
(27) Winter SF, Sekido Y, Minna JD, McIntire D,
Johnson BE, Gazdar AF, et al. Antibodies
against autologous tumor cell proteins in pa-
tients with small-cell lung cancer: association
with improved survival. J Natl Cancer Inst
1993;85:2012-8.

(28) de Wet M, Falkson G, Rapoport BL. Small cell
lung cancer: analysis of factors influencing the
response to treatment and survival. Oncology
1994;51:523-34.

(29) Lubin R, Zalcman G, Bouchet L, Tredanel J,
Legros Y, Cazals D, et al. Serum p53 antibod-
ies as early markers of lung cancer. Nat Med
1995;1:701-2.

(30) Trivers GE, DeBenedetti VM, Cawley HL,
Caron G, Harrington AM, Bennett WP, et al.
Anti-p53 antibodies in sera from patients with
chronic obstructive pulmonary disease can pre-
date a diagnosis of cancer. Clin Cancer Res
1996;2:1767-75.

(31) Sorokine I, Ben-Mahrez K, Bracone A, Thierry
D, Ishii S, Imamoto F, et al. Presence of cir-
culating anti-c-myb oncogene product antibod-
ies in human sera. Int J Cancer 1991;47:665-9.

(32) Ben-Mahrez K, Sorokine I, Thierry D, Kawa-
sumi T, Ishii S, Salmon R, et al. Circulating
antibodies against c-myc oncogene product in
sera of colorectal cancer patients. Int J Cancer
1990;46:35-8.

Notes

Supported in part by Public Health Service grants
K08NS01625 and R01NS26064 from the National
Institute of Neurological Disorders and Stroke, Na-
tional Institutes of Health, Department of Health and
Human Services; by FIS (Fondo Investigacion Sani-
taria) 92/010, and by ACS (American Cancer Soci-
ety) 94-18.

We thank Dr. Garcia del Muro, Thomas
Deschamps, Jeffrey Berk, and Rita Hoard for their
assistance.

Manuscript received August 21, 1996; revised
November 24, 1996; accepted December 20, 1996.

Body Size and Prostate Cancer:
a 20-Year Follow-up Study
Among 135006 Swedish
Construction Workers

Swen-Olof Andersson, Alicja
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Nyrén*

Background:Obesity is associated with
endocrine changes (e.g., increased es-
trogen and decreased testosterone in
the blood) that have been implicated in
the cause of prostate cancer and, there-
fore, an association between body
weight and the risk of developing pros-
tate cancer would be expected. How-
ever, because of bias or low statistical
power in previous epidemiologic stud-
ies, associations between anthropomet-
ric measurements (height and weight),
body mass index (BMI), and the risk of
prostate cancer may have been inad-
vertently overlooked.Purpose:We per-
formed a large, retrospective cohort
study among Swedish construction
workers to evaluate possible associa-
tions of adult weight, height, BMI, and
lean body mass (LBM) by age at entry
in the study with the incidence and
mortality rate of prostate cancer.Meth-
ods: We analyzed data that had been
compiled in a computerized central
register on a cohort of approximately
135 000 male construction workers. In-
formation on height and weight had
been collected with the use of a com-
prehensive questionnaire filled out by
nurses at the time of enrollment in the
cohort, from 1971 through 1975. Com-
plete follow-up was achieved through
1991 by means of record linkage to the
Swedish National Cancer Register, the
Death Register, and the Migration Reg-
ister. A total of 2368 incident cases and
708 deaths from prostate cancer oc-
curred in the cohort during a follow-up
period averaging 18 years. We used
only information obtained at the index
visit from 1971 through 1975 to deter-
mine age-adjusted rate ratios (RRs) in
a Poisson-based multiplicative multi-

