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Anthropometry in Relation to Prostate Cancer Risk in the Netherlands Cohort
Study

Agnes G. Schuurman,' R. Alexandra Goldbohm,? Elisabeth Dorant,! and Piet A. van den Brandt!

In the Netherlands Cohort Study, the authors investigated whether anthropometry is associated with prostate
cancer risk. At baseline in 1986, 58,279 men aged 55-69 years completed a self-administered questionnaire on
diet, anthropometry, and other risk factors for cancer. After 6.3 years of follow-up, 681 cases were available with
complete data on height and weight at baseline, and for 523 cases, there were data for weight at age 20 years.
In both age-adjusted and multivariate case-cohort analyses (adjusted for age, family history of prostate cancer,
and socioeconomic status), height, body mass index (BMI; kg/m?), and lean body mass {kg) at baseline were
not associated with prostate cancer risk. The rate ratios of prostate cancer for men with a BMI at age 20 of less
than 19, 19-20.9, 21-22.9, 23-24.9, and 25 or greater were 1.00 (reference), 1.06, 1.09, 1.39, and 1.33,
respectively (p for trend = 0.02). For gain in BMI from age 20 years to age of the cohort at baseline, an inverse
trend in risk was found (p for trend = 0.01), which did not persist after additional adjustment for BMI at age 20
{p for trend = 0.07). In subgroup analyses, no clear associations between anthropometry and advanced prostate
cancer were found. Our findings suggest that body compaosition in young adulthood may already exert an effect

on later risk of prostate cancer. Am J Epidemiol 2000;151:541~8,

anthropometry; cohort studies; prostatic neoplasms; questionnaires

Prostate cancer is one of the most frequently occur-
ring types of cancer in Western countries, but up to
now, very little has been known about the etiology of
the disease. Body composition is one of several possi-
ble factors that might be related to prostate cancer risk
(1, 2). Different epidemiologic studies have evaluated
this possible relation but with inconclusive results. For
height, weight, and body mass index (BMI), mostly
positive or null associations have been reported, both
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in cohort and case-control studies, but inverse associa-
tions have also been observed (1, 2). A potential role of
lean body mass (LBM) in prostate cancer etiology is
also still questionable (3-5). One important drawback
that probably contributes to a, thus far, fairly incom-
plete picture of anthropometry and prostate cancer is
that the majority of previous studies did not evaluate
this relation extensively.

Observed associations between anthropometry and
prostate cancer are often explained by an interaction
with hormonal levels (androgens), but mechanisms
through insulin or growth factors have also been pro-
posed (4-6). A hormonal etiology for prostate cancer
seems plausible because the normal growth and func-
tioning of the prostate is influenced by androgens.
Increased testosterone has been implicated in prostate
cancer carcinogenesis (7), and body mass appears to
influence serum androgen concentrations (8-10).
Because of the long induction period of cancer, a pos-
sible effect of body composition on prostate cancer
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risk might occur in an earlier stage of life. Only six
studies (5, 6, 11-14) have reported some results on
anthropometric measures early in life or change in
anthropometric measures during lifetime in relation to
prostate cancer risk. Some findings do, indeed, indi-
cate an early effect of body composition, but data are
too sparse to draw strong conclusions.

Here, we report our results on anthropometry and
change in anthropometric measures during lifetime in
relation to prostate cancer risk from the Netherlands
Cohort Study (NLCS).

