Received Date : 06-Nov-2015
Revised Date :01-Mar-2016
Accepted Date : 06-Mar-2016

Article typemmisd:Original Article - Americas

Association between serum 25-hydroxyvitamin D and serum sex steroid hor mones among
men in NHANES

Gabriella M=Anic?
Demetrius’Albanés
Sabine Rohrmarin
Norma Kanarek’
William Gz Nelsori>*°
Gary Bradwir

Nader Rifaf
Katherine/A. MeGlynh
Elizabeth ArPlatz®®
Alison M. MonduP

! Cancer Prevention Fellowship Program, Division of Cancer Prevention, Nation&rCanc
Institute, Bethesda, MD

? Divisionsof'Cancer Epidemiology and Genetics, National Cancer Institute, Betii3da,

® Division of Chronic Diseas&pidemiology, Epidemiology, Biostatistics and Prevention

Institute, Universityof Zurich, Zurich, Switzerland
This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may

lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/CEN.13062

This article is protected by copyright. All rights reserved


http://dx.doi.org/10.1111/CEN.13062�
http://dx.doi.org/10.1111/CEN.13062�
http://dx.doi.org/10.1111/CEN.13062�

* Sidney Kimmel Comprehensive Cancer Ceatefohns Hopkingaltimore, MD

® Department of Environmental Health Sciences, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD

® Department of Urology and tliames Buchanan Brady Urological Inst, Johns Hopkins
University Sehool oMedidne, Baltimore, MD

" Department of Laboratory Medicine, Harvard Medical School and Children’s ldb$iston,

MA

8 Department'ef Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD

8 Department-of Epidemiology, University of Michigan School of Public Health, Ann Arbor, Ml

Short Title: Serum vitamin D and hormone concentratiommen

Keywords. NHANES, vitamin D, testosterone, men

Correspondence: Alison Mondul, PhD, 4646 SPH Towe#15 Washington Heights, Ann
Arbor, Michigan 48109-2029 (Telephone: 7384-3834; Fax: 734-764-3192);raail:
amondul@umich.edu

Acknowledgments: Authors have no conflict of interest to declare. This is the 23rd fregme
the Hormone Demonstration Program funded by the Maryland Cigarette Rexstiutid at
Johns Hopkins:, The work was also supported by NCI P30 CAOQB&i18on). The content of
this work isiselely the responsibility of the authors and does not nebessaresent the official
views of the Maryland Department of Health and Mental Hygiene or the Nation&ltesnf
Health.

Word Count. Abstract (249) andMain Text (3983)

ABSTRACT

Background: Recent literature suggests that high circulating vitadnmay increase prostate
cancer risk. Although the mechanism through which vitamin D may increase risk is umknow

vitamin D concentration could influence circulating sex steroid hormones that masobete
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with prostate cancer; an alternate explanation is that it could be associated with-ppestie
antigen (PSA) conceration causing detection bias.

Objective: We examined whether serum vitamin D concentration was associated with sex
steroid hormone and PSA concentrations in a cross-sectiomgdiarad men in the National
Health and Nutritia Examination Surveys (NHANES).

Design: Testosterone, oestradiol, sex hormone binding globulin (SHBG), androstanediol
glucuronide;and 25-hydroxyvitamin D (25(OH)D) were measured in serum from men ages 20
and older participating in NHANES Il (n=1,315) and NHANES 2001-2004 (n=318). Hormone
concentrations were compared across 25(OH)D quintiles, adjusting for agethmicéy, body

fat percentageyand smoking. PSA concentration was estimated by 25(OH)[2 qui013

men from NHANES 200:2006.

Results: In NHANES Il higher testosterone (quintile (Q) %2, 95% confidence interval
(C=16.1-18.6:05=19.6, 95% CI=18.7-20.6 nmal/ p-trend=0.0002) and SHBG (Q1=33.8,
95% CI1=30.8-37.0; Q5=38.4, 95% CI=35.8-41.2 nmol/L, p-trend=0.0@@8e observed with
increasing:25(OH)D. Similar results were observed in NHANES -200%. PSA concentration
was not associated \wiserum 25(OH)D (p-trend=0.34).

Conclusion;,Results from these nationally representative studiesosugpositive association
between.serum 25(OH)D and testosterone and SHBG. The findings support an indirect
mechanism through which vitamin D may increase prostate cancer risk, and suggesttohe |

prostate cancer is not due to R8étection bias.

INTRODUETION

25+Hydroxyvitamin D (25(OH)D) is the primary form of circulating vitamin D and
considered the best measurevitmin D status sinci is integratesszitamin D obtained from
diet, supplement use, and sun exposusdthough higher circulating vitamin Boncentrations
have been hypothesid tobeassociated with a significantlpwer risk of smecances”*
includingprestate cancér a recent metanalysisof 21 studies (including those conducted in
the PSA erg)indicated that highez5(OH)Dlevels(the lower limt of the highest quantile
ranged from 28.8 — 48 ng/ratross studigareassociated witla 17%increasan risk of overall

prostate cancer
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One hypothesed mechanim through which vitamin D may increase the risk of
developing prostate cancer is by influencing the concentratioiocofatingsex steroid
hormmes, particularly testosteron@though observational studies have not foand
association between circullagjlevels of testosterone apdostate canceisk,” androgen
deprivation.therapy is an effective treatment for prostate cdrsgoporting a role for androgens
in prostate,cancegrowth and progressiorkurther in the Prostate Cancer Prevention Trial
(PCPT); nenwho were randomexl to receivédinasteride, which inhibits the conversion of
testosteronetthe more biologically active form, dihydrotestoster@@eiT), hada significanly
lower period prevalenaaf low-gradeprostate cancazompared to the placebo groUf.similar
reduction in prestate cancer incidence was observéteiReduction by Dutasteride Pfostate
Cancer Event@REDUCE)studyfor men taking dutastiele compared with men taking a
placebo'® However both these drugs were associated withdevelopment of high-grade
prostatecancer

