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population provide evidence that IGF-I, IGFBP-3, and
IGFBP-1 are determinants of prostate cancer and
indicate that additional studies are needed to evaluate
their effects on ethnic and geographic incidence
differentials and to elucidate carcinogenic mechanisms.
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Introduction
IGF-I2 and IGF-II are polypeptides functioning as both tissue
growth factors and endocrine hormones (1, 2). Whereas IGF-I
is a principal regulator of childhood and adult growth, IGF-II
functions primarily during prenatal life (3). In addition to being
regulators of breast, lung, and colon cancer cells (3, 4), IGF-I
and -II have strong mitogenic and antiapoptotic effects on both
normal and transformed prostate epithelial cells in vitro and in
vivo (5–7), suggesting that IGFs may promote the development
and growth of prostate cancer in humans.
The bioavailability of IGFs is modulated by IGFBPs. By
binding to IGFs, IGFBPs limit the availability of free IGFs,
which are required to activate the type I IGF receptor, the
principal mediator of IGF regulatory effects (8). Of the IGFBPs
identified to date, IGFBP-3 is present in the highest concentrations in the circulating blood (9), with ⬎90% of circulating
IGFs forming ternary complexes with IGFBP-3 and a protein
known as acid-labile subunit (4). Although IGFBP-3 may promote cellular apoptosis through reduction of free IGF-I (4), its
apoptotic effects are not necessarily dependent on blocking the
binding of IGFs to the type I IGF receptor (1, 10); thus,
IGFBP-3 may inhibit growth by both IGF-dependent and
-independent mechanisms. IGFBP-1, present at much lower
concentrations in the circulation than IGFBP-3, may be able to
cross capillary walls because it does not circulate as part of a
large protein complex; it therefore may regulate IGF bioavailability through transcapillary transport to the extravascular
space (11).
Four recent epidemiological studies, two retrospective (12,
13) and two prospective (14, 15), conducted in Greece, Sweden,
and the United States revealed that circulating levels of IGF-I
are associated with prostate cancer risk, despite differences in
laboratory methods (RIA, immunoradiometric assay, and
ELISA) and biological specimens used (serum versus plasma).
In one of the three studies assessing levels of IGFBP-3 (14),
there was an inverse association with prostate cancer risk. In
contrast, in the only study of IGFBP-1 levels, there was a
positive association with prostate cancer risk (16). IGF-II was
associated with prostate cancer risk in one study (15), but not
another (14).
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Because the previous epidemiological studies of IGFs and
IGFBPs in relation to prostate cancer were conducted in highrisk Western populations, we investigated the effects of plasma
IGF-I, IGF-II, IGFBP-1, and IGFBP-3 levels as part of a
population-based case-control study of prostate cancer in
China, where incidence rates are among the lowest in the world
(17).
Materials and Methods
Study Population. Details of this study have been described
previously3 (18, 19). Briefly, cases of primary prostate cancer
newly diagnosed in urban Shanghai between 1993 and 1995
were identified through a rapid reporting system established by
the Shanghai Cancer Registry. Because prostate screening is
not widespread in China, cases were patients with clinically
significant prostate cancer who presented with symptoms.
Cases were classified as having localized (American Urological
Association stage A or B) or advanced (stage C or D) disease.
On the basis of a regional registry of all persons over age 18 in
urban Shanghai, male population controls were selected randomly from the 6.5 million permanent residents of the region
and frequency-matched to the expected age distribution (by
5-year age categories) of the cases. Using a structured questionnaire, trained interviewers elicited information on epidemiological risk factors from cases and controls within 30 days
after selection. Anthropometric measures were taken during the
interview. This study was approved by the Office of Human
Subjects Research, NIH (Bethesda, MD), and the Institutional
Review Board, Shanghai Cancer Institute (Shanghai, China).
Blood Collection and Laboratory Assays. Cases and controls
provided 20 ml of fasting blood for the study. Samples for cases
were collected at the hospital prior to treatment, whereas those
for controls were collected at the time of interview. Samples
were processed within 3 h of collection at a central laboratory
in Shanghai, and the plasma fractions were stored at ⫺70°C
before being shipped frozen to the United States on dry ice.
Laboratory personnel were masked to case-control status.
Samples were physically arranged in case-control pairs or triplets to minimize day-to-day laboratory variation. Plasma levels
of IGF-I and IGF-II were determined using assay kits based on
ELISA preceded by IGFBP removal via acid-ethanol extraction
(DSL, Webster, TX). The lower limits of detection of the IGF-I
and IGF-II assays are 0.03 and 2.4 ng/ml, respectively.
IGFBP-1 and IGFBP-3 were also quantified using ELISA assays from DSL; the lower limit of detection of both assays is
0.04 ng/ml. For all four analytes, each sample was assayed
twice, and the mean of the two determinations was used for data
analysis. Samples for which the relative difference between the
two determinations exceeded 10% were repeated. Split samples
(n ⫽ 45) from a single individual were included among the
study samples and used to assess laboratory reproducibility. For
IGF-I, IGF-II, IGFBP-1, and IGFBP-3, the coefficients of variation for these split samples were 11.2, 13.8, 16.4, and 17.3%,
respectively. At a separate laboratory, we compared IGF-I
results from the ELISA kit (DSL) with those from a RIA kit
(Nichols Institute Diagnostics, San Juan Capistrano, CA), using
a subset of the samples (n ⫽ 34), and found similar results: the
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Table 1

