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Dairy products, calcium, and prostate cancer risk: a systematic review
and meta-analysis of cohort studies’™
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Lars J Vatten, and Teresa Norat

ABSTRACT

Background: Dairy product and calcium intakes have been associ-
ated with increased prostate cancer risk, but whether specific dairy
products or calcium sources are associated with risk is unclear.
Objective: In the Continuous Update Project, we conducted a meta-
analysis of prospective studies on intakes of dairy products and
calcium and prostate cancer risk.

Design: PubMed and several other databases were searched up to
April 2013. Summary RRs were estimated by using a random-effects
model.

Results: Thirty-two studies were included. Intakes of total dairy
products [summary RR: 1.07 (95% CI: 1.02, 1.12; n = 15) per 400 g/d],
total milk [summary RR: 1.03 (95% CI: 1.00, 1.07; n = 14) per 200
g/d], low-fat milk [summary RR: 1.06 (95% CI: 1.01, 1.11; n = 6)
per 200 g/d], cheese [summary RR: 1.09 (95% CI: 1.02, 1.18; n = 11)
per 50 g/d], and dietary calcium [summary RR: 1.05 (95% CI: 1.02,
1.09; n = 15) per 400 mg/d] were associated with increased total
prostate cancer risk. Total calcium and dairy calcium intakes, but
not nondairy calcium or supplemental calcium intakes, were also
positively associated with total prostate cancer risk. Supplemental
calcium was associated with increased risk of fatal prostate cancer.
Conclusions: High intakes of dairy products, milk, low-fat milk,
cheese, and total, dietary, and dairy calcium, but not supplemental
or nondairy calcium, may increase total prostate cancer risk. The
diverging results for types of dairy products and sources of calcium
suggest that other components of dairy rather than fat and calcium
may increase prostate cancer risk. Any additional studies should
report detailed results for subtypes of prostate cancer. Am J
Clin Nutr 2015;101:87-117.

Keywords calcium, dairy products, milk, prostate cancer, WCRF/
AICR Continuous Update Project

INTRODUCTION

Prostate cancer is the second most-common cancer in men
worldwide with approximately 900,000 new cases diagnosed in
2008 accounting for 13.8% of all cancers in men (1). Ecologic
studies have shown up to a 70-fold variation in the incidence of
prostate cancer worldwide with low rates in parts of Asia and
Africa and high rates in North America, Australia, New Zealand,
and Northern Europe (2). Migration studies suggested increased
risk in Asians who move to the United States (3-5), and secular
trend studies have reported an increased incidence and mortality
within countries over time (6—8). These observations suggest
a possible influence of modifiable exposures, including diet, on

prostate cancer risk, but to date, few dietary risk factors for
prostate cancer have been firmly established (9).

Ecologic studies have reported high correlations between
intake of dairy foods and milk and prostate cancer risk (10-12),
but data from observational case-control and cohort studies have
been inconclusive. In the World Cancer Research Fund/Ameri-
can Institute for Cancer Research (WCRF/AICR)® report “Food,
Nutrition, Physical Activity and the Prevention of Cancer: A
Global Perspective” from 2007 (9), it was stated that there is
probable evidence that diets high in calcium increase risk and
limited suggestive evidence that milk and dairy products in-
crease risk (9). However, no recommendation was provided for
calcium and dairy intakes because the evidence for prostate
cancer conflicted with decreased risk of colorectal cancer with
high milk intake. We have recently confirmed reduced risk of
colorectal cancer with intakes of total dairy products and milk in
an updated meta-analysis of prospective studies, and we showed
evidence that the reduction in risk was largest at the highest
intakes (13). Eighteen additional studies (21 publications) (14—
34) have been published on dairy or calcium intakes and prostate
cancer risk since the completion of the second WCRF/AICR
report), and for this reason, we decided to conduct an updated
systematic review and meta-analysis of the evidence. Specifi-
cally, we wanted to conduct more-detailed analyses of 1) the
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dose-response relation between dairy and calcium intakes and
prostate cancer risk, 2) types of dairy products and sources of
calcium intake in relation to prostate cancer risk overall and by
stage, and 3) to investigate potential confounding by other fac-
tors and heterogeneity between studies by conducting subgroup
and meta-regression analyses.

METHODS

Search strategy

We updated the systematic literature review published in 2007
(9) by searching the PubMed database up to April 2013 for
prospective studies of dairy product and calcium intake and
prostate cancer risk (incidence or mortality). A predefined pro-
tocol was used for the review (http://www.dietandcancerreport.
org/cup/current_progress/prostate_cancer.php) and included de-
tails of the search terms used. We also reviewed reference lists of
relevant articles and published systematic reviews and meta-
analyses for additional studies (35-38). We followed standard
criteria for conducting and reporting meta-analyses (39).

Study selection

Studies were eligible for inclusion if they /) had a prospective
design (randomized trials, cohort studies, case-cohort studies,
and nested case-control studies) and 2) presented estimates of
the RR (such as a HR or risk ratio) with 95% Cls for the as-
sociation between dairy products or calcium and prostate cancer
incidence or mortality. For the dose-response analysis, a quan-
titative measure of intake had to be provided. When we identi-
fied duplicate publications, we generally selected the publication
with the largest number of cases, but exceptions were made if
information needed for the dose-response analysis was not
available in the publication. Forty-five potentially relevant full-
text publications (14-34, 40-63) were identified. We excluded 2
studies of dietary factors after prostate cancer diagnosis and risk
of progression, recurrence, or death (58, 60), 4 duplicate pub-
lications (34, 59, 61, 63), and one study that only compared
types of dairy products (skim compared with whole milk) (62).
Although a more-recent study with a larger number of cases has
been published from a Finnish study (59), we used the older
publication (23) because the newest publication adjusted all
analyses for calcium intake (which might be an overadjustment).
One study was excluded from the analysis because cases prevalent
at the time of dietary assessment were included in the analysis
(33). For the dose-response analysis, we further excluded 3
publications (15, 19, 56) because there was only 2 categories of
exposure. One study was excluded in the analysis of total dairy
because it reported on total dairy and eggs combined, but it was
included in the analysis of milk and cheese (54). For one study
(32, 49), we used the older publication (49) for the analysis of
dairy calcium because quantities were not provided in the most-
recent publication (32).

Data extraction

The following data were extracted from each study: first au-
thor’s last name, publication year, country where the study was
conducted, study name, follow-up period, sample size, sex, age,
number of cases, dietary-assessment method (type, number of

food items, and whether it had been validated), type of dairy
product or calcium source (e.g., total dairy, milk, cheese, total,
dietary, dairy, nondairy, and supplemental calcium), quantity of
intake, RR and 95% Cls, and variables adjusted for in the analysis
(Table 1). The search and data extraction of articles published
up to June 2006 was conducted by several reviewers at the Uni-
versity of Bristol during the systematic literature review for the
WCRF/AICR report (http://www.dietandcancerreport.org/downloads/
SLR/Prostate_SLR.pdf). The search from June 2006 to April 2013
was conducted by one of the authors (DANR). Data were extracted
by 2 authors (DANR and DA).

Statistical methods

We used random-effects models to calculate summary RRs and
95% Cls associated with dairy product and calcium intake (64).
The In of the RR from each study was weighted by the inverse of
its variance and unweighted by a variance component that cor-
responded to the amount of heterogeneity between studies and
pooled across studies. A 2-tailed P < 0.05 was considered statis-
tically significant. For one study that reported results separately
for localized and advanced cancers but not for total prostate
cancer (31), we combined the 2 results first by using a fixed-
effects model before pooling with other studies.

We used the method described by Greenland and Longnecker
(65) to compute study-specific slopes (linear trends) and 95% Cls
from the Ins of RRs and CIs across categories of dairy product and
calcium intakes. The method required that the distribution of
cases and person-years or noncases and RRs with variance es-
timates for =3 quantitative exposure categories were known. We
estimated the distribution of cases or person-years in studies that
did not report these variables. The median or mean dairy product
or calcium intake in each category of intake was assigned to the
corresponding RR for each study when it was reported. For
studies that reported intake by ranges, we estimated the mid-
point in each category by calculating the average of the lower
and upper bounds. When the highest or lowest category was
open ended, it was assumed that the open-ended interval length
had the same length as the adjacent interval. If intakes were
reported in densities (i.e., g/1000 kcal), we estimated reported
intakes to absolute intakes by using the mean or median energy
intake reported in the publication (28). When studies reported
intakes in servings and times per day or week and did not
provide a serving size, we converted intakes to grams of intake
per day by using standard units of 244 g (or 244 mL) for milk
and yogurt, 43 g for cheese (2 slices), and 177 g for total dairy
products on the basis of serving sizes reported in the United
States Department of Agriculture Food and Nutrient Database
for Dietary Studies (66). Results from dose-response analyses
are presented for a 400-g/d, 200-g/d, 100-g/d, 50-g/d, and
400-mg/d increment for total dairy, total milk, yogurt, cheese, and
calcium, respectively. A potential nonlinear dose-response re-
lation between dairy and calcium intakes and prostate cancer
was examined by using fractional polynomial models (67). We
determined the best-fitting second-order fractional polynomial
regression model, which was defined as the one with the lowest
deviance. A likelihood ratio test was used to assess the difference
between nonlinear and linear models to test for nonlinearity
(67). Separate analyses were conducted for total prostate cancer
and nonadvanced, advanced, metastatic, and fatal cancers. For

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339
by guest
on 16 February 2018



89

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(panuyuo))
asn juoworddns
Apeam
‘uoneonpd (LT SL'0) 8T'T p/SuW 1 "SA 659 wnoped 830, Od PadueApy
‘180K MOTAIONT (TST18°0) €71 p/3W 1T "SA 659 wnioes 810, Od Pazl[ed0] sased Apmg yireoH
‘dnoid  (TL'1°88°0) €T P/BW QT SA [G9  wnmdped Amjeiq SWON POOJ 69| 86C ‘A SL-S¥ £11 *Lo0T— osoury) (0g) 210dedurg
109[eIp 98y (PL'T ‘68°0) ST'T  P/BW [[T 'SA 669 WnIo[ed [eI0], Dd T80, ‘Odd PIEPIEA 198® ‘g6T°LT 8661/£661 arode3urg ‘010¢ “1opng
M/SUIAISS N[IW JeJ-MO[
(IS°T“IL°0) $0°'T 1= "SA p/SUIAISS [= pue -wyg
M/SUIAISS
(8T “L6°0) 6F'1 = "SA p/SUIAIRS [= Ny d[oym
Pp/s3ura1os
(SE'€°06'0) €L'T 0= sAgT< pooy Airep [y Od 1ered
K[ore1 J[TW JeJ-MmO[
(S¥'1 °L9°0) 66°0 "SA P/SUIAISS [= pue -wryg
K[ore1
(It'1 ‘6%°0) €8°0 “SA P/SUIAIS [= 1w d[oym
p/sSurales
(LT'1°9€°0) 89°0 0= 'sAgT< pooy Kxrep 1y Od padueApy
K[orel N[TW JeJ-MO[
‘passnlpe CET oD 611 "SA P/SUIAISS [= pue -wiys
A[renynux AJorex
QIam Y[ (LO'T “vL'0) 68°0 “SA P/SUIAIS [= 1w oy
JBJ MO[/WD[S p/sSurales
pue i 9[oym 6ET°160) €1°T 0= sA GT< pooy Atep [y Od PpazIed0]
“[eLn duojoIed-(gf E'T°L6'0) PI'T [ "SA G o[muImy wmioped Are(
pue [ew utidse K[arer
ur JuowugIsse (TE'T ‘08°0) €0°T 'SA p/SUIAISS = weaId o]
‘A310u9 A[orex
B30} ‘Jeawr pax (0€'T ‘S8°0) SO'T ‘SA P/SUIAISS [= 98990 pIeH
‘S92qEIp ‘TNE Ajorer S
‘dde ‘[oqoore (€€T°90° D 61°1 "SA P/SUIAISS [= TeJ-MO[ ‘WS
9STOIOXD K[ore1
SNOIOTIA OrI'T “18°0) S6'0 "SA P/SUIAISS [= RILECI CLT SI5BD 908T (ze) sarmg
‘Sunjows Pp/s3ulAIds ‘K $8—0% dn-morjoy £-8¢ ApmS yeoH paynun
anereSo 93y (ST ‘€6°0) TI'l 0= 'sagt< pooy Kirep [y Od [eoL Odd 95k ‘099°1¢T ‘01022861 SuenIsAyq ‘10T ‘Suog
SI9pPUNOJUOd I0J (ID %S6) Id Amuen) amsodxg ope1s 10 JUQUWISSISSB $ased JO pourad ouwreu Apnj§ (9ouarayar)
juaunsn(py age1s Dd Areyoiq ‘ou pue ‘ofe dn-morjoq uo1gal 1o
az1s Apmg Anunod ‘reak
uonesrqnd