Someprior studies found a positiassociation between serum vitamin D airdulating
testosteronePositive associations beégn grum vitamin D andestosterone were observad
baseline inthesHealth ProfessionBislow-Up Sudy' and the Ludwigshafen Risk and
Cardiovaseular Healtstudy? Similarly, asmall controlled trial observed an increase in serum
testosterone among 31 meho received daily vitamin D supplementati@&B333 IU)for a
year™® However no associations were seen betwserum vitamin Dandsex steroid hormones
in theEurdpean Malé\geing Study’’ or in smallerstudies ofyoung and middle-aged men from
the US® and"Germany® Thus, the relationship between circulating 25(OH)D and circulagng
steroid hormenes is still unclear and has not beemates in a samplepresentative of the
general USnalepopulation.

We evaluated the association betweaculating concentrations @(OH)D and
testosterone.and othgex steroid hormonesnongmenwho participatedn the National Health
and Nutrition Examination SurveySIHANES). Further, we evaluated the association between
circulating.eoncentratianof 25(0OH)D and PSA to determine whether detection bias is a possible
explanationsfor. the pasve association between circulating vitamin D and risk of prostate cancer
now observed in the literatufdetection bias would occufdirculating vitamin Dwere
as®ciated with higher PSA concentration independent of atiglagic relationship with
prostate cancem this casenen with higher vitamin D who were undergoing PSA screening
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would be more likely to be diagnosed with prostate cancer. To our knowledge, no previous
studies have examined the association between 25(0OH)D and PSA concentrations.

SUBJECTSAND METHODS
Study population

We studied men who participated in NHANES IIl and continuous NHANESANES
is a series'of crossectional studiesonducted by the National Cenfor Health Statistics
(NCHS) They-arenationally representative of the US civilian, novstitutionalsed population
ages 2 manths and olddro more precisely calculate estimates for certain population sub
groups, Mexiean-Americans, non-Hispanic blacks, and the elderly were oversampigd usi
stratified multistage probability design.

NHANES Il was conducted in two phases (1988-1991 and 1991-1®¢%akhal of
33,944 individuals were interviewed, 30,818 of whom gave blood samples and underwent
physical examinations and 47% of whom were male. Surplus serum, which had been aliquoted
andstoredsat=70°C sincehe interview was assayed for sex steroid hormone concentrdtons
1,637 males ages 12 and olddormones wererdy measuredor participanteexamined in the
morningsessiorno minimise measurement error due to diakwariation in hormon&evels.We
excluded.ren<20 years old (10.2%), previoushiagnosed with prostate canc@ri%), missing
information on percent body fat or waist circumference (8.6%d,for whomserum25(OH)D
concentratiorwas not available0(01%). After exclusions, B15men remained in thgnalysis.
Protocols forNHANES III were approved by the Institutional Review Board dfi@idS,

Centers forbisease Control and Preven(foDC), and all participants provided informed
consent. The Institutional Review Boards at the Johns Hopkins Bloomberg School of Public
Health and th&élCHS, CDCapproved the assay of stored serum specimens for the Hormone
Demonstration Program.

To determine the consistenof/the findings, w also examined the association between
circulating.eoncentrations of vitamin D and sex steroid hormones using 2001 &80 ch
continuousNHANES. Theseanalyses included 318 meaafter excludingnen under age 20
(32.1%), men wittprostate cancefl.0%), men missing body fat or waist circumference data

(36.8%), and thosmissing serum vitamin D daf@.2%).
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Further, ve evaluated the association betwegamin D and prostate specific antigen
(PSA)in 4,013 men frodNHANES 2001-20060 determine whether the positive association
between vitamin D and prostate cancer could be explained by detection bitsg &sarh a link
between vitamin D and PSA concentrations. If vitamin D is linked with higher PSAhwhic
promptsprostatebiopsies, then vitamin D would appear to be positively associated with prostate
cance riskwithout acausal influence on prostate canaetiology.The association between sex
steroid hormones and PSA concentration (including a positive association betweserase

and PSA eoneentration) in continuous NHANES has been reported pigvibus

Laboratorysmeasurements

For'both NHANES Il and NHANES 2001-2004nticipantshad blood drawn after an
overnight fastSerumconcentrations of total testterone, totabestraliol, and sex hormone
binding globulin (SHBG)were measured usingcampetitive electrochemiluminescence
immunoassay on the 2010 Elecsys autoaealy®che Diagnostics, Indianapolis IN).
Androstanediol glucuronidég-diol-G), a surogate measuref the conversion of tessterone to
dihydrotestosteronavas measured usimmnzyme immunoassayNHANES I1l: DSL-10-9200
ACTIVE®-Androstanediol Glucuronide EIA kit, Diagnostic Systems LaborasoiVebster, TX;
NHANES.20012004: Direct 3a Diol-G ELISA kit, ALPCO Diagnostics, Salem, NHT.he
immunoassay kits used to measure steroid hormone levels were staditoidiotope Dilution
Gas Clhomatography Mass Spectrometilormone concentrations were tested in surplus serum
samples whichyundeent at least two freezdaw cycles prior to being shipped to the
biorepository==&mplesn the hormone analysis must have been in unopened vials as indicated
on label for at least 12 months. Once opened, the samptesised within 14 days or aliquoted
and stored frozen. Samples tested for testosterone, SHBGestnogen were not eligible if
frozen more than onater storage in the biorepositonjll samples were anadgd at
Children’s Hospital Boston and arranged in random order for testing.

