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Abstract Body size relatively early in life may influence

men’s later rate of prostate cancer. We searched for pub-

lished, English-language studies of the association between

prostate cancer incidence or mortality and body size

between ages 5 and 29 years. We summarized analyses of

childhood body size, early-adult waist circumference, and

early-adult body mass index (BMI). Most study designs

were case–control or retrospective cohort studies, in which

body size was self-reported and recalled. The few studies

of childhood body size and early-adult waist circumference

indicated null or weak associations. The results from

studies of early-adult BMI were heterogeneous (p = 0.04)

and showed evidence of funnel plot asymmetry. The ran-

dom-effects rate ratio (RR) was 1.06 (95% confidence

interval [CI]: 0.99, 1.14) per five-unit increase in BMI.

Studies using measured (as opposed to self-recalled) height

and weight (n = 3) tended to produce stronger associa-

tions: fixed-effects summary RR = 1.22 (1.06, 1.39). The

same was true for studies that did not adjust for later-life

BMI (n = 13): fixed-effects RR = 1.13 (1.06, 1.21).

Examining only analyses of advanced or high-grade pros-

tate cancers, results were heterogeneous (p \ 0.01). The

random-effects summary RR per five units of BMI was

1.01 (95% CI: 0.89, 1.15). In all the reviewed studies, the

vast majority of men were of normal weight in childhood

and early adulthood. Few studies presented data describing

the association between prostate cancer and obesity (e.g.,

early-adult BMI C 30). The exact relationships between

early-life body size and prostate cancer remain unclear but

appear to be weak.
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Introduction

Body size may be important in the development of prostate

cancer. In a recent review, however Freedland and Platz,

noted that most prostate cancer research has focused on

body size relatively late in life and thus ‘‘may have missed

the window when excess body mass index and its sequeal

would have affected prostate cancer risk’’ [1]. In evaluating

prostate cancer risk in relation to body size relatively late

in life, the authors were able to consult a systematic review

of 31 cohort studies and 25 case–control studies [2]. For

body size earlier in life, the authors cited only four studies,

which gave the impression of having ‘‘demonstrated mixed

results’’ [1].

Without a systematic review of the entire published lit-

erature on prostate cancer and body size relatively early in

life, impressions must be developed on the unsatisfactory

basis of examining an incomplete selection of the literature

one study at a time. Therefore, the main goal of the present

systematic review is to fill this gap in the prostate cancer

literature. We provide as complete a catalog as possible of

the published English-language epidemiologic studies that

have investigated the association between prostate cancer

and body size early in life. Where possible, we place the
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studies on a common quantitative footing; examine hetero-

geneity to assess the informal impression of a conflicting

literature; investigate funnel plot asymmetry for signs of

publication bias or other distorting influences; and provide

summary estimates of the associations when appropriate.

Materials and methods

Literature search

We sought published, English-language research, where (1)

the exposure was body size (excluding weight or adult

height) between ages 5 and 29 years and where (2) the

outcome was prostate cancer incidence or mortality. We

chose not to examine weight because it is a relatively non-

specific measure that does not differentiate among the

effects of height, fat mass, and lean body mass. We chose

not to examine adult height because it was recently treated

by another reviewer [2].

In order to identify relevant studies published before 12

November 2007, we searched using four methods: literature

searches in (1) PubMed MEDLINE and (2) ISI Web of

Science Citation Index Expanded; (3) manual searches of

the bibliographies of review articles and recovered articles;

and (4) manual searches of all the articles that had cited

recovered articles (ISI Web of Science Cited Reference

Search). Our PubMed and Web of Science keyword searches

were designed in consultation with two reference librarians

at the University of North Carolina Health Sciences Library.