Selected characteristics of 128 prostate cancer cases and 306
population controls in a Chinese population
Characteristic

Cases
(n ⫽ 128)

71.9 (7.5)
Agea (years)
Married,b n (%)
112 (87.5%)
Education ⱖ middle school, n (%)
48 (37.5%)
Ever used alcohol, n (%)
41 (32.0%)
Ever smoked, n (%)
69 (53.9%)
Heighta (cm)
167.6 (5.9)
Weighta (kg)
60.8 (8.0)
BMIa (kg/m2)
21.7 (3.0)
Waist-to-hip ratioa
0.91 (0.05)
PSAb (ng/ml)
89.5
a,c
Total daily dietary intake (kcal) 2434 (674)

Population controls
(n ⫽ 306)
72.0 (7.0)
281 (91.8%)
78 (25.5%)
131 (42.8%)
202 (66.0%)
167.5 (5.9)
61.4 (10.1)
21.9 (3.3)
0.89 (0.06)
1.6
2337 (726)

a

Mean (SD).
Median.
c
Does not include calories from alcohol intake.
b

difference in means was 3.4%, and the Spearman correlation
coefficient was 0.77.
RIA was used to measure serum 3␣-diol G and SHBG.
Statistical Analysis. To avoid a potential treatment effect
among cases, only cases whose samples were collected at least
1 day prior to treatment were included in this analysis. Using t
tests, we compared the mean plasma levels of IGF-I, IGF-II,
IGFBP-1, and IGFBP-3 between cases and controls. We examined among controls the Spearman correlations of IGF-I, IGFII, IGFBP-1, and IGFBP-3 with each other and with other
potential risk factors, including serum 3␣-diol G and SHBG, as
well as weight, height, BMI, and waist-to-hip ratio (a measure
of abdominal adiposity). Stratified analyses were used to identify potential confounding factors. Unconditional logistic regression was used to generate ORs and 95% CIs estimating the
association of IGFs with prostate cancer after adjustment for
other potential risk factors (20). For logistic regression analyses, IGF-I, IGF-II, IGFBP-1, and IGFBP-3 levels among cases
and controls were categorized according to quartiles defined by
the distributions among controls. Tests for linear trend were
performed using quartile levels as continuous variables. All
presented Ps are two-sided.
Results
Selected characteristics of the 128 cases and 306 controls
included in this analysis are presented in Table 1. Compared
with controls, cases tended to be more educated, less likely to
be married, and less likely to smoke or consume alcohol.
The mean IGF-I level among cases was significantly
higher than among controls (138.6 versus 123.7 ng/ml; P ⫽
0.006; Table 2). In contrast, the age-adjusted mean IGFBP-1
level was lower among cases than controls, although not significantly (P ⫽ 0.39). The age-adjusted mean IGF-II and
IGFBP-3 levels did not differ significantly between cases and
controls (P ⫽ 0.84 and 0.85, respectively). Among the 306
controls, levels of IGF-I, IGF-II, and IGFBP-3 were all positively correlated with one another, whereas IGFBP-1 was inversely correlated with the others (Table 3). SHBG and 3␣-diol
G levels were correlated with all of the IGFs and IGFBPs, as
were all of the anthropometric factors, including height, weight,
BMI, and waist-to-hip ratio. Interestingly, the correlations with
IGFBP-1 were almost all inverse.
The ORs associated with prostate cancer risk by IGF-I,
IGF-II, IGFBP-1, and IGFBP-3 level, as well as the IGF-I:
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Table 2