variate model with age and the relevant
exposure variable (e.g., weight, height,
BMI, and LBM) as independent vari-
ables.Results:All anthropometric mea-
surements were positively associated
with the risk of prostate cancer and
were more strongly related to mortality
than to incidence. The excess risk of
death from prostate cancer was statis-
tically significant in all BMI categories
above the reference category: RR =
1.40 (95% confidence interval [CI] =
1.09-1.81) in the highest category com-
pared with the lowest (P for trend =
.04). For height and LBM, the excess
risk in the highest compared with the
lowest categories was somewhat less
pronounced: RR = 1.28 (95% CI =
1.02-1.60) and RR = 1.26 (95% CI =
1.02-1.57), respectively. Statistically
significant linear dose–response rela-
tionships were also found with the in-
cidence of prostate cancer, with the ex-
ception of BMI (P for trend = .10).
Conclusion:Our large cohort study in-
dicates that various aspects of body size
are related to the risk of prostate can-
cer and that future studies are needed
to study the role of body size and pros-
tate cancer. [J Natl Cancer Inst 1997;
89:385-9]

The cause of prostate cancer remains
unclear (1); age, race, and family history
are the only established risk factors. The
marked variation in the incidence of clini-
cal prostate cancer between different eth-
nic groups (2) and the findings in migrant
studies indicate an environmental cause

*Affiliations of authors:S.-O. Andersson, Depart-
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for this disease and the importance of ex-
posures in early life (3). Although several
analytic epidemiologic studies have sug-
gested a role for dietary fat—and animal
fat in particular—in the cause of prostate
cancer (4), several case–control (5-7) and
cohort (8-10) studies provide no support
for this theory.

Obesity is associated with endocrine
changes, including increased estrogen and
decreased testosterone levels, as well as
lowered sex hormone-binding globulin in
the blood (11). Hence, since hormonal
factors—notably levels of biologically
available androgens—have been impli-
cated in the cause of prostate cancer (12),
an association between body weight and
the risk of developing prostate cancer
would be expected. However, body mass
index (BMI), which reflects both fat and
lean tissues as well as other anthropomet-
ric measurements (height and weight), has
not been consistently associated with the
risk of prostate cancer in previous epide-
miologic studies (1), but weak associa-
tions may have been overlooked because
of bias or low statistical power.

We performed a large, retrospective
cohort study among Swedish construction
workers to evaluate possible associations
of adult weight, height, BMI, and lean
body mass (LBM) by age at entry in the
study with the incidence and mortality
rate of prostate cancer.

Subjects and Methods

Cohort

The Construction Industry’s Organization
for Working Environment, Safety and Health
(‘‘Bygghälsan’’), a joint venture between trade
unions and the Swedish Construction Employer’s
Association, provided outpatient medical services
for construction workers throughout Sweden from
1969 through 1992. The basic units included station-
ary and mobile clinics, usually staffed by a few
nurses and a physician. The main activity was a
preventive health checkup, offered to all blue- and
white-collar workers in the building industry
through regular personal invitations (every second
year during the first years, every third year thereaf-
ter) and through visits to—or advertisements at—
virtually all major building sites. Beginning with
visits from 1971, data from these repeated health
checkups were compiled in a computerized central
register.

We evaluated 135 049 men registered in 1971
through 1975. Forty-three subjects were excluded
because of prostate cancer before entry in the cohort
or inconsistencies revealed in the analyses (date of
death or date of emigration before entry in the co-
hort), leaving 135 006 subjects for the final analyses.
Cohort characteristics are shown in Table 1.

On average, each cohort member had three health
checkups. In the present analysis, however, we used
only information obtained at the index visit during
1971 through 1975, which defined entry in the co-
hort. Before each visit, the workers answered a com-
prehensive questionnaire with approximately 200
items pertaining to, e.g., marital status and a detailed
smoking history. Four categories were used to clas-
sify marital status: married, unmarried, widower, or
divorced. Smoking status was classified as current,
previous, or never smoked. During the visit to the
clinic, the questionnaires were checked by a nurse to
avoid misunderstandings and missing or inconsistent
answers. Height and weight, measured in a standard-
ized way, were included in each medical record. The
quality of the data has been reviewed previously
(13). Briefly, fewer than 200 persons lacked data on
the anthropometric measurements used. On average,
each person had three measurements of height. For
79% of the cohort members with more than one
measurement, the difference between the highest
and the lowest value of height was 1 cm or less, and
in 98.5% the difference was 4 cm or less.