MATERIALS AND METHODS

The cohort

Because the study design has been described before
(15), we will give only a brief outline. In September
1986, the NLCS was initiated. At baseline, 58,279 men
aged 5569 years completed a self-administered ques-
tionnaire on usual diet, lifestyle, personal and family
history of cancer, anthropometry, demographic data,
and other risk factors for cancer. The case-cohort
approach (16) was used for data processing and analy-
sis. For calculation of incidence rates of prostate can-
cer, the number of cancer cases diagnosed in the entire
cohort was used as the numerator, while person-years
at risk (denominator) were estimated using a random
sample of 1,688 men (subcohort). Follow-up for inci-
dent prostate cancer was established by computerized
record linkage with all nine cancer registries in the
Netherlands and with the Dutch national database of
pathology reports (PALGA) (17). The subcohort has
been followed up biennially for vital status informa-
tion, which involved personal mailings and (for nonre-
spondents) additional contacts with municipal popula-
tion registries. Completeness of cancer follow-up was
at least 96 percent (18), and no subcohort members
have been lost to follow-up. After a follow-up period
of 6.3 years (September 1986 to December 1992), 704
incident, microscopically or histologically confirmed,
primary prostate cancer cases were detected.

Data collection and analysis

Information on height (cm), weight at baseline (kg),
and weight at age 20 years (kg) was obtained by using a
self-administered questionnaire. To minimize observer
bias in coding and interpretation of the data, question-
naire data for all cases and subcohort members were
key-entered twice and processed in a manner blinded
with respect to case-subcohort status. Baseline BMI and
BMI at age 20 years were calculated using baseline
weight and weight at age 20, respectively, divided by
height at baseline squared (kg/m?). Change in BMI from

age 20 years to baseline was calculated as BMI at
baseline minus BMI at age 20. LBM (kg) was calcu-
lated as (2.447 — 0.09516 age (years) + 0.1074 height
(cm) + 0.3362 weight (kg))/0.732, as described by
Willett (19). All subjects with prevalent cancer other
than skin cancer were excluded. Furthermore, all men
with incomplete data on anthropometric measures at
baseline were excluded, leaving 681 cases and 1,565
subcohort members for analyses. Complete data on
BMI at age 20 years were available for 523 cases and
1,249 subcohort members.

Mean values of anthropometric and potential con-
founding variables were compared between cases and
subcohort members. Rate ratios of prostate cancer and
95 percent confidence intervals were computed using
the GLIM statistical package (20). Exponentially dis-
tributed survival times were assumed in the follow-up
period. Since standard software was not available, spe-
cific macros were developed to account for the addi-
tional variance introduced by using the subcohort
instead of the entire cohort (21). Tests for trend were
based on likelihood ratio tests; two-sided p values are
used throughout this report. Age- and multivariate-
adjusted analyses were conducted for categorized and
continuous anthropometric variables. Variables
included in the multivariate analyses were age (contin-
uous), family history of prostate cancer (no, yes), and
socioeconomic status (low, medium, high) because
these were associated with prostate cancer risk in our
study. Energy and fat intake were not related to
prostate cancer risk in the NLCS and, therefore, are not
considered as potential confounding variables. The
same applies to vegetable and fruit consumption (22).

To evaluate whether results for baseline BMI were
biased because of an influence of disease occurrence,
we performed analyses with exclusion of cases
detected in the first 2 years of follow-up. To investi-
gate the hypothesis that latent and nonlatent or aggres-
sive prostate tumors might have different etiologies,
subgroup analyses were performed for continuous
anthropometric variables within case subgroups of
localized (Ty 5, M), and advanced (T5_4, My; Ty, M)
prostate tumors (using the TNM classification); well-
differentiated, moderately differentiated, poorly differ-
entiated, and undifferentiated prostate tumors; and
latent and nonlatent tumors. Based on information
from the pathology reports that have been obtained
from PALGA, prostate cancer cases detected during
transurethral prostate resections were coded as latent.
Cases detected during surgical procedures used in
cases of suspected cancer (biopsy, radical prostatec-
tomy) were coded as nonlatent. Cases were excluded
from these subgroup analyses when this additional
information was unknown or unclear (38.8 percent).