Thelewest detectable limits wef®06 nmol/L for testosterone, 18.4 pnholor
oestadiol, 3snmol/L for SHBG, and 1.05 nmiolfor 3a-diol-G. Coefficients of variatiofCV)
for the quality control samples NHANES Il were: testosterone 5.9% and 5.8% at 8.0 and 17.5
nmol/lL, respectivelypestradiol 6.5% and 6.7% at 377.0 and 1740.4 pmnaspectively; SHBG
5.3% and 5.9% at 5.3 and 16.6 nfaprespectively; anda-diol-G 9.5% and 5.0% at 9.2 and
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32.1 nmol/L, respectively. In addition, whBHANES Il quality controlsamples were run with
themean typical maleestradiol concentration d#44.6 pmol/L the intraassay CV was 5.2%
ard the interassay CV was 2.5%imilarly, the CV for samples assayed in duplicate in
NHANES 20012004 were: testosterone 4.8%;diol-G 9.7%, oestradiol 21.4%ndSHBG
5.6%.Free testosterontand freevestradiol® wereestimated from total testosterone and
oestadiol, SHBG, andalbumin concentrations, using mass action equations.

Serum25(OH)D wsassayed in NHANES lihnd NHANES 2001-2004ith a
radioimmunoassay (RIA) kit (DiaSorin, Stillwater, Mif)the National Center for
Environmental HealthCDC, Atlanta, GAThe CV for seum 25(OH)D was 1@5% (average
17.6%) fordower 25(OH)D values (20-62.5 nmol/L) and 12-18% (average 15%), for higher
values (85+147.5 nmol/l%f.In NHANES 20012004, CVs ranged from 10-13%We adjusted
the serum 25(OH)D concentrations in NHANES IIl to make them comparable ANNB
2000-2006 using the adjustment equation provided in the NHANES documeftation.

Serum total PSA concentration was measured as a component of NHANES 2001-2006
using the Hybritech method on the Beckman Access Immunoassay System (Beckman Coulte
Fullerton, GA)sThe CV for total PSA wagl.6% with a range of 0.17 to 22.32 ugfiMen with a
history of-any of the following which are known to increase PSA concentration were ekclude
from the PSA measurement: current prostate infection,| ecan in the past week, prostate
biopsy or cystoscopy in the past month, history of prostate cancer.

Covariate assessment

Information on physical activity, alcohol intake, cigarette smoking, and frequency and
duration of vitamin D supplement use was collected duringenseon interviewsTrained
personnel. measured participants’ height, weight, and waist circumfeBothefat percentage
was estimatedith a prediction formula that usédbelectrical impedance analyslatg
measured height and weight, and &j&erum total cholesterol asérum cotinine, an indicator
of recent exposure to cigarette smoke, were niedgor all participant$®

Statigical analysis

Analyses were conducted using SUDAAN 9.0 (Research Triangle Park, NC)
implementedn SAS9.3(Cary, NC) Sampling weightsvere usedo account for the NHANES
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complex survey design. To account for seasonal variation of serum 25(&¢f§&brspecific
quintile cut-pointof serum 25(OH)Dwere cratedby season of blood collection (winter/spring:
JanuaryJune or summer/fall: JWRpecember) and then merged into one variable. Hormone
concentrations weneatural logtransformed to normalkistheir dstribution Age-adjusted means
or percentages of pargpant characteristics by quintile of serum 25(OkN&re calculated by
directly standarding to theUS population age distributian the 20@ CensusLinear
regression'was‘used to calculate geometric mean concentatiesrresponding 95%
confidence intervals (Clyere calculated foeach hormone by quintile of serum 25(OH)D and
by commanly used priori cut-points of 25(OH)D (<50, 50 to <7575 nmol/L).?® Thechange
in serum hermene concentration per 25 nmol/L change in serum 25(OH)D concenteation
estimated using linear regressidro test for linear trend, a variable for quintiles of serum
25(0OH)Dwas entered into thmodel as a continuous ordinal term.

All modelsadjusted for age (continuous) and race/ethnicity (dmpanic white, non
Hispanic black, Mexica®\merican,other). Ractorsassociated with hormone concentrations in
previous NHANES analysesgere considereds potential confoundergercent body fat
(quintiles), waist circumference (quintiles), total serhmolesterol (quintiles moderate or
vigorous physical activity (quintiles of times/week), cigarette smoking (newegrt, former),
alcohol intake (nowdrinker, >0 to <1 drink/week, 1 drink/weéi<1 drink/day>1 drink/day),
and vitamin D supplement use (yes/no). Body fat percentage and smoking status were the only
factors to alter crude effect estimatdeerefore, multivariable models included age,
race/ethnicity;bedy fatpercentageandcigarettesmoking.Because bioavailable testosterone and
oestradiol aresdependent on SHBG cemtration, additional models ftotal testosterone and
total oestradiol wee run with adjustment for SHBG.

To identify factors that potentially modify thassociation betweeserum 25(OH)Dand
sexhormonesn NHANES ll11, for hormones for which we observed a main effect association
with 25(OH)Dwe conducte@nalyses stratifiedy age (20-39, 40-5960 years), race/ethnicity
(nonHispanic'whie, nonHispanic black, Mexica#\merican), cigarette smoking (never,
current, former)serumcotinine (unexposed, passively exposed, actively exposedjn total
cholesterol (<200, 200-<248240 mg/dL),body fatpercentagétertiles),andalcohol intake
(non-drinker, <1>1 drink/day). The sample size in NHANES 20@D04 was insufficient to
conduct stratified analysebo test for interactiona crossproduct term withan ordinal term for
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the 230H)D quintiles and the potential effatbdifier was entered into a model with the main
effect termsandthe Wald statistic was used to determisestatistical significance

To evaluate whether serum 25(OH)D concentration is associated with PSAstigeom
mean and 95%| of PSA concentration were calculateg quintile of serum 25(OH)D using

linear regression and adjusting for age and race/ethnicity.

