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Body Mass Index and Risk
of Prostate Cancer in
U.S. Health Professionals

Edward Giovannucci, Eric B.
Rimm, Yan Liu, Michael
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Stampfer, Walter C. Willett

The relationship between body mass
index (BMI) and prostate cancer risk
may be complex because obesity is as-
sociated with various hormonal fac-
tors and because the influence of BMI
may differ according to whether the
cancers are hereditary or sporadic.
We used data from the Health Profes-
sionals Follow-Up Study, in which
2896 incident cases of prostate cancer
were reported from February 1, 1986,
through January 31, 2000, to deter-
mine prospectively whether BMI was
associated with the risk of hereditary
(men <60 years of age or with a posi-
tive family history of prostate cancer)
and sporadic (men =60 years of age
and without such a family history)
prostate cancer. The risk of prostate
cancer in men with a higher BMI
(=30 kg/m?) was lower than that in
men with a lower BMI (23-24.9 kg/m?)
but only if they were younger (<60
years old) (relative risk = 0.52, 95%
confidence interval = 0.33 to 0.83;
P,cna<-001) or had a family history of
prostate cancer (relative risk = 0.74,
95% confidence interval = 0.45 to
1.19; P opna = -01). However, for
groups with more sporadic cancers,
BMI had a weak, non-statistically sig-
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nificant positive association with
prostate cancer. We observed statisti-
cally significant interactions between
BMI and age (P (eraction<-001, two-
sided Wald test) and between BMI
and family history of prostate cancer
(Pinteraction = 006, two-sided Wald
test). Patterns for BMI and waist cir-
cumference were similar. Because
obesity is associated with lower circu-
lating concentrations of testosterone,
our results suggest the hypothesis that
androgens may play a more direct
role for early-onset or hereditary
prostate cancers than for sporadic
prostate cancers. [J Natl Cancer Inst
2003;95:1240-4]

The results of numerous studies that
have examined whether body mass was
associated with the risk of prostate can-
cer have not been consistent, and most
have not supported an association ().
The inconsistent results may be caused
by the complex relationship between
obesity and several hormones. For ex-
ample, obesity in males is associated
with lower circulating testosterone con-
centrations and higher estrogen concen-
trations (2—6), which could decrease the
risk of prostate cancer, but obesity is
also associated with higher insulin and
free insulin-like growth factor-I (7-12)
and lower sex hormone—binding globu-
lin concentrations, which could possibly
increase the risk (/3-15). Heterogeneity
in prostate cancer etiology by age and
genetic factors may further complicate
its relation with body mass index (BMI).
A large proportion of prostate cancers
that occur in relatively young men (e.g.,
<60 years old) or that are associated
with a family history of prostate cancer
probably have a strong genetic compo-
nent (16). Sporadic cases of prostate
cancer, in contrast, typically occur in
older men without a family history of
prostate cancer. Potential etiologic dif-
ferences between hereditary and spo-
radic cases of prostate cancer have not
been well studied.

In the Health Professionals Follow-
Up Study, we previously reported re-
sults on BMI and prostate cancer risk
that were based on data from 1369 inci-
dent cases of prostate cancer from Feb-
ruary 1, 1986, through January 31, 1994.
No appreciable association was ob-
served with current BMI, although obe-
sity around the time of puberty was as-
sociated with lower risk of aggressive

prostate cancer in adulthood (7). In the
current study, we analyzed data that
were based on 2896 cases of prostate
cancer from February 1, 1986, through
January 31, 2000, with a focus on more
extreme ranges of BMI and on potential
differences between sporadic (men =60
years and without a positive family his-
tory of prostate cancer) and hereditary
(men <60 years of age or with such a
history) prostate cancers. This study was
approved by the Institutional Review
Board of the Harvard School of Public
Health. Written informed consent to re-
view medical information was obtained
from all cancer patients.

Briefly, the Health Professionals Fol-
low-Up Study is an ongoing prospective
cohort study of 51529 U.S. male health
professionals, aged 4075 years in 1986,
who responded to a mailed question-
naire on lifestyle and medical history.
Follow-up questionnaires were sent ev-
ery 2 years thereafter to identify cancer
diagnoses and to update exposure data.
Deaths were reported by family mem-
bers, the postal system, or the National
Death Index. We estimate that we have
ascertained more than 98% of the deaths
and approximately 96% of the cases of
prostate cancer in this cohort. More than
90% of the prostate cancers were con-
firmed with medical records.