Follow-up

Major efforts were made to ensure that the na-
tional registration numbers, unique personal identi-
fiers assigned to all residents in Sweden, were com-
plete and valid. The proportion having incorrect
national registration numbers was less than 1 in
1000. The national registration number was used for
follow-up through linkage to the Cancer Register,
which is more than 98% complete (14), the Death
Register, and the Migration Register. The Cancer
Register, founded in 1958, has coded malignant neo-
plasms according to the International Classification
of Diseases, 7th Revision (ICD-7) during the entire
period of study. This study reports the incidence of
prostate cancer (ICD-7:177) and the mortality with
this cancer coded in the Death Register as the un-
derlying cause of death. Each cohort member con-
tributed person-years from the date of the first reg-
istered visit, according to the Construction
Industry’s Organization for Working Environment,
Safety and Health database, until the date of diag-
nosis of prostate cancer (in the incidence analyses),
death, migration, or the cutoff date of December 31,
1991, whichever came first. A total of 2368 men in
the cohort developed prostate cancer during follow-
up through 1991. Altogether, 2 369 006 person-years
were observed in the analyses of the incidence of
prostate cancer and 2 377 960 in the corresponding
analyses of the mortality rate.

Statistical Analyses

Since the risk of prostate cancer is highly age
dependent, we first analyzed the age distribution in
various exposure categories. Then the number of
cases and person-years experienced was computed
within 12 age intervals (<30, 30-34, . . . ,75-79, and
ù80 years) for each category of exposure variable
studied. These data were used to obtain the age-
adjusted rate ratios (RRs) in a first simple multipli-
cative multivariate model, with age and the relevant
exposure variable as independent variables. Because
of small risk of prostate cancer at younger ages, age
was included with nine categories (<45, 45-49, . . . ,
75-79, ù80) in the modeling. The modeling was
based on the assumption that the number of cases
followed a Poisson distribution. The models were
fitted using the maximum likelihood method (15).
On the basis of the results thus obtained, further
multivariate modeling was then performed. In addi-
tion to each of the main variables (height, weight,
etc.), these models included age, smoking status, and
marital status. These variables were considered to be
the most important possible confounding variables
among those variables for which we had data. Mul-
tivariate models with several of the main variables
(height, weight, BMI, and LBM) were not consid-
ered, since the high correlation between these vari-
ables makes it impossible to obtain results with suf-
ficient precision. Results for the explanatory
variables are reported with the variables in catego-
rized form. For the body size measurements, catego-
ries based on approximate quartiles were used. Since
the data for the basic variables of height and weight
were available in whole centimeters and kilograms,
the limited number of scale steps means that exact
quartiles cannot be obtained. The trend tests are
based on categorized variables with the categories
coded as 1, 2, 3, and 4. BMI was calculated as
weight/height2 (kg/m2). LBM, an estimate of body
components that are not adipose, was calculated as
[2.447 − 0.09516 age (years) + 0.1074 height (cm) +
0.3362 weight (kg)] divided by 0.732 (16,17).

Results
The age-adjusted RRs by different an-

thropometric measurements are shown in
Table 2. These were obtained from mul-
tivariate Poisson models with age in-
cluded, in addition to each of the variables
shown. The fact that the risk of prostate
cancer is strongly age dependent and that
several of the explanatory variables were

Table 1. Follow-up study of Swedish construction workers*

Age at
entry, y

No. of
subjects (%)

Person-years
of follow-up

Mean (SD)