‘IoyIne ISIj

YS1I D pue ayejul wniofed pue jonpoid AIrep Jo saipmis aAnoadsold

IRCLIAAN

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



(panunyuo))

uoneuOp

£ Lv9
/119 98 ues]\
S[O1U0D ()t

(62) sarerg

Poo[q Jo dep p/Sw SWIAY POOJ  ‘saAseD (97 :Apmis Kyl ~ payun
‘Koo 98y (ST °99°0) 80'T  O'bTy> 'SA L'8.8=  wnio[ed Krejdl( Dd 18101, 19 ‘Odd PatepIEA [0NU02-358d PASIN 70076861 IRCIIg ) 600T “2vUD
TIEIEN
‘S901eWIO0) ‘1S9
VSd ‘Sunjows
‘A31ou0
1810} ‘Jeow
paI ‘[oyod[e
VIV ‘Kinanoe
eorsAyd
‘sajaqeIp
‘100ULD wnoed
-HA ‘NG (SO'T ‘88°0) 960 P/SW () "SA OOOI= [pyuawarddng
3 ‘smess [ejew (60°T ‘86°0) ¥O'T  P/SW 8.4 'SA [FT]  wnId[ed Arejeiq
< ‘uoneonpad (80T ‘86°0) €0°'T  P/SW 9TG "SA OEGT Wwiniored [ej0L sased Apmg yiresy (87) sae1g
5 ‘Kyoruyo Kep 1od e 0001 SWAN pooj ¢l 681°LT ‘K 1L-0S £3 pue 121 pajun
0 -o0e1 08V (TI'T ‘T10°1) 90'T /SSUIAISS T°() 'SA ¢ spooy Arre( Od [810L ‘0dd PaYepI[eA o8¢ ‘106°€6C ‘€007-96-S661 dIVV-HIN ‘600C “41ed
W p/Sw syuowo[ddns
< (TET'91°0) LLO 0ST> "SA 661 < wnroe)
p/3w
(680 ‘12°0) £+°0 865> "SA GO[T<  wWNId[ED Areai(
p/3w
(68°0 ‘¥T°0) 9¥°0 689> "SA LGET< wnidred [e10L O[—8 91038 UOSELI[D
p/3w syuowo[ddns
el (6T°196°0) 11°1 0S1> "SA 661 < wnroe)
A310u0 ‘TING p/Sw sased opeId [eu,
‘wie Jusunean ST T0D LT 865> "SA GO[T<  wWNId[ED Areai( -MO/-431y 9/ G uonuaAld (1¢) sae1g
Koty p/Sw JLTT ‘Sased ¢OLI I00UBD) panun
-o0e1 08V (T¥'T ‘L6'0) LTI 689> "SA LGET< wnioed [BJO], [~ 21098 UOSEI[D) SWall Pooj 66 ‘Odd ‘A §§ = 98¢ ‘6566 £ L *€00T+661 91eIsold ‘010T ‘TeIsty
SIOPUNOJUOD IOF 1D %S6) I AmuenQ) amsodxyg opeis 10 JUQUISSIsSE SasED JO porrad owreu Apmg (oouarayer)
juaunsnlpy age1s D4 Kreyoiq ‘ou pue ‘ofe dn-morjoq uo13al 1o
az1s Apmgs Anunod ‘reak
uonedrqnd
Joyine JsInj
(ponuyuol) 1 ATAVL
-
=N

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



91

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(ponunuo))

ayeyur AS10U9
‘unyows
‘Kyianoe
eorsAyd
‘SuIAl] [eInI
Io ueqin ‘TN

‘uoneonpa ‘a8y

ayejur A310U9
‘WSrem WSy
‘smye)s [ejLewt
‘uoneonpe

‘10)u90 93y

A31ou0
‘urd)sTuad

‘e9) U013
‘sme)s [ejLewt
‘Kouonbaiy
SunjuLp
‘smye)s Sunjows

‘eore 03y

(€9T9L°0) SL'T
(6T°T °L¥Y'0) ¥O'1
611 °16'0) ¥0'1
(TT1°16°0) SO'T
(66T °99°0) ¥1°1
(L1°1 ‘96°0) 90'T
(61°1 96°0) LO'T
(61°1 °06°0) ¥0O'T
(€71 °S8°0) TO'1
(80°1 ‘10'D) ¥0'1
OET ‘€0'D) 81'1
(80°1 ‘10'D) ¥0'T
(SET°00D) LT'T
0T'1°06'0) ¥0'T
(I€T 90D LI'T

O1°1 ‘68°0) 10°T

p/s3ura1os
L= SA L=
p/sw 00¢ 1od
p/3w Qo€ 1
p/3w Q0¢ 19d
p/3w 00¢ 1od
p/sw 00¢ 1od
p/3w Q0g 1
p/sw 00¢ 1od
p/3w 08¢ "sA 0SS
p/sw 0og 1od
p/3w ¢ "sA 088
p/sw 00¢ 1od
p/3w 8L "sA OTET
P/3 ST 'SA LS
P/3 01 "sA G€1

P/3 ¥€ "sA 99%

(7T ¥S0) ¥I'T P/BW STYT SA1'STL

(ELTEL0) 171

P/3 8°TI "SA 8'6€¢€

(L6'T 08°0) ST'T P/SW YTYT SAT'STL

6ST01'D 69°1

P/3 8°TT "sA §6¢€

(187 °S8°0) ¥T'1 P/3WI 8TYT 'SA 1'STL

@reorn s
(681 ‘€6'0) T€'1
61T°LOD) €S°T

@ETPID €91

P/B 6T SASTE
P/3 61 'SA T9
P/3 €T "SA S°06C

P/3 8°CT "sA 8'6¢€

syonpoad Are(q
wno[ed AIepuoN
wnioed Aireq
wnrore)

wniofed AIepuoN
wniofed Areq
wnoe)

wnioed AIrepuoN
wniofed Areq

wne)
LRl
1InSox
sa3eI0A9q
A pue qIA
wnie)
syonpoid
Kirep [e107,
wne)
syonpoxd
Kirep eyof,
wnie)
1InSox
9s99YD
AN
syonpoxd
Kirep [ejof,

SUIRAp £91

od 1eed 112291 Y-y ‘K 6L-G¢ 98¢ ‘LLL6

Od paoueApy

Od PZI[Bd0]

SOSED PIdUBAPE
/PAZITed0]

I¥S/TETT ‘sased

SOLI0)SIY 12LT ‘K G 93e

Dd TeI0L, 1Ip ‘O PIepITeA

Jd padueApy

Od PZI[ed0]

s100UBDd
PIZI[ed0] LTT pue
‘SI0UBD PIOUBAPE
SWAYl PO0J ()6 ‘Sesed GTE ‘A

Od TE10L 8€T ‘O:dd PAIPIBA  G/—Cp 98¢ ‘Sep'ey

ueIpaw ‘[G7THl A L'8~ ‘006861

werdolg (zL) oory
YI[esy MeoH ouang
‘600C—8961-5961 0901y oyrend 9y, ‘L00T ‘N

SIOPUNOJUOD 10§
juaunsnlpy

(1D %S6) ¥d

Lnuend)

amsodxyg

apeId 10 JUQISSISSE S3sBD JO
age1s Dd Kreyoiq ‘ou pue ‘o3e
az1s Apms

uonmnN
pue 130U
0Jul uoNesNsAAUL
QAnadsolg (L7) odomyg
ueadoing ‘00T UV
Apms
Qan0adsoid
pasegq
Beilicy)
£¢L yesq (97) ueder
Y00T—-€661-0661 orqng ueder  ‘g00T ‘TyseyeIny
potad Quwreu Apmg (9ouaiyar)
dn-morjoq uo13al 1o
Anunod ‘reak
uoneorqnd

qoyine IS

(panuyuo)) 1T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



AUNE ET AL.

92

(ponunuoy))

dn
-mo[[0J SuLmp
SUOTJRUTIIEX

(€9°T “€9°0) 20’1
9’1 “Tr'0) €870
(TO'T “LE0) 19°0
@r'1°160) €1'1
(6€°T°060) TI'T
(8T'T“18°0) 2O'1
(9€°T °LS°0) 88°0
LYr'T 'v6'0) TS'T
(9$°T “SL°0) 801
FT'T°68°0) €0°1
(SS°T 60°1) 0€'1
OF'T ‘66'0) 0T'T

(6T°1 89°0) #6°0

p/3w () 'sA 108=
p/Sw

0SL= "SA 100C=
p/Sw

0SL= 'SA T00C=
p/s3ura1os

01°0= 'SA €6°0=<
p/sSuIAles

80°0= SA 00'I=
p/sSuIAles

86'0= 'SA GL'T=

p/Sw o 'sA [08=
p/Sw

0SL= 'sA T00C=
p/3w

0SL= 'sA 100C=
p/sSurales

01°0= 'SA €6°0=
p/sSurales

80°0= A 00'I=
p/sSurAles

86'0= 'SA GLT=

p/3w ( 'sA 108=

wnroged
[euowsddng

wnioed AIediq
wnioed [ejo],
Airep 1eJ-ysSiH
KIrep jej-mo|
A1rep [ejof,
wnoed
[euowsddng
wnioed AreRiq
wnofed [elo],
A1rep 1ej-ySty
K1rep 1eJ-mo]
Airep [ejog,

wnioed
euswe(ddng

Dd 9A18SI33Y

Dd 2AISs13TeUON

SuruoaIds jo p/Sw
"Ou ‘uoneanpa (6L'T €8°0) TT'T 0SL= 'SA 100T=  wnmpeo Amejeiq
‘A310u0 p/3w
[e10) Jeow par 61T °99°0) 68°0 0SL= 'SA 100C= wniores [e10L,
‘£10JS1Y $9)9qRIP p/s3urales SIQOUBD
“Kianoe (€TT°C6'0) LO'T 01'0= 'sA €6°0=  Arrep Jej-ySiyg aArssaIggeuou
eorsAyd ‘smyeys p/sSurAles 6801 ‘slooued el SuruaaIdS
Sunjouwss ‘TG (I¥'1°L0D €21 80°0= 'SAQ0'1= Airep jeg-mo| aAIssaISse 6L Isduen) uelreAQ (¥0) sare1g
‘Od—Hd ‘1uad p/s3urales ‘sased 0161 A L K 6’8 01 dn puE ‘[£19910[0)) paun
Apms ‘ooer 98y (0T “L6'0) TI'T 86'0= 'SA GL'C= K1rep elof, Od Tel0], Swal pooy L€T ‘OAd  —6S 8% ‘605°6T  ‘TO0C—100C—€661 ‘SunT ‘eeIsorq ‘L00T ‘uyy
SIOPUNOJUOD JOF 1D %S6) I AmuenQ) amsodxyg opeis 1o JUQWISSISSE S9sed JO potuad Qweu Apms (9douarayar)
juaunsnlpy age1s Dd Kreyoiq ‘ou pue ‘o3e dn-morjoq uo13al 1o
az1s Apms Anunod ‘reak
uoneorqnd

qoyine IS

(panuyuo)) 1T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



o
(@)}

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(panunuo))
p/Sw
(66°0 '89°0) T80 0ST> 'SA Q9= WNIO[ED AIEPUON
p/3w
FT'T °86°0) 90°T 0ST> "'sA 008< wmoped Are(
wniofed
(ET°'T 98°0) 660  P/3w ( "sA 000T= [eiowoddng
p/Sw
(LO'T “18°0) €6'0 0SC> 'sA 000C=< wnoes [e10],
p/s3uraios
( urure)ia (91T ‘88°0) 10°T 0 s ¢°0= unSox
10J pasnlpe os[e p/sSuralas
wnpeds B0, (FT'1 96'0) 60°1 10> "sA GL'0=< 983D
pasnlpe
Aremnu
QIom WNId[Ed
Krrepuou (LO'T “68°0) 86°0  P/SSUIAIGS () 'SA T= At wys
pue Kie@  (LT'T “96'0) 90'T  P/sSUIAISS () 'SA 7= N[ 3e-mo]
wned

K1eyarp 10§
paisnlpe os[e

sjuowo[ddns
woxy wnwEe)  (OI'T ‘SL°0) 160 P/SSUIAIS () "SA T= RLER CLVAN
A310u0
2101 'V IV
“q urue)A
Ysy ‘yeout
pai1 ‘saojewo)
‘SuruaIos p/sSurAles
VSd “Dd—Hd @I'1°€6'0) 20'1 0> "SA €= spooj A1e  Dd PedoueApEUON
‘K103S1Y $9)qRIP p/Sw
‘uonduwmnsuoo (86°0 69°0) 280 0ST> "SA 009= WnId[Ed ANepuoN
[oyoore p/Sw
‘Sunyows FI'T °66°0) 90°T 0ST> "SA 008< wnoed Krec
‘Kyianoe p/sSurales PN
TearsAyd (ST'T 68°0) 10°T 0 'sAG0= ungox [e1eJ 8L pue
snoIo3IA ‘TN p/s3urAles ‘padueApE 97|
‘smels [ejew (TTT1°96°0) 80'1 10> 'sA §L°0= 9s3YD ‘paoueApeUOU
‘uoneonpd (O1'T “€6°0) 10°'T  P/SBUIAIGS () 'SA T= RILESEE N ¥SLY ‘sased (z0) saeg
‘Kyoruyo (E1°T °S6'0) €0°'T  P/SSUIAIGS () 'SA T= [ yej-mor] syt pooj 081°01 ‘A 1L £ Apmg yieoy pue payun
[o9rI 8Y  (60'T ‘9L'0) 160 P/SSUIAISS () 'SA T= A S[oyMm Od [B1OL #TT ‘O PAEPIEA  —0S 98¢ ‘888°C6T 9 ‘T00T-9661/S661  1RIA dYVV-HIN L00T “¥Ted
SIOpPUNOJUOd IO 1D %S6) Id AmuenQ) amsodxyg opeis 10 JUQWISSISSE sased Jo potrad Qwreu Apms (ooua1ayar)
juaunsnlpy age1s Dd Areyoiq ‘ou pue ‘ofe dn-morjoq uo1gal 1o
oz1s Apmg Anunod ‘1edk
uoneorqnd

‘IoyIne JSIj

(panuyuod) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



(ponuiuo))

(T9T°L90) TE'T
I6'1°18°0) vT'1
(LS'T *€8°0) 9F'T
(0T ‘¥S°0) SO'T
(0S°T *ST°0) 8L0

(SL'T95°0) ¥T'1

p/Sw
0ST> 'SA 009=

p/Sw
05> SA 008=

p/3w ( 'SA QO0T=
p/Sw

05> "SA 000T=
p/sSurales

0 'sA G0=
p/s3uraios

1'0> 'sA GL0=

wno[ed AIepuoN
wniofed Aieq
wnofes
[eusworddng
wnoed 210,

1nSox

3599YD

(96'T “¥S°0) €0'1  P/SSUIAISS () 'SA T= A W
(T9'T “L1'0) L8°0  P/SSUIAIS () 'SA 7= [T Jej-Mmo]

AUNE ET AL.