The ISI Web of Science search terms were ‘‘prostate cancer’’

together with (1) ‘‘young, adolescent*, infant*, child*, col-

lege, early life, or puberty’’ and (2) ‘‘body size, obesity,

BMI, body mass index, or weight.’’ The PubMed search

terms were ‘‘human,’’ ‘‘male,’’ and ‘‘prostatic neoplasm’’

together with (1) ‘‘epidemiology’’ or ‘‘etiology’’ and (2) one

of the following: ‘‘body weight,’’ ‘‘body mass index,’’

‘‘overweight,’’ ‘‘obesity,’’ or ‘‘body size.’’ (We excluded

PubMed’s age-specific keywords, ‘‘child*’’ and ‘‘adoles-

cent*,’’ from our final search because restricting by them

excluded relevant articles.) We directly examined all papers

whose abstracts indicated the possibility that pertinent

information was collected (e.g., study administered ques-

tionnaires about participants’ health histories). Two

publications reported results from the same analysis [3, 4];

we excluded the later, less-detailed report [3].

Meta-analysis: data extraction and author contacts

Where studies examined quantitatively measured body

size, we attempted to perform meta-analysis. When the

published reports did not include information necessary for

meta-analysis, we contacted the study authors. None of the

studies included all of the information we desired for meta-

analysis. Therefore, we contacted authors of all studies

except the two that did not include analyses of quantita-

tively measured body size [5, 6].

Of the 20 sets of authors whom we attempted to contact

[3, 7–25], we eventually reached 17 [3, 7–9, 11–23]; 15 were

able to supply some or all of the requested information [7, 9,

11–23] (see Acknowledgments). In the end, the meta-analysis

included results from 16 publications: those 15 publications

whose authors supplied information and one publication

whose authors we could not contact [10]. All 16 publications

researched prostate cancer’s relationship with BMI. Two of

those publications also analyzed prostate cancer’s relation-

ship with waist circumference [19, 21]; another included an

analysis with estimated lean body mass [23].

About 8 of the 16 studies reported results for advanced

or high-grade prostate cancers [11, 12, 15, 17, 19, 21–23].

In seven cases, we had adequate information to analyze

these results together in a sub-analysis restricted to

advanced prostate cancer cases [11, 12, 15, 17, 19, 21, 22].

These seven studies defined advanced cancer using various

criteria: (1) tumors that, at diagnosis, had metastasized or

extended beyond the prostatic capsule (n = 4) [11, 12, 21,

22] or cancers with a TNM stage of T3–4, M0 or T0-4, M1

[26] (n = 1) [15]; (2) tumors with a Gleason score C8 [27]

(n = 1) [19]; or (3) prostate cancer listed on the death

certificate as a cause of death (n = 1) [17].

Meta-analysis: statistical analysis

For meta-analyses of quantitative body size, we first placed

the different studies’ effect measures on the same footing

by calculating a common measure of association: the nat-

ural log of the continuous rate ratio (RR) for a given

increase in the body size measure. For BMI, we chose a

five-unit increase, the same as that used by MacInnis and

English in their meta-analysis of prostate cancer in relation

to later-life BMI [2].

Throughout this article, the term ‘‘rate ratio’’ (RR) is used

to describe incidence rate ratios estimated directly in cohort

studies, by the risk ratio in cohort studies, or by the exposure

odds ratio in case–control studies. We required that the

studies’ RR estimates be adjusted for age or birth cohort or

arise from age-matched study populations. In the one case

where multiple age-adjusted estimates were available [21],

we preferentially selected the estimate that was not adjusted

for body size later in life (adjustment for this potential

mediator of early-adult BMI’s association with prostate can-

cer could bias the estimates [28–32]) but that was otherwise

adjusted for the greatest number of potential confounders.

In seven publications, continuous RR estimates were

neither published nor provided by the study’s authors

[9, 12, 14, 16, 19, 22, 23]. Six of these studies reported RR
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estimates in categories of BMI, waist circumference, or

estimated lean body mass [12, 14, 16, 19, 22, 23]. In these

cases, we used Greenland and Longnecker’s covariance-

corrected generalized least-squares trend (GLST) estimation

method to estimate one continuous RR for each analysis [33].