Means of IGF-I, IGF-II, IGFBP-1, and IGFBP-3 by
case/control status

Variable

Cases (n ⫽ 128)
Mean

95% CI

Controls (n ⫽ 306)
Mean

P

95% CI

IGF-I (ng/ml)
138.6 129.1–148.0
123.7 118.9–128.4
IGF-II (ng/ml)
438.1 416.2–459.9
440.6 426.3–454.9
IGFBP-1 (ng/ml) 103.6
92.4–114.9
109.5 102.2–116.7
IGFBP-3 (ng/ml) 2775.5 2634.8–2916.2 2792.0 2701.0–2883.1

Table 3

a
b
c

0.005
0.84
0.39
0.85

Spearman correlation coefficients of selected variables among
population controls

Variable

IGF-I

IGF-II

IGFBP-1

IGFBP-3

IGF-I
IGF-II
IGFBP-1
IGFBP-3
SHBG
3␣-diol G
Weight
Height
BMI
Waist-to-hip ratio

1.00
0.67a
⫺0.38a
0.66a
⫺0.46a
0.16b
0.27a
0.21a
0.20a
0.11c

1.00
⫺0.38a
0.72a
⫺0.43a
0.21a
0.18b
0.12c
0.13c
0.14c

1.00
⫺0.36a
0.41a
⫺0.23a
⫺0.33a
⫺0.08
⫺0.31a
⫺0.32a

1.00
⫺0.41a
0.09
0.15b
0.11c
0.13c
0.13c

P ⬍ 0.001.
P ⬍ 0.01.
P ⬍ 0.05.

IGFBP-3 molar ratio are presented in Table 4. In the ageadjusted model, men in the highest quartile of plasma IGF-I had
a non-significantly increased risk. Although increased risks
were not observed for men in the second and third quartiles,
there was a borderline significant positive trend (Ptrend ⫽ 0.09).
Risks were unrelated to plasma IGF-II, IGFBP-1, or IGFBP-3
levels after adjustment for age alone. Further adjustment for
IGFBP-1 and IGFBP-3 increased the strength of the association
between IGF-I and prostate cancer risk; relative to the lowest
quartile of IGF-I levels, men in the highest quartile had a
2.6-fold higher risk, with a significant positive trend (OR ⫽
2.63; 95% CI ⫽ 1.19 –5.79; Ptrend ⫽ 0.01). Similar risks were
associated with the highest quartile of the IGF-I:IGFBP-3 molar
ratio, which estimates the proportion of free IGF-I in the circulation (OR ⫽ 2.51; 95% CI ⫽ 1.32– 4.75; Ptrend ⬍ 0.001). In
contrast, IGF-II was not associated with prostate cancer risk
after adjustment for age, IGFBP-3, and IGFBP-1.
Although inclusion of IGFBP-1 among the adjustment
factors improved model fit for both IGF-I and IGF-II, it did not
materially alter their point estimates. When we adjusted only
for age and IGFBP-3, the highest quartile of IGF-I was associated with a 2.4-fold higher prostate cancer risk (OR ⫽ 2.35;
95% CI ⫽ 1.11– 4.97; Ptrend ⫽ 0.01), whereas that of IGF-II
remained unassociated with risk (OR ⫽ 1.25; 95% CI ⫽ 0.55–
2.86; Ptrend ⫽ 0.60).
Adjustment for both age and IGF-I revealed a nonsignificant inverse association between IGFBP-1 and prostate cancer
risk (OR ⫽ 0.60; 95% CI ⫽ 0.31–1.17; Ptrend ⫽ 0.25). A
stronger inverse association was observed between IGFBP-3
and risk after adjustment for age and IGF-I; men in the highest
quartile of IGFBP-3 levels had a 46% decreased risk cancer
relative to the lowest quartile, with a borderline significant
inverse trend (OR ⫽ 0.54; 95% CI ⫽ 0.26 –1.15; Ptrend ⫽ 0.08).
Except for 3␣-diol G and SHBG, no other measured factors, including estradiol, height, weight, BMI, and waist-to-hip

