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Invited Commentary: Do Anthropometric Measures Predict Risk of Prostate
Cancer?

Eugenia E. Calle

In this issue of the Journal, Schuurman et al. (1)
investigate the association between several anthropo-
metric measures and the risk of prostate cancer among
approximately 60,000 male participants of the
Netherlands Cohort Study. In many ways, their find-
ings echo the results of most previous cohort and case-
control studies on this topic in that they are largely
inconclusive. As discussed by Schuurman et al., most
previous studies of prostate cancer and anthropometric
measures (including body mass index, body fat distri-
bution, lean body mass, body mass at a young age,
change in body mass, and height) have been null, and
significant associations that have emerged in individ-
ual studies and for certain subgroups of men have not
been seen consistently across studies.

In this most recent investigation, cohort members
were followed from baseline (September 1986)
through 1992; during this period, approximately 700
new cases of prostate cancer were diagnosed. In both
age-adjusted and multivariate case-cohort analyses, no
associations were apparent between baseline measures
of height, body mass index, or estimated lean body
mass and prostate cancer risk, regardless of whether
the tumors were localized or advanced. A modest pos-
itive association was observed for body mass index at
age 20 years (body mass index >25 vs. <19, relative
risk (RR) = 1.33, 95 percent confidence interval (CI):
0.81, 2.10); this association was stronger for localized
prostate tumors than for advanced tumors. In contrast,
a small (nonsignificant) inverse association with gain
in body mass between age 20 years and age at baseline
also was seen. With nearly 700 incident cases, this
study represents one of the largest prospective investi-
gations of this topic.
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Two other large cohort studies of anthropometry and
prostate cancer have been published recently (2, 3). In
the study by Andersson et al. (2), a retrospective cohort
study of 135,000 Swedish construction workers
enrolled from 1971 to 1975 and followed through
1991, 2,368 incident prostate cancer cases and 708
deaths from prostate cancer were observed.
Information on current height and weight was col-
lected once—at enrollment. Marginal positive associa-
tions were seen for all anthropometric measures (mea-
sured weight, measured height, body mass index, and
estimated lean body mass) and incident prostate cancer
(e.g., body mass index >26.2 vs. <22.1, RR = 1.13, 95
percent CI: 0.99, 1.29). Somewhat stronger positive
associations were seen for death from prostate cancer
and all anthropometric measures (e.g., body mass
index >26.2 vs. <22.1, RR = 1.40,95 percent CI: 1.09,
1.81). In this study, weight at enrollment largely
reflects weight in early adulthood, since this was a
fairly young cohort, with 32 percent of the person-
years contributed by men who were less than age 30
years and 55 percent contributed by those who were
less than age 40 at enrollment.

Giovannucci et al. (3) used data from the Health
Professionals Follow-up Study to examine the rela-
tions between height, body mass index during child-
hood and adulthood, waist and hip circumferences, and
risk of prostate cancer incidence. In this cohort of
approximately 50,000 men enrolled in 1986 and fol-
lowed through 1994, 1,369 cases of incident prostate
cancer occurred. All anthropometric measures were
reported by the respondents in 1986 or 1987. While
adult body mass and waist and hip circumference were
unrelated to risk of total, advanced, or metastatic
prostate cancer, a higher body mass at age 21 years
was strongly related to a decreased risk of advanced
and metastatic disease (body mass index >26 vs. <20,
RR = 0.53, 95 percent CI: 0.33, 0.86). There was no
association between adult weight gain (from age 21 to
study enrollment) and total or advanced prostate can-
cer. A positive association was observed between
height and risk of total (height >74 vs. £68 inches,
RR = 1.37, 95 percent CI: 1.10, 1.70) and advanced
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(height >74 inches vs. <68 inches, RR = 1.68, 95 per-
cent CI: 1.16, 2.43) prostate cancer.

These three large, well-conducted, cohort studies
illustrate the difficulties of interpreting epidemiologic
data regarding anthropometry and prostate cancer risk.
Questions regarding the basic nature of associations
between exposures and disease remain unanswered. Is
the association between adult body mass and prostate
cancer positive (2) or null (1, 3)? Or is body mass at a
young age the important measure, and if so, is the rela-
tion positive (1) or inverse (3)? Is weight gain during
adulthood important (1) or not (3)? Is attained adult
height positively associated with risk (2, 3) or not (1)?
Finally, do any or all of these measures predict more
strongly total or localized disease (1), advanced dis-
ease (3), or death (2)?