Am J Epidemiol Vol. 151, No. 6, 2000
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RESULTS

In table 1, anthropometric variables are described
for cases and subcohort members. The means of all
anthropometric variables did not differ to a large
extent between cases and subcohort members.
Furthermore, when subcohort members with missing
information for weight at age 20 years were compared
with those who had mentioned their weight at age 20,
no differences in mean height were found. However,
subcohort members with missing information about
weight at age 20 had a lower weight and BMI at base-
line (76.4 kg and 24.6 kg/m?, respectively) than did
men with complete information (78.4 kg and 25.1
kg/m?, respectively). These differences in mean weight
and BMI were statistically significant. For cases, sub-
jects with missing information about weight at age 20
years did not differ on baseline height, weight, and
BMI from cases who had mentioned their weight at
age 20 (data not shown). Also shown in table 1 are
some potentially confounding variables. The mean age
is somewhat higher among cases (63.8 years) than
among controls (61.4 years). Furthermore, cases more
often reported a positive family history of prostate can-
cer (4.3 vs. 2.6 percent) and are more highly educated
than are subcohort members.

In table 2, age-adjusted as well as multivariate-
adjusted rate ratios of prostate cancer are displayed for
baseline height, BMI, and LBM. In both the age-
adjusted and the multivariate analyses, height was not
associated with prostate cancer risk. The rate ratios for
BMI at baseline were slightly (but nonsignificantly)
increased in the third and fourth categories, but the rate
ratio was somewhat decreased in the highest category,
and there was no trend in risk (p for trend = 0.73). For

LBM, we found no association with prostate cancer
risk. Results for BMI and LBM after exclusion of
cases detected in the first 2 years of follow-up were
essentially the same (data not shown). We also con-
ducted analyses in which each exposure variable was
adjusted for the others. The estimated rate ratios were
essentially the same as those presented in table 2 (data
not shown).

In table 3, results for BMI at age 20 years and gain
in BMI from age 20 to cohort baseline age are dis-
played. For BMI at age 20, a significant positive trend
in risk (p for trend = 0.02) was found. Men with a
BMI at age 20 years of 25 or more had a rate ratio (RR)
of 1.33 (95 percent confidence interval (CI): 0.81,
2.19) compared with men with a BMI at age 20 years
of less than 19. For both subcohort members and cases,
9 percent of all men lost weight. The mean gain in
weight (standard deviation) for subcohort members
and cases was 12.1 (8.4) kg and 11.2 (7.1) kg, respec-
tively. The mean gain in BMI (standard deviation) was
3.9 (2.6) kg/m? for subcohort members and 3.6 (2.2)
kg/m? for cases. A significantly decreasing trend in
risk was observed for an increase in BMI from age 20
years to cohort baseline age (p for trend = 0.03); how-
ever, after additional adjustment for BMI at age 20, the
trend test was no longer statistically significant (p for
trend = 0.07). Only in the two highest categories of
gain in BMI were nonsignificant decreased RRs
observed (0.83 and 0.67, respectively).

In table 4, rate ratios are displayed for continucus
anthropometric variables in case subgroups of local-
ized and advanced prostate tumors. No association was
found between height and localized or advanced
tumors. Baseline BMI and LBM were also not associ-
ated with either localized or advanced prostate tumors.

TABLE 1. Description of anthropometric variables and potential confounders in prostate cancer cases and subcohort members,

Netherlands Cohort Study, 1986-1992

Anthropomeiric variables (mean (SD¥))

Height at Weight at BMI* LBM=* Weight at BM! at age 20
baseline baseline at baseline at baseline age 20 yearst yearst
(cm) {kg) (kg/m?) tkg) {kg) (kg/m?)
Cases (n = 681) 176.3 (6.7) 77.8 (9.2) 25.0 (2.5) 56,7 (4.9) 68.0 (8.3) 21.9(24)
Subcohort (n = 1,565) 176.6 (6.8) 78.0 (9.8) 25.0 (2.7) 57.1 (5.2) 67.9 (8.4) 21.8 (2.5)
Potentially confounding variables (mean (SD))
Age Positive family history Highest educational level} (%)
t
(years) of prostate canoer Low T =
Cases (n = 681) 63.8 (3.8) 4.3 46.3 33.2 19.7
Subcohort (n = 1,565) 61.4 (4.2) 2.6 48.1 33.8 17.4

* 8D, standard deviation; BMI, body mass index; LBM, lean body mass.