ratio, were found to materially change the ORs or improve
model fit for any of the IGFs and IGFBPs. Adjustment for
3␣-diol G, believed to be a good indicator of intraprostatic
androgenicity (21), together with the binding protein SHBG in
multivariate models increased the magnitude of all of the IGF
and IGFBP associations (Table 4). In these models, the OR
comparing the highest to lowest quartiles of IGF-I increased
from 2.63 to 3.92 (95% CI ⫽ 1.58 –9.70; Ptrend ⫽ 0.003), with
a similar effect on the risk estimate for the IGF-I:IGFBP-3
molar ratio. The OR comparing the highest to lowest quartiles
of IGFBP-1 decreased from 0.60 to 0.40 with a significant
inverse trend (95% CI ⫽ 0.19 – 0.85; Ptrend ⫽ 0.03). A similar
but less pronounced effect was observed for the association
with IGFBP-3 (OR ⫽ 0.47; 95% CI ⫽ 0.21–1.05; Ptrend ⫽
0.06). Adjustment for 3␣-diol G and SHBG also increased the
risk estimate for IGF-II, although not significantly (OR ⫽ 2.22;
95% CI ⫽ 0.83–5.93; Ptrend ⫽ 0.16).
The multivariate results stratified by clinical stage of prostate cancer (localized versus regional/remote) are shown in
Table 5. IGF-I was significantly associated with prostate cancer
risk in both stages, but was more pronounced for localized
disease. The ORs comparing highest to lowest quartiles of
IGF-I were 15.73 (95% CI ⫽ 3.04 – 81.94) for localized disease
and 2.17 (95% CI ⫽ 0.78 – 6.01) for regional/remote disease.
This result was reflected in the IGF-I:IGFBP-3 molar ratio
findings, which showed a higher OR for localized (OR ⫽ 6.30;
95% CI ⫽ 1.96 –20.24) than for regional/remote stage disease
(OR ⫽ 2.53; 95% CI ⫽ 1.11–5.78). The ORs comparing the
highest to lowest quartiles of IGFBP-1 were somewhat higher
for localized than for advanced stage disease, whereas for
IGFBP-3 and IGF-II, the ORs were slightly higher for advanced
than for localized stage disease.
Although there was no significant effect modification by
any of the other potential risk factors studied, increasing levels
of IGF-I were not associated with prostate cancer risk among
men with below-median levels of 3␣-diol G (Ptrend ⫽ 0.21;
Table 6). In contrast, among men with 3␣-diol G levels at or
above the median, increasing IGF-I levels were strongly related
to increases in risk (Ptrend ⫽ 0.004). In addition, we found that
the slope of the risks associated with increasing quartiles of
IGF-I among those with 3␣-diol G levels at or above the
median was significantly different from that among men with
3␣-diol G levels below the median (P ⫽ 0.03).
Discussion
In this case-control study conducted in a low-risk population in
China, we found a strong dose-dependent association between
increasing plasma levels of total IGF-I and prostate cancer risk,
as well as inverse associations with levels of IGFBP-1 and
IGFBP-3. In contrast, we found no association between levels
of IGF-II and prostate cancer risk.
The effects of IGF-I, IGFBP-1, and IGFBP-3 on prostate
cancer risk are biologically plausible, as demonstrated by numerous in vitro and in vivo studies (1, 9). It has been suggested
that total plasma IGF-I may be a surrogate for tissue IGF-I
bioactivity (4, 9), which is supported by our finding that the
prostate cancer risk associated with the IGF-I:IGFBP-3 molar
ratio (an indirect measure of free IGF-I) was similar to that for
plasma IGF-I alone. In this manner, increasing levels of circulating IGF-I may indicate increasing activation of the type I IGF
receptor and thus increasing growth of prostate cancer. In
contrast, increasing levels of circulating IGFBPs, including
IGFBP-1 and IGFBP-3, lower the amount of free IGF-I, indicating a reduction in activation of the type I IGF receptor and
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Table 4