RESULTS
25(0OH)D and"Sex Steroid HormonesNRIANES Il

Ofthe 1,315naleparticipants with meased hormones NHANES lll, serum
25(0OH)D ceneentrations were <50 nmoffr 34.0% (n=447), 50 to <75 nmol/L for 40.8%
(n=537), an@75 nmol/L for 25.26 (n=331).Therace/ethnicity distribution of participants was
46.6% nonHispanic vhite (n=613), 23.8% notispanic kack, (n=313), 25.4% Mexican-
American (n=334), and 4.2% other (n=5Barticipantcharacteristis by quintile of serum
25(OH)Dare presented in Table After adjusting for agand racemen with higher serum
25(OH)Dweresmore likely to beon-Hispanic white,have their blood collected during the
summer, havéewer BMI, body fat percentage and waist circumfereaceengage irmore
frequent physical activity.

Mean ®rum 25(OH)D oncentration varied by season at blood diasvexpected, mean
25(OH)D concentration wakigher in men that had blood drawn in the sumgely-September:
76.4 nmol/L) and fall (October-December: 73.3 nmol/L) and Idwenen withblood drawn in
the winter JanuaryMarch:66.6 nmol/L) and springApril-June: 63.3 nmol/L)No seasonal
variation was-observed for testosterone, oestradiol, SHB&s-0iol-G (data not shown)

In multivariable models, serum 25(0OH)D watatistically significantly positively
associated with_total testosterone and SHBG (Table 2). There was also a suggestion that serum
25(0OH)D was. positively associated witledrteststeroneNo association was observed between
serum 25(0OH)D antbtal or freeoestradiolor 3a-diol-G. Further adjusting for SHBG did not
change tha&ull'association with totabestradiol(data not shownMutual adjustment of total
testosterone and SHBGreewhat attenuated the associasiotth each although both
associations remained s#ditally significant (data not showrRResults for total testosterone
were essentiallthe same for the 249 men using (Q1=16.2, 95% CI=14.0-18.8 and Q5=18.4,
95% CI1=17.2-19.4 nmdl/ p-trend=0.02) and the 1,066 men not using (Q1=15.6, 95% Cl=14.6-
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16.5 andQ5=17.8, 95% CI=16.948.8 nmolL, p-trend=0.002) vitamin D supplemen&milarly,
the association between serum 25(OH)D and total testosterone did not chanogielisthat
excluded 244nen withmajor comorbidities such asabetes, stroke, myocardial infarction, and
angina (data not showrm)ge- and race/ethnicitadjustedesults wereimilar usinga priori
cutpointsfor,serum 25(0OH)D (geometric mean, 95% CI; testoster <50 nmol/L=14.0, 12.7-
14.9 nmol/L, 50-<75 nmol/L=14.9, 14.0-15.9 nmolAZ5 nmol/L=16.5, 15.3-17.5 nmol/L, p-
trend=0'0004;SHBG: <50 nmol/L 25(0H)D=32.6, 30.5-34.8 nmol/L, 50-<75 nmol/L
25(0OH)D=34'5,"32.8-36.2 nmol/l%75 nmol/L=39.0, 37.1-41.0 nmol/L, p-trerD.0001).
Similarly, mean testosterone levels were similar for migh serum 25(OH)D <30 nmol/L (14.6,
12.5-16.9 ameol/L testosterone) and serum 25(OB)Dnmol/L (15.1, 14.2-16.1 nmol/L
testosterone) ualue = 0.69).

Next, we performed stratified analyses of the-agel race/ethnicitgdjusted association
of 25(OHD with total testosteronand SHBG For total testosteron#ie positive association
with 25(OH)Dwas strongein younger and oldenenthan in middle-agechen(p for
interactiorr0:008 Table 3. For SHBG, thepositive association with 25(OH)Was presenn
youngerand middleagedmen but not inolder men(p for interaction.0002 Table 3).Race
modified the association between serum 25(OH)D atad testosteronép for interactior0.007
Table 4; positive associations were observed for4ibgpanic wite andnon-Hispanic black
men (ptrend=D.0005 and 0.002, respectively), but MexicanrAmerican men (grend=0.29).
Possible differences by race were observed between serum 25(0OH)D and SHBG (p for
interaction®:16, Table 4: a positive associatiomasobserved for nomdispanic white (gtrend
< 0.0001) andnon-Hispanic black (p-trend=0.0001) men, but nMdgrcanAmerican men (p
trend=0.1}. We did not observany statisticallysignificant interactions whetime association of
25(0OH)D withtotal testosteronendSHBG were stratified by cigatte smoking (p for
interaction®.27.and 0.06), sem cotinine (p for interactior=10 and 0.23), serum total
cholesterol (p.for interactiei®.96 and 0.27), body tt@ercentage (p for interactie0.10 and
0.28), and.alcohol intake (p for interactidng2 aml 0.09.