To each BMI or waist circumference category, we assigned

values equal to that category’s median value for either the

whole population (for cohort studies [12, 16]) or for the

control group (in case–control studies [14]). (In one case–

control study, which analyzed BMI and waist circumference

in the same population, it was unclear whether the medians

were for the control group or for cases and controls combined

[19].) We implemented the GLST technique using user-

written SAS code and replicated the results using Stata’s glst

command [34]. The other analysis in which a continuous RR

estimate was not available was a cohort study [9] about

which we obtained the following for each quintile of the BMI

distribution: (a) the absolute rates of prostate cancer, (b) the

median BMI, and (c) the estimated number of cases and non-

cases. With this information, we estimated the log-RR trend

using a generalized linear model with the binomial outcome

distribution and the natural-log link.

Once continuous RR trends were determined for all

studies, we examined funnel plot asymmetry in three ways

[35]: (1) Begg and Mazumdar’s rank order correlation test

(a = 0.20) [36]; (2) the regression test of Egger et al.

(a = 0.20) [37]; and (3) Duval and Tweedie’s trim and fill

imputation method [38, 39]. In addition, overall homogeneity

was tested using Cochran’s Q statistic (a = 0.20). When

study RRs showed evidence of heterogeneity, we did not

report fixed-effects summary estimates. In order to explore

whether particular study characteristics were associated with

average log RRs among studies [40, 41], we performed

stratified analyses and REML (restricted maximum likeli-

hood) random-effects meta-regressions [42]. Each meta-

regression estimated a ratio of the average random-effects

RRs from studies grouped by particular study characteristics.

The study characteristics examined under meta-regres-

sion and stratified analyses were as follows: year of

publication; study design (cohort or case–control); out-

come (incident cancer or fatal cancer); study location

(North America; Asia; or Europe/Australia); percent

(B1.25% or [1.25%) of population who were obese

(BMI C 30 or waist circumference C102 cm); pervasive-

ness of prostate-specific antigen (PSA) screening when

cases were diagnosed (more common in U.S. after 1988,

Australia after 1993, Canada after 1990; less common in all

other cases); whether the RR trend estimate was reported

by study authors or estimated by us; body size assessment

method (measured by study staff or recalled by study

participants); age for which body size was assessed

(‘‘usual’’ size during their 20s; most college-aged [18 to

22-years old]; or most 25 to 29-years old); and covariate

adjustment. To explore the effect of covariate adjustment,

we performed meta-regression and stratified analysis for

family history of prostate cancer; later-life BMI; and any

indicator of socioeconomic position. Due to of the small

number of studies, we were unable to conduct multiple

meta-regression analyses and could only examine the study

characteristics one at a time.

Results

We identified and analyzed results from 18 studies, some of

which included analyses of multiple body size measures. In

ten studies, the source population was the general population

[7, 9–11, 13, 14, 18–21]; two populations were cohorts of

university students [16, 17]; three populations consisted of

respondents to mailed questionnaires [12, 15, 22]; and two

were hospital-based [5, 6]. The source population was

unclear in another study [23]. Half of the studies used case–

control designs; six used retrospective cohort designs; and

three used prospective cohort designs. Almost all popula-

tions were more than 90% Caucasian. Only four studies

included more than a negligible proportion of non-Cauca-

sians: two studied populations of Asian descent [9, 14], one

study population was 20% African-American [21]; another

population was 8% African-American [23].

Of the 18 studies, 16 analyzed BMI in early adulthood

(18–29 years) [7, 9–23] (Table 1). Eight studies presented

analyses of other body size measures: Stunkard figures for

pre-adolescence [12, 14, 21]; comparison to peers during

‘‘puberty’’ or the early teen years [5, 6, 10]; Stunkard fig-

ures for early-adulthood [12, 14, 21]; waist circumference

in the 20s [19, 21]; or estimated lean body mass [23].

Pre-adolescence and adolescence—qualitative body

size measures

Pre-adolescent size was examined in three studies [12, 14, 21];

peri-puberty was examined in three other studies [5, 6, 10]

(Table 2). Two of the peri-puberty studies used hospital-based

controls [5, 6]. Measures of pre-adolescent and adolescent

body size could not be placed onto a common quantitative

footing to support meta-analytic calculations.