On the 1986 baseline questionnaire,
we asked the men to report their current
height and weight and their weight at
age 21 years. Current weight was also
assessed on each biennial questionnaire.
In 1987, we mailed a supplementary
questionnaire and a tape measure to
these men to obtain waist and hip cir-
cumference measurements. We used
BMI (expressed as kg/m?) to estimate
total adiposity and waist circumference
to estimate total abdominal fat. These
measures were shown to be highly valid
(18). We categorized BMI a priori to
encompass a wide range of values. We
used validated, self-administered, semi-
quantitative food-frequency question-
naires to assess diet in 1986, 1990, 1994,
and 1998 (19). In 1986 and every 2 years
thereafter, we used a validated question-
naire to assess leisure-time physical ac-
tivity (20). Detailed lifetime tobacco use
was assessed at baseline, and current
smoking status was updated every 2 years.
We began assessing prostate-specific
antigen (PSA) screening on the biennial
questionnaires in 1994. In 1990, the men
reported whether their father or any
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brothers had had a diagnosis of prostate
cancer.

For analyses, we excluded men who
reported cancer (other than nonmela-
noma skin cancer) at baseline and men
who did not adequately complete the di-
etary questionnaire. Each of the remain-
ing 47 757 participants was followed be-
ginning on the month of return of the
baseline questionnaire until the month
of diagnosis of prostate cancer, month of
death from other causes, or the end of
the study period (January 31, 2000). The
end points for analysis were total pros-
tate cancer (excluding stage Tla tumors),
organ-confined prostate cancer, and ad-
vanced prostate cancer, defined as can-
cer that extended regionally to the semi-
nal vesicle, other adjacent organs, pelvic
lymph nodes, or distal organs at the time
of diagnosis or that was fatal by the end
of follow-up.

From February 1, 1986, when the
study began, to January 31, 2000, we
documented 2896 incident cases of
prostate cancer after we excluded 68
cases of stage Tla cancer (<5% of tis-
sue transurethrally resected was noted as
incidental cancer by histologic examina-
tion). After determining that the data
met the assumptions for Cox propor-
tional hazards modeling, we used this
method to control for established or sug-
gested risk factors for prostate cancer
(21) (see Table 1). All statistical tests
were two-sided. For all analyses, results
for age-adjusted and multivariable analy-
ses were similar, so only multivariable
results are presented. Baseline BMI in
1986 did not have a linear association
with total prostate cancer incidence
(Pyena = -11). However, a slight “in-
verse U”—shaped relationship was sug-
gested, with modestly reduced risks in
the lowest (<21 kg/m?; relative risk
[RR] = 0.86, 95% confidence interval
[CI] = 0.69 to 1.06) and highest (=30
kg/m?* RR = 0.87, 95% CI = 0.74 to
1.01) categories compared with the in-
termediate BMI category (23-24.9 kg/
m?), although a quadratic term for BMI
was not statistically significant (P = .52).
No obvious association was apparent for
the advanced (extraprostatic) cases of
prostate cancer. For the organ-confined
cases, the lowest risk was observed in
the two highest BMI categories and the
overall test for (inverse) trend was sta-
tistically significant (P = .02).

We next considered the relationship
between BMI and prostate cancer risk
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across strata of age groups or family his-
tory of prostate cancer (Table 1). The
risk of prostate cancer in men with a
higher BMI (=30 kg/m?) was lower
than that in men with a lower BMI (23—
24.9 kg/m?) but only if they were younger
(<60 years old) (RR = 0.52,95% CI =
0.33 to 0.83) or had a family history of
prostate cancer (RR = 0.74, 95% CI =
0.45 to 1.19). A strong inverse associa-
tion was observed for men younger than
60 years (P.,q<-001). No clear pattern
was observed for men in the intermedi-
ate (60-70 years) or in the oldest (=70
years) age group. The test for interaction
between age and BMI was statistically
Significant (Pinteraction<'001)' Among
men with a family history of prostate
cancer, an inverse association was ob-
served between BMI and the risk of
prostate cancer (Py.,q = -01). Among
those with no family history of prostate
cancer, in contrast, no overall associa-
tion was observed. The P value for the
test for interaction between BMI and a
family history of prostate cancer was
.006. Among men in the hereditary can-
cer—enriched group (Table 2), a strong
inverse association between BMI and
the risk of prostate cancer was apparent

(Pyena<-001). Among men in the spo-
radic cancer—enriched group, a modest
positive association between BMI and
the risk of prostate cancer was observed
for a BMI of less than 25 kg/mz, and no
overall association was apparent for
higher values of BMI. The P value for
this test for interaction was less than
.001.