ORs of prostate cancer in relation to plasma levels of IGF-I, IGF-II, IGFBP-1, and IGFBP-3 in a Chinese population
Adjusted for age onlya

Adjusted for age, IGFsb

Quartile

Adjusted for age, IGFs, SHBG,
3␣-diol Gc

n (cases/controls)

OR (95% CI)

n (cases/controls)

OR (95% CI)

n (cases/controls)

OR (95% CI)

1.00
0.79 (0.41–1.52)
0.93 (0.49–1.77)
1.58 (0.87–2.88)
Ptrend ⫽ 0.09
1.00
1.13 (0.61–2.09)
1.20 (0.65–2.21)
1.01 (0.53–1.90)
Ptrend ⫽ 0.94
1.00
0.61 (0.33–1.13)
0.80 (0.45–1.43)
0.54 (0.29–1.02)
Ptrend ⫽ 0.62
1.00
0.97 (0.53–1.76)
0.77 (0.42–1.42)
0.90 (0.49–1.66)
Ptrend ⫽ 0.59
1.00
0.61 (0.29–1.26)
1.24 (0.66–2.34)
2.19 (1.21–3.96)
Ptrend ⫽ 0.001

26/73
24/76
27/76
48/75

1.00
1.00 (0.49–2.03)
1.39 (0.66–2.93)
2.63 (1.19–5.79)
Ptrend ⫽ 0.01
1.00
1.16 (0.56–2.38)
1.21 (0.56–2.62)
1.13 (0.48–2.68)
Ptrend ⫽ 0.80
1.00
0.62 (0.34–1.16)
0.88 (0.48–1.60)
0.60 (0.31–1.17)
Ptrend ⫽ 0.25
1.00
0.84 (0.45–1.58)
0.55 (0.27–1.13)
0.54 (0.26–1.15)
Ptrend ⫽ 0.08
1.00
0.71 (0.33–1.51)
1.44 (0.74–2.80)
2.51 (1.32–4.75)
Ptrend ⬍ 0.001

26/73
24/76
27/75
47/75

1.00
1.52 (0.69–3.38)
1.81 (0.77–4.23)
3.92 (1.58–9.70)
Ptrend ⫽ 0.003
1.00
1.84 (0.81–4.17)
1.95 (0.82–4.67)
2.22 (0.83–5.93)
Ptrend ⫽ 0.16
1.00
0.53 (0.27–1.04)
0.62 (0.31–1.21)
0.40 (0.19–0.85)
Ptrend ⫽ 0.03
1.00
0.70 (0.35–1.41)
0.50 (0.23–1.11)
0.47 (0.21–1.05)
Ptrend ⫽ 0.06
1.00
0.71 (0.31–1.61)
1.91 (0.92–3.96)
3.58 (1.74–7.35)
Ptrend ⬍ 0.001

IGF-I

Q1
Q2
Q3
Q4

(⬍93.2 ng/ml)
(93.2–123.2 ng/ml)
(123.3–151.7 ng/ml)
(⬎151.7 ng/ml)

29/76
24/77
27/76
48/77

IGF-II

Q1
Q2
Q3
Q4

(⬍343.5 ng/ml)
(343.5–433.2 ng/ml)
(433.3–521.9 ng/ml)
(⬎521.9 ng/ml)

29/76
34/77
35/76
30/77

IGFBP-1

Q1
Q2
Q3
Q4

(⬍61.7 ng/ml)
(61.7–94.8 ng/ml)
(94.9–149.0 ng/ml)
(⬎149.0 ng/ml)

41/75
25/75
33/75
26/75

IGFBP-3

Q1
Q2
Q3
Q4

(⬍2238.6 ng/ml)
(2238.6–2813.0 ng/ml)
(2813.1–3248.0 ng/ml)
(⬎3248.0 ng/ml)