(6¥"C “bT°0) LL'O  P/SSUIAISS () SA T= SN[ o[y
Pp/s3ura1os
(6£T°L90) LT'T G0> "SA ¢= spooy Aire(q Od Tereq
p/Sw
(€€°T “1S°0) T80 0ST> 'SA 009=< wnIo[Ed KNEpUoN
p/Sw
(0T ‘06°0) 80'T 0ST> 'sa 008=  wn[ed Kireq
wnrored
(8%'T “LL'0) LO'T  P/3W ( "SA QOOI= [ejuswalddng
p/Sw
(89T 98°0) 0T'1 0ST> "SA 000C= wniofed [elo],
p/sSurAles
(€¥'1 TL°0) TO'T 0 'SA 0= ungox
p/sSuIAles
@Tr'1°SL°0) €0°T 10> 'SA GL0= 9599YD

94

(¥S'T °66'0) €C'T  P/SSUIAIS () 'SA 7= y[w WS
(T1°1 ‘89°0) L8'0 P/SSUIAISS () SA T= y[Tur Jej-mo|

(67'T ‘85°0) €6'0  P/SSUIAIGS () 'SA T= A S[oym
Pp/s3ura1os
(€1'T °0L°0) 68°0 §0> sAg= spooy Ae(q Od padueApy
SIOPUNOJUOD IO 1D %S6) Id KmuenQ) amsodxyg opeis 10 JUQWISSISSE sased Jo potad oweu Apms (ooua1ayar)
juaunsn(py age1s Dd Krey1q ‘ou pue ‘ofe dn-morjoq uo1gal 1o
oz1s Apmg Anunod ‘reak
uoneorqnd

‘IoyIne JSIg

(ponugjuod) T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



v
(@)}

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(ponuiuo))

paisnipe Afeninjy

paisnipe A[emnjy

(€7'1 °99°0) L6°0
OT'T ‘69°0) L8°0

(821 69°0) 16°0
(LET “€8°0) LO'T
FE'T 89°0) S6°0
FET “vL°0) 66°0
(60°1 ‘19°0) 18°0
FET°9L°0) 10°T
(I€T1TL0) L6'0
(LT'1 ‘68°0) 90'T
(IT°1 °06°0) 00°T
(6T°1 ‘v6°0) 01°1
(IT°T ‘88°0) 66°0
(LO'T 6L°0) T6'0
(86°0 “€L°0) ¥8°0
(S¥'1 °€1'D) 8T'1
FTT°96°0) 60°1
(TTT1°€6'0) 90'1
(61°1 °L8°0) TO'T

(80°1 “06°0) 66°0

p/Sw
L1Y> SA €TTI=

p/3w ( "SA 00T=
p/Sw

OLY> 'sA 10€1=

P30 sA pI=

P/3 0 sA Op=

P/3 0 'sA €9]=

P/3 0 'SA ¢vT=

P/3 L1> "SA 95T=

P/3 6v> "SA TEE=
p/Sw

LIy> "SA €Z11=

p/3w ( "sA 00T=
p/Sw

0Ly> 'SA TOET=

P30 sApI=

P/3 0 'sA Op=

P/3 0 sA €91=

P/3 0 'SA ¢v=

P/3 L1> "SA 95T=

P/8 6%> 'SA TEE=
p/3w

LTy> 'SA €TI1=

p/3w ( 'sA 00T=

Spooj
woIj wnrore)
wniofed
reyuswo[ddng

wnioed 210,
3s92YD
3nSox

[ S[0YM

[T JeJuUOU/-MO]

[ feof,

syonpoxd Areq
Spooj

wolj wnrofe)
wnoes

[eyusworddng

wnoed 210,
3s9yD
1nSox

[ S[oYM

[T JeJUOU/-MO ]

[ TeloL,

syonpoad Are
Spooj

woIj wnrofe)
wniofed

reyuoworddng

Jd PaoueApYy

Od PaZIBd0]

p/3w SI0UBD
0T'1°160) vO'1 OLy> 'sA T0CI= wniopeds 810, PIZI[ed0] COvE
@11 °16'0) 10'1 P30 sa 1= 353U
el (60°1 “€8°0) 96°0 P/3 0 'SA Op= un3ox s1ooued
ASroud ‘sme)s (00T “LL'0) 88°0 P/3 0 A €91= A o[oym PaJouBApE 8¢/
Sunyows ‘NG A
‘uoneonpa ‘Dd 6TT 0D 9T'T P/3 0 SA €FT=  JeJUOU/IEI-MOT] SOSBD Y011
—Hd “Kioruyie Apmg (17) samrg
‘Anus 11040d (61T °S6'0) LOT  P/8 LI> 'SA 9GT= [ [eoL Suralr pooj O81< K g1-¢ Hoyoy panun
oouts owil 93y (91°1 ‘T6°0) €01 P/S 6¥> 'sa ggg=  swnpoid Areq Od [e0L ‘Odd PEpITEA 195k ‘¢81C8 K8 700661 supenm ‘L00T “¥Ted
SIOpPUNOJUOD IO 1D %S6) Id AmuenQ) amsodxg opeis 10 JUQWISSISSE sased Jo potad Qwreu ApmS (ooua1ayar)
juaunsn(py age1s Dd Krey1q ‘ou pue ‘ofe dn-morjoq uo1gal 1o
az1s Apmg Anunod ‘1edk
uoneorqnd

‘IoyIne ISIj

(ponupjuod) T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



AUNE ET AL.

96

(ponunuo))

Erav
a3y

VS A 17 93e e
NG ‘s1onpoid

(691 °09°0) 10°T
(ITT°LS0) O1'T
(0T ‘SS°0) 90'1
@TLTeLo) 11
(Te€ 88°0) 1L'T
(65T €9°0) 8T'1
(81 95°0) 20’1
(TL'T T8°0) 0S'T
(S1°T°€9°0) 91°'1
(€6T °€6'0) 99'T
(L9'T “1S°0) €6°0
(I¥'T1L°0) 1€°1
(61°1 ‘29°0) 98°0
(#S°T°9L°0) 80'T
(It'1T ‘0L°0) 66°0
(PL'1°16'0) 9T'1
(€0T 10D €71

OU "SA S9X

[ "SA € J[I”L,
p/3w /689>

SA 8CLS6=

AM/T= 'SA 6=

AM/T= SA 6=
p/s3ura1os

€0 SAg'¢

ou "SA S9X

T 'SA ¢ [N,
p/3w £1°689>

SA 8G'LS6=

AM/T= SA §=

IM/T= SA §=
p/s3uraios

€0 'SA g€

ou "SA S9x

[ 'SA € 9IIIAL
p/3w £.°689>

“SA 86" LS6=

AM/[= SA 6=

AM/IS SA 6=

syuowo[ddns
wnrore)
wnioed Aireq

wnofed [ejo],

A
3sayD

syonpoad Arreq

sjuowo[ddns
wnioe)

wniofed Aeq

wnoed 210,
AN
ECEElg)

syonpoad Areq

syuawa[ddns
wnrore)

wniofed Areq

WnIofed [810],

A
ELEEl )

Od 98e1s-ysiH

Dd 28e1s-mo

(61) sars

0jeWO) ‘OYeIul p/s3utAles S PooJ S9sBI 661 pauN ‘2002
AB10u0 98y ($S'T ‘8L°0) 80’1 €0 sa ¢ spnpoid Keq Od [B10L 09 ‘O POIEPIEA ‘A G€ = 988 ‘T68¢ £ €1 F00T-6861 I 40710 ‘UURWLIYOY
“Ky1oruy)e-ooer
papn[our osfe p/sSutaes
K111oA0s osaSIp (S8°0 “0%°0) 65°0 60> SATT= Kirep peiof, Od QAISSAISIY
10} S[OPOIN "Dd Pp/sSuialas
—HA ‘Sunyous WUy'T*vL'0) vO'1 60> SATT= Krep pelof, $958D [eLL (07) sare1s
‘TING ‘oeiur Pp/s3ura1os Dd 2AISs13TeUON 068 ‘A 69—Gt 23 Koeoyyq [ounay panun ‘200¢
ASroud 98y (TO'T ‘99°0) T80 60> SATT= Kirep pelof, Od [BI0L SWwaN 01T ‘04 ‘syows Gzl K 1T ‘S00T—+661 pue duajoren “19SnOYnaN
SIOPUNOJUOD IO 1D %S6) Id KmuenQ) amsodxyg opeis 10 JUQWISSISSE sased Jo potad oweu Apms (ooua1ayar)
juaunsn(py age1s Dd Krey1q ‘ou pue ‘ofe dn-morjoq uo1gal 1o
oz1s Apmg Anunod ‘reak
uoneorqnd

‘IoyIne JSIg

(ponugjuod) T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



97

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(panunuo))
sjuowo[ddns
€T v8°0) SO'T Ou 'SA S9X wnie)
Od jo p/3W 661-0
Koy Teuroyed (IL'T ‘8€°0) 1870 'SA Q09=  wnmofed Aieq
(SALIOeD Te10) pue p/s3uraies
‘$9[qrIeZaA ‘Jeswt 8I'T0L°0) 160 STI>00sa¢ge=  sponpoxd Aireq Dd [ered
ﬁuh ,—OSOOE ,wO G\ME
sayejul tA)AnOR YT IS0 TI'T 661-0 'SA 009= wmmed Kireq (S1) sareg
reorsAyd ‘NG p/s3uraies sased GI8 ‘A L9 Apms yeoy payun
Buyows D3y (9% ‘68°0) I1°'T STI>0Qsagre=  spnpord Lireg Od [EIOL SWal pooy €7 ‘D44 :98e ueaw ‘1001 A Ol ‘8661—886] IUWN[Y PIBAIEH YL, ‘900T ‘Uo3
(0€°T TL'0) 6T'1 NM/T> SA €= Ionng
@STTEO OL'0  MM/[> SA p—¢= asaay)
LT €90 1€T AM/E> SA G= ungox SwA)I ooy SyIeap $GT A LgTr~ Apmg 11040 (57) ueder
98V (TTT “LS0) ¥8°0 AM/E> SA §= AN Od B1ed €€ ‘Odd PAIBPIEA  6L-0F 8% ‘68T°TH “AN-0661/8861 2AnEIOqR[[0) Uedef ‘L00T ‘OS]
p/Sw
(S6'T08°0) €51 0001> "SA QQOT= WnIoEd A1eidlq Dd opeis-ysig
p/Sw
[@OT 10D €71 0001> "SA Q00T= wWnIEd A1ejeIq Dd opeis-mo]
p/Sw
(91'T€L°0) STT  0001> "SA QOOT= WnIoEd A1eidlq Od padueApy
p/Sw
et (6TT°01'T) 65T 000T> "SA 000T= WNDEd A1eIPIq  Dd PIOUBAPEUON
A310U9 [210} p/3w
‘90USPISAI Uegan OI'TLTT) €9T  0001> "SA Q0OT= WMIEd A1ejdIqQ
‘uoneonpa ‘snyejs p/Sw

[earew ‘Kep xod
sapa1e3Io Jo ‘ou
€101 ‘Suryows
WS1RY ‘Dd—HA
‘sajoqerp ¢ odK)
Jo K01y “TNE
‘2InsIo] pue
yiom JB K)1ATIOR
[eorsAyd ‘dnoi3
UOTIUAIIUL
[em 98y

ST °L0D) 8T'T

(821 06'0) LO'T
(9¢°1 “66°0) €1°T
0€'1 16'0) 60'T
(80°T “SL°0) 060
0T'1 ‘48°0) 00'T
FP'1°L6°0) 8T°1
(6T°1 98°0) SO'T
0T ‘16°0) 80°T

8'C9G SA LEI91

P/3 0 'SA T°€TY
P/30°C "SA 9%§
PBTT SAL'LY
P30 SA €6
P3G SALTL
P/3 6'SL SA T'ELL
P/3 0 'SA 6'L99

P/3 9°TST "SA §°€66

(ST 901 9TT P/3 6°08¢ 'SA TOTTI

wniofed A
syonpoid
Awr mog
9s99YD
wear)
weard 99]
onng
N[ Jej-Mmo
A Aoym
A TeoL,
Kirep [e10],

SI90UED
PIoUBAPRUOU [9G

‘SI0UBD PAJUBADE

00€ ‘S3s®B2 L9T]

SwId)l pooj ‘K 69—0G :o3e

Od 18101, 9.7 OAA ParepIeA

‘SIOWS €167 ‘6661 —8861-5861

Apmi§ uonuaAdlg

hehlite)

