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IGF-I are based on 538 matched pairs. Intra-assay coeffi
cients of variations were 9.5% for ALS and 5.8% for free
IGF-I.

Statistical Analysis
All analyses were undertaken using the SAS statistical
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IGF-I (Pinteraction = 0.10) differed as a function of levels of
ALS. The increase in risk of advanced prostate cancer as-
sociated with total IGF-I is confined to those in the lowest
levels of ALS, with a RR of 9.3 (95% CI, 1.7-51.3) compar-
ing the highest with lowest tertiles of total IGF-I, al-
though the 95% CIs are wide. There is no evidence of a
positive association between total IGF-I and advanced
disease among those with higher levels of the subunit.
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is intriguing in light of the observation that ALS circulates
in excess compared with total IGF-I and its BP-3, shown in
our own data as well as other studies (16, 27). Although
based on a smaller number of advanced cancers, these
data suggest a complex biological interplay of the IGF
components on prostate cancer progression. For exam-
ple, higher ALS may be more likely to restrict IGF-I to
the circulation, and in this way, the local IGF effects on
the prostate epithelium are mitigated. Such an effect has
been observed in animal models in which overexpres-
sion of the ALS gene reduces the availability of IGF at
the tissue level (20). Among individuals with low levels
of ALS, in contrast, the bioavailability of IGF-I seems
optimized. A larger, prospective study with sufficient
numbers of advanced/lethal prostate cancer cases
would help clarify the potential interaction of the IGF
components.

We found no overall association between levels of free
IGF-I and total prostate cancer risk, nor evidence of an
association with advanced stage or lower grade tumors.
The coefficients of variation for this assay were relative-
ly good, suggesting that substantial measurement error
in the assay is not likely. Although there is some debate
that the free IGF-I assay is only measuring a subset of
the more bioavailable IGF-I in the circulation, free IGF-I
measured is this way does seem to have physiologic
correlates (28), suggesting that the assay is capturing
important information.

Bound in the ternary complex, the half-life of IGFBP3
is prolonged as well. IGFBP3 has been shown to have
independent proapoptotic and cellular growth inhibi-
tion effects (14) over and beyond its influence on
IGF-I bioavailability. We observed the strong protective
effect of IGFBP3 among individuals with either high or
low ALS, suggesting that ALS does not affect the inde-
pendent effects of IGFBP3.

There are some strengths and limitations to consider
in assessing the study findings. The IGF components
were measured using prospectively collected samples,
which reduce the potential for reverse causality. In a
subgroup analysis, the exclusion of cases occurring
during the first 3 years of follow-up did not influence
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collected twice at a 3-year interval. For IGF-I and
IGFBP3, the correlation coefficients ranged between
0.6 and 0.7. These correlations, which incorporate both
measurement error as well as biological variation over
time, indicate that a single measure provides a reason-
able time-integrated level. Therefore, IGF measured at a
single time point provides a reasonable estimate of ex-
posure across time. We did not have pilot data for le-
vels of ALS, however. The blood samples included
both fasting and nonfasting samples, which may have
a small effect on circulating levels of free IGF-I. The
case-control study was nested within a well-defined co-
hort, and thus, selection bias should not be a concern.
In the analysis, we considered several potential con-
founders that should reduce the likelihood of residual
confounding of the association of circulating levels of
ALS and prostate cancer risk. It is, however, possible

that the possible associations for the subunit may re-
flect residual confounding by circulating levels of
IGF-I or indicate higher levels of other components un-
der growth hormone control that correlated with ALS.
A larger, prospective study with additional measured
components of the IGF system would help disentangle
the issue of potential confounding. Information on fam-
ily history of prostate cancer was not available from
the baseline questionnaire.

In conclusion, higher levels of circulating ALS are as-
sociated with a modest increased risk of prostate can-
cer, particularly for advanced disease. ALS seems to
interact biologically with total and free IGF-I in direct-
ing their effects on the prostate epithelium. Our data
highlight the complexity of the IGF axis in prostate
carcinogenesis and progression, and the need to com-
prehensively assess the IGF pathway to disentangle the

Table 5. RR (95% CI) of advanced prostate cancer associated with tertiles of ALS and total IGF-I, free
IGF-I, or IGFBP3, cross-classified, Physicians' Health Study, 1982 to 1995

A. RR (95% CI) of advanced prostate cancer associated with tertiles of ALS and total IGF-I;* Pinteraction = 0.10

Total IGF-I (tertiles) n exposed cases/RR (95% CI)

Low Medium High

ALS (tertiles) Low 26 11 8
Reference 1.5 (0.5-4.7) 9.3 (1.7-51.3)

Medium 15 17 23
4.0 (1.1-14.0) 2.6 (0.9-7.5) 6.0 (1.9-18.9)

High 10 28 22
3.1 (0.9-10.8) 6.6 (2.1-20.4) 5.0 (1.5-16.1)

B. RR (95% CI) of advanced prostate cancer associated with tertiles of ALS and free IGF-I;* Pinteraction = 0.29

Free IGF-I (tertiles) n exposed cases/RR (95% CI)

Low Medium High

ALS (tertiles) Low 21 14 8
Reference 1.4 (0.5-3.9) 3.3 (0.7-15.4)

Medium 17 18 19
4.1 (1.3-13.5) 2.7 (0.9-8.5) 3.3 (1.0-10.5)

High 11 20 29
3.8 (1.1-13.3) 7.1 (2.1-24.2) 3.2 (1.1-9.2)

C. RR (95% CI) of advanced prostate cancer associated with tertiles of ALS and IGFBP3;† Pinteraction = 0.84

IGFBP3 (tertiles) n exposed cases/RR (95% CI)

Low Medium High

ALS (tertiles) Low 32 10 3
Reference 0.8 (0.2-2.6) 0.4 (0.1-2.9)

Medium 14 30 11
1.8 (0.6-5.3) 1.6 (0.6-4.1) 0.5 (0.1-1.5)

High 8 22 30
6.1 (1.2-30.1) 2.0 (0.7-5.7) 0.7 (0.3-1.6)

*Data are adjusted for age, smoking, height, BMI, and IGFBP3 using conditional logistic regression.
†Data are adjusted for age, smoking, height, BMI, and total IGF-I using conditional logistic regression.
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individual and joint effects of the ligands, their binding
proteins, as well as additional IGF components.
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