36/76
31/76
28/76
33/77

IGF-I:IGFBP-3d

Q1
Q2
Q3
Q4

(⬍0.0362)
(0.0362–0.0432)
(0.0433–0.0519)
(⬎0.0519)

24/76
16/77
31/75
57/76

28/71
33/77
34/76
30/76
41/75
25/75
33/75
26/75
36/76
31/76
28/76
33/77
21/74
16/76
31/74
57/76

28/71
33/77
33/75
30/76
41/75
24/75
33/75
26/74
35/76
31/76
28/75
33/77
21/74
16/76
31/74
56/75

Adjusted for age (⬍60, 60 – 64, 65– 69, 70 –74, 75–79, 80 – 84, ⬎84 years).
Same as age, but IGF-I, IGF-II, and IGF-I:IGFBP-3 ratio adjusted for IGFBP-1 (quartiles) and IGFBP-3 (quartiles); IGFBP-1 and IGFBP-3 adjusted for IGF-I (quartiles).
Same as (age plus IGFs) but further adjusted for SHBG (⬍319, 319 –517, 518 –742, ⬎742 nmol/l) and 3␣-diol G (⬍28, 28 –36, 37– 48, ⬎48 ng/dl).
d
Indirect measure of free IGF-I.
a
b
c

thus a reduction in growth of prostate cancer. In addition, the
IGF-I-independent association between IGFBP-3 and prostate
cancer risk is consistent with the observation that IGFBP-3 can
induce apoptosis independent of its IGF-sequestering action
(10).
The positive association between circulating levels of
IGF-I and prostate cancer risk among Chinese men is consistent
with findings in high-risk Western populations in countries
such as Greece, Sweden, and the United States (12–15). In
addition, the magnitude of IGF-I-associated risk observed in all
these populations is similar. The consistent findings from three
retrospective studies (this study and Refs. 12, 13) and two
prospective studies (14, 15) in various racial/ethnic populations, using different assay methods, support the etiological role
of IGF-I in prostate cancer. In our study, the excess risk was
confined largely to the highest quartile. In contrast, a prospective study in the United States noted a somewhat linear increase
in risk across quartiles (14). The reasons for this difference are
unclear, but may be related to the much higher IGF-I levels
observed in the study performed in the United States.
Given the case-control design of our study, it is possible
that the presence of cancer may have affected the measurements
of IGF levels, particularly because malignant prostate epithelial
cells are capable of expressing IGF-I. Such an effect, however,
should be minimal in our study because the mean plasma level
of IGF-I was lower among cases with advanced versus localized tumors (135.5 versus 143.7 ng/ml).
Because weight loss reduces IGF-I levels in laboratory
animals (22), it is possible that weight loss attributable to illness
may have affected the IGF-I levels and thus the association
observed in this study. However, cases had only slightly lower

mean adult weight relative to controls (⬍1 kg difference), and
the age-adjusted mean adult weight between localized and
advanced stage cases was similar (61.0 and 60.7 kg, respectively). Furthermore, decreased IGF-I levels attributable to tumor-related weight loss would tend to reduce the magnitude of
the association between IGF-I and prostate cancer, so that our
results may actually underestimate the true relationship. In fact,
the slightly lower IGF-I levels among patients with regional/
remote cancer compared with those with localized tumors suggest that advancing disease may contribute to some of the
reductions in circulating IGF-I, which may explain in part the
stronger association with IGF-I observed for localized cancer
than for advanced stage disease.
Accumulating evidence suggests the involvement of androgens in IGF-mediated cellular regulation. Androgens promote IGF-I and IGF-I receptor expression in vivo (23), and
antiandrogen treatment for prostate cancer often leads to increases in IGFBP expression, which reduces free IGF-I (24,
25). Thus, increasing androgen levels may increase IGF expression, bioavailability, and activity. In our study, multivariate
adjustment for 3␣-diol G and SHBG, to which androgens are
bound to prevent degradation in circulation, substantially increased the magnitude of the IGF-I association with prostate
cancer. In addition, the relationship between IGF-I and prostate
cancer risk was significantly more pronounced among men with
higher 3␣-diol G levels, suggesting a significant interaction.
These findings support the role of androgens in the IGF-mediated regulation of growth, although further studies are needed
to clarify the mechanisms involved.
Although IGF-I has been shown to be correlated with
height in our study and in previous studies (26), we observed no
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Table 5