Several explanations may be offered for these incon-
clusive findings, including the possibility that currently
used anthropometric measures, such as body mass and
height, are not important predictors of prostate cancer
risk. Alternatively, our anthropometric measures may
not be accurate enough, we may be measuring the
wrong exposure, or we may be measuring the exposure
at the wrong time of life. It seems unlikely that measures
of body mass index and height are insufficiently accu-
rate to detect a true association with prostate cancer,
given that self-reported data on height and weight have
been shown repeatedly to predict risk of other diseases.
It seems more likely that the important exposures for
prostate cancer are not being adequately captured by the
anthropometric measures we are currently using in
observational epidemiologic studies.

Our interest in the potential relation between
prostate cancer and body size is based, in part, on
known associations between body size and other can-
cers, particularly cancers of the colon and breast, and
on our current understanding of how body size and
adiposity might influence these cancers.

Obesity has been consistently associated with higher
risk of colon cancer in men, while much weaker posi-
tive associations have generally been seen for women
(4, 5). While the reasons for this gender difference are
not completely understood, one hypothesis is that the
greater tendency for abdominal or central adiposity in
men (versus peripheral adiposity in women) may be
important. If central adiposity is a stronger predictor of
colon cancer risk than peripheral adiposity or general
overweight and men are more likely to deposit fat cen-
trally, then body mass index, the exposure measure
used in most studies, may be a more accurate indicator
of the relevant exposure in men than in women.
Support for the role of central obesity on colon cancer
comes from a recent prospective study suggesting that
waist circumference and waist-to-hip ratio are related

strongly to risk of colon cancer and large adenomas in
men (6).

Giovannucci (5) has recently proposed that high
body mass, and central obesity in particular, may
increase colon cancer risk through their effect on
insulin production. With excessive calorie consump-
tion and weight gain, tissues become insensitive (resis-
tant) to insulin, and the body compensates by produc-
ing more insulin, resulting in a chronic state of
hyperinsulinemia. Obesity, particularly abdominal
obesity, is a major determinant of insulin resistance
and hyperinsulinemia. The hypothesis assumes that
exposure to elevated blood levels of insulin and
insulin-like growth factors (IGFs) promote the growth
of colon tumors, an assumption that is supported by in
vitro studies in colonic mucosal cells and colonic car-
cinoma cells (7, 8). This hypothesis has received
recent empirical support from a prospective case-
control study nested in the Physicians' Health Study.
Men in the highest quintile for insulin-like growth fac-
tor I (IGF-I) had a significantly increased risk of col-
orectal cancer (RR = 2.51, 95 percent CI: 1.15, 5.46)
compared with men in the lowest quintile (9). A strong
and significant inverse association was observed for co-
lorectal cancer and IGF-binding protein 3 (IGFBP-3).

Obesity also has been shown consistently to increase
the risk of breast cancer in postmenopausal women
(10-13). Some studies have found central adiposity to be
an independent predictor of postmenopausal breast can-
cer risk beyond the risk attributed to overweight alone
(14, 15). In addition, adult weight gain has been associ-
ated with an increased risk for postmenopausal breast
cancer, even in studies that did not find an association
with relative weight measured at baseline (15-17).

One mechanism for the association between obesity
and breast cancer is presumed to be hormonal.
Conversion of the androgen precursor androstenedione
to estrone in adipose tissue is the primary source of
estrogen in postmenopausal women, and levels of circu-
lating estrogens increase with increasing body mass
(18). In addition, obesity is strongly and inversely asso-
ciated with sex hormone-binding globulin, a hormone
that reduces the availability of estrogen in the body (18,
19). Thus, overweight, postmenopausal women are
exposed to higher levels of endogenous estrogens, which
may contribute to their increased risk of breast cancer.

In addition to sex hormones, insulin and/or IGFs may
also plays a role in the development of breast cancer.
IGF-I is a potent mitogen for breast cancer cells in vitro
(20) and is associated with mammary gland hyperplasia
(21) and mammary cancer (22) in animals. In addition,
IGF-I receptors are present in most human breast tumors
at levels approximately 10-fold higher than in normal
breast tissue (23). There is evidence that IGF-I can sub-
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stitute for estrogen in stimulating breast cancer prolifer-
ation in vitro and in vivo and may mediate estrogenic
effects in breast cancer (24). Two case-control studies
have found positive associations between plasma IGF-I
concentrations and breast cancer (25, 26); in the larger
study (26), the association was strongest among pre-
menopausal women, and the magnitude of the associa-
tion increased when IGF-binding protein 3 (IGFBP-3)
was also considered. One prospective study to report
this relation (27) observed a strong positive association
between plasma IGF-I and breast cancer in pre-
menopausal women, but not in postmenopausal women;
again, the association was strengthened with adjustment
for IGFBP-3. One other case-control study found that
women with early-stage breast cancer had increased cir-
culating insulin levels (as estimated by serum C peptide,
a marker of insulin secretion) compared with controls,
that this association was independent of general adipos-
ity or abdominal obesity, and that it was seen in both
pre- and postmenopausal women (28).