25(0OH)D and Sex Steroid HormonesNRIANES 20012004

Serum 25(0OH)D concentrations wdogver in NHANES 20042004than inNHANES
lll. Of the 318 male participants included in the NHANES 2001-2004 anadgsisn 25(OH)D
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concentrations were <5tmol/L for 39.9% (n=127), 50 to <75 nmol/L for 42.5% (n=135), and
>75 nmol/L for 17.6% (n=56. Similar to NHANES Ill, NHANES 201-2004 was 44.7% non-
Hispanic vhite (n=142), 23.3% naeHlispanic lack (n=74), 24.2% Mexican-American (n=77),
7.9% other (n=25)The patterns of association of serum 25(OMjih testosteronand SHBG
in NHANES, 20012004 (Table 2)were generally similar to what we observed in NHANES ||
As with NHANES lll, mean testosterone levels were not significantly different for men with <30
nmol/L of serum 25(0OH)D (16.2, 13.3-19.8 nmotéstosterone) a¥r30 nmol/L of serum
25(0OH)D (17.0,°16.0-18.1 nmol/L testosterone) (p=0.67). 25(OH)D was possibly inversely
associateavith total and freemestradol for NHANES 2001-2004Table 2) but not in NHANES
l1l. 25(OH)D was not associated with 3a-diol-G in NHANES2001-2004. It should be notduat
the geometric means féu-diol-G were lower in NHANES 2002004, possibly due to the use
of different assay kits for NHANES Ill and NHANES 2001-236#this hormone.

25(0OH)D andPSAin NHANES 20012006

To further address why in the modern era 25(OH)D concentration appears to be
positively asseciated with prostate cancer risk, we evaluated whetherZ&(iQi)D
concentratiorwasassociated with PSA in NHANES 2001-2006. Among the 4,013 men who had
serum PSArand 25(0B data available, PSA levels were not significantly different across
quintiles of serum 25(OH)D after adjustment for age raicd/ethnicity (grend=0.34)(Table 5).

DISCUSSION

To our-knowledgethis is the first study to examiressociations betweenraen
25(OH)Dconcentration and sex steroid hormones in a saofipteenrepresentate of the
generalUS population. After adjusting for age, race/ethnicity, and other potential confounders,
higherserum25(OH)D concentratiorwassignificantlyassociged with higherserumtotal
testosteronandSHBG in NHANES IIl and continuous NHANES. No association was observed
between serum 25(0OH)D and PSéggesting thpositiveassociation between @3H)D and
prostate cancer in previous studies isdwa to detectionias

Our finding that serum vitamin D concentration is positively associatedsesithm
testosteroneoncentrations consistent with results from a small randsadicontrolled trial of
vitamin D supplementatidi and several observational studit¥.In the Ewopean Male Aging
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study, serum vitamin D was weakly associated with higher testosterone and dsiwadiol
concentratios in men ages 40-78ut these associations did not remain significant after
adjustment for confounding factafsNo association was observed between serum vitamin D
and testosterone levels in a US study of 170 heaithy” or a German study of 200 middle-
aged mert® For.oestradiol, the Health Professionals Folap Study reported a positive
associatiorfor serum25(OH)D.** In NHANES 11l we did nobserve a association wittotal

or freeoestradiol concenation but we did observe suggestive inverse associations in NHANES
2001-2004."In"contrast to our finding of a positive association between serum 25(0OH)D and
SHBG, aGerman study observed that higher serum 25(OMB associated witkignificantly
lower levels of"SHBG? The positive associatiome observedetween serum 25(0OH)D and
SHBG appeared to be independentiestosterone concentratidmowever, the biological
significance of this association is unclear.

PSAassociated detection bissone possible explanation fibre positive association
between serum 25(OH)D and prostate canbserved in contemporary observational stugires
the PSA era)lfimen with higher vitamin D also have higher Pi&#els,they may be more
likely to undergo a biopsthat detectprostate cancekVe did not observe an association
between'serum 25(OH)D and PSA concentration in NHANES surveys from 2001-2@06. In
subset otheSe same data, we fouaguggestion of a positive association between serum
25(0OH)D and testosterone, supporting a possdieefor testosterone, rather than detection bias,
in the association between serum 25(OH)D and prosaaisec

An interactiorwasobserved with race, where the significant positive associations
between serum 25(0OH)D and total testosterone and SHBG were not observed anMexic
American'menThe majority of studies that have examined®3)D in relation to risk of
prostate cancer,have been conducted in white men, altlaoleghstudies have evaluated the
association.between serum 25(0OH)D and prostate cancer risk in African American rwith
several also.observing a positive associatiblowever, the literature on 25(OH)D and prostate
cancer in_men of otheace/ethnicities remains limitehd findings from this study may be
relevantas morestudiescomparethe vitamin Dprostate cancer association acn@ssal/ethnic
groups.

The mechanisns through which vitamin D may influence circulating sexaster
hormonesareunclear. The vitamin Beceptor (VDR), which mediatéise biologic effectsfo
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vitamin D, is expressed in tissue throughout the male reproductivéiadyding Leydig
cells* the primary source of testesone production in the testéaurther supporting an
influence of vitamin D on hormone synthesigleVVDR knockout mice havelevated serum
luteinising_hormone, the primary hormoresponsible for initiating testosterone production
indicatinghypoegonaism in thepresence of VDR inactivity’ In a study of prostate cancer cell
linestreated withthe active vitamin D metabolitir,25-dihydroxyvitamin ¥, a significant
increas@n‘testosterongroductionwas observed after the cells were exposed to vitanith D

The grengths of tesestudiesarethe nationally representative dathe ability to address
the consistency of associations by using data from both NHANES 11l and continuous NHANES,
andcomprehensive assessmenpofential confounding factors. Howevdietsample size was
not large enough to perform stratified analyses in continuous NHANEfiltwariable
adjustments in stratified modets NHANES l11. It is unlikely that confounding strongly
influenced any associations observed in the stratified analixg@stpat there was little change
in the effect estimates between aged race/ethnicibadjusted andnultivariable adjusted
models. Unlikermost previous studibsit were composetostly of white menthis was the first
study toalseexamine associations between serum 25@&hdhormones irMexican
Americantand nomtispanic black merDue to the broad age range in NHANES we were also
able to observe that the association between serum 25(OH)D and SHBG wiapaggentA
limitation is that due to therosssectionaldesign we cannogstablisithe temporality of the
associations we observedlso, he relativey high C\Was for serum 25(OH)Bneasuremennay
result inmiselassificatiorof vitamin D statuspotentially underestimating the association
between serum vitamin D and hormone concentrations.