K11 JusjoIe)-BIOY
‘Joxaydooog -eydry

(£7) puequig
‘L00T “MonIA

SIOpPUNOJUOD IO
juaunsn(py

(ID %S6) ¥4

Amuen)

amsodxg

opeis 10 JUQWISSISSE sased Jo
age1s Dd Krey1q ‘ou pue ‘ofe
az1s Apmg

owreu Apnj§

dn-morjoq

(9ouarayar)
uo1gal 1o
Anunod ‘1edk
uoneorqnd
‘IoyIne ISIj

(ponupjuod) T ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



(ponunuo))

p/Sw
1090 2I'l Y6T> "SA Opp< WnIo[eo AirepuoN
p/Sw
IsL91D v6'C PSE> 'SA 969<  WINIO[ED AIte(
QATIR[QI 92139p p/3w
WU Dd-Hd  (T9°S ‘SO'D) €¥'T  STL> 'SA 1801< wniofed [ej0L
‘TINY ‘et Or'T9I'D L9'T P/3 STl 19d
[oueyo ‘sa0mos  (9L°€ “L8'0) IS'T P/ 0> SA 00I< 1ngox
187j0 woxy (S1'Te80) vE'l P/3 001 104
AS1ous ey woy (79 ‘€TD) 8€°T P/3 0 'sA 0§< 953942 Ysai]
AS1oud Auanoe  (1€°T “L8°0) 90'1 P/3 0€ *od
[eoshyd (161 “T'0) 060 P/S §T> SA [L< 9s99UD)
‘smels Sunjous (€T'1°68°0) vO'1 P/3 001 104 (1)
‘Juaunesn (PET S0 ET'T  P/8 ST> 'sA €67< AN duel
Jodnois  (8L°1 T S€'T P/3 00T 1od p10da1 S9589 69 ) ‘9002
‘uonedndoo 93y (68 ‘96'0) 91'C  P/3 091> sA 96¢<  s1onpoid Lneq Dd w0l Ae1ep Y-47 X § K 09-Gp 98% ‘9LLT  ‘Y00T—S661/7661 APMIS XVIN'IA'NS ‘8593
(81) sae1g
,L. ﬁ\wwﬁ\iamm St $9sed CR¢ K 1'C1 payun
M ooe1 08y (10T ‘90°1) 9%'1 LO0> SA Q1= RIUAY Od [B10L 19 ‘OAd PawpIEA ‘K $9-G 95 ‘6749 ‘000T—6861/L861 Apms DRIV ‘900C ‘OpurL,
m soner
m QeI pajRWISd
W a8ueyd
< A[euorew
jou pip [oyooe
pue ‘A103s1y pue
smels Surjows (LTT€Y’0) vL'O  P/SW LOG "SA 8ETT umrores
‘sseut 93.1)-1e] (00T °€S°0) €0'T  Mav/soWn () 'SA G/ Jonng
pue 18} ‘TING (€T ‘SH0) LL'O0  mysown O 'sa 96 syonpoad Axreq Dd QAISSAZIY SOSBO QAISSAISTR /()]
‘[A9] [RUONEINPS (LY'T°LL0) 90T P/BW LOG "SA 8ETT wniore)
10} jJuaunsnlpe ST 68°0) #I'T  Ym/sown () SA G/ onng $ased
reuonippy  (6€°1 ‘28°0) LO'T  dmysown O] 'sSA 9¢  syonpoid Ameq  DJ 2AISSIITeuoN JAIssaI33euou ¢9¢ 1)
oyejut £31oud (E€°T°TL'0) 86'0  P/3W L0G 'SA 8ETT umrores Apmg 110yoH erensny
[2101 “‘yuiiq (9’1 °68°0) TI'T  a/soWn) () 'SA G/ Jonng 598BI /9 K GL £601 SAREIOqE[[0D ‘900¢
Jo Anunod 98y (97T ‘8L°0) 660 NM/sewn O 'sa 9 sionpoid Are( Od Tel0L, swal poo 171 ‘OAd  —LT 08 TH9'vT  “P00T—H661-0661 QUINOqPIN JASIEN
SI9PUNOJUOD I0J 1D %S6) I AmuenQ) amsodxg apeis 10 JUSUISSASSE $asBD JO porrad sweu Apmg (Qouaigar)
juaunsnlpy agers Dd Kreyoiq ‘ou pue ‘o3e dn-morjoq uo1gal 1o
oz1s Apms Anunod ‘reak
uonesrqnd
‘oyIne JsInj
(ponuyuo)) 1 ATAVL
&

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



D
=)}

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(ponunuo))
Kirep 1oyj0
(ST°90) 60  P/Bw ['0G "SA §°LEE [[E WOl wnide)
A spoym
(€160 80 p/3uw () SA §'€61 oy wnidren
AW Jej-mo|
el ©TTDLl p/SW ( 'SA 649 woly wnidpe)
[OYOJ[E JuaLInNg CE€v1DTT PAWYESSH SAI0T6 wniores
‘smyeys Sunjowrs M
“Knanoe (6'T°90) 0'T  /SSUIAISS () 'SA GT'() ungox
[eo1sAyd (€1 °90) 60 M/STUIAISS () "SA G'() weal)
JO [oAQ[ [ensn (87 °0°0) TT  M/SSuIAIes ) "SA [ 2S99y aFeno)
pUE [EUOT}BAIDAI (ST°L0) 0T m/sSurazes [°()'SA € weaId 99]
‘armsodxa m
uns [BUONEAIOAI (61 °90) I'T  /sSuIAIos G7°() "SA ¥ 9599y
‘uoneonpd (€1°6°0) 80 M/SSUIAIAS () 'SA A S[oyMm Apmg dn-mofjog
‘uordar (T T1) ST M/SSUIAISS () "SA [ N[w Jej-Mmo] o13ojorwepidg
‘S9[qELIEA M UOTRUTWEXF (LS) sore1s
USIsop ‘oyejur (6TT'1) 8T /SBUIAISS G'() 'SA ¢] [ [eoL Syt pooj sosed ¢ ) uonnN panun
A31ouo “oour a3y (6'€ ‘T TT  AM/SUIAIGS G 'SA [T Lreq Od [B10L SOT ‘OAd PaepIEA ‘A $/-GT 958 TI9E  ‘T661-F861/C861 PuE UI[EdH [EuonEN ‘600T ‘Suss,
wnoed
OIT60'D) IST  P/SW O 'SA [0b= [esuowo[ddng
p/3w
(T6'1 °L6'0) 9€'T 686> 'SA £g6=  wmniofed K1l
p/Sw
dones 0jewo} (8S°¢ *¥I'D) TO'T  6¥L~00S "SA 000T= wniores [e10L, od 1eed SI9oURD [ele) C1E
‘sjuowroddns wnioed
owz VIV (291 °66'0) TTT P/SW O SA 10b= [eyuswo[ddng
‘ysy yewt p/Sw
pa1 ‘sauo[ed 06T °TI'D 9¥'1 686> 'SA £g6=  wniofed K1l
[©10] ‘sajeqerp p/Sw
‘Od-H4 (61°€ ‘8T'1) TOT  6¥L-00S "SA 000T= wniodped [e10],
‘K 01 snoraaxd p/s3ura1os REblitz]
oy ur s1eak 91 °68°0) 1T'1 080 'sATLE pooy Aneq Dd PIduBApY PpadueApE TG
-yoed 91216310 p/Sw
WBroy ‘Aranoe (Ly'1 °88°0) €I'T  6¥L=00S "SA 000T= wniored [e10L,  Dd PIOUBAPLUON
eorsAyd p/Sw
SNOI0TIA (09T ‘20D 8T'T  6¥L=00S "SA 000T= wmnispes [e0L (LD sare1g
‘K17 98e IR IING p/sSurales SwId)l pooj SIS $,GE Apmis dn-moqjoq panun ‘900¢
‘porrad owm 08y (0T'1 ‘S6°0) LO'I 0S°0 "SA TL'E pooy Arre(q Od 18101 1¢1 ‘Odd pawepIfeA K 0L—Gb 938 ‘06L°Ly & 91 ‘TOOT—9861 S[BUOISSIJOI] YI[esH ‘IOONUUEAOLD)
SIOpPUNOJUOD IO 1D %S6) Id AmuenQ) amsodxg opeis 10 JUQUISSASSE sased Jo potrad owreu Apmsg (oua10y0I)
jusunsnlpy age1s D4 Areyaiq ‘ou pue ‘ofe dn-morjoq uorgal 10
az1s Apmg Anunod ‘1eak
uonesrqnd

‘IoyIne JSIj

(panuyuod) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



AUNE ET AL.

100

(ponunuo))

p/3w
(€660 TT 00L> 'SA 000C=  wmoped AreseIq
p/Sut
€60 91 00L> 'SA 0002= wniofed [e1o],
F'1°6°0) 6'0 AM/E> SA P/OY= pooy Areq Od padueApy
sjuowo[ddns
( urwe)iA 1ejo} €10D 11 p/3w ( 'SA 0= wniores
‘snioydsoyd p/Sw
‘uoneonpd €TTD9l 00L> 'SA Q00T=  wnmoped Arejeiq
‘aejur p/3w $9sBD
1eJ [€30) ‘A310U0 O1'0D T 00L> 'sA 000C=< wnioes 810, Od padueApe 696 Hoyod uoninN (€9) sam1g
12101 ‘Dd-Hd ya/sSUTAIOS £> SWIAN pooy  sesed [[8¢ A L L~ 11 £Apmg PaNunN ‘€00
‘o0e1 ‘Anuo Je ATy (€1°6°0) I'T  "SA P/SSUIAIGS ('p= pooy Areqt Od [B1OL 89 ‘OAd PAEPIEA  —0S 988 “ITE°CO9  ‘6661-€661/C661 UONUdARI] IddUL) ‘Zongupoy
H urwejaA
[euoworddns
‘A310u9
[e101 ‘K)1Anoe
reorsAyd
SNOIOTIA
‘Junyows
PG REN I
‘7d ysey
‘A 17 93e
18 NG ‘Od-HA SIOOUBD PIOUBADE (S) sams
‘nsooue Iofeur (6€T ‘T8°0) LO'T our/owmn RILESRE N Suwl pooj 87 ‘A 6L Apmg dn-mofjog panun ‘v00T
‘potrad owny 08y (€1°C ‘99°0) 61°1 [> 'sA p/oun [= 983D Od PooueApY [€] ‘Odd POIEPIEA  —0F 958 ‘998'Ly K ¢ ‘00079861 S[EUOISSOJOI] I[ESH ‘uurwZIo]
Nm/sour)
(LET TS'0) ¥8°0 ¢> "sa qrep isoury 9839y “1onng £
Aa/sowun St pooj SaSeI 961 Y1~ ‘9661-6L61 (t6) ueder
uonesStw 93y (171 ‘79°0) L8'0 T> 'SA A[tep isowy AN Od [B10L 8= ‘Odd parepieA ‘K 66-81 ‘SIT°8I 10 °GO61 ‘€961 Apmg uedg opry 00T ‘UIIIV
SaLIO[BD p/Sw
‘queunean 93y (€T°T ¥9°0) 0T T  TSL9> SA §066=  wnidEd Arejlq sased (0L K 8'19 (99) sarerg
sjuawa[ddns :98e ueaw ‘7/9 Apmi§ uonuaAdlg payun
pasnlpeuny (g1 ‘TS0) €8°0 p/3w ( 'S Q0TI wmnrores Od [eoL Odd  ‘Tetn paziwopuey £ 7I= ‘€00C—8861 d£joq wmore) ‘600T ‘uoreg
asn juowoddns
(€T Y0 60 Ou "SA SOX wmnores
$90IN0S
Arrepuou
(€1°60) 80 PAWEHIT SAG'LIY ot} wnidres
SIOpPUNOJUOD IO 1D %S6) Id AmuenQ) amsodxg opeis 10 JUQUISSASSE sased Jo potrad owreu Apmsg (oua10y0I)
jusunsnlpy age1s D4 Areyaiq ‘ou pue ‘ofe dn-morjoq uorgal 10
az1s Apmg Anunod ‘1eak
uonesrqnd

‘IoyIne JSIj

(panuyuod) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



101

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(ponunuo))
2109S pooy
‘TINE ‘0geoeld
/audjored-g
‘urndse
0) JuowugIsse
pazrwopuel
ASIOIOXD (61) sae1s
SNOIOTIA P/sSUIAILS () Sased 7101 Apms payun
‘Sujowss ‘93y (96T ‘TI'D TE'T "SA P/SUIAISS [= RILESEE N Od [B10L Odd A €6 088 ‘688°0C K TT ‘S661—+861 WILIH SUBIISAY ‘100T ‘uey)
ouwl/ S3UIAIAS ()
(87 ‘I8°0) 0T'T  "SA YM/SUIAISS [= 959U WeAI)
ow/SIUIAIS =
(6’1 88°0) 6T'T  'SA MM/STUIAIS G= 959D PO
oul/sSurAIaS () 95990
(ST ‘SL°0) 90°T  'SA YM/SSUIAISS T=  ©BPOOH ‘a3eNo)
ouw/s3UIAILS ()
(6’1 °08°0) ST'T  "SA MM/STUIAIS < A s[oym
ou/sSuTAIaS () et
ISIOIOXD (6T ‘€8°0) ST'1 ‘SA P/SSUIAIOS T<C JBJ-MO] PUB -UWIS
SNOIOTIA ow/s3UIAILS ()
9ones 0jewo) (€T “1L°0) 8TT  'sA Ymys3urazes ¢= (dno ) weard a0
‘Sunjows ou/sSurAIaS () Dd onelselowr (0S) samis
‘wmniofed (0T 0T) TH'T  "SA YM/STUIAIS C= Tonng SWY ooy 6¥C K SL Apmg dn-mofjoq panun ‘100¢
‘souofed 98y (€T ‘16°0) €F'1 P/8 61> sA 69<  sionpord Are( Od oneseroN [€1 ‘Odd paepieA  —0f @88 ‘675 IS £ 0T ‘9661-9861 S[BUOISSAJ0I] YI[eaH ‘PREYIIN

p/sSurales
(L'T 85°0) 0T'T 970 'SA 66'C AN
p/s3uralos 1ngok SuiSy jo Apms (19) sams
(6LT°LS0) 9T'T 10°T 'SA 0¥ JEREEl RS 1 1A sosed 69 [eurpmISuo| payun)
eI A310Us 98y (LL'T ‘8¥°0) T6'0  P/3W STS SA ITT ] wnioren Od [e10L Odd pawepieA K 76-9% 98¢ p6y AN IN-661 alowmeqg 200T puleg
yiod
‘so[qeIagon (ZS) sars
‘TINg ‘Suryous syleap panun
‘Od-HA p65¢ K LG :oTe 11 Apmg ‘200T
‘woneonpa 03y (€7°T 78°0) 00T AM/L> SA 8T= syonpoxd Areq Od [ered Odd  ueIpaw ‘08L°Lvy A 1 ‘9661-T861 UONULGAdIJ IdUED) ‘Zan3upoy
yiod
‘so[qeIvgon
‘INE ‘Sunjows syreap (T9) saeg
‘Od—HA 16L1 K g6 :o3e 1 Apmg paiun ‘200t
‘uoneonpe 08y (€51 66°0) 0T'1 AM/L> sa gg= sionpoxd Arre( Od [ered Odd  uepow ‘QIO°LIy A €1 ‘TLOI-6S61  UONULAAIL] 100UE) ‘Zon3upoy
SIOpPUNOJUOD IO 1D %S6) Id AmuenQ) amsodxg opeis 10 JUOWISSISSE sased Jo potrad owreu Apmsg (oua10y0I)
jusunsnlpy age1s D4 Areyaiq ‘ou pue ‘ofe dn-morjoq uorgal 10
az1s Apmg Anunod ‘1eak
uonesrqnd

‘IoyIne JSIj

(panuyuod) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest

on 16 February 2018



AUNE ET AL.