+ Based on 523 cases and 1,249 subcohort members,

t There was missing information for 0.9% (cases) and 0.7% (subcohort members); low is defined as primary school wi.thlwithout lower-
level vocational education, medium as secondary school or medium level vocational education, and high as university or higher leve! voca-

tional education.

Am J Epidemiol Vol. 151, No. 6, 2000
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TABLE 2. Rate ratios and 95% confidence intervals for prostate cancer according to anthropometric

variables, Netherlands Cohort Study, 1986—-1992

Age adjusted

Multivariate adjusted

Anthropometric No. of cases/ No. of cases/
variables person-years AR* 05% Cl¢#  person-years RRY 95% Cl
in subcohort in subcohort
Height at baseline (cm)
<170% 100/1,287 1.00 99/1,262 1.00
170-174 1565/2,272 0.92 0.67,1.27 154/2,259 0.90 0.65,1.24
175-179 214/2,703 112 0.83, 1.52 210/2,690 1.08 0.79,1.47
180-184 142/1,888 1.03  0.74, 1.43 1421,879 0.98 0.70,1.37
185-189 50/913 0.83 0.54,1.26 50/907 0.78 0.51,1.19
2180 20/307 0.97 0.53,1.77 20/307 096 0.52,1.75
p for trend, 0.88 p for trend, 0.60
Height continuous, 5-cm
increment 1.00 0.94,1.08 099 0.92,1.06
BMI* at baseline (kg/m?)
<22} 63/1,047 1.00 63/1,047 1.00
22-23 167/2,218 1.21 0.85, 1.74 164/2,211 1.20 0.84,1.73
24-25 237/3,012 1.28  0.91,1.80 236/2,980 1.35 0.95,1.90
26-27 151/1,988 122  0.84,1.75 150/1,976 126  0.87,1.83
228 63/1,1086 0.85 0.55,1.29 62/1,091 0.89 0.58,1.37
p for trend, 0.38 p for trend, 0.73
BMI continuous, 2-kg/m? increment 0.98 0.91,1.05 1.00 0.92,1.07
LBM#* at baseline (kg)
<62t 108/1,367 1.00 108/1,361 1.00
52-54.9 148/1,959 099 0.72,1.36 145/1,940 098 0.71,1.35
55-57.9 168/2,150 1.07 078,146 166/2,131 1.07 0.79,1.47
58-60.9 138/1,863 1.05 076, 1.44 138/1,851 1.05 0.76, 1.45
261 119/2,031 0.96 069, 1.33 118/2,022 095 0.69, 1.33

{BM continuous 2-kg increment

p for trend, 0.92

0.99 0.86, 1.03

p for trend, 0.95

1.00 0.96,1.03

* RR, rate ratio; Cl, confidence interval; BMI, body mass index; LBM, lean body mass.

T RRs adjusted for age, family history of prostate cancer, and socioeconomic status.

1 Reference category.

In contrast, for BMI at age 20 years, a significant
increase in risk of localized prostate tumors was found
(RR per increment of 2 kg/m? = 1.18, 95 percent CI:
1.04, 1.35). No association between BMI at age 20
years and advanced prostate tumors was shown. The
overall negative association between gain in BMI and
prostate cancer risk was more pronounced for local-
ized prostate tumors (RR = 0.87, 95 percent CI: 0.74,
1.02 per increment of 2 kg/m?). Table 5 shows contin-
uous anthropometric variables evaluated in case sub-
groups by differentiation grade of the tumor. Some
associations were noted in different subgroups; how-
ever, anthropometric measures showed no consistent
association with one specific subgroup of prostate can-
cer tumors. For both latent and nonlatent tumors, no
clear associations were observed (data not shown).