Adult height, independent of weight, has also been
shown to be related to both colon and breast cancer (3,
13). While the mechanisms for this observed associa-
tion are not clear, it may be that early caloric and nutri-
ent restriction, resulting in shorter stature, diminishes
cell proliferation or inhibits early tumor events (4). In
addition, individuals who attain greater adult height
may be exposed to higher levels of IGF-I during child-
hood and adolescence (3).

As with colon and breast cancer, there is also evi-
dence to support the role of both hormones and IGF-I
in prostate carcinogenesis. Prostatic growth and main-
tenance are dependent on androgens (29), testosterone
in high doses induces prostate cancer in rats (30), abla-
tive or antiandrogen therapy is used in treating human
prostate cancer (31), and prostate cancer rarely occurs
in castrated men (32). In addition, estrogen therapy has
a palliative effect on advanced prostate cancer (31),
and higher levels of circulating estradiol may be pro-
tective (33). Obesity in men is associated with higher
estrogen and lower testosterone levels (34, 35); thus,
on the basis of this hormonal pattern, one might expect
obese men to have lower rates of prostate cancer than
do lean men. However, prospective epidemiologic
studies examining the relations of circulating hor-
mones (in prediagnostic sera) with subsequent prostate
cancer risk are limited, and their results are inconsis-
tent (33, 36-38); men with prostate cancer have not
consistently shown higher levels of testosterone, its
more potent metabolite dihydrotestosterone, or other
androgens. Results from the largest study by Gann et
al. (33) support a trend of increasing prostate cancer
risk with increasing levels of plasma testosterone and
an inverse trend with increasing levels of sex hor-

mone-binding globulin. The inconsistencies among
studies may reflect the difficulties of measuring
serum/plasma steroid hormones in epidemiologic stud-
ies or may reflect our lack of understanding of the
complex hormonal influences on this disease and the
potential genetic variability in androgen biosynthesis
and metabolism in the prostate (39).

The potential influence of IGFs on prostate cancer
has been a recent focus of research. As with colon and
breast tumors, IGF-I stimulates growth of both tumor
and normal cells in the prostate (40). In addition, in
both a recent case-control study (41) and a study of
prospectively collected blood (42), positive associa-
tions were observed between circulating IGF-I levels
and prostate cancer risk. In the prospective investiga-
tion, 152 cases and 152 controls were selected from
the 14,916 members of the Physicians' Health Study
who were enrolled and provided plasma in 1982.
Follow-up was through 1992 and, on average, 7 years
elapsed between plasma collection and diagnosis of
prostate cancer in the cases. Men in the highest quar-
tile of IGF-I levels had an RR of 4.3 (95 percent CI:
1.8, 10.6) compared with men in the lowest quartile,
independent of baseline prostate-specific antigen lev-
els. This research is promising, and the magnitude of
the association is one of the largest yet observed in the
study of prostate cancer. However, this study and the
recent study of circulating IGF-I and colon cancer (9)
bring into question the assumption that measures of
body size, such as adult height, weight, and body mass,
are directly related to circulating IGFs. No correlation
between height, weight, or body mass index and
plasma IGF-I was seen in either control group.

What can we conclude at present about the relation
between anthropometry and prostate cancer?
Unfortunately, we do not yet have answers. While
prostate cancer may resemble colon and breast cancer
with regard to the evidence supporting hormonal and
growth factors as underlying mechanisms of causation,
it is proving to be far more complex from an epidemi-
ologic viewpoint. In many ways, it stands in contrast to
cancers of the colon and breast, for which there are
many established risk factors and several lines of evi-
dence regarding biologic mechanisms that support
each odier in a reasonably cohesive manner. With the
exception of age, race, family history, and possibly
dietary fat, epidemiologic studies have been unable to
establish risk (or protective) factors for prostate can-
cer, and at present, this is true for all of the anthropo-
metric factors that have been examined.

Ideally, future investigations will attempt to show
that anthropometric risk factors used in observational
epidemiologic studies of prostate cancer are related to
biochemical measures and that these biochemical mea-
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sures subsequently predict disease in defined pop-
ulations. In addition, we should continue to conduct
studies of prostate cancer that are stage- and perhaps
even grade-specific to determine whether risk factors
predict differentially for more aggressive disease. As
knowledge and measurement of relevant exposures,
genetic susceptibility, and their interaction continue to
improve in epidemiologic studies, so, it is hoped, will
our understanding of the causes of this elusive disease.
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