Weight, kg Height, cm BMI, kg/m2 LBM, kg

<30 40 559 (30.0) 746 692 73.0 (9.8) 178.4 (6.2) 22.9 (2.7) 59.9 (4.9)
30-39 30 911 (22.9) 563 660 76.3 (10.1) 176.8 (6.1) 24.3 (2.8) 59.9 (5.1)
40-49 25 364 (18.8) 450 906 77.7 (10.5) 175.4 (6.1) 25.2 (3.0) 59.0 (5.3)
50-59 26 720 (19.8) 440 436 77.9 (10.8) 174.2 (6.0) 25.6 (3.1) 57.6 (5.4)
ù60 11 452 (8.5) 167 312 76.6 (10.6) 173.0 (5.9) 25.5 (3.1) 55.8 (5.3)

*Number of subjects recruited from 1971 through 1975, accumulated person-years during follow-up with
regard to incidence of prostate cancer through 1991, and mean values with standard deviation (SD) for
weight, height, body mass index (BMI), and lean body mass (LBM) by age at entry.
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related to age means that the age-adjusted
relative risks shown in many cases devi-
ate substantially from the unadjusted rela-
tive risks that can be inferred from the
number of cases and person-years shown
in Table 2.

Overall, a positive association with a
risk of prostate cancer was observed for
all of these measurements; the risk was
slightly (13%-17%) higher in the highest
compared with the lowest category of
weight, height, BMI, and LBM. The trend
was statistically significant for all mea-
surements, except BMI. Further multi-
variate analyses of BMI, including smok-
ing and marital status, did not materially
affect the estimates shown in Table 2
(e.g., RR4 1.15; 95% confidence inter-
val [CI] 4 1.01-1.32 for the highest quar-
tile of BMI).

Table 3 presents age-adjusted relative
risks of death from prostate cancer in
relation to the different anthropometric
measurements. A total of 708 deaths was
observed during the follow-up period.
All individual measurements were posi-
tively associated with death from prostate
cancer and, indeed, were consistently
more strongly related to death than to the
incidence of prostate cancer.

For BMI, the increase in risk was sta-
tistically significant at the 5% level in all
categories above the reference category
(RR4 1.40 for the highest category; 95%
CI 4 1.09-1.81;P for trend4 .036). For
weight, height, and LBM, the excess risk
in the highest categories was somewhat
less, although the dose–response trends
were statistically significant for all vari-
ables.

Discussion

Our cohort study of about 135 000
male construction workers, followed for
an average of 18 years, revealed a positive
association of weight, height, BMI, and
LBM with the risk of prostate cancer.
Analyses confined to fatal—i.e., biologi-
cally aggressive—cancers showed that all
body-size indicators were more strongly
associated with death from—than inci-
dence of—prostate cancer. Since most of
the anthropometric variables were highly
correlated, one could not discern the ef-
fect of each specific variable.

The validity of our data is considered
high. Selection or information bias is not
likely. Since all measurements were stan-

dardized, nondifferential misclassifica-
tion, which would attenuate the associa-
tions, should be minimal. Furthermore,
the zealous checks of the national regis-

tration numbers among cohort members
and the estimated 98% completeness of
the Cancer Register (18) ensured an al-
most complete follow-up. Although the

Table 2. Incidence of prostate cancer among Swedish construction workers in relation to weight, height,
body mass index (BMI), and lean body mass (LBM) analyzed as categorized variables*

Variable
No. of

subjects
Person-
years

No. of
cases RR 95% CI

Weight, kg
<69 32 798 580 277 448 1.0 Referent
69-75 37 491 662 693 606 1.05 0.93-1.19
76-82 32 348 566 563 588 1.04 0.92-1.17
>82 32 242 557 334 722 1.16 1.03-1.31

P for trend4 .02

Height, cm
<172 31 026 528 898 792 1.0 Referent
172-176 39 910 698 122 770 1.05 0.95-1.16
177-180 30 613 542 425 458 1.07 0.96-1.21
>180 33 287 596 622 345 1.14 1.00-1.29