DISCUSSION

In our study, we observed no clear associations
between height, BMI, and LBM and prostate cancer
risk. For BMI at age 20 years, a significant positive
trend in risk was observed. In contrast, for a gain in
BMI from age 20 to baseline age of the cohort, a sig-
nificant inverse trend in risk was found. After correc-
tion for the absolute BMI at age 20 years, the trend test
was no longer statistically significant. In subgroup
analyses, these observed associations for overall
prostate cancer risk were found mainly in the subgroup
of localized prostate tumors. We found no evidence
that anthropometric variables were more strongly
related to advanced prostate tumors, poorly and undif-
ferentiated tumors, or nonlatent tumors.

Am J Epidemiol Vol. 151, No. 6, 2000
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TABLE 3. Rate ratios and 95% confidence intervals for prostate cancer accordlng to anthropometric
variables at age 20 years, Netherlands Cohort Study, 19861992

Age adjusted Multivariate adjusted
Anthropometric No. of cases/ No. of cases’
variables person-years RR*{ 95% Cl*  person-years  RRt 95% Gl
in subcohort in subcohort
BMI* at age 20 years
(kg/m?)
<19% 57/308 1.00 57/302 1.00
19 to 20.9 124/1,908 110 0.75,1.62  122/1,902 1.06 0.72, 1.56
2110229 178/2,652 113 0.79,1.64  176/2,536 1.08 0.76, 1.58
23 t0 24.9 1191,521 134 091,1.99  119/1,496 1.39 0.93,2.06
225 45/598 134 0.82,2.20 44/598 1.33 0.81,2.19
p for trend, 0.04 p for trend, 0.02
BMI at age 20 years
continuous, 2-kg/m? increment 1.07 098,117 1.08  0.99,1.18
Change in BMI from
age 20 years to baseline
(kg/m?)
~0.2 to <0 47/668 119 077,184 47/668 119  0.74, 1.90§
Oto1.9% 122/1,876  1.00 120/1,857 1.00
2t0 3.9 179/2,104 131 0.97,1.76 176/2,104 1.32  0.98, 1.79§
4105.9 113/1,537 0989 072,137 113/1,512 1.04 0.74, 1.47§
6179 43/852 078 051, 1.18 43/852 0.83 0.53, 1.31§
28 19/451 0.61 0.35, 1.08 19/441 0.87 0.36, 1.23§
p for trend, 0.01 p for trend, 0.079|

Gain in BM! from age
20 years to baseline
continuous, 2-kg/m? increment 0.91 0.83, 0.99 093 0.84, 1.03§

* RR, rate ratio; Cl, confidence interval; BMI, body mass index.

1 RRs adjusted for age, family history of prostate cancer, and socioeconomic status.
} Reference category.

§ Additional adjustment for BMi at age 20 years.

fIThe test for trend applies to weight gain categories only.

TABLE 4. Rate ratios and 95% confidence intervals for prostate cancer according to anthropometric
variables in subgroups of localized (T_,, M) and advanced (T, , M, T, ,, M) prostate tumors, Netherlands
Cohort Study, 1986-1992

Localized tumors Advanced tumers
Anthropomeiric (n = 239) (n = 226)
variables RR*1 95% Ci* ARt 95% Cl

Hasight at baseline (continuous 5-cm increment) 0.99 0.89, 1.10 0.98 0.88,1.10
BMI* at baseline (continuous 2-kg/m? increment) 0.96 0.86, 1.06 1.01 0.90, 1.13
LBM#* at baseline (continuous 2-kg increment) 0.98 0.93, 1.03 1.00 0.94, 1.06
BMI at age 20 years (continuous 2-kg/m?

increment) 1.18 1.04, 1.356 1.03 0.91, 1.18

Gain in BMI from age 20 years to baseline
(continuous, 2-kg/m? increment) 0.87 0.74, 1.02% 0.93 0.80, 1.08%
* RR, rate ratio; Cl, confidence interval; BMI, body mass index; LBM, lean body mass.