The patterns of the relationship be-
tween prostate cancer risk among strata
of family history of prostate cancer and
age group were similar for advanced,
organ-confined, and total prostate can-
cers (data not shown). In addition, when
we examined prostate cancer risk in re-
lation to BMI 2—4 years before the di-
agnosis of prostate cancer, rather than to
BMI at baseline, the associations were
similar (for age interaction, P = .007,
for family history interaction, P = .05;
for age + family history interaction,
P<.001). Similar to BMI, waist circum-
ference was inversely associated with
prostate cancer risk only among younger
men and among those with a family his-
tory of prostate cancer (P, eraction = -08
for age; Pipteraction .003 for family
history). As we reported previously
(17), BMI at age 21 years was inversely

associated with extraprostatic prostate
cancer (P.,q = -003) but not with or-
gan-confined prostate cancer (P.,q =
.64), and risk did not vary appreciably
by age or family history.

As observed in many other studies,
adult BMI was not appreciably associ-
ated with prostate cancer incidence.
However, when we examined this rela-
tionship by strata enriched for hereditary
cancers or for sporadic cancers as deter-
mined by age at diagnosis or family his-
tory of prostate cancer, BMI and waist
circumference were strongly and in-
versely associated with the risk of pros-
tate cancer only in the hereditary pros-
tate cancer—enriched group. The large
number of cases of prostate cancer, the
highly statistically significant interac-
tions, the consistent patterns observed
for young age of onset and family his-
tory of prostate cancer (as distinct sur-
rogates for sporadic or hereditary can-
cers, respectively), and similar findings
for BMI and waist circumference make
it improbable that the findings were
caused by chance. Detection bias was
unlikely to account for these associa-
tions because most prostate cancers
were detected by PSA screening, and the

Table 1. Multivariable relative risk (RR)* of prostate cancer and 95% confidence interval (CI) by level of body mass index (BMI)
stratified by age and by family history of prostate cancer in health professionals (1986-2000)

BMI (kg/m?)

Factors <21 21-22.9 23-24.9 25-27.4 27.5-29.9 =30 Pena
Age <60 y

No. with prostate cancer 17 76 127 132 29 22

RR (95% CI) 1.12 (0.67 to 1.86) 1.18 (0.89to 1.57) 1.0 (referent) 0.91 (0.71 to 1.17) 0.49 (0.32 t0 0.73) 0.52 (0.33 t0 0.83) <.001
Age 60-70 y

No. with prostate cancer 37 190 377 416 187 108

RR (95% CI) 0.87 (0.60 to 1.22) 1.03 (0.87 to 1.23) 1.0 (referent) 0.86 (0.75 t0 0.99) 0.97 (0.81 to 1.16) 0.90 (0.72to 1.11) .42
Age >70y

No. with prostate cancer 40 152 358 404 144 80

RR (95% CI) 0.77 (0.55 to 1.06) 0.82 (0.68 to 1.00) 1.0 (referent) 0.94 (0.82to 1.09) 0.94 (0.77 to 1.14) 0.97 (0.76to 1.24) .26

Pinlemclion<'001T

Family history of prostate canceri

No. with prostate cancer 13 56 104 96 31 21

RR (95% CI)

No family history of prostate cancer
No. with prostate cancer 76
RR (95% CI)

1.44 (0.79 t0 2.60) 1.00 (0.71 to 1.39) 1.0 (referent) 0.73 (0.5 to 0.97) 0.72 (0.48 to 1.09)

346 728 814

0.79 (0.62 to 1.00) 0.95 (0.84 to 1.08) 1.0 (referent) 0.92 (0.83 to 1.02) 0.92 (0.81 to 1.05)

0.74 (0.45t0 1.19) .01

317 182
0.90 (0.76 to 1.06) .73
Pinleraction = 006§

*The RR for each category was computed as the rate among men in that specific category divided by the rate among men with BMI of 23-24.9 kg/m?, the
largest group in what is considered the normal range of BMI. We used Cox porportional hazards modeling to control for age; time period; height; smoking history;
history of diabetes mellitus; racial group; vigorous activity level; total energy intake; and intakes of beef, pork, or lamb as a main dish, processed meat, fish,
tomato sauce, a-linolenic acid, and calcium simultaneously. We also used it to compute 95% ClIs. In the regression models, age (1-year intervals) and time period
(2-year intervals) were controlled as variables. Tests for trends were conducted across categories controlling for multiple covariates by modeling BMI as a
continuous variable in the multivariable model that included the covariates. P values are based on two-sided tests.

TWe tested for statistical (multiplicative) interactions in separate models by using the Wald test of the cross-product term for BMI (continuous) and increasing
age strata (0,1,2). The cross-product terms were included in Cox proportional hazards models that also controlled for age, BMI, family history, and other factors

mentioned above.

iN for family history analysis, number of cases does not add up to 2896 because of missing information on family history.
§Test for interaction using the Wald test of the cross-product term for BMI (continuous) and family history (0,1).
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Table 2. Multivariable relative risk (RR)* of prostate cancer and 95% confidence interval (CI) by level of body mass index (BMI)
stratified simultaneously by age and family history of prostate cancer in health professionals (1986-2000)

BMI (kg/m?)

