matsumoto T, Hwa V, et al. Insulin-like
growth factor-binding proteins (IGFBPs) and
their regulatory dynamics. Int J Biochem Cell
Biol 1996;28:619–37.

(40) Vettor R, De Pergola G, Pagano C, Englaro P,
Laudadio E, Giorgino F, et al. Gender differ-
ences in serum leptin in obese people: relation-
ships with testosterone, body fat distribution
and insulin sensitivity. Eur J Clin Invest 1997;
27:1016–24.

(41) Haffner SM, Katz MS, Dunn JF. The relation-
ship of insulin sensitivity and metabolic clear-
ance of insulin to adiposity and sex hormone
binding globulin. Endocr Res 1990;16:361–76.

(42) Giovannucci E, Rimm EB, Stampfer MJ,
Colditz GA, Willett WC. Diabetes mellitus and
risk of prostate cancer (United States). Cancer
Causes Control 1998;9:3–9.

(43) Will JC, Vinicor F, Calle EE. Is diabetes mel-
litus associated with prostate cancer incidence
and survival? Epidemiology 1999;10:313–8.

(44) Adami HO, McLaughlin J, Ekbom A, Berne C,
Silverman D, Hacker D, et al. Cancer risk in
patients with diabetes mellitus. Cancer Causes
Control 1991;2:307–14.

(45) Thompson MM, Garland C, Barrett-Connor E,
Khaw KT, Friedlander NJ, Wingard DL. Heart
disease risk factors, diabetes, and prostate can-
cer in an adult community. Am J Epidemiol
1989;129:511–7.

(46) Hsieh CC, Thanos A, Mitropoulos D, Deliv-
eliotis C, Nantzoros CS, Trichopoulos D. Risk
factors for prostate cancer: a case–control
study in Greece. Int J Cancer 1999;80:699–
703.

(47) Barrett-Connor E, Khaw KT, Yen SS. Endog-
enous sex hormone levels in older adult men
with diabetes mellitus. Am J Epidemiol 1990;
132:895–901.

(48) Clauson PG, Brismar K, Hall K, Linnarsson R,
Grill V. Insulin-like growth factor-I and insu-
lin-like growth factor binding protein-1 in
a representative population of type 2 diabetic
patients in Sweden. Scand J Clin Lab Invest
1998;58:353–60.

(49) Haffner SM, Shaten J, Stern MP, Smith GD,
Kuller L. Low levels of sex hormone-binding
globulin and testosterone predict the develop-
ment of non-insulin-dependent diabetes melli-
tus in men. MRFIT Research Group. Multiple
Risk Factor Intervention Trial. Am J Epidemiol
1996;143:889–97.

(50) Bjorntorp P. Regional obesity and NIDDM.
Adv Exp Med Biol 1993;334:279–85.

(51) Polonsky KS. Evolution of beta-cell dysfunc-
tion in impaired glucose tolerance and diabe-
tes. Exp Clin Endocrinol Diabetes 1999;107
Suppl 4:S124–7.

(52) King H, Rewers M. Global estimates for preva-
lence of diabetes mellitus and impaired glucose
tolerance in adults. WHO Ad Hoc Diabetes

788 REPORTS Journal of the National Cancer Institute, Vol. 93, No. 10, May 16, 2001



Reporting Group. Diabetes Care 1993;16:
157–77.

(53) Harris MI, Flegal KM, Cowie CC, Eberhardt
MS, Goldstein DE, Little RR, et al. Prevalence
of diabetes, impaired fasting glucose, and im-
paired glucose tolerance in U.S. adults. The
Third National Health and Nutrition Examina-
tion Survey, 1988–1994. Diabetes Care 1998;
21:518–24.

(54) Flegal KM, Carroll MD, Kuczmarski RJ,
Johnson CL. Overweight and obesity in the
United States: prevalence and trends, 1960–
1994. Int J Obes Relat Metab Disord 1998;22:
39–47.

(55) Martinez FJ, Villa E, Serrano J, Garcia-Robles
R. Diagnosis of insulin resistance. Drugs 1993;
46 Suppl 2:165–71.

(56) Laakso M. How good a marker is insulin level
for insulin resistance? Am J Epidemiol 1993;
137:959–65.

(57) Tai ES, Lim SC, Chew SK, Tan BY, Tan CE.
Homeostasis model assessment in a population
with mixed ethnicity: the 1992 Singapore
National Health Survey. Diabetes Res Clin
Pract 2000;49:159–68.

(58) Wang SW, Chiao YC, Tsai SC, Lu CC, Chen
JJ, Shih HC, et al. Inhibition of bufalin on
pituitary and testicular function in rats. J Phar-
macol Exp Ther 1997;283:528–32.

NOTES

We thank Drs. Robert Hoover (National Cancer
Institute, Rockville, MD) and Abraham Nomura

(Kuakini Medical Center, Honolulu, HI) for their
insightful comments. We also thank Jiaorong Cheng
of the Shanghai Cancer Institute (China) for spec-
imen collection and processing; collaborating
hospitals and urologists for data collection; patholo-
gists for pathology review; Linda Lannom, John
Heinrich, Nancy Odaka, Kimberly Viskul, Millie
Bendel, and Harvey Co Chien of Westat (Rock-
ville, MD) for data preparation and management;
Mary McAdams, Jean Cyr, and Leslie Carroll of
Information Management Systems, Inc. (Silver
Spring, MD) for data analysis; and Janis Koci of the
Scientific Applications International Corporation
(Frederick, MD) for management of the biologic
samples.

Manuscript received October 12, 2000; revised
March 1, 2001; accepted March 12, 2001.

Journal of the National Cancer Institute, Vol. 93, No. 10, May 16, 2001 REPORTS 789