In summary, our findings suppgobsitive associatiabetween srum vitamin Dand
serum concentrations t#stosteronand SHBGIn men and suggest possible mechanism
through which vitamin D make related to increasgulostatecancer riskA lack of association
between vitamin D and PSA suggesiatthe positive vitamin Dprostate cancer association
reported infieliterature is unlikelgue toPSA-detection bias. However, the mechanism through

whichvitamin.D is related tbedosterone remains unknown and warrants further elucidation.
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Table 1. Age' and race adjusted weighted characteristics by quintile of serum 25-hydroxyvitamin D for adult men in

NHANES IIl 1988-1991.

Serum 25-hydroxyvitamin D (nmol/L)?

Q1 Q2 Q3 Q4 Q5 p-value

N (unweighted) 265 264 261 256 269
Age (years),

mean (SE) 43.4(1.5) 435(1.3) 389(1.3) 37.9(09) 354 (1.3) <0.0001
Race/ethnicity, (%)

Non-Hispanic white 47.4 68.9 81.1 87.3 94.9 <0.0001

Non-Hispanic.black 31.6 13.9 59 2.5 1.0

Mexican-American 5.0 6.8 6.1 3.7 1.8

Other race/ethnicity 16.0 10.4 6.8 6.5 3.3
Season of blood eellection, (%)

Spring 30.2 27.6 27.2 32.2 34.1 <0.0001

Summer 19.8 24.0 26.0 21.7 37.7

Fall 27.6 18.2 22.5 23.1 8.8

Winter 22.5 30.3 24.3 23.0 19.5
Body mass index-(kg/m?),

mean (SE) 27.6 (0.5) 27.1(0.7) 26.4(0.6) 26.1(0.4) 24.5(0.5) 0.002
Body fat (%),

mean (SE) 276 (0.6) 27.0(0.5) 26.0(0.6) 25.6(0.6) 24.1(0.7)  0.0004
Waist circumference (cm),

mean (SE) 98.3(1.4) 959(1.5) 946(1.6) 93.1(1.0) 88.8(1.1) <0.0001

Cigarette smoking, (%)
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Never
Former
Current
Cigarette smoke exposure (based on
serum cotinine concentration), (%)
Unexposed
Passively exposed
Actively exposed
Alcohol intake, (%)
non-drinker
>0 to <1/week
=1/week to <1/day
=1/day
Physical activity>{imes/week),
mean (SE)
Vitamin D supplement use, (%)
Total serum cholesterol (mmol/l),
mean (SE)

36.1
27.7
36.3

10.1
48.8
40.9

30.3
15.6
32.8
21.3

5.1 (0.7)
13.9

5.6 (0.1)

34.9
24.8
40.4

19.3
38.4
41.7

35.5
12.1
39.4
13.0

5.8 (0.8)
19.9

5.5 (0.1)

33.1
34.0
33.0

15.1
48.6
35.9

34.3
10.9
38.0
16.8

6.0 (0.5)
15.7

5.3 (0.06)

40.1
30.0
29.9

17.3
46.9
35.3

43.8
7.5
33.8
14.8

7.8 (0.9)
19.3

5.2(0.05)

32.1
32.1
35.8

16.2
41.9
41.5

30.5
15.1
34.7
19.7

8.0 (0.7)
26.0

5.2 (0.07)

0.23

0.68

<0.0001

0.004
0.12

0.06

Q = quintile; SE = standard error.

! Adjusted for age inyears (continuous) and race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American, other)
2 Season specific cutpoints (nmol/L): winter/spring months (January - June) - Q1: <43.7, Q2: 43.7 - 57.1, Q3: 57.2 - 68.9, Q4:
69.0 - 84.0, Q5 284.1; summer/fall months (July - December) - Q1: <50.4, Q2: 50.4 - 63.5, Q3: 63.6 - 78.8, Q4: 78.9 - 97.5, Q5:

297.6.

% Includes walking for a mile without stopping.
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Table 2. Geometric mean (95% Cl) serum sex hormone concentration by quintile of serum 25-hydroxyvitamin D

in adult men in NHANES 111 (1988-1991) and Continuous NHANES (2001-2004).