Factors <21 21-22.9 23-24.9 25-27.4 27.5-29.9 =30 Piend
<60 y or a family history
of prostate cancert
No. with prostate cancer 25 120 212 209 58 40
RR (95% CI) 1.11 (0.73t0 1.68) 1.10(0.88 to 1.38) 1.0 (referent) 0.82 (0.67t00.99) 0.62 (0.46 t0 0.83) 0.64 (0.45t0 0.90) <.001
=60 y and no family history
of prostate cancer
No. with prostate cancer 64 284 624 708 290 165

RR (95% CI)

0.76 (0.59 t0 0.99)  0.92 (0.80 to 1.05)

1.0 (referent)

0.92 (0.83 to 1.03)

098 (0.85t0 1.12) 0.96(0.80to 1.14) .28

P <.001%

interaction

*Multivariable RR adjusted for age; time period; height; smoking history; history of diabetes mellitus; racial group; vigorous activity level; total energy intake;
and intakes of beef, pork, or lamb as a main dish, processed meat, fish, tomato sauce, a-linolenic acid, and calcium. All statistical tests were two-sided.

FTNumber of cases does not add up to 2896 because of missing information on family history.

$This value is based on the Wald test of the cross-product term for BMI (continuous) and hereditary prostate cancer risk (age <60 y or family history of prostate
cancer = 1) or sporadic prostate cancer risk (age =60 y and no family history of prostate cancer = 0) in the multivariable model.

proportion of men who had a PSA test
did not vary appreciably across levels of
BMI (from 81% in the lowest strata to
83% in the highest strata).

Our results suggest that substantial
heterogeneity exists in the etiologic fac-
tors associated with hereditary and spo-
radic prostate cancers. Hereditary pros-
tate cancer is diagnosed an average of
6-7 years earlier than sporadic prostate
cancer, and perhaps two-thirds of all
prostate cancers diagnosed in men
younger than age 60 years may be he-
reditary (16), possibly accounted for by
autosomal dominant genes (/6) or X
chromosome-linked and recessive
genes (22). The vast majority of prostate
cancers that occur in older men (e.g., age
>70 years) and in men with no family
history of prostate cancer are sporadic.
Studies have not found substantial dif-
ferences in clinical features between he-
reditary and sporadic prostate cancers
(22), suggesting that despite possible
etiologic differences, hereditary and
sporadic prostate cancers tend to con-
verge in regard to clinical features.

The mechanism for the apparent de-
creased risk of prostate cancer conferred
by obesity in the hereditary cancer—
enriched group is unknown but may be
associated with several hormones. Obe-
sity in males is associated with lower
concentrations of circulating total tes-
tosterone and sex hormone-binding
globulin and with higher concentrations
of estrogen (2—4,23-25). The high levels
of circulating leptin in obese men may
reduce androgen levels (26). The lower
concentration of testosterone associated
with higher BMI may be responsible for
the decreased risk of prostate cancer. Of

note, a shorter CAG repeat length in
exon 1 of the androgen receptor (AR)
gene, associated with greater in vitro
transactivation activity of AR (27), ap-
pears to be associated with an increased
risk of prostate cancers that occur in
younger men but not with prostate can-
cers that tend to occur in older men (28).

The opposing findings with regard to
obesity and prostate cancer by age group
and family history status suggest the fol-
lowing hypothesis: Increased androgen
stimulation (e.g., by lower BMI, fewer
AR CAG repeats, and/or higher testos-
terone levels) increases the risk for he-
reditary prostate cancer more than the
risk for sporadic prostate cancer, which
tends to occur later in life and appears to
be less directly associated with andro-
gen stimulation. If one of the prostate
cancer—associated mutations is inherited
through the germline, heightened andro-
genic stimulation may be sufficient to
increase the incidence of prostate can-
cer. In contrast, those without an inher-
ited susceptibility may generally require
a strong environmental risk factor, such
as chronic inflammation.

The major implications of our results
are in understanding the etiology of
prostate cancer. From a clinical or pub-
lic health perspective, even if obesity
lowers the risk of prostate cancer, its ef-
fects on general health status are over-
whelmingly deleterious. Nonetheless, if
we can understand the mechanisms un-
derlying the inverse association between
BMI and early-onset or familial prostate
cancer, there may be implications in re-
gard to identifying susceptible groups
that may benefit from enhanced screen-
ing frequency or interventions. For ex-
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ample, if androgenicity is found to un-
derlie the associations we observed for
BMI, antiandrogen interventions could
be targeted at younger men with a posi-
tive family history but may possibly be
inappropriate for older men without a
positive family history. Thus, the repli-
cation of these studies in other popula-
tions and further work in understanding
the underlying mechanisms is war-
ranted.
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