P for trend4 .04

BMI, kg/m2

<22.1 33 132 594 215 290 1.0 Referent
22.1-24.1 34 758 617 332 499 1.09 0.94-1.26
24.2-26.2 33 600 587 500 676 1.10 0.96-1.26
>26.2 33 325 566 678 899 1.13 0.99-1.29

P for trend4 .10

LBM, kg
<55.00 30 888 527 165 834 1.0 Referent
55.01-58.5 35 265 620 195 614 1.08 0.97-1.19
58.6-62 33 702 597 972 489 1.16 1.03-1.29
>62 34 960 620 394 427 1.17 1.04-1.32

P for trend4 .002

*Age-adjusted rate ratios (RRs) are given with the 95% confidence intervals (CIs) obtained from multi-
variate Poisson models, which include adjustment for age in each case.

Table 3. Mortality from prostate cancer among Swedish construction workers in relation to weight,
height, body mass index (BMI), and lean body mass (LBM) analyzed as categorized variables*

Variable Person-years
No. of
deaths RR 95% CI

Weight, kg
<69 581 998 131 1.0 Referent
69-75 664 886 170 1.03 0.82-1.29
76-82 568 722 167 1.03 0.82-1.30
>82 560 196 240 1.34 1.08-1.66

P for trend4 .002

Height, cm
<172 532 186 241 1.0 Referent
172-176 700 920 216 0.99 0.82-1.18
177-180 544 077 137 1.08 0.88-1.34
>180 597 823 114 1.28 1.02-1.60

P for trend4 .04

BMI, kg/m2

<22.1 595 307 74 1.0 Referent
22.1-24.1 619 104 155 1.36 1.03-1.79
24.2-26.2 589 958 202 1.33 1.02-1.74
>26.2 570 292 277 1.40 1.09-1.81

P for trend4 .04

LBM, kg
<55.00 530 357 247 1.0 Referent
55.01-58.5 622 458 167 1.02 0.84-1.24
58.6-62 599 869 166 1.38 1.14-1.69
>62 621 977 128 1.26 1.02-1.57

P for trend4 .002

*Age-adjusted rate ratios (RRs) with 95% confidence intervals (CIs) were obtained from multivariate
Poisson models, which include adjustment for age in each case.
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implications of chance effects can be es-
timated, the potential effect of confound-
ing is more problematic, especially in
studies of prostate cancer, because risk
factors are incompletely known. Our
analyses were age adjusted, the cohort
members were almost all Caucasians, and
the relative occupational homogeneity of
the construction workers may reduce con-
founding by unmeasured factors. Con-
founding by, for example, dietary factors
is conceivable, although a recent large
case–control study in Sweden (7) failed to
reveal any important dietary determinants
of the risk of prostate cancer in the Swed-
ish population. Dietary fat intake in adult
life plays a role in prostate cancer, accord-
ing to several, but not all, previous epide-
miologic studies (19). If dietary fat (or
some components of it) is causally linked
with prostate cancer, then a positive con-
founding effect on weight and BMI is
possible; confounding of the association
with height and LBM appears more tenu-
ous, since height is determined during
adolescence and LBM is independent of
body fat.

The possible relation between anthro-
pometric measurements and risk of pros-
tate cancer has been evaluated in several
previous reports with inconsistent find-
ings. No association between BMI,
weight, and the risk of developing pros-
tate cancer was found, particularly in
studies with a case–control design (6,20-
27), while support for a positive associa-
tion is derived mostly from cohort studies
(28-31) and some case–control studies
(32,33). In most case–control studies, the
analyses were based on self-reported an-
thropometric measurements at the time of
diagnosis. Some patients may have lost
weight because of the disease; this could
partly explain the lack of an association
between BMI and the risk of prostate can-
cer in some investigations.