102

(panunuo))

(LS'T ‘#7°0) #8°0
(FE'T TS0) €8°0
(90°T ‘€6°0) 66°0
(90°T S6°0) 00'T

(1T °66°0) €0°1

P/sasse3 () ‘SA 6—S
p/3Ww 709 "SA 6TET
P/3 0S 1od
P/3 0§ 104

AN

wnioed A1e)arq

[ Jej-mo]

[ ajoym
o

P/3 0S 194 1BJ-MO] PAJUSULID,]

[

K 18—y 93e
‘sjonuod 8071
SwAYl  ‘sased 9O ‘Apmis

Od 8oL pooj 0] ~ ‘O [0HU0D-3sED PIISIN

Ansi3oy
UIM], YSIpamS 3y,

(LY) uopamg

0L6T—L96T ‘9661 “B1oquUQID

(S0'T '99°0) ¥8°0 P/3 0§ 19 9[OyM pIjUdUIR]
(TS'T°09°0) S6'0 P/8 0T Iod 2S99y Jey-mo]
(89'1 °99°0) SO'I P/3 0T 194 983D
syonpoid
(€0'1 'S6'0) 66°0 P/3 0§14 MU pue [N Od padueApy
(98T ‘6L°0) TT'T  P/SW 709 'SA 6TET  WNId[ED Areai(
(60'T “L6'0) €0°T P/3 0§ 104 [ Jej-Mmo
(€0°T “26'0) L60 P/3 0S 12 NI S[oym
AW Jeg-mo|
(60°T “¥6°0) 10'T P/3 0S 19 PAUIULIS]
A spoym
(ST°T °6L°0) 96°0 P/3 0S 12 pajuSuLIAg
(Ly'T°8L°0) LO'T P/ 0T Iod  9s99YD Jey-mo]
(LET 90D 0T'T P/3 0T *2d 3833YD
syonpoxd
(S0'T ‘86°0) 10°T p/8 0S Iod  N[Tw pue N[N Od PoZI[ed0]
(0S°T “6L°0) 60°'T  P/3W TOY 'SA 6ZE]  wnId[ed Areseiq
(10'1 *9L°0) 88°0 P/3 05 d  1n3ok ajoum
(S0'T °L6'0) 10°T P/3 0§ 194 N[ yej-Mmo]
(€0'T *96°0) 00°T P/3 0§ 1od A o[oym
[ jej-mo[
(LO'T*96'0) 10°T P/3 0§ 1od pajusuIog
RIS
(00T *9L°0) L8O P/3 (S 1od [OYM PIAUSULIS]
(€1 °LL0) 10'] P/3 0T 1d 999U JBJ-MOT]
(ET'T°€6'0) TO'T P/3 0T 1od SI9JUBD padsueApe
(6L'1°L8°0) 1T'1 P/3 T sA ¢f 9s3YD €1 ‘s10uRd (8%)
smye)s PazI[ed0] 97T SpUe[IoyIoN oYL,
OTWOU00IO0S (€0°'T ‘86°0) 00T P/3 0S 1od syonpoid SUwId)I Pooj sased 79 ‘K 69 Apnys ‘6661
‘Od—HA 98V (9S°T ‘18°0) TI'I P/3 ¥L 'SA 99§ A pue qIA Od 18101, OST ‘Odd PawepifeA  —6G @8k ‘6,78 £ €9 ‘T661-9861 HOYOD SPUBLIYION ‘uewLINnydg
SIOPUNOJUOD I0J 1D %S6) I AmuenQ) amsodxg apeis 10 JUSWISSISSE $asBD JO pouad sweu Apmg (9ouai9jar)
juaunsnlpy age1s Dd Kreyoiq ‘ou pue ‘o3e dn-morjoq uo1gal 1o
az1s Apms Anunod ‘reak
uonesrqnd

‘oyine JSInj

(panuyuo)) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



103

DAIRY PRODUCTS, CALCIUM, AND PROSTATE CANCER

(1D %06) T,
IO poYewnsy,

‘ApmS SJUBPAXONUY XNBIQUIIA 19 SAUIWeRIA ud uonejuawd[ddng “XVIA'TA NS omssaid poolq o1j01shs ggs ‘uasnue oyroads areisord ‘ySd 1ooued ajeysoid O pantodar jou YN o[qeoridde jou ‘yN
‘K101 Arurey ‘g ‘erreuuonsenb Asuanbary-pooy ‘O ‘seleqerp g 2dA) ‘7 teseesi(] MeOH pue Jodue)) Jsuredy usredwe) [ OO ‘SONIUNUIWO)) UL YSIY SISOIR[OSOINPY DYV ‘PIoE dMUS[OUI[-D YTV,

(9T°6°0) ST

By  (€reD YT
(8T “€L°0) 00T
By (STT LE0) LY'T

93y (61'T ¥S°0) 08°0
s339 ‘Sunjows
JuaLmd ‘TN
‘[0191S9[0YD
ewserd ‘qgs
aseasIp 1Iedy

‘se)aqeIp 98y
Supjows
onaredo

*0uopISa1 98y (LE'T “9L°0) TO'T

A'T°L0) 60

asn 000eqo) 93y LT°90) 01
90
8T
L0
6’1
Suoour
“Koruye o8y aTconvi

Nm/ouwn

1> "SA JM/sown ¢= 9899y
p/ssels

1> 'SA p/sosse[3 ¢= AN
ym/own

[= 'sAym/soun ¢= AN

Nm/ouwn 9S99Yd pue

[= "SA JYm/sown G= ‘ounedIew ‘ronng
IoAdU

'SA A[tep Ised] 1y RLE CLVN

p/dnd 1od A S[oyMm
p/sasse[3

1> "SA p/sosse[3 ¢= AN
ow/s3UIAISS

9= 'SA 68198 Lreq

Pp/sasse[s ()
‘S p/sse[3 [< K 7L< 98¢ N[N
Pp/sasse]3 ()

syjeap

Dd [ered 044 66 ‘A 0= 95e ‘¢9.9
SWA) ooy SasLd L] ‘6161

Od Te10L 0T ‘Odd  —0061 UI0q ‘666L
Sased ()81

Jd [e10L, 044 ‘A s7= 958 ‘000 1
ReN:AR VY

2d [e0L MATAIN] K 180G :98€ ‘9LL]
sased 961 ‘A ¥L

Dd [eoL Odd  —S¢ P88 ‘GeTiel

syIesp ov 1
Od [e3e] swal pooy G¢ ‘Odd A §e= 98¢ ‘¢9°L]

"SA P/SSEIS [< £ §'TL= 98 N[N Dd IUeISIP/[EUOISY

Pp/sasse]3 ()
'sa p/sse[3 [< A §'z7L< 988 YA
Pp/sasse]3 ()
'SA p/sse[3 [< £ §'7L= 98 N
Pp/sasse]3

'SA P/SSe[S [< Dd 18101 A

Od Ppazl[edo]
sased 861

Od [0, swat pooj €1 ‘Odd K SH<< 988 ‘91¢0T €1 “T661-0861/SL6T

Apms
£0T ‘08610961 AN[EMO ISHUAPY

(0F) sovs parun
‘Y861 ‘uopmoug

KL~ weisold  (1f) sejels payun
‘9861-8961/5961 MEOH NNOUOH ‘6861 ‘UOSIOADS
£9 Apmg (TP) samg

T861-9L61  WIBSH ISHUSAPY PaIIuN) ‘6861 ‘SIIIA

Apnig QoudreAdld
SomID
yoreasay pidr

(¢p) sarers panun

£ p1 °L861—CL6T ‘6861 ‘uosdwioy],

£zi~ (¥) KemIoN
‘8L6T-LI6T VN ‘0661 ‘UIsIn
ApmisS 10Yy0D
pooyatorg (Sp) sareag

£0T ‘98619961 ueIYINT paNu( ‘0661 ‘SUISH

SIOPUNOJUOD IOF
juaunsnlpy

(ID %S6) ¥4

Amuen() amsodxg

opeis 10 JUQUISSISSE sased Jo
age1s D4 Areyaiq ‘ou pue ‘ofe
‘oz1s Apmg

K KoaInS  (9t) seIeIS payun)
PIOYSSNOH HBMBH ‘Y661 ‘PUBYIIRIA 9]
pourad Qwreu Apmg (9ouaga1)
dn-morjoq uo1gal 10
Anunod ‘reak
uoneorqnd

‘IoyIne JSIj

(panuyuod) 1 ATAVL

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339

by guest
on 16 February 2018



104

the analysis of nonadvanced prostate cancers, we included studies
that reported on low-stage, low-grade, and localized cancers,
whereas for the analysis of advanced prostate cancers, we included
studies that reported on high-stage, high-grade, non-localized,
and advanced cancers.

Statistical heterogeneity in studies was assessed by using I,
which was the amount of total variation that was explained
by between-study variation and the Q test (68). We conducted
subgroup and meta-regression analyses by study characteristics
to investigate potential sources of heterogeneity. Small study
bias, such as publication bias, was assessed with funnel plots,
Egger’s test (69), and Begg’s test (70), and results were con-
sidered to indicate potential small study bias at P < 0.10. We
used the trim-and-fill method to assess the potential influence of
small study bias on results (71), with the assumption that these
effects were due to publication bias. We conducted sensitivity
analyses by excluding one study at a time to explore whether
results were robust to the influence of single studies. Subgroup
and meta-regression analyses by study characteristics were con-
ducted to investigate potential sources of heterogeneity. Stata
version 10.1 software (StataCorp) was used for statistical analyses.

RESULTS

Thirty-two prospective studies (37 publications) (14-32, 40—
57) could be included in the analysis of dairy product and cal-
cium intake and prostate cancer risk (Table 1, Supplemental
Figure 1). Five of these studies reported only on prostate cancer
mortality (4 publications) (25, 40, 45, 52), and one study re-
ported only on advanced prostate cancer (55), and these were
included in subgroup analyses by stage or mortality (Tables 2
and 3). Six of the studies were from Europe, 21 studies were
from the United States, 4 studies were from Asia, and one study
was from Australia. A summary of study characteristics of in-
cluded studies is provided in Table 1.

Total dairy products

Fifteen cohort studies (14-17, 19-21, 23, 24, 26, 28, 32, 51,
53, 57) investigated total dairy product intake and prostate
cancer risk and included 38,107 cases in 848,395 participants.
The summary RR for highest compared with lowest intakes was
1.09 (95% CI: 1.02, 1.17), with moderate heterogeneity P =
43%, P-heterogeneity = 0.04 (Supplemental Figure 2A). In the
dose-response analysis, the summary RR was 1.07 (95% CI:
1.02,1.12, I = 44%, P-heterogeneity = 0.04, n = 15) per 400 g/d
(Figure 1). The summary RR for the dose-response analysis
ranged from 1.06 (95% CI: 1.02, 1.10) when the NHANES I
(57) was excluded to 1.07 (95% CI: 1.02, 1.12) when the Cancer
Prevention Study 2 Nutrition Cohort (53) was excluded. There
was an indication of small study effects with Egger’s test (P =
0.08) and Begg’s test (P = 0.02). The exclusion of one small and
outlying study (57) made Egger’s test nonsignificant (Egger’s
test = 0.22, Begg’s test = 0.08), and the summary estimate re-
mained similar (summary RR: 1.06; 95% CI: 1.02, 1.10), but
heterogeneity was reduced (I = 27%). Alternatively, by using
the trim-and-fill method, the summary RR became 1.04 (95%
CI: 0.99, 1.09) when 5 studies were added to the analysis. There
was no evidence of a nonlinear association between total dairy
product intake and prostate cancer risk (P-nonlinearity = 0.99)

AUNE ET AL.

(Figure 2A, Supplemental Table 1). There was no association
in the 7 studies (6 publications) that investigated high compared
with low dairy product intakes and fatal prostate cancer (Table
2) (15, 22, 32, 45, 52, 72), and results were similar in the dose-
response analysis (Figure 1).

Milk

Fifteen cohort studies (16, 18, 19, 22, 23, 26,27, 41, 44, 4648,
51, 54, 57) were included in the analysis of milk intake and
prostate cancer risk, including a total of 11,392 cases in 566,146
participants. One of these studies was excluded from the dose-
response analysis because only a high compared with low com-
parison was reported (44). The summary RR for high compared
with low intakes was 1.11 (95% CI: 1.03, 1.21) with low het-
erogeneity (I* = 21%, P-heterogeneity = 0.22) (Supplemental
Figure 2B). The summary RR for a 200-g/d increase in intake
was 1.03 (95% CI: 1.00, 1.06; P-association = 0.04) with no
evidence of heterogeneity (I* = 9%, P-heterogeneity = 0.36)
(Figure 3). In a sensitivity analysis, the summary RR ranged
from 1.02 (95% CI: 1.00, 1.05) when the NHANES (57) was
excluded to 1.04 (95% CI: 1.00, 1.07) when the EPIC (European
Prospective Investigation into Cancer and Nutrition) study was
excluded (27). There was an indication of small study effects
with Egger’s test (P = 0.06) but not Begg’s test (P = 0.66). The
exclusion of the same small study (57) as in the total dairy
analysis made Egger’s test nonsignificant (P = 0.12) and slightly
attenuated results (summary RR: 1.02; 95% CI: 1.00, 1.05; P=
0%). Alternatively, by using the trim-and-fill method, 2 studies
were added to the analysis, and the association was attenuated
and no longer significant (summary RR: 1.02; 95% CI: 0.98,
1.06). There was some indication of a nonlinear association
between milk intake and prostate cancer risk (P-nonlinearity =
0.08) with risk increasing rapidly at low intakes but flattening
from ~200 g/d (Figure 2B, Supplemental Table 2). There was
no association between milk intake and fatal prostate cancer
(Table 2, Figure 3) (25, 40).