Two of the three studies examining pre-adolescence

reported that the rate of advanced prostate cancer was

somewhat lower among the heaviest pre-adolescent boys

(Table 2). Studies examining peri-puberty did not indicate

any associations between prostate cancer and self-reported

‘‘size’’ or ‘‘weight’’ in comparison to peers.

Early adulthood—qualitative body size measures

The age range of the 20s was examined in the same three

studies that investigated body size in pre-adolescence
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[12, 14, 21] (Table 2). The studies’ results for the 20s were

similar to those for pre-adolescence: the two North

American studies appeared to show decreased rates for the

heaviest young men.

Early adulthood—body mass index: meta-analysis

We performed a meta-analysis of the associations between

prostate cancer and BMI in early adulthood (Fig. 1).

Approximately 13,193 cases of prostate cancer were

included in the main analysis. In the analysis of all 16

studies, there was evidence of funnel plot asymmetry

(Begg–Mazumdar p = 0.24; Egger p = 0.02) and also of

heterogeneity (p = 0.04). The trim and fill method impu-

ted six hypothetically missing results, reducing the

random-effects summary RR estimate from 1.06 (95% CI:

0.99, 1.14) to 1.01 (95% CI: 0.94, 1.08).

Stratifying by study characteristics, certain subgroups of

studies appeared to be homogenous enough to estimate

fixed-effects summary RRs (Table 3). This subgroup

included studies from Europe and Australia, which over-

lapped a subgroup we designated as ‘‘pre-PSA’’ screening

and another of studies in which obesity prevalence was less

than 1.25%. Other homogenous subgroups were studies

that did not include later-life BMI was not a covariate and

those in which height and weight were measured. In all the

subgroups mentioned above, the fixed-effects summary

RRs were the same as the random-effects RRs in Table 3.

These summary RRs ranged from 1.11 to 1.22 per five

units of BMI.

In the meta-regression analyses, several study charac-

teristics appeared to be associated with the studies’ RRs

(Table 3). Studies with greater proportions of obese males

tended to have lower RRs. Three study characteristics

perhaps associated with a predominance of localized can-

cers (publication year, post-PSA era, and North-American

location) were suggestively associated with lower study

RRs. In addition, the three analyses that adjusted for later-

life BMI produced slight inverse associations as opposed to

the other 13 studies’ positive average associations. The

analyses in which height and weight were measured

(n = 3) had stronger positive associations than those in

which the measures were recalled by study participants.

We examined BMI’s association with advanced prostate

cancer in two ways. First we compared studies in which the

prostate cancers were primarily diagnosed before PSA

screening was widespread to those diagnosed after

screening became more common. ‘‘Pre-PSA’’ studies ten-

ded to yield greater RRs. Second, we calculated a summary

RR for BMI analyses limited to advanced-stage, high-

grade, and fatal cancer cases (see Table 4). There was

evidence of heterogeneity (p \ 0.01) but not funnel plot

asymmetry. The average of the studies’ RRs was veryT
a
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close to the null: random-effects RR = 1.01 (95% CI: 0.89,

1.14). The evidence of heterogeneity was attenuated

(p = 0.3) when we excluded the two analyses that adjusted

for later-in-life BMI [12, 43]. The fixed-effects summary

RR based on the remaining five analyses was 1.07 (95%

CI: 1.04, 1.11) per five-unit BMI change.

Early adulthood—waist circumference

Only two analyses examined waist circumference [19, 21].

Therefore, we did not perform a meta-analysis of these

results. In the Giles et al. study [19], the estimated trends

per five inches of age 21 waist were OR = 1.04 (95% CI:

0.98, 1.10) among all prostate cancer cases and OR = 1.07

(95% CI: 0.97, 1.17) among only high-grade cases. When

Robinson et al. [21] examined the relationship between

usual trouser waist size at age 20–29 years and advanced

prostate cancer, they found a stronger relationship:

OR = 1.28 (95% CI: 1.03, 1.59). In categorical analysis,

however, those reporting the largest waist circumference

(C38 inches) appeared to have decreased incidence of

cancer: OR = 0.73 (95% CI: 0.40, 1.35) versus those

reporting waist of 32–37 inches.