Stage-specific ORs for prostate cancer in relation to plasma levels of IGF-I, IGF-II, IGFBP-1, and IGFBP-3 in a Chinese population
Localized disease

IGF quartilesa
n (cases/controls)

Advanced disease
OR (95% CI)

n (cases/controls)

OR (95% CI)

1.00
4.77 (1.10–20.62)
7.63 (1.65–35.39)
15.73 (3.04–81.94)
⫽ 0.001

21/73
15/76
14/75
27/75

1.00
1.05 (0.43–2.59)
0.95 (0.35–2.53)
2.17 (0.78–6.01)

1.00
3.90 (1.12–13.53)
2.81 (0.71–11.12)
1.88 (0.38–9.42)

20/71
16/77
19/75
22/76

b

IGF-I
Q1
Q2
Q3
Q4

5/73
9/76
13/75
20/75
Ptrend

IGF-IIb
Q1
Q2
Q3
Q4

8/71
17/77
14/75
8/76

Ptrend ⫽ 0.14
1.00
1.13 (0.42–3.04)
1.38 (0.48–3.92)
2.56 (0.78–8.42)

Ptrend ⫽ 0.83
IGFBP-1c
Q1
Q2
Q3
Q4

15/75
8/75
11/75
13/74

Ptrend ⫽ 0.11
1.00
0.49 (0.17–1.39)
0.55 (0.19–1.61)
0.48 (0.15–1.49)

26/75
16/75
22/75
13/74

1.00
0.58 (0.27–1.27)
0.67 (0.31–1.45)
0.32 (0.13–0.81)

Ptrend ⫽ 0.21
IGFBP-3c
Q1
Q2
Q3
Q4

12/76
10/76
13/75
13/77

Ptrend ⫽ 0.03
1.00
0.29 (0.09–1.00)
0.40 (0.12–1.36)
0.31 (0.09–1.05)

24/76
21/76
15/75
20/77

1.00
0.86 (0.38–1.92)
0.52 (0.20–1.36)
0.49 (0.18–1.33)

Ptrend ⫽ 0.20
IGF-I:IGFBP-3b
Q1
Q2
Q3
Q4

6/74
6/76
9/74
26/75

Ptrend ⫽ 0.12
1.00
0.83 (0.22–3.10)
1.34 (0.39–4.65)
6.30 (1.96–20.24)

15/74
10/76
22/74
30/75

1.00
0.60 (0.22–1.61)
2.12 (0.92–4.87)
2.53 (1.11–5.78)

Ptrend ⬍ 0.001

Ptrend ⫽ 0.003

a

See Table 4 for quartile ranges.
b
Adjusted for IGFBP-1 and IGFBP-3 (quartiles), age, SHBG, and 3␣-diol G (categories specified in Table 4).
c
Adjusted for IGF-I (quartiles), age, SHBG, and 3␣-diol G (categories specified in Table 4).

Table 6

IGF-I multivariate ORs for prostate cancer by serum 3␣-diol G level
Quartiles of IGF-Ia

n
3␣-diol G ⬍518 ng/dl
OR (95% CI)a,b
n (cases/controls)
3␣-diol G ⱖ518 ng/dl
OR (95% CI)a,b
n (cases/controls)
a
b

Ptrend

Q1

Q2

Q3

Q4

1.00
24/39

0.88 (0.37–2.09)
20/39

1.00 (0.40–2.48)
21/39

1.82 (0.67–4.95)
27/32

0.21

1.00
2/34

1.93 (0.30–12.28)
4/37

5.20 (0.80–33.69)
6/36

12.29 (1.83–82.39)
20/43

0.004

See Table 4 for IGF-I, IGFBP-1, and IGFBP-3 quartile ranges.
Adjusted for age (categories specified in Table 4), IGFBP-1 (quartiles), and IGFBP-3 (quartiles).