Whole milk

Eight cohort studies (21-23, 32, 42, 43, 48, 57) were included
in the analysis of whole=milk intake and prostate cancer and
included 19,664 cases in 448,719 participants. Two studies re-
ported only continuous estimates and were excluded from the
high compared with low analysis (43, 48). The summary RR for
high compared with low intakes was 0.92 (95% CI: 0.85, 0.99;
I? = 0%, P-heterogeneity = 0.69) (Supplemental Figure 3A).
The summary RR was 0.98 (95% CI: 0.95, 1.01; I* = 0%, P-
heterogeneity = 0.48) per 200 g/d (Supplemental Figure 4).
The summary RR ranged from 0.97 (95% CI: 0.93, 1.02) when
the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC)
Study (23) was excluded to 0.99 (95% CI: 0.96, 1.02) when
the Multiethnic Cohort Study (21) was excluded. There was
some evidence of publication bias with Egger’s test (P = 0.04)
but not Begg’s test (P = 0.11). There was no evidence of
a nonlinear association between whole-milk intake and prostate
cancer risk (P-nonlinearity = 0.32) (Figure 2C, Supplemental
Table 3). There was no significant association between whole-
milk intake and fatal prostate cancer (Supplemental Figure 4)
(22, 32).
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Cheese
P % P—heterogeneity2 P—heterogeneity3

RR
(95% CI)

Milk
No. of
P, % P-heterogeneity” P—heterogeneity3 studies

RR
(95% CI)

Dairy products
No. of
P % P-heterogeneity” P—heterogeneity3 studies

RR
(95% CI)

No. of
studies

Tomatoes

TABLE 2 (Continued)
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Low-fat milk

Six cohort studies (21-23, 32, 48, 57) were included in the
analysis of low-fat milk and prostate cancer risk and included
19,430 cases in 432,943 participants. One study only reported
a continuous result and was excluded from the dose-response
analysis (48). Two of these studies reported on skim and low-fat
milk combined (21, 32). The summary RR for high compared
with low intakes was 1.14 (95% CL 1.05, 1.25; I = 51%,
P-heterogeneity = 0.09) (Supplemental Figure 3B). The summary
RR per 200 g/d was 1.06 (95% CI: 1.01, 1.11; > = 67%,
P-heterogeneity = 0.01) (Supplemental Figure 5). The summary
RR ranged from 1.04 (95% CI: 1.00, 1.08) when the Physicians
Health Study was excluded to 1.08 (95% CI: 1.02, 1.14) when
the NIH-AARP Diet and Health Study was excluded. There was
evidence of a nonlinear association between low-fat milk and
prostate cancer (P-nonlinearity < 0.0001) with a flattening of
the curve between 300 and 400 g/d (Figure 2D, Supplemental
Table 4). There was no significant association between low-fat
milk and fatal prostate cancer (Supplemental Figure 5) (22, 32).

Cheese

Eleven cohort studies (16, 19, 21-23, 26, 27, 32, 48, 54, 57)
were included in the analysis of cheese intake and prostate
cancer risk and included 22,950 cases in 887,759 participants.
The summary RR for high compared with low intakes was 1.07
(95% CI: 1.01, 1.13), and there was no evidence of heteroge-
neity (I* = 0%, P-heterogeneity = 0.56) (Supplemental Figure
6A). The summary RR was 1.10 (95% CI: 1.03, 1.18; P =0%,
P-heterogeneity = 0.93) per 50 g/d (Supplemental Figure 7).
The summary RR ranged from 1.09 (95% CI: 1.02, 1.17) when
the CLUE 11 (Campaign Against Cancer and Heart Disease)
cohort (19) was excluded to 1.11 (95% CI: 1.02, 1.20) when the
NIH-AARP Diet and Health study (22) was excluded. There was
no evidence of small study effects with either Egger’s test (P =
0.57) or Begg’s test (P = 0.44). There was no evidence of a
nonlinear association between cheese intake and prostate cancer
risk (P-nonlinearity = 0.32) (Supplemental Table 5, Supplemental
Figure 8A). There was no significant association between
cheese intake and fatal prostate cancer (Table 2, Supplementary
Figure 7) (22, 25, 40).

Yogurt

Six cohort studies were included in the analysis of yogurt
intake and prostate cancer risk (16, 21, 22, 26, 27, 48) (one of
these studies only provided a continuous result and was not
included in the analysis of highest compared with lowest intakes
(48). The summary RR for high compared with low intakes was
1.12 (95% CI: 0.97, 1.29) with high heterogeneity (P = 67%,
P-heterogeneity = 0.02) (Supplemental Figure 6B). The summary
RR per 100 g/d was 1.08 (95% CI: 0.93, 1.24) and also with high
heterogeneity (I* = 82%, P-heterogeneity < 0.0001) (Supple-
mental Figure 9). The summary RR ranged from 1.02 (95% CI:
0.89, 1.18) when the NHANES was excluded (57) to 1.14 (95%
CI: 0.88, 1.48) when the NIH-AARP Diet and Health Study (22)
was excluded. There was no evidence of small study effects with
Begg’s test (P = 0.62) or Egger’s test (P = 0.45). There was no
evidence of a nonlinear association between yogurt intake and
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1.20 (1.07, 1.34) 62.2
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3 1.17 (0.99, 1.38)
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0.02
0.48

0
INC, not calculated; PSA, prostate specific antigen; WHR, waist-to-hip ratio.
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prostate cancer (P-nonlinearity = 0.45) (Supplemental Table 6,
Supplemental Figure 8B).

Other dairy products

Other specific types of dairy products were only investigated in
a limited number of studies. The summary RR for high compared
with low intakes was 1.14 (95% CI: 0.88, 1.49; P = 88%,
P-heterogeneity = 0.005) for skim milk (22, 49), 0.95 (95% CI:
0.83, 1.09; P= 0%, P-heterogeneity = 0.70) for ice cream (23,
57), and 1.03 (95% CI: 0.89, 1.20; P =0%, P-heterogeneity =
0.53) for butter (14, 23) in relation to total prostate cancer and
1.16 (95% CI: 0.98, 1.38; P= 0%, P-heterogeneity = 0.43) for skim
milk in relation to advanced prostate cancer (22, 55) (Table 4).

Total calcium

Nine cohort studies were included in the analysis of total
calcium (diet and supplements) intake and prostate cancer risk
(16, 17, 19, 21, 24, 28, 30, 31, 53) and included 33,127cases
in 750,275 participants. The summary RR for high compared
with low intakes was 1.10 (95% CI: 1.01, 1.21; P = 50%,
P-heterogeneity = 0.04) (Supplemental Figure 10A). In the dose-
response analysis, the summary RR per 400 mg/d was 1.02
(95% CI: 1.01, 1.04) with no evidence of heterogeneity (I2 =
12%, P-heterogeneity = 0.33) (Figure 4). The summary RR
ranged from 1.02 (95% CI: 1.01, 1.03) when the Health Pro-
fessionals Follow-Up Study (17) was excluded to 1.03 (95% CI:
1.02, 1.05) when the NIH-AARP Diet and Health Study (28)
was excluded. There was no evidence of small study effects with
Egger’s test (P = 0.26) or Begg’s test (P = 0.12). There was
evidence of a nonlinear association between total calcium intake
and prostate cancer risk (P-nonlinearity < 0.0001), and risk
increased monotonically but more steeply at higher intakes
(Figure 5A, Supplemental Table 7).

Dietary calcium

Fifteen cohort studies were included in the analysis of dietary
calcium and prostate cancer risk (14, 21, 23, 24, 26-31, 48, 51,
53, 56, 57) and included 35,493 cases in 800,879 participants.
The summary RR high compared with low intakes was 1.18
(95% CI: 1.08, 1.30) with moderate heterogeneity (I2 = 53%,
P-heterogeneity = 0.008) (Supplemental Figure 10B). The sum-
mary RR per 400 mg/d was 1.05 (95% CI: 1.02, 1.09) with
moderate to high heterogeneity (I* = 49%, P-heterogeneity =
0.02) (Figure 6). There was no indication of small study effects
with Egger’s test (P = 0.11) or Begg’s test (P = 0.37). The
heterogeneity was largely explained by one American study
(57), and when excluded, the summary RR was 1.04 (95% CI:
1.02, 1.06; I* = 6%, P-heterogeneity = 0.38). The summary RR
ranged from 1.03 (95% CI: 1.01, 1.05) when the ATBC study
(23) was excluded to 1.05 (95% CI: 1.03, 1.08) when the NIH-
AARP Diet and Health Study (28) was excluded. There was
evidence that the association between dietary calcium intake and
prostate cancer risk was nonlinear (P-nonlinearity < 0.0001),
and risk increased significantly above ~ 1200 mg/d but was
most pronounced above 2000 mg/d (Figure 5B, Supplemental
Table 8).
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Dairy
Per 400 grams
Author per day RR (95% CI) Study description
Total prostate cancer
Song, 2013 [32] 1.16 (1.02, 1.33) PHS
Park, 2009 [28] 1.06 (1.02, 1.11) NIH-AARP
Kurahashi, 2008 [26] — 1.60 (1.09, 2.34) JPHC 1 &1
Ahn, 2007 [24] 1.13(1.01,1.27) PLCO
Mitrou, 2007 [23] 1.09 (1.00, 1.18) ATBC
Neuhouser, 2007 [20] 0.84 (0.66, 1.06) CARET
Park, 2007 [21] 1.04 (0.93, 1.16) MEC
Rohrmann, 2007 [19] 1.08 (0.73, 1.60) CLUE Il
Giovannucci, 2006 [17] 1.05 (0.98, 1.13) HPFS
Kesse, 2006 [16] 1.82 (1.04, 3.17) SU.VI.MAX
Koh, 2006 [15] 1.10 (0.65, 1.87) HAHS
Severi, 2006 [14] 1.02 (0.94, 1.10) MCCS
Tseng, 2005 [57] 2.30(1.30, 4.08) NHANESI
Rodriguez, 2003 [53] 1.02 (0.95, 1.10) CPS I
Berndt, 2002 [51] —_— 1.12 (0.65, 1.92) BLSA
Subtotal (I-squared = 43.9%, p = 0.035) 0 1.07 (1.02, 1.12)
Nonadvanced prostate cancer
Song, 2013 [32] Hl- 1.15(0.99, 1.34) PHS
Kurahashi, 2008 [26] —_—— 1.69 (1.07, 2.67) JPHC 1 &I
Ahn, 2007 [24] - 1.23 (1.05, 1.43) PLCO
Neuhouser, 2007 [20] — 1.07 (0.73, 1.56) CARET
Park, 2007 [21] 0.97 (0.91, 1.04) MEC
Park, 2007 [22] 1.08 (0.95, 1.23) NIH-AARP
Rohrmann, 2007 [19] 1.25(0.62, 2.53) CLUE Il
Severi, 2006 [14] 1.04 (0.96, 1.13) MCCs
Subtotal (I-squared = 53.0%, p = 0.037) K 1.09 (1.00, 1.18)
Advanced prostate cancer
Song, 2013 [32] —T 0.80 (0.52, 1.24) PHS
Kurahashi, 2008 [26] e 1.34 (0.65, 2.76) JPHC I &I
Ahn, 2007 [24] 1.01(0.84, 1.22) PLCO
Neuhouser, 2007 [20] 0.70 (0.47, 1.05) CARET
Park, 2007 [21] 0.96 (0.82, 1.12) MEC
Park, 2007 [22] 0.92 (0.70, 1.21) NIH-AARP
Rohrmann, 2007 [19] 1.25 (0.55, 2.82) CLUE Il
Giovannucci, 2006 [17] 1.08 (0.89, 1.30) HPFS
Severi, 2006 [14] 0.93 (0.78, 1.11) MCCS
Rodriguez, 2003 [53] 1.01(0.84, 1.20) CPSII
Subtotal (I-squared = 0.0%, p = 0.712) 0.97 (0.91, 1.05)
Fatal prostate cancer
Song, 2013 [32] —— 1.67 (1.07, 2.62) PHS
Park, 2007 [22] 0.98 (0.63, 1.53) NIH-AARP
Smit, 2007 [72] 1.15(0.86, 1.54) PRHHP
Koh, 2006 [15] 1.10 (0.65, 1.87) HAHS
Hsing, 1990 [45] 0.94 (0.72, 1.23) LBCS
Subtotal (I-squared = 20.1%, p = 0.287) L@ 1.11(0.92, 1.33)
I I I I | ]

0.25

0.50751.0 1.5 20 3.0

5.0

FIGURE 1 Intake of total dairy products and prostate cancer risk. The RR from each study is represented by a black square and the 95% CIs by the line through
the square. Summary RRs (center of open diamond) and 95% ClIs (width of open diamond) were calculated per 400-g/d intake by using a random-effects model.
ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; BLSA, Baltimore Longitudinal Study on Aging; CARET, Carotene and Retinol
Efficacy Trial; CLUE II, Campaign Against Cancer and Heart Disease; CPS II, Cancer Prevention Study II; HAHS, The Harvard Alumni Health Study;
HPES, Health Professionals Follow-Up Study; JPHC, Japan Public Health Center-Based Prospective Study; LBCS, Lutheran Brotherhood Cohort Study;
MCCS, Melbourne Collaborative Cohort Study; MEC, Multiethnic Cohort Study; NIH-AARP, NIH-AARP Diet and Health Study; PHS, Physicians’
Health Study; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; PRHHP, The Puerto Rico Heart Health Program; SU.VL.MAX,

Supplémentation en Vitamines et Minéraux Antioxydants Study.