Early adulthood—lean body mass

Liu et al. analyzed the relationship between prostate cancer

diagnosis and an estimate of lean body mass [23]. The

analysis suggested an inverse association (OR = 0.84 [0.69,

1.02]). However, the equation used to estimate lean body

mass at age 20 reduces to a function of height and weight.

Therefore, the lean body mass estimate may add little

information above that study’s analysis of BMI, which was

included in the meta-analysis of early-adult BMI.

Discussion

The studies reviewed here give the impression of null or

weak associations between early-life body size and prostate

cancer diagnosis. Although there exists particular interest

in body size during puberty, only three studies examined

this issue. The results of these studies are not definitive:

there were limitations in the studies’ designs (two used

hospital-based controls) and adiposity was measured with

imprecision. The relationship between prostate cancer and

early-adult waist circumference also remains unclear. The

results of the two studies examining waist circumference

and advanced or high-grade prostate cancer were compat-

ible with a null or slightly increased incidence of advanced

or high-grade prostate cancer with larger waist circumfer-

ence. However, two studies is too few to draw conclusions.

The majority of the reviewed studies included analyses

of early-adult BMI. Assuming a linear association between

BMI and prostate cancer, these studies indicated a null or

weak positive relationship. Similarly, in regard to advanced

or high-grade prostate cancer, if the association is linear, it

is likely null or very weakly positive. There are several

limitations to the literature on advanced and high-grade

prostate cancer. First is the potential for publication bias:

Fig. 1 Forest plot displaying

estimated RRs of prostate

cancer incidence per 5 kg/m2

increment of BMI

Cancer Causes Control (2008) 19:793–803 799

123



half of the reviewed studies did not report results stratified

by outcome severity. Second is the potential for selection

bias: among the analyses that stratified by prostate cancer

severity, 20% of cancer cases were typically unstaged and

therefore excluded from the analyses. Excluding cases with

this missing data could induce selection bias if having an

unstaged cancer were associated with early-adult BMI.

Finally, several different methods were used to classify

cancer severity.

There is great interest in whether, in early life, obesity

(as opposed to variation in BMI within the non-obese

range, which is more closely associated with non-fat mass

in men than with fat mass) is associated with prostate

cancer incidence or mortality [1, 9, 12, 44]. Recent

investigations of BMI in mid-life suggest that the rate of

localized prostate cancer increases with higher BMI in the

‘‘normal’’ range (BMI \ 25.0) but decreases with higher

BMI in the ‘‘obese’’ range (BMI C 30) [1]. The

Table 3 Stratified and

meta-regression analyses of

observational studies of the

association between prostate

cancer incidence and

early-adult BMI per 5 kg/m2

a Includes studies in which both

height and weight were self-

reported and studies in which

height was measured but weight

was self-reported
b Values for obesity for three

studies with missing data were

assigned based on studies’

geographic locations and

distributions of BMI
c Percent obese missing for

three studies
d Data not available for Liu

et al. [23]

Study characteristic n Heterogeneity

test p-value

Random-effects

RR (95% CI)

Meta-regression

(ratio of

random-effects RRs)

Overall 16 0.04 1.06 (0.99, 1.14)

BMI

Ht/wt self-reporteda 13 0.13 1.00 (0.96, 1.04) Ref

Ht/wt measured 3 0.75 1.22 (1.06, 1.39) 1.18 (0.99, 1.40)

Study design

Case–control 7 0.50 1.07 (0.98, 1.17) Ref

Cohort 9 0.02 1.08 (0.97, 1.19) 1.00 (0.87, 1.16)

Outcome

Incidence 15 0.04 1.06 (0.99, 1.14)

Mortality 1 5.19 (0.12, 232)

Location

Europe/Australia 7 0.58 1.12 (1.03, 1.22) Ref

North America 8 0.07 1.03 (0.94, 1.13) 0.90 (0.80, 1.02)