strong influence of height on the association between IGF-I
and prostate cancer. Similarly, we found no evidence that
obesity (BMI) or abdominal adiposity (waist-to-hip ratio)
influenced the observed association between total IGF-I
level and prostate cancer risk, although these measures were
risk factors in our study (19) and have been reported to
influence IGF-I levels (3).
Our results for IGFBP-3 support those of the United States
prospective study by Chan et al. (14), which found a borderline
significant inverse trend after adjusting for age and circulating
IGF-I, and are consistent with laboratory evidence of an IGFindependent effect of IGFBP-3 on cell growth (10). Biologically, it is unclear whether the effect of IGFBP-3 is independent
of total or free IGF-I. Future studies should evaluate the

IGFBP-3 association in conjunction with free IGF-I, for which
an assay has only recently been developed and which has not
yet been incorporated into epidemiological studies.
The IGFBP-3 findings are not likely to have been affected by the presence of disease. Despite being an IGFBP-3
protease, PSA (an early marker of prostate cancer) is enzymatically inactive in circulation because of the presence of
circulating protease inhibitors (27), so that the elevated PSA
levels among cases would have minimal impact on our
findings. Furthermore, an inverse association between prostate cancer and IGFBP-3 levels that is not subject to disease
effects was also found in a prospective study (14), and the
magnitude of the risk reduction in that study resembled the
reduction in our study.
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The observed inverse association between IGFBP-1 and
prostate cancer risk differs from the findings of Signorello et al.
(16), who found a significant positive association among Swedish men. The reasons for this inconsistency are unclear. Although the two studies differ in blood collection and adjustment
[the current study used fasting bloods and adjusted for both
serum 3␣-diol G and SHBG levels, whereas the Swedish study
did not (16)] these factors alone are unlikely to fully explain the
inconsistency in findings. In addition, the role of IGFBP-1 in
IGF bioactivity is not well understood at present. Although
IGFBP-1 may decrease IGF bioactivity by sequestering IGFs
and thus prevent activation of the type I IGF receptor, IGFBP-1
may also increase IGF bioactivity by transporting IGFs out of
the vascular space and into target tissues (11). Further investigations, including studies with direct free IGF-I determinations,
are needed to clarify the mechanism by which IGFBP-1 affects
prostate cancer risk.
IGF-II has been found to act in an autocrine manner to
increase prostate cancer cell proliferation in vitro (5, 6).
Consistent with one other epidemiological study to address
this question (14), we found no significant association between levels of IGF-II and prostate cancer in our study, even
after adjustment for IGFBP-1, IGFBP-3, SHBG, and 3␣-diol
G, although adjustment for the androgens elevated the point
estimates considerably. It is unclear why our results and
those of the previous study (14) differ from the other study
(15), which found IGF-II to be significantly inversely associated with prostate cancer risk. As the point estimates for
increasing plasma IGF-II quartiles were all above one and
increased with adjustment, it is possible that with a larger
sample size we might have seen a significant effect of IGF-II
on prostate cancer risk, although the risks would be smaller
than for IGF-I.
Biases arising from selection and survival in our study
should be minimal because ⬎90% of the eligible cases participated in the study and because most blood samples were
collected within 30 days after diagnosis. Although 70 – 80% of
the cases and controls consented to the blood draw, we attempted to minimize treatment effects by including in the
analysis only cases whose blood samples were taken at least 1
day prior to therapy. The excluded cases (n ⫽ 71) were similar
to the included cases with regard to demographic characteristics
and anthropometric measures (data not shown), and the percentage of each group with advanced stage disease was also
similar (69 and 63%, respectively).
In summary, our case-control study of prostate cancer
conducted in a low-risk population (China) revealed that
plasma IGF-I, IGFBP-1, and IGFBP-3 are associated with
prostate cancer risk. Our findings, together with epidemiological studies conducted in high-risk Western populations,
provide strong evidence of a role for IGFs in prostate cancer.
Future investigations should include prospective studies of
men from ethnic groups at varying risk of prostate cancer,
including African Americans, who have the highest incidence rates in the world. In addition, epidemiological and
laboratory studies are needed to elucidate underlying mechanisms, including the role played by the type I IGF receptor,
circulating androgens and free IGF-I, and IGF bioactivity
levels within prostatic tissue.
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