Dairy calcium

Seven cohort studies investigated the association between
dairy calcium and prostate cancer risk (15, 16, 19, 22, 23, 27, 49)
and included 10,493 cases in 479,666 participants. One study was
excluded from the dose-response analysis because only a high
compared with low comparison was reported (19). The summary
RR for high compared with low intakes was 1.13 (95% CI: 1.02,
1.24) with moderate heterogeneity (I* = 46%, P-heterogeneity =
0.08) (Supplemental Figure 11A). The summary RR per 400
mg/d was 1.06 (95% CI: 1.02, 1.09) with little evidence of het-
erogeneity (I = 33%, P-heterogeneity = 0.19) (Supplemental
Figure 12A). The summary RR ranged from 1.05 (95% CI: 1.01,
1.09) when the ATBC study was excluded (23) to 1.07 (95% CI:
1.02, 1.13) when the NIH-AARP Diet and Health Study was

excluded (28). There was no evidence of small study effects with
Egger’s test (P = 0.31) or Begg’s test (P = 0.13). There was no
evidence of a nonlinear association between dairy calcium in-
take and prostate cancer risk (P-nonlinearity = 0.29) (Figure 5C,
Supplemental Table 9).

Nondairy calcium

Four cohort studies investigated the association between
nondairy calcium and prostate cancer risk (16, 22, 27, 57) and
included 13,067 cases in 442,796 participants. The summary RR
for high compared with low intakes was 0.91 (95% CI: 0.79, 1.05;
I? = 15%, P-heterogeneity = 0.32) (Supplemental Figure 11B).
The summary RR for a 400=mg/d increase in nondairy calcium
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c ‘ Whole milk and prostate cancer, nonlinear dose-response
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FIGURE 2 Nonlinear analysis [summary RRs (full lines) and 95% ClIs (dashed lines)] of total dairy products (A), milk (B), whole milk (C), and low-fat milk (D) and
total prostate cancer risk. The dose-response curve was calculated by using fractional polynomial models, and the test for nonlinearity was based on a log-likelihood test.

was 0.97 (95% CI: 0.90, 1.04; P =0%, P-heterogeneity = 0.59)
(Supplemental Figure 13). The summary RR ranged from 0.95
(95% CI: 0.88, 1.03) when the EPIC study was excluded (27) to
1.04 (95% CI: 0.87, 1.25) when the NIH-AARP Diet and Health
Study was excluded (28). There was no evidence of small study
effects with Egger’s test (P = 0.92) or Begg’s test (P = 1.00),
although the number of studies was small. Although the test for
nonlinearity was significant (P-nonlinearity < 0.0001), there was
no association over most of the range of nondairy calcium, and the
slight inverse association at very high intakes (>700 mg/d) was
driven by one study only (Figure 5D, Supplemental Table 10).

Supplemental calcium

Eight cohort studies (15, 19, 21, 22, 24, 31, 53, 57) and one
randomized trial (56) were included in the analysis of supple-
mental calcium intake and prostate cancer risk and included
30,232 cases in 498,516 participants. Five studies were excluded
from the dose-response analysis because there was only a com-

parison of supplement use compared with not (<3 categories of
exposure) (15, 19, 53, 56, 57). The summary RR for high com-
pared with low intakes (or use compared with nonuse) was 1.00
(95% CI: 0.95, 1.05) with no evidence of heterogeneity (P = 0%,
P-heterogeneity = 0.68) (Supplemental Figure 14). The sum-
mary RR per 400 mg/d was 0.99 (95% CI: 0.96, 1.01; P= 0%,
P-heterogeneity = 0.63) (Supplemental Figure 15). The summary
RR ranged from 0.99 (95% CI: 0.93, 1.06) when the NIH-AARP
Diet and Health Study was excluded (28) to 0.99 (95% CI: 0.96,
1.01) when the Prostate Cancer Prevention Trial was excluded
(56). There was no evidence of small study effects with Egger’s
test (P = 0.36) or Begg’s test (P = 0.31). There was no evidence
of a nonlinear association between supplemental calcium intake
and prostate cancer risk (P-nonlinearity = 0.74) (Supplementary
Table 11, Supplemental Figure 16). Supplemental calcium was
associated with increased risk of fatal prostate cancer (summary
RR: 1.50; 95% CI: 1.13, 1.99; I> = 0%, P-heterogeneity = 0.92);
however, the result was based on only 2 studies (Table 3, Sup-
plemental Figure 15) (17, 22).
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Author

Total prostate cancer
Allen, 2008 [27]
Kurahashi, 2008 [26]
Mitrou, 2007 [23]
Park, 2007 [21]

.-.—{—I—

Rohrmann, 2007 [19] oo
Kesse, 2006 [186] ——
Tande, 2006 [18] [—a-—
Tseng, 2005 [57] ——
Allen, 2004 [54] ———
Berndt, 2002 [51] —_

Schuurman, 1999 [48]

Gronberg, 1996 [47]

Le Marchand, 1994 [46]

Severson, 1989 [41]

Subtotal (l-squared =8.7%, p = 0.358)

Nonadvanced prostate cancer

Park, 2007 [21]

Rohrmann, 2007 [19]

Schuurman, 1999 [48]

Le Marchand, 1994 [46]

Subtotal (l-squared =0.0%, p =0.591)

Advanced prostate cancer

Park, 2007 [21]

Rohrmann, 2007 [19]

Schuurman, 1999 [48]

Le Marchand, 1994 [46]

Subtotal (l-squared =0.0%, p = 0.836)

Fatal prostate cancer

Iso, 2007 [25]

Snowdon, 1984 [40]

Subtotal (l-squared =67.8%, p = 0.078)

Per 200 grams

per day RR (95% CI) Study description

1.00 (0.95, 1.06) EPIC
1.20 (0.97, 1.49) JPHC 1& 11
1.02 (0.98, 1.06) ATBC
1.04 (0.98, 1.10) MEC

1.16 (0.84, 1.61) CLUE I
1.08 (0.79, 1.51) SUVIMAX
1.19 (0.98, 1.45) ARIC

1.29 (1.05, 1.59) NHANESI

0.85 (0.58, 1.25) LSS

1.05 (0.85, 1.30) BLSA
1.00 (0.92, 1.13) NLCS
1.00 (0.94, 1.07) STR
1.17 (0.96, 1.43) HHS
1.01 (0.72, 1.40) HHP
1.03 (1.00, 1.06)

1.06 (0.99, 1.14) MEC
1.57 (0.88, 2.79) CLUE I
1.04 (0.92, 1.22) NLCS

1.09 (0.87, 1.36) HHS
1.06 (1.00, 1.13)

0.97 (0.83, 1.13) MEC
0.99 (0.52, 1.89) CLUE I
0.96 (0.81, 1.13) NLCS

1.12 (0.83, 1.51) HHS
0.98 (0.89, 1.09)

0.82 (0.55, 1.22)
1.20 (1.04, 1.39)
1.04 (0.73, 1.50)

JACC
AMS

I T I
.25 5 .75 1

152

T I
3 5

FIGURE 3 Intake of milk and prostate cancer risk. The RR from each study is represented by a black square and the 95% Cls by the line through the
square. Summary RRs (center of open diamond) and 95% CIs (width of open diamond) were calculated per 200-g/d intake by using a random-effects model.
AMS, Adventist Mortality Study; ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study;
BLSA, Baltimore Longitudinal Study on Aging; CLUE II, Campaign Against Cancer and Heart Disease; EPIC, European Prospective Investigation into
Cancer and Nutrition; HHP, Honolulu Heart Program; HHS, Hawaii Household Survey; JACC, Japan Collaborative Cohort study; JPHC, Japan Public Health
Center-Based Prospective Study; LSS, Life Span Study; MEC, Multiethnic Cohort Study; NLCS, Netherlands Cohort Study; STR, The Swedish Twin
Registry; SU.VL.LMAX, Supplémentation en Vitamines et Minéraux Antioxydants Study.

Subgroup, sensitivity, and meta-regression analyses

In subgroup analyses of total dairy products, milk, and cheese and
prostate cancer, there were positive associations in most strata,
although results were not significant in many of subgroups (Table 2).
There was no evidence that results differed by subgroups (P-
heterogeneity = 0.11). There was no evidence of a difference
between subgroups in the analyses of dietary calcium; however, for
total calcium, results were stronger in the subgroup of studies with
=10 compared with <10 y of follow-up (P-heterogeneity = 0.05)
(Table 3). For supplemental calcium, there was consistent evidence
of no association across subgroups except in the analysis of fatal
prostate cancer in which there was increased risk (P-heterogeneity =
0.04) compared with for nonadvanced cancers; however, this result
was based on only 2 studies. In a sensitivity analysis, we included
one study that did not quantify skim-milk intake but compared
intake of skim milk with whole milk and prostate cancer risk (62)
(and was originally excluded). The summary RR was 1.30 (95%
CI: 0.96, 1.75; P= 87%, P-heterogeneity < 0.0001).

Because some studies reported results for dairy foods adjusted
for calcium intake as an exploratory analysis to investigate whether

the calcium content of dairy products may have accounted for the
association with prostate cancer risk, we conducted additional
analyses by comparing results with and without adjustment for
calcium. The summary RR for high compared with low intakes of
total dairy products was 1.15 (95% CI: 1.02, 1.29; P = 58%,
P-heterogeneity = 0.04) without adjustment for calcium and 0.99
(95% CI. 0.92, 1.07; P = 0%, P-heterogeneity = 0.65) with
adjustment for calcium (16, 17, 22-24, 57), whereas the sum-
mary RR for total milk was 1.27 (95% CI: 0.88, 1.84; P= 46%,
P-heterogeneity = 0.15) without adjustment for calcium and
0.86 (95% CI: 0.71, 1.05; P =0%, P-heterogeneity = 0.99) with
adjustment for calcium (16, 23, 57).

To assess possible biased reporting, we conducted additional
analyses in the 6 studies (16, 19, 20, 23, 26, 57) that were common
in the analysis of total dairy products, milk, and cheese intakes.
Summary RRs in the dose-response analyses were 1.19 (95% CI:
1.02, 1.38) for total dairy products, 1.06 (95% CI: 1.00, 1.12) for
milk, and 1.12 (95% CI: 0.99, 1.27) for cheese. With the restriction
of analyses to the 5 studies (21, 24, 28, 30, 31) that were common for
the analyses of total and dietary calcium, the summary RR was 1.01

Downl oaded from https://acadeni c. oup. conf ajcn/article-abstract/101/1/87/ 4564339
by guest
on 16 February 2018



112 AUNE ET AL.
TABLE 4
Other dairy products and prostate cancer
Total prostate cancer Advanced prostate cancer
Type of dairy product ~ No. of studies RR (95% CI) P P-heterogeneity ~ No. of studies RR (95% CI) P P-heterogeneity
Skim milk 2 1.14 (0.88, 1.49) 875 0.005 2 1.16 (0.98, 1.38) 0 0.43
Ice cream 3 0.95 (0.83, 1.09) 0 0.70 0 — — —
Butter 2 1.03 (0.89, 1.20) 0 0.53 1 1.03 (0.53,2.000 — —

(95% CI: 1.00, 1.03) for total calcium and 1.02 (95% CI: 1.00, 1.05)
for dietary calcium. With the restriction of analyses to the 6 studies
(21,24,28, 31, 56, 57) that were common for the analyses of dietary
and supplementary calcium, the summary RR was 1.05 (95% CI:
0.99, 1.12) for dietary calcium and 0.99 (95% CI: 0.93, 1.04) for high
supplemental calcium compared with low supplemental calcium.

DISCUSSION

We showed increased risk of prostate cancer with high intakes
of total dairy products, milk, cheese, low-fat milk and skim milk
combined, total calcium, dietary calcium, and dairy calcium but
a significant inverse association with whole milk. No association

Total calcium

was observed between other subtypes of dairy products (skim
milk, ice cream, and butter) and prostate cancer risk, but the number
of studies was limited. With the use of fractional polynomial
models, we showed evidence of a nonlinear positive association
between milk, total calcium, and dietary calcium and prostate
cancer. Risk increased rapidly when increasing milk intake from
0 to 100-200 g/d but reached a plateau with little additional
increase in risk. This result was in contrast to results for the
other dairy foods for which associations appeared to be linear.
For total and dietary calcium, we observed nonlinear positive
associations that were most pronounced at the higher intakes
(approximately =1500 mg/d); however, dairy calcium appeared

Per 400 mg per

Author day RR (95% Cl) Study description
Total prostate cancer
Butler, 2010 [30] 1.16 (0.88, 1.54) SCHS
Kristal, 2010 [31] 1.01(0.97, 1.04) PCPT
Park, 2009 [28] 1.01 (1.00, 1.03) NIH-AARP
Ahn, 2007 [24] 1.02 (0.97, 1.08) PLCO
Park, 2007 [21] 1.01 (0.97, 1.06) MEC
Rohrmann, 2007 [19] 0.99 (0.77, 1.28) CLUE Il
Giovannucci, 2006 [17] 1.04 (1.02, 1.06) HPFS
Kesse, 2006 [16] 1.56 (0.91, 2.68) SU.VI.MAX
Rodriguez, 2003 [53] 1.05 (1.01, 1.09) CPSII
Subtotal (I-squared = 12.2%, p = 0.333) 1.02 (1.01, 1.04)
Nonadvanced prostate cancer
Kristal, 2010 [31] - 1.04 (0.97, 1.12) PCPT
Ahn, 2007 [24] - 1.04 (0.96, 1.13) PLCO
Park, 2007 [21] 1.03 (0.98, 1.09) MEC
Park, 2007 [22] 0.98 (0.96, 1.00) NIH-AARP
Rohrmann, 2007 [19] % 1.10 (0.70, 1.72) CLUE Il
Giovannucci, 2006 [17] 1.01 (0.97, 1.05) HPFS
Subtotal (l-squared = 28.7%, p = 0.220) 1.01(0.98, 1.03)
Advanced prostate cancer
Kristal, 2010 [31] 1.01(0.97, 1.04) PCPT
Ahn, 2007 [24] 0.98 (0.89, 1.08) PLCO
Park, 2007 [21] 0.94 (0.84, 1.04) MEC
Park, 2007 [22] 1.04 (0.99, 1.10) NIH-AARP
Rohrmann, 2007 [19] 1.05 (0.85, 1.69) CLUE Il
Giovannucci, 2006 [17] 1.10 (1.02, 1.18) HPFS
Rodriguez, 2003 [53] el 1.12 (1.01, 1.25) CPS I
Subtotal (I-squared = 43.5%, p = 0.101) 0 1.03 (0.99, 1.07)
Fatal prostate cancer
Park, 2007 [22] 1.03 (0.87, 1.22) NIH-AARP
Giovannucci, 2006 [17] i 1.14 (1.03, 1.25) HPFS
Subtotal (I-squared = 0.0%, p = 0.331) (} 1.11(1.02, 1.21)
I I I I I I
0.25 0.5 0.751.0 1.5 20 3.0 5.0

