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ABSTRACT

Background: Few studies have examined vitamin D profile ini¢dn men with prostate cancer.
Considerable epidemiological, in vitro, in vivo adlthical data support an association between
vitamin D deficiency and prostate cancer outconfree .fitamin D status in patients with prostate
cancer in Kenya is unknown. This study aimed tewheine the profile of vitamin D levels in

patients with prostate cancer and to correlatewvitis patient and disease characteristics.

Methods: This was a hospital-based cross-sectional study ¢laluated African men with
histologically confirmed prostate cancer who sowaghbulatory care at KNH from April 2012 to
June 2012. Social and medical histories were obtiaby direct interview and the information
recorded in questionnaires. Every participant hneailr tanthropometric measurements taken and
plasma samples drawn for 25-hydroxyvitamin D (25)}V&bncentrations. The relationship
between age, body mass index, serum pre-diagrféS#icand Gleason score on vitamin D status

was evaluated using univariate and multivariatdysisa

Results: A total of 162 African men were evaluated. The m2&-VD was 19.15 ng/ml and 144
(88.9%) men were classified as having vitamin Digileficy (25-VD < 30ng/ml). Of the total
population, 29 (17.9%) were severely deficient {@3< 10ng/ml), 115 (71%) were moderately
deficient (10-29 ng/ml) and 18 (11.1%) were nor(3@-100ng/ml). Gleason scores greater than
7 (OR 2.9; 95% CI 1.5-5.5, p = 0.001) and serum BP3®8ng/ml (OR 2.2; 95% CI 1.7-5.1, p =
0.014) were associated with vitamin D deficienc-{&D < 20ng/ml) whereas age and BMI
were not. Adjusted for age, BMI and serum PSA Igviehving Gleason scores higher than 7 was
independently associated with vitamin D deficie(OR 2.5; 95% CI 1.2-4.9, p = 0.01).

Conclusion: Vitamin D deficiency is common in African men wiphostate cancer, particularly

in those higher Gleason scores. This deficiency ingpyact negatively on prognosis.



1.0 LITERATURE REVIEW

1.1 INTRODUCTION

Prostate cancer (PCa) remains a major cause ofigitgrand mortality in Kenya topping the list
among all cancers in men according to the Nairabid@r Registry The GLOBOCAN Project
2008 ranks PCa as the second most common cancer inaemen following esophageal
cancer. The incidence is much higher in the Afriéamerican populations and its risk factors
are understudied in the African region includingnka. Indeed, vitamin D deficiency has been
implicated as risk a factor for prostate caricercell culture studies, vitamin D metabolites @av
a protective action against cancer developfodddrmal and malignant prostate cells contain
vitamin D receptors (VDR),® ‘which mediates the antiproliferative action of 12¥D®. In
addition to its antiproliferative action, 1,25-VIarc cause apoptoSjsinduce differentiatiof?,
inhibit telomerase expressitn inhibit tumor cell invasivene§sand suppress tumor-induced

angiogenesis.

In 1941, Frank Apperly, a pathologist, demonstrated an inverse correlatetween levels of

ultraviolet radiation in North America and mortglitates from cancers in non-skin sites and
proposed that sunlight somehow conferred “relataecer immunity” to non-skin cancers. After
many decades, epidemiologists rediscovered thidafmental insight. Many common cancers,
such as cancers of the colon and prostate, disatgynating north — south gradients, with rates
that increase systematically with increasing geogia latitude, and show an increased risk
among African Americans. African-American men havdigher incidence of prostate cancer
than Caucasian méh In addition African-American men have lower servitamin D levels as

a result of their dark skin pigmentation.

The major source of vitamin D is through sunligd¥¢B)-induced photobiosynthesis in the skin
and results from geographical studies suggest\arsa relationship between the level of solar
radiation and prostate cancer mortafiny ocalized disease can be treated relatively sisfoly

by radical prostatectomy In contrast, treatments for metastatic prostatecer, including
androgen ablation, are initially effective, but thmajority of patients develop resistance with
consequent development of androgen independentapeosancéf. The rising incidence of

prostate cancer and the lack of good, long-termtriments for metastatic disease highlight the



need for new chemopreventive and chemotherapeaetitnients. Vitamin D and its analogues