The weak positive association between
BMI—a measure of obesity—and the risk
of prostate cancer found in our study
could be plausibly explained by several
mechanisms. First, obesity is associated
with several hormonal aberrations in men,
including higher estrogen and lower tes-
tosterone levels (11). Obesity also entails
lower levels of sex hormone-binding
globulin, which should increase mainly
the fraction of biologically available tes-
tosterone. Since sex hormones, especially
androgens, have been implicated in the

cause of prostate cancer, the endocrine
aberrations associated with obesity may
play a role in the cause of this disease
(19). In addition, the role of other associ-
ated endocrine aberrations (e.g., hyperin-
sulinemia) and the relation between dif-
ferent body fat distribution and hormone
metabolism is still not fully understood.
Second, high BMI may reflect an imbal-
ance between caloric intake and physical
activity. High energy intake and low
physical activity have been thought to be
positively associated with risk of prostate
cancer (6,7,34,35).

A third hypothesis relates to the sug-
gested positive association between obe-
sity and sympathetic activity (36). In an
animal study (37), the balance between
local sympathetic and parasympathetic
activity influenced growth of the prostate
gland. This mechanism may involve the
cell-growth stimulating effect of local
growth factors, such as epidermal growth
factor, nerve growth factor (NGF), or
insulin-like growth factor-1 (IGF-1). Ad-
renergic neurotransmitters have been re-
ported to increase NGF synthesis in non-
neuronal tissues (38) and circulating
levels of IGF-1 were reduced by caloric
and protein restriction in humans (39-41).
Resting heart rate, an indicator of sympa-
thetic activity, was associated with the
mortality rate from prostate cancer in one
study (42). Among patients with schizo-
phrenia, the incidence of prostate cancer
was reduced by 44% among those treated
with chlorpromazine, a drug with mark-
edly antiadrenergic properties (43). Thus,
obesity may be involved in prostate car-
cinogenesis through a relation with sym-
pathetic activity.

BMI reflects both lean tissues and
body fat. In a prospective study (29), a
positive association between BMI and
prostate cancer was ascribed to greater
muscle mass among case subjects, per-
haps because of an excess of androgens,
rather than to adiposity. Therefore, LBM
may be more relevant than BMI in studies
of androgen-dependent disorders, such as
prostate cancer, in an elderly population.
However, the calculated LBM index may
not be correct because the formula as-
sumes that the proportion of water in the
LBM is constant. In reality, this propor-
tion varies, depending on the state of hy-
dration and the relative subcomponents of
this mass. Moreover, the validity of the
equation predicting total body water for

men is not perfect (r 4 .84), since it can
vary between populations (16,17). These
limitations of the index would most likely
entail nondifferential misclassification
and therefore underestimation of the time
association between LBM and prostate
cancer.

Only one previous epidemiologic in-
vestigation—a cohort study (44)—found
a positive association between height and
risk of prostate cancer, with an 80%
higher risk among men in the third and
fourth quartiles of height compared with
the lowest quartile (P for trend 4 .01).
Adult height is determined by nutritional
status during childhood and adolescence
and by genetic influences. IGFs are vital
for normal growth and development dur-
ing fetal, neonatal, and pubertal stages
(45). The production of IGF-1 may be
stimulated by sex steroids at the time of
puberty, and in prepubertal boys, testos-
terone dramatically increases the level of
plasma IGF-1 (46), which correlates with
growth in childhood and adolescence
(47). Moreover, IGF-1 levels are reduced
by lowering the energy and protein intake
in humans (39-41). Thus, one candidate
mediator of the positive association be-
tween height and prostate cancer is defi-
nitely IGF-1, the actions of which deserve
further evaluation.

In summary, our large cohort study
shows that various aspects of body size
are related to the risk of prostate cancer.
Since anthropometric measurements re-
flect nutritional, hormonal, neuroendo-
crine, and other factors during various pe-
riods of life, much more research is
needed to clarify precisely the mecha-
nisms by which these factors may influ-
ence carcinogenic processes in the pros-
tate. Anthropometric measures were
consistently more strongly associated
with mortality than with incidence RRs of
prostate cancer. If these quantitatively
small differences hold up in future stud-
ies, one might speculate that measures of
body size—or their determinants—play a
role in the progression from latent to ag-
gressive prostate cancer.
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