FIGURE 4 Intake of total calcium and prostate cancer risk. Summary RRs (dashed line) and 95% CIs (open diamonds) were calculated per 400-mg/d intake by
using a random-effects model. CLUE II, Campaign Against Cancer and Heart Disease; CPS II, Cancer Prevention Study II; HPES, Health Professionals Follow-Up
Study; MEC, Multiethnic Cohort Study; NIH-AARP, NIH-AARP Diet and Health Study; PCPT, Prostate Cancer Prevention Trial; PLCO, Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial; SCHS, Singapore Chinese Health Study; SU.VLMAX, Supplémentation en Vitamines et Minéraux Antioxydants Study.
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FIGURE 5 Nonlinear analysis [summary RRs (full lines) and 95% ClIs (dashed lines)] of total calcium (A), dietary calcium (B), dairy calcium (C), and
nondairy calcium (D) and total prostate cancer risk. The dose-response curve was calculated by using fractional polynomial models, and the test for

nonlinearity was based on a log-likelihood test.

to be associated with a linear increase in risk. Supplemental
calcium was not significantly associated with total prostate cancer
risk; however, there was evidence of increased fatal prostate cancer
risk, but this result was based on only 2 studies.

Because this was a meta-analysis of observational studies, our
findings may have had several limitations. Dairy food and cal-
cium intakes may be associated with other risk factors such as
physical activity, smoking, alcohol, intakes of meat and tomatoes,
or prostate specific antigen (PSA) testing (21, 22, 53, 61), which
might have confounded the associations we showed. However,
we showed no evidence that results differed in several subgroups
according to adjustment for potential confounding factors, and
for total dairy, results generally persisted across subgroups of
adjustment, whereas for the other dairy variables and calcium
intakes, there were fewer studies that adjusted for potential
confounding and may have limited the statistical power in these
subgroups. Dairy food intake may be positively associated with
screening practices such as the PSA test (22), and a positive
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association between dairy products and prostate cancer risk might
simply have reflected more cancers being detected if the analyses
did not adjust for such testing. However, results for dairy products
persisted in the 2 studies that adjusted for PSA testing (24, 28),
and there was no evidence that results differed by adjustment for
PSA testing. Nevertheless, for most of exposures, there were very
few studies that adjusted for PSA testing, and this lack makes any
conclusions difficult. PSA testing is much more common in the
United States (38%) than in Europe (6-16%) (27), but results
persisted in European studies as well, in which the impact of any
such bias would have been less, and there was no evidence that
results differed by geographic location.

It has been hypothesized that some risk factors including dairy
products and calcium intakes may be more strongly associated
with advanced prostate cancers than nonadvanced cancers (34).
In our analyses, there were fewer studies that presented results
stratified by stage or grade, and in most analyses, we did not have
sufficient statistical power to clarify whether this was the case or
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Dietary calcium

Author

Total prostate cancer

Butler, 2010 [30]

Kristal, 2010 [31)]

Chae, 2009 [29]

Park, 2007 [22]

Allen, 2008 [27]

Kurahashi, 2008 [26]

Ahn, 2007 [24]

Mitrou, 2007 [23] ||
Park, 2007 [21]

Severi, 2006 [14]

Baron, 2005 [56]

Tseng, 2005 [57]

Rodriguez, 2003 [53]

Berndt, 2002 [51]

Schuurman, 1999 [48]

Subtotal (l-squared = 49.1%, p = 0.017)

Nonadvanced prostate cancer
Kristal, 2010 [31)
Allen, 2008 [27]

Kurahashi, 2008 [26] o

Ahn, 2007 [24]

Mitrou, 2007 [23]

Park, 2007 [21]

Severi, 2006 [14]

Schuurman, 1999 [48] T
Subtotal (I-squared = 7.4%, p = 0.373) (}

Advanced prostate cancer
Kristal, 2010 [31]

Allen, 2008 [27]
Kurahashi, 2008 [26]

Ahn, 2007 [24]

Mitrou, 2007 [23]

Park, 2007 [21]
Giovannucci, 2006 [17]
Severi, 2006 [14]
Rodriguez, 2003 [53]
Schuurman, 1999 [48]
Subtotal (I-squared = 55.3%, p = 0.017)

AUNE ET AL.

Per 400 mg per

day RR (95% CI) Study description
1.13 (0.85, 1.49) SCHS
1.02 (0.93, 1.12) PCPT
1.06 (0.81, 1.38) CLUE Il
1.02 (1.00, 1.05) NIH-AARP
1.05(1.01, 1.10) EPIC
1.25(0.91, 1.73) JPHC I &I
1.08 (1.00, 1.17) PLCO
1.12 (1.06, 1.18) ATBC
1.00 (0.95, 1.06) MEC
0.97 (0.83, 1.14) MCCS
1.11(0.74, 1.64) CPPS
—_— 2.13(1.45, 3.11) NHANESI

1.05 (0.99, 1.11) CPSII
0.96 (0.62, 1.48) BLSA
1.06 (0.90, 1.24) NLCS
1.05 (1.02, 1.09)
1.06 (0.97, 1.17) PCPT
1.09 (0.95, 1.26) EPIC
1.26 (0.86, 1.86) JPHC 1 &I
1.16 (1.05, 1.28) PLCO
1.10 (1.01, 1.19) ATBC
1.02 (0.95, 1.08) MEC
1.00 (0.84, 1.18) MCCS
1.18 (0.95, 1.47) NLCS
1.07 (1.03, 1.12)
0.68 (0.50, 0.92) PCPT
1.07 (0.88, 1.30) EPIC
1.12(0.59, 2.13) JPHC 1 &I
0.99 (0.87, 1.12) PLCO
1.07 (0.95, 1.21) ATBC
0.96 (0.84, 1.11) MEC
1.33(1.10, 1.61) HPFS
0.87 (0.65, 1.17) MCCS
1.13 (0.98, 1.31) CPSII
0.91(0.72, 1.16) NLCS

)

1.02 (0.93, 1.12

I T 1T 7
0.25

05 0.751.0 1.5 2.0 3.0

T I
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FIGURE 6 Intake of dietary calcium and prostate cancer risk. Summary RRs (dashed line) and 95% Cls (open diamonds) were calculated per 400-mg/d
intake by using a random-effects model. ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; BLSA, Baltimore Longitudinal Study on Aging;
CLUE II, Campaign Against Cancer and Heart Disease; CPPS, Calcium Polyp Prevention Study; CPS II, Cancer Prevention Study II; EPIC, European Prospective
Investigation into Cancer and Nutrition; HPFS, Health Professionals Follow-Up Study; JPHC, Japan Public Health Center-Based Prospective Study; MEC,
Multiethnic Cohort Study; MCCS, Melbourne Collaborative Cohort Study; NIH-AARP, NIH-AARP Diet and Health Study; NLCS, Netherlands Cohort Study;
PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; PCPT, Prostate Cancer Prevention Trial; SCHS, Singapore Chinese Health Study.

not. Only in the subgroup analysis of supplemental calcium and
fatal prostate cancer was there evidence of heterogeneity between
fatal and non-advanced cancers; however, this finding needs
additional study because there were only 2 studies in the sub-
group of fatal prostate cancer.

Publication bias or small study effects can be a problem in
meta-analyses of published literature and may lead to exagger-
ated summary estimates. In this analysis, we showed some ev-
idence of possible publication bias or small study effects in
analyses of total dairy and milk; however, this bias appeared to be
explained by one outlying study, and when this study was ex-
cluded, the test for publication bias was no longer significant, and
summary estimates remained similar. Most of the results also
remained similar when we used the trim-and-fill method. In addi-
tion, there was a possibility of the selective publication of results
for subtypes of dairy products or subtypes of calcium, although it
was also possible that differences in questionnaires in different
studies partly may have contributed to differences in how results

were presented in publications. Of the 28 studies that reported on
some type of dairy product intake in relation to any type of prostate
cancer outcome (such as incidence, advanced, or mortality) 18
studies reported on total dairy products, 14 studies reported on
total milk, 12 studies reported on cheese, and 9 studies reported
on yogurt. Of the 19 studies that reported on some type of calcium
intake, 9 studies reported on total calcium, 15 studies reported on
dietary calcium, but only 4 studies reported on nondairy calcium.
In sensitivity analyses of studies that were common for the
analyses of dairy products, milk, and cheese, RRs were somewhat
stronger than in the analysis that included all studies, which
suggested potential reporting bias. In addition, there were few
studies that reported results for specific types of dairy products
(except for milk and cheese), and therefore, we may have had
limited statistical power to detect associations with these items.

Measurement errors in the dietary assessment was another
limitation of our results. Less than 50% of studies included in our
meta-analysis stated that they used validated food-frequency
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questionnaires, and only one of the studies corrected the results
for measurement error (27). In the EPIC study, the HR per 300 mg
total calcium intake /d increased from 1.04 (95% CI: 1.01, 1.08)
to 1.09 (95% CI: 1.01, 1.16) with correction for measurement
error, which suggested the attenuation of RRs by measurement
errors. In addition, regression dilution bias because of changes in
dairy and calcium intakes during follow-up may have further
attenuated associations, but only one study used repeated mea-
surements of dietary intake (50) and stated that associations did
not differ when different analytic approaches were used.

Several mechanisms might explain increased risk of prostate
cancer with high dairy food intakes. Dairy products are an im-
portant source of calcium, which has been hypothesized to in-
crease risk through the downregulation of circulating vitamin D
concentration (73). Several (17, 74), but not all (24), studies
reported lower vitamin D concentrations with higher calcium
intake. High vitamin D concentrations may regulate gene ex-
pression, inhibit cellular proliferation, and induce the differen-
tiation of normal and neoplastic cells (75, 76). However, a recent
meta-analysis showed no significant association between dietary
or blood concentrations of vitamin D and prostate cancer risk
(77). We showed no association between supplemental calcium
intakes and total prostate cancer risk, and although increased risk
was observed for fatal prostate cancer, this result was based on
only 2 studies and needs additional study. In contrast to the
positive associations for total and dietary calcium, there was no
association with intake of nondairy calcium. This result might
have suggested that other components of dairy products than
calcium contribute to risk. Although we showed an attenuation of
risk estimates for dairy intake when we adjusted for calcium
intake, calcium intake may be highly correlated with other possibly
etiologically relevant dairy components, and therefore, it is
difficult to conclude that high calcium intake per see is the causal
factor. A number of experimental and observational studies have
reported increased circulating concentrations of insulin-like
growth factor I (IGF-1) with intake of milk and dairy products
(78), and this effect was confirmed in a meta-analysis of cross-
sectional studies and randomized trials (79). In addition, lower
IGF-I concentrations have been observed in vegans who do not
use dairy products compared with in both omnivores and lac-
tovegetarians (80). IGF-1 promotes proliferation and inhibits
apoptosis in vitro in both normal and prostate cancer cells (81, 82)
and has been associated with increased prostate cancer risk in
epidemiologic studies (83, 84). A pooled analysis of 12 prospective
studies showed 38% increased risk of prostate cancer with high
concentrations of IGF-1 (85). Although high dietary fat intake has
been hypothesized to increase prostate cancer risk, there is
currently little evidence to support an association between fat
intake and prostate cancer risk (9, 86), and in addition, we showed
an inverse association in the high compared with low analysis of
whole-milk intake but a significant positive association with low-
fat milk and a nonsignificant positive association with skim milk
in this analysis.

Strengths of this meta-analysis included the prospective design
of included studies, which avoided recall bias and reduced risk of
selection bias. With the large number of studies (and cases and
participants), we had adequate statistical power to detect sig-
nificant associations in the main analyses, although this was not
the case for some of subtypes of dairy products and some subgroup
analyses. To our knowledge, this is also the first meta-analysis to

explore a potential nonlinear association between dairy and cal-
cium intakes and prostate cancer risk, conduct separate analyses
by sources of calcium intake, and conduct comprehensive sub-
group analyses by study characteristics and types of dairy prod-
ucts. Our results suggest that it is important to consider both
adverse and beneficial effects of dairy product and calcium intake
before recommendations to modify intake of dairy products are
made. Additional studies of dairy products, including subtypes of
dairy product and calcium (and other dairy components) intakes
in relation to other cancers and chronic diseases, total cancer
incidence, and overall mortality might provide further evidence
of what is the optimal intake for overall health.

In conclusion, we showed increased risk of prostate cancer
with intakes of total dairy, milk, cheese, low fat and skim milk
combined, total calcium, dietary calcium, and dairy calcium but
no association with supplemental calcium or nondairy calcium
and an inverse association for whole milk. A positive association
between supplemental calcium and fatal prostate cancer needs
additional study. Diverging results for types of dairy products and
sources of calcium suggest that other components of dairy than
fat and calcium may increase prostate cancer risk. Additional
prospective studies are needed on types of dairy products and
various sources of calcium in relation to risk of subtypes of
prostate cancer and, in particular, advanced and fatal cancers.
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