T Adjusted for age, family history of prostate cancer, and socioeconomic status.
1 Additional adjustment for BMI at age 20 years.

The results from the NLCS are not likely to be influ- of follow-up of cases and subcohort person years (18,
enced by selection bias, given the high completeness 23). All of the anthropometric measures are self-

Am J Epidemiol Vol. 151, No. 6, 2000
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TABLE 5. Rate ratios and 95% confidence intervals for prostate cancer according to anthropometric variables in subgroups on

differentiation grade, Netherlands Cohort Study, 1986—1992

Well differentiated Moderately ditferentiated Poorly gifferentiated/
Anthropometric (n=194) (n=247) (n=174)
variables Z
RR* T 95% CI* RRYT 95% ClI RR* 95% Ci
Height at baseline (continuous 5-cm increment) 0.94 0.84, 1.06 0.98 0.89, 1.08 1.07 0.95, 1.21
BMI* at baseline (continuous 2-kg/m? increment) 0.92 0.82, 1.04 1.02 0.93,1.13 1.01 0.89, 1.14
LBM#* at haseline (continuous 2-kg increment) 0.94 0.89, 1.00 1.00 0.95, 1.06 1.03 0.97,1.10
BMI at age 20 years (continuous 2-kg/m?
increment 1.09 0.94, 1.26 1.15 1.01, 1.31 0.97 0.83, 1.13
Gain in BMI from age 20 years to baseline
continuous, 2-kg/m? increment) .77 0.65, 0.92% 0.97 0.83, 1.13% 0.68 0.58, 0.811

* AR, rate ratio; Cl, confidence interval; BMI, body mass index; LEM, lean body mass.
T Adjusted for age, family history of prostate cancer, and socioeconomic status.

} Additional adjustment for BMI at age 20 years.

reported, and misclassification of exposure is a poten-
tial source of bias. Weight at age 20 years was used to
calculate BMI at age 20, and misclassification of BMI
at age 20 might have occurred because weight at age
20 is difficult to remember. However, misclassification
is expected to be nondifferential, and therefore, a pos-
sible effect on the risk estimates should be toward the
null value. When we compared the mean self-reported
height and weight at baseline in the subcohort with the
mean height and weight of a representative sample of
Dutch men aged 50-69 years in 1985—1988 (24), these
measures were comparable. Finally, residual con-
founding of the effect measures cannot be excluded,
although we considered several potential confounding
factors.

For 20 and 23 percent of cases and subcohort mem-
bers, respectively, data regarding BMI at age 20 years
were missing. Cases with and those without informa-
tion regarding BMI at age 20 years did not differ in
baseline anthropometric measures, but subcohort
members with missing information had a lower weight
and BMI at baseline than did subcohort members with
complete information. Because of these missing data,
our positive association with regard to BMI at age 20
needs to be interpreted carefully. One case-control
study reported no association between BMI 20 years
prior to the interview and prostate cancer (25). In
another case-control study, risk estimates for prostate
cancer were nonsignificantly increased in association
with BMI at ages 25 and 45 years (14). In contrast to
these findings, Giovannucci et al. (5) found no associ-
ation between BMI at age 21 years and overall prostate
cancer risk, but an inverse association between BMI at
age 21 and advanced prostate cancer risk was reported;
the rate ratio for men with a BMI of 26 or more versus