Asia 1 1.23 (0.79, 1.92)

Percent obese (BMI C 30)b

\1.25% 7 0.45 1.11 (1.00, 1.24) Ref

C1.25% 9 0.04 1.04 (0.96, 1.13) 0.92 (0.79, 1.07)

Percent obese (BMI C 30), continuousc 13 0.97 (0.96, 0.99)

RR trend

Author report 9 0.35 1.11 (1.03, 1.21) Ref

Estimated 7 0.27 1.00 (0.93, 1.08) 0.88 (0.80, 0.96)

PSA screeningd

Less common 9 0.53 1.14 (1.05, 1.23) Ref

More common 6 0.10 1.02 (0.93, 1.11) 0.89 (0.79, 1.00)

Age BMI assessed

College age 9 0.12 1.04 (0.96, 1.13) Ref

25–29 years 5 0.26 1.14 (1.00, 1.30) 1.11 (0.96, 1.28)

Usual size in 20s 2 0.24 0.99 (0.77, 1.28) 0.91 (0.72, 1.15)

Later-life BMI

Covariate 3 [0.99 0.96 (0.92, 1.01) 0.85 (0.78, 0.92)

Not covariate 13 0.53 1.13 (1.06, 1.21) Ref

Family history of prostate cancer

Covariate 6 0.18 1.03 (0.94, 1.13) 0.95 (0.83, 1.08)

Not covariate 10 0.17 1.09 (0.99, 1.19) Ref

Socioeconomic position

Covariate 4 0.16 1.03 (0.90, 1.19) 0.95 (0.82, 1.09)

Not covariate 12 0.19 1.08 (1.00, 1.17) Ref
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relationship between early-life BMI and prostate cancer

could be similarly non-linear.

Unfortunately, the literature on prostate cancer and

early-life body size includes very few study participants

who were obese when young (see Table 1, column

‘‘percent obese’’). The small number of obese study par-

ticipants reflects the historically low prevalence of obesity

among boys and young men, ranging from about 3 to 9% in

national U.S. surveys from the 1960s and 1970s [45, 46].

Obesity prevalence did not rise dramatically in the U.S.

until the 1980s [45–47]. Men who came of age during this

period will not reach their 60s (and thus be at substantial

risk of prostate cancer diagnosis) until the 2020s. Until

then, attempts to describe the epidemiology of early-life

obesity’s association with prostate cancer will be hampered

by small sample sizes. Progress in understanding this

relationship may depend on the analysis of pooled data or

the exploitation of historical cohorts enriched with obese

children and young men.

Among the studies reviewed here, only three presented or

discussed BMI results that were in any way related to obesity

[10, 12, 21]. Two studies presented categorical results for

relatively high BMIs (i.e., median of BMI category[27) and

therefore were likely to include a substantial proportion of

obese men in that category [12, 21]. Both these studies

observed decreased rates of advanced cancer (i.e., extra-

prostatic or metastatic) compared to lower referent BMI

categories. In addition, the only other study to comment on

this issue reported that, ‘‘for advanced cancers there were

suggestions that ... high BMI [was associated] with a

decreased risk (data not shown)’’ [10].

Thus, the available evidence is extremely limited but

suggests that early-adult obesity may be inversely associ-

ated with diagnosis of advanced prostate cancer but not

necessarily with diagnosis of localized prostate cancer. If

true, this association would be in contrast with the

literature examining BMI after the fifth decade of life,

where obesity appears inversely associated with localized

and low-grade disease but not necessarily advanced and

high-grade disease [1, 48]. One possible explanation for the

stronger inverse association with early-life versus later-life

obesity may be that early-life obesity is more strongly

associated with later diabetes incidence, which appears

inversely associated with high-grade prostate cancer,

independent of later-life obesity [48].