NHANES III, 1988-1991

Continuous NHANES, 2001-2004

(N=1,315)’ (N=318)?
Age and Age and o
Multivariable Multivariable
Race/Ethnicity _ 5 Race/Ethnicity _ 5
Adjusted _ Adjusted

Serum Vitamin D (nmol/L) Adjusted Adjusted
Testosterone (nmol/L)
Quintile 1 16.6 (15.3-18.0) 17.2 (16.1-18.3) 14.6 (12.7-16.9)  15.6 (13.7-18.1)
Quintile 2 15.5 (13.6-17.7) 15.6 (13.7-17.8) 16.5 (13.7-19.7)  16.9 (14.0-20.0)
Quintile 3 17.3 (16.5-18.1) 17.3 (16.6-18.1) 14.0 (12.7-15.6)  14.9 (13.4-16.2)
Quintile 4 17.7 (16.6-18.9) 17.9 (16.8-19.0) 16.2 (14.9-17.8) 16.2 (15.3-17.8)
Quintile 5 20.2 (19.2-21.2) 19.6 (18.7-20.6) 18.4 (16.9-20.4) 17.2(15.6-18.8)
B* 0.07 0.05 0.22 0.08
p-trend <0.0001 0.0002 0.05 0.65
Free testosterone’(nmol/L)
Quintile 1 0.34 (0.31-0.37) 0.34 (0.32-0.37) 0.39 (0.33-0.47)  0.41 (0.35-0.48)
Quintile 2 0.33 (0.28-0.37) 0.32 (0.28-0.37) 0.41 (0.34-0.50) 0.42 (0.35-0.50)
Quintile 3 0.36 (0.35-0.37) 0.36 (0.35-0.37) 0.36 (0.33-0.40) 0.38 (0.34-0.42)
Quintile 4 0.35(0.33-0.38) 0.35 (0.33-0.38) 0.41 (0.38-0.44) 0.41 (0.37-0.44)
Quintile 5 0.37 (0.35-0.39) 0.37 (0.35-0.39) 0.41 (0.37-0.45)  0.39 (0.36-0.43)
B* 0.02 0.02 0.04 -0.04
p-trend 0.05 0.06 0.76 0.62
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Oestradiol (pmol/L)

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
84
p-trend

Free Oestradiol (pmol/L)

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
84
p-trend

3a-diol-G (nmolL)’

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
B4
p-trend

SHBG (nmol/L)

132 (124-142)
130 (123-139)
132 (127-138)
134 (127-141)
131 (123-139)
-0.003
0.93

3.5 (3.2-3.8)
3.4 (3.2-3.7)
3.5 (3.3-3.7)
3.4 (3.2-3.6)
3.2 (3.0-3.4)
-0.03

0.06

37.5 (31.8-44.5)
38.2 (33.4-43.2)
39.1 (36.3-42.0)
35.9 (32.8-39.4)
37.8 (34.3-41.3)
-0.02
0.79

131 (123-142)
128 (121-136)
133 (128-138)
135 (131-140)
131 (123-139)
0.002
0.79

3.4 (3.1-3.7)
3.4 (3.2-3.6)
3.5 (3.3-3.7)
3.5 (3.3-3.6)
3.2 (3.0-3.4)
-0.02

0.22

37.2 (31.5-43.9)
37.5 (32.8-42.9)
38.8 (36.3-41.3)
35.6 (32.8-39.1)
38.5 (35.0-42.3)
-0.004
0.88
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150 (115-198)
129 (114-146)
105 (95-118)
113 (100-128)
117 (103-133)
-0.07

0.08

4.3 (3.1-5.8)
3.5 (3.1-3.9)
2.9 (2.6-3.3)
3.0 (2.7-3.5)
3.0 (2.6-3.4)
-0.17

0.01

20.5 (17.5-24.2)
20.7 (18.0-24.2)
19.0 (17.0-21.0)
19.5 (17.7-21.2)
18.5 (16.2-21.0)
-0.14

0.22

145 (115-183)
130 (113-148)
108 (98-119)
113 (101-128)
116 (102-131)
-0.09

0.05

4.0 (3.1-5.2)
3.5 (3.1-4.0)
3.0 (2.7-3.3)
3.1 (2.7-3.5)
3.0 (2.7-3.4)
-0.15

0.01

21.0 (17.5-24.7)
20.5 (17.7-23.5)
18.7 (17.0-20.7)
19.5 (17.7-21.2)
18.7 ( )
-0.11
0.35

16.7-21.2



Quintile 1 32.3 (29.8-35.1) 33.8 (30.8-37.0) 21.6 (16.9-27.5) 22.7 (18.1-28.6)
Quintile 2 31.0 (29.1-32.9) 31.9 (30.3-33.7) 26.2 (23.2-29.7)  27.3 (24.6-30.4)
Quintile 3 31.5(29.2-34.0) 31.7 (29.7-33.8) 24.2 (22.1-26.6)  25.0 (22.9-27.2)
Quintile 4 34.8 (33.1-36.6) 35.1 (33.4-36.8) 25.7 (22.6-29.2)  26.0 (23.0-29.4)
Quintile 5 40.1 (37.4-43.1) 38.4 (35.8-41.2) 34.4 (30.4-38.9) 31.5(28.3-35.0)
B* 0.09 0.06 0.41 0.27

p-trend <0.0001 0.0005 0.0001 0.01

' Season specific quintile cut-points (nmol/L): winter/spring months (January - June) - Q1: <39.4. Q2: 39.4 - 50.7, Q3: 50.8 -
60.7, Q4: 60.8 - 73:44Q5: 273.5; summer/fall months (July - December) - Q1: <45.1, Q2: 45.1 - 56.1, Q3: 56.2 - 69.0, Q4:
69.1 - 84.8, Q5: 284.9.

? Season specific quintile cut-points (nmol/L): winter/spring months (November - April) - Q1: <32.4, Q2: 32.4 - <48.7, Q3:
48.7 - <54.9, Q4: 54.9 - <64.9, Q5: 264.9; summer/fall months (May - October) - Q1: <37.4, Q2: 37.4 - <49.9, Q3:49.9 -
<59.9, Q4: 59.9 - <77.4;Q5: =277 .4.

® Multivariable model adjusted for age in years (continuous), race/ethnicity (non-Hispanic white, non-Hispanic black,
Mexican-American, other), percent body fat (quintiles), and cigarette smoking (never, current, former).