less than 20 at age 21 years was 0.53. For obesity at
ages 5 and 10 years, based on self-reported assess-
ments using pictograms of body size, a reduced risk
was also noted. An explanation that was given for this
decreased risk is that if obesity is related to the hor-
monal milieu, low testosterone and insulin-like growth
factor T levels and higher estrogen levels may lower
the risk of prostate cancer. In another cohort study (6)
and a case-control study (11), no clear associations
were seen for BMI at a younger age (20 or 25 years)
and prostate cancer risk. In general, obesity has been
reported to be inversely associated with plasma testos-
terone levels (5, 8-10, 26), and lower testosterone lev-
els may be related to a lower prostate cancer risk (7).
Therefore, the suggested positive association observed
in our study is somewhat unexpected. However, obe-
sity also shows an inverse relation with sex hormone-
binding globuline (SHBG), and SHBG is hypothesized
to have an inverse association with prostate cancer risk
(27). Because SHBG binds to testosterone and lower
levels of SHBG may lead to higher levels of bioavail-
able testosterone, this might be a pathway explaining
our observed positive association between BMI at age
20 years and prostate cancer risk. Our results, which
indicated an inverse trend in risk when evaluating gain
in BMI from age 20 years to cohort baseline age
(55-69 years) are not in concordance with this hypoth-
esis, however. Nevertheless, it might be plausible that
different hormones or hormone levels are involved at
different stages in prostate cancer development. The
prostate resides in a multihormonal environment, and
a number of growth-regulatory pathways with com-
plex interactions are involved in epithelial prolifera-
tion (28). The exact role of hormones in the develop-
ment of prostate cancer remains poorly understood

Am J Epidemiol Vol. 151, No. 8, 2000
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(29). Therefore, studies providing insight into possible
mechanisms of action of hormones in relation to
prostate growth and prostate cancer are needed. In two
cohort studies, no association between change in BMI
from age 25 years to cohort baseline age (265 years)
(6) or change in BMI from college years to years after
college (13) and prostate cancer risk was found.
However, in one of these cohort studies, percent
change in BMI from age 50 years to cohort baseline
age (265 years) showed a positive trend in risk (p for
trend = 0.04), although none of the rate ratios were
statistically significant (6). Obviously, misclassifica-
tion because of a poor memory of BMI at earlier ages
may have influenced results in different studies.
According to the results from one study, it has been
suggested that lean body mass may be associated with
prostate cancer risk and not the fat tissue. In that study,
a positive association was observed between the area of
muscle in the arm, but not with area of fat in the arm,
and prostate cancer risk (3). The authors speculated that
increased muscle development might reflect overpro-
duction of sex hormone, since this is a pathway
explaining their observed association. We found no
association between estimated LBM and prostate can-
cer risk, and in another case-control study, no associa-
tion between fat-free mass and prostate cancer was
observed (30). In a retrospective cohort study among
135,006 Swedish construction workers, a significant
positive trend (p for trend = 0.002) in risk was
observed between calculated I BM (using the same
equation as in our study) and prostate cancer incidence
(4). The age-adjusted risk estimate for men with an
LBM of more than 62 compared with one of less than
55 was 1.17 (95 percent CI: 1.04, 1.32). A disadvantage
of the calculated measure is that the assumption of a
constant water proportion in LBM may not hold.
Depending on the state of hydration and the relative
components of LBM, the proportion of water varies (4,
19). Sometimes, other measures were used to estimate
the distribution of fat in the body. No clear associations
were found between waist circumference and prostate
cancer risk in three studies (5, 31, 32). In the Health
Professionals Follow-Up Study, among 47,781 men, an
inverse association was noted between hip circumfer-
ence and prostate cancer. The risk estimate for men in
the fifth versus those in the first quintile was 0.85 (95
percent CI: 0.68, 1.06), and the trend test was statisti-
cally significant (p for trend = 0.04) (5). In one case-
control study, no clear associations were observed with
hip or thigh circumference and biacromial breadth (31).
However, in the latter case-control study, significant
differences between cases and controls were found for
the waist-to-thigh ratio (p = 0.03), with the cases hav-
ing a higher ratio than the controls. This was not con-
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firmed in a later case-control study by the same authors
(30). In that study, the only anthropometric measures
that consistently differed between cases and controls
were indexes of upper body robustness, as assessed by
biacromial, bideltoid, and biacromial-to-standing
height ratio measures (30). In one cohort study, the
waist-to-hip ratio was not related to overall prostate
cancer risk (5).