Because there was evidence of heterogeneity among the

study RRs, we refrained from reporting one overall fixed-

effects RR. However, excluding the three studies that

adjusted for later-life BMI attenuated the heterogeneity: the

fixed-effects RR for the remaining 13 studies was 1.13

(1.06, 1.21). Excluding the three studies that adjusted for

later-life BMI is appropriate because holding later-life BMI

constant could bias those studies’ early-adult BMI coeffi-

cients [28–32]. In particular, controlling for later-life BMI

artificially constrains all men to have the same BMI in

later-life. Imagine selecting a study population based on

the fact that all men have the same BMI (e.g., BMI = 29)

at age 50. In order to have arrived at the same size at age

50, the men who had low BMI at age 20 (e.g.,

BMI = 19.5) had to have gained much more weight

between ages 20 and 50 than those with higher BMIs at age

20 (e.g., BMI = 25). Thus, the coefficient for early-adult

BMI becomes a proxy for less weight gain: low early-adult

BMI represents large weight gain; high early-adult BMI

represents smaller weight gain.

Another source of heterogeneity among studies was the

use of recalled body size instead of measured height and

weight. Stevens et al. reported that the accuracy of BMI

calculated from recalled weight decreased over 28 years

[49]. Because most men in these studies were recalling

body size from 40 years earlier, use of recalled weight in

most studies may have biased estimates towards the null.

Table 4 Results of observational studies examining the association between early-adult BMI and incidence of advanced or high-grade prostate

cancer

First author Year Types of cancers included RR (95% CI) (per 5 BMI)

Cerhan 1997 Advanced stagea 1.59 (0.79, 3.20)

Giovannucci 1997 Advanced stagea 0.71 (0.56, 0.89)

Schuurman 2000 T3–4, M0 or T0–4, M1
b 1.08 (1.04, 1.11)

Okasha 2002 Fatalc 5.19 (0.12, 232)

Giles 2003 Gleason C8d 1.14 (0.86, 1.51)

Robinson 2005 Advanced stagea 0.91 (0.75, 1.12)

Wright 2007 Advanced stagea 1.11 (0.96, 1.27)

a Tumors that, at diagnosis, had metastasized or extended beyond the prostatic capsule
b Cancers with a TNM stage of T3-4, M0 or T0-4, M1 [26]
c Prostate cancer listed on the death certificate as a cause of death
d Tumors with a Gleason score C8 [27]
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We chose not to rank the studies using quality scores.

No one set of studies were free from potential bias. For

instance, two studies used cohort designs, sampled from a

general population, had good response rates, and had good

case ascertainment [9, 11]. However, in both cases, height

and weight were recalled. In contrast, three other cohort

studies used measured height and weight but tended to

have lower follow-up rates, less generalizable source

populations in two cases [16, 17], and arguably poorer case

ascertainment in two cases [16, 17]. Without knowing what

degree of bias is introduced by each aspect of study design,

we considered it inadvisable to assess studies based on

quality assessment scales [50, 51].

This systematic review provides a summary of the

published observational literature, with all its limitations.

Associations between body size and less effective screen-

ing and treatment could induce biases in this literature [1,

43, 52, 53]. In addition, methodologic flaws were present to

some extent in all studies. The study populations were

mostly of European descent. Conspicuously under-

represented were African-Americans, a group who suffer a

high burden of prostate cancer. An important additional

limitation of the meta-analysis is the assumption of a linear

relationship between prostate cancer rates and BMI. If the

association is actually non-linear (i.e., if it plateaus at high

BMI or even begins decreasing), then the summary trends

estimated are invalid. Investigation of this hypothesis may

require a pooling project, where raw data are gathered from

all studies and re-analyzed using non-linear parametric

models or using splines.

Funnel plot asymmetry suggested an upward bias in the

literature such that null and inverse associations may not

have been as likely to be published as results more in line

with expectations of a positive association. Methodologic

flaws were present to some extent in all studies and may

have biased associations towards the null. With two

competing sources of bias likely—away-from-the-null

publication bias and toward-the-null study-specific meth-

odologic biases—a stronger association may be obscured in

the literature. However we believe that whatever effect

there might be between rate of prostate cancer and early-

life body size is probably weak.
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