* Beta for changerif-thesnatural logarithm of serum hormone concentration per 25 nmol/L increase in serum vitamin D.

®> NHANES IlI: DSL-10-9200 EIA kit, Diagnostic Systems Laboratories (Webster, TX); NHANES 2001-2004: Direct 3a-diol-
G ELISA kit, ALPCO Diagnostics (Salem, NH).
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Table 3. Geometric mean (95%Cl) serum sex hormone concentration by quintile of
serum 25-hydroxyvitamin D in adult men stratified by age, NHANES Il (1988-1991).

Age

Serum 25-hydroxyvitamin D

. 20-39 years 40-59 years 260 years
(nmol/L)"™
Testosterone (nmol/lk)
Quintile 1 14.6 (13.0-16.2) 15.9(13.7-18.8) 14.9 (12.7-17.5)
Quintile 2 16.2 (15.3-17.2) 12.1 (8.9-16.5)  14.3 (11.1-18.8)
Quintile 3 15.6 (13.7-17.2) 16.2(15.3-17.2) 15.9 (13.4-19.4)
Quintile 4 16.5 (15.3-17.8) 16.2 (14.3-18.1) 15.3 (13.0-18.1)
Quintile 5 19.1 (17.5-21.0) 16.9 (15.6-18.1) 18.8 (15.6-22.9)
p-trend <0.0001 0.05 0.002
p-interaction 0.008
SHBG (nmol/L)
Quintile 1 29.0 (25.8-32.5) 36.2(32.9-39.8) 33.1 (27.0-40.6)
Quintile 2 29.3 (26.8-31.9) 30.2 (27.0-33.9) 38.5(31.8-46.6)
Quintile 3 30.0 (25.7-35.1) 31.6 (29.4-34.0) 35.7 (29.7-42.8)
Quintile 4 34.2 (30.7-38.0) 34.3(30.8-38.2) 38.3(30.9-47.5)
Quintile 5 40.8 (36.9-45.0) 37.6(33.2-42.5) 40.7 (33.0-50.3)
p-trend <0.0001 0.06 0.13
p-interaction 0.0002

SHBG=sex hormone\binding globulin.

' Season specific quintile"eut-points (nmol/L): inter/spring months (January - June) - Q1:
<39.4. Q2: 39.4 -;50:7»Q3:50.8 - 60.7, Q4: 60.8 - 73.4, Q5: 273.5; summer/fall months (July
- December) - Q1<45:45Q2: 45.1 - 56.1, Q3: 56.2 - 69.0, Q4: 69.1 - 84.8, Q5: 284.9.

?Models adjusted forage'in years (continuous) and race/ethnicity (non-Hispanic white, non-

Hispanic black, Mexican=American, other).
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Table 4. Geometric mean (95% CI) of serum sex hormone concentration by quintile
of serum vitamin D in adult men stratified by race, NHANES Il (1988-1991).

Serum 25-hydroxyvitamin D Non-Hispanic Non-Hispanic Mexican-
(nmol/L)"? White Black American
Testosterone (nmol/L)

Quintile 1 15.3 (13.7-16.9) 15.9 (14.3-17.8) 15.3 (14.0-16.2)
Quintile 2 14.6 (12.7-17.2) 15.9 (14.9-17.2) 16.2 (14.9-17.8)
Quintile 3 15.9 (14.9-16.9) 17.2(15.6-18.8) 15.9 (14.9-17.2)
Quintile 4 15.6 (14.6-16.9) 20.0 (18.1-22.3) 16.9 (15.9-18.4)
Quintile 5 18.4 (17.5-19.4) 21.0(18.4-23.5) 16.2(14.9-17.8)
p-trend 0.0005 0.002 0.29
p-interaction 0.007

SHBG (nmol/L)

Quintile 1 32.9 (29.0-37.3) 33.6 (31.6-35.7) 29.1 (27.2-31.0)
Quintile 2 30.9 (28.2-33.8) 36.1 (33.5-38.8) 33.4 (31.3-35.7)
Quintile 3 31.6 (28.8-34.8) 35.7 (33.0-38.6) 29.8 (27.6-32.2)
Quintile 4 34.3 (32.4-36.4) 37.7 (31.4-45.3) 36.7 (31.9-42.3)
Quintile 5 40.4 (37.6-43.5) 48.5(42.5-55.3) 33.7 (29.1-39.0)
p-trend <0.0001 0.0001 0.11
p-interaction 0.16

SHBG=sex hormone binding globulin.

' Season specific quintile cut-points (nmol/L): winter/spring months (January - June)
-Q1: <39.4. Q2: 39.4 - 50.7, Q3: 50.8 - 60.7, Q4: 60.8 - 73.4, Q5: 273.5; summer/fall
months (July - December) - Q1: <45.1, Q2: 45.1 - 56.1, Q3: 56.2 - 69.0, Q4: 69.1 -

84.8, Q5: 284.9:

?Models adjusted’for age in years (continuous).
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Table 5. Geometricynean (95% Cl) of prostate specific
antigen by quintilesof serum vitamin D in adult men, NHANES
2001-2006.

Serum Vitamin D (nmol/L) PSA (nmol/L)’

Quintile 1 3.3(3.1-3.7)
Quintile 2 3.7 (3.4-4.0)
Quintile 3 3.3 (3.0-3.6)
Quintile 4 3.6 (3.3-3.8)
Quintile 5 3.7 (3.4-4.0)
p-trend 0.34

PSA = prostate.specific antigen.

' In men aged 50 years and older with no history of prostate
cancer. Models adjusted for age and race/ethnicity.
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