Our results of no association between height and
prostate cancer risk are in accordance with results from
other cohort studies (3, 6, 13, 33, 34) and case-control
studies (14, 25, 30-32, 35-42). Nevertheless, there
were four cohort studies (4, 5, 43, 44) and two case-
control studies (45, 46) in which positive associations
with increasing height were indicated. In three of these
studies (4, 43, 44), the trend test was statistically sig-
nificant. In one case-control study (31), the sitting-to-
standing height ratio was significantly higher for cases
than for controls. Previous analyses from our study
showed a strong positive association between height
and breast cancer risk (47). Because we do not expect
the determinants of adult height (e.g., childhood
energy intake) to differ greatly between men and
women in our cohort, the absence of variation in these
determinants cannot explain our finding of no associa-
tion between height and prostate cancer risk. The
observed positive association between height and
prostate cancer risk in some studies might be explained
by the fact that tallness could be the result of higher
levels of insulin-like growth factor I and testosterone,
which might influence prostate cancer risk (4, 5). In
the Health Professionals Follow-Up Study (5), one of
the prospective studies in which a positive association
between height and prostate cancer risk was found, an
inverse association with preadult obesity was
observed. Both attained height and childhood obesity
may be related to the preadult hormonal milieu.
Because of scarcity of data, more studies on preadult
exposures in relation to risk of prostate cancer are
needed.

The vast majority of previous epidemiologic studies
on anthropometry and prostate cancer reported results
on indices of body mass index, as an indicator of adi-
posity. As in our study, in most cohort studies no clear
associations were observed (3, 5, 13, 33, 43, 48, 49).
However, in four cohort studies (4, 6, 34, 50), positive
associations were indicated. Case-control studies
mostly reported null associations (25, 30-32, 36—40,
51-56), but positive associations were also observed
(12, 35, 45, 46). Because of the inverse association
between obesity and plasma testosterone levels (5,
8-10, 26), one should expect BMI to be inversely
related to risk of prostate cancer. However, the inverse
association between BMI and SHBG, as described
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above, might explain the positive associations
observed in some studies. Inconsistencies in reported
results can partly be explained by the fact that the eval-
uated range in BMI differed between the various stud-
ies. Another important drawback of several of the pub-
lished studies is that only correction for age was
reported (3, 4, 12, 13, 25, 33, 34, 45, 46, 49, 51-54,
56). In addition, in several case-control studies, only a
comparison of mean BMI between cases and controls
was reported, and no risk estimates were computed
(31, 32, 36-40). Furthermore, if BMI in case-control
studies was measured at the time of diagnosis, disease
may have affected this measure, leading to biased
results.

Finally, we found no evidence of anthropometric
measures being more strongly associated with
advanced, poorly and undifferentiated, or nonlatent
prostate tumors. There were only a few other studies
(5, 6, 11, 25, 43) in which case subgroups were evalu-
ated. Results between these studies were not very con-
sistent and do not permit definitive conclusions.

In conclusion, our results indicate an effect of eatly
BMI (BMI at age 20 years) and change in BMI from
age 20 to baseline age. Thus far, evidence for an effect
of early weight and weight gain during lifetime is too
limited to draw conclusions yet, and more research is
also warranted to reveal potential mechanisms.
Furthermore, the effect of timing of changes in anthro-
pometric measures during lifetime also need attention
in future studies on anthropometry and prostate cancer
risk. We found no association between height, BMI,
and LBM at baseline and risk of prostate cancer.
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