have been proposed as candidates for these trdatmen
1.2 VITAMIN D PATHOBIOLOGY

1.2.1 VITAMIN D (photobiology & metabolism)

Vitamin D, or calciferol, is a generic term, andiers to a group of lipid soluble compounds with
a four-ringed cholesterol backbone. Vitamin D istdeown for its actions in regulating calcium
levels and bone remodeling, but recent studiesligigha role for vitamin D in the growth and
differentiation of various cell types. It is syn#ieed in the epidermis by the conversion of its
precursor, 7-dehydrocholesterol, into vitamin D3gaction catalyzed by the ultraviolet rays of
sunlight (non-enzymatic photoisomerization). Sulbead hydroxylation reactions in the liver
and kidney produce 1,25-VD. Levels of 1,25-VD aightly regulated as excess 1,25-VD is
inactivated by the enzyme 24-hydroxylase. Vitamigdh also be obtained from natural dietary
sources such as fatty fish, fish liver oil, and ®£gg from fortified sources such as milk, milk
products, and butter. However, for most peopletadyesources contribute a negligible amount
of required vitamin D3 compared to that derivednfreunlight exposure. The synthesis of
vitamin D and its metabolism to 1,25-VD is closelyupled to calcium homeostasis, and is
modulated by parathyroid hormone, serum calciurd,@sphorus levels.

Figure 1: Vitamin D Metabolism — Adapted from Nature Reviews: Cancer 2007:7: 688

Uv-B

5 f = 5
2]
1 o W W

: ? dehydrocholestero!j @.

I ooy B7 r««?
P ‘ A Y 5
: ~ = \b
S / \( \
Skin
Liver
P, Ca™ and 25-OHase l
other fg-f‘ifors i 34-Olase
N !
- ._4 25(0OH),LDs T
Parathyroid PTH Kidney Ex\_retlon ) =
glands Lz =
Yo, 24, 25(0OH)Dy B
-IO( S Dietary sources
24-OHase of vitamin D
: Jo25{OH),D;.
Intestine - - Tumour
Increases microenvironment
absorption / \ = Inhibits proliferation

of Ca** Bone Immune cells = Induces differentiation
and P, Increases bone Induces = Inhibits angiogenesis
mineralization differentiation




1.2.2 MECHANISM OF ACTION OF VITAMIN D

Effects of 1,25-VD are mediated through the VDR,m&mber of the nuclear receptor
superfamily that includes receptors for steroidsdfagen, progesterone, glucocorticoid and
estrogen) as well as for thyroid hormone and redsmoVDR and other family members are
ligand activated transcription factors. 1,25-VD gasly diffuses into target cells, binds to VDR,
and activates target genes containing one or mtamw D response elements (VDRES) within
their promoters. Target genes include: osteocatwsteopontin, calbindin, 24-hydroxylase, and
p21'°.VDR also functions as a heterodimer with the remefor 9-cis retinoic acid, retinoid X

receptor (RXR). Target genes of 1,25-VD are trapsonally activated by heterodimers of
VDR and RXR and the transcriptional activities diist complex may in some cases be

influenced by 9-cis retinoic acid

Other non-genetic/non-VDR intracellular activite 25-VD include changes in levels of
phosphoinositides, increases in intracellular cafgistimulation of protein kinase C activity, and

elevation of cyclic guanosine monophosphate levels.

1.2.3 MECHANISMS OF VITAMIN D IN CANCER PREVENTION.

Numerous mechanisms have been proposed that adoouhte role of vitamin D in reducing
cancer incidence and mortality. Most studies hadvewever, based their conclusions on
epidemiologic data. The mechanisms are (a) up-atigul of adherence and signaling between
epithelial cells?*,(b) contact inhibition of proliferatior?, (c) differentiatioR®, (d) cell cycle
stabilizatiorf®, (e) promotion of apoptosis?®, (f) anti-neoangiogenedis (g) down-regulation of
glycogen synthase kinase 3 (GSK-3) which reducesfg@ration of colorectal, prostate, and
pancreatic cancers in vitfh (h) downregulation of the canonical Wnt signaljpathway that is
active in colorectal and other candérgi) increased expression of DKK-1 protein, a tumo
suppressor in colon cancer cells having mutationthé Wnt/beta-catenin pathwayand (j)
down-regulation of DKK-4 transcription; DKK-4 istarget of the Wnt/beta-catenin pathway and
is up-regulated in colorectal cancer, increasindulee autonomy, mobility and invasiveness.
The VDR- 1,25-VD complex binds to the promoter oKHK34, largely preventing its

transcription.



Vitamin D metabolites also up-regulate transcriptaf E-cadherins, the principal epithelial
intercellular adherence proteinand induce translocation to the plasma membranebefa-
catenins, proteins whose activity results in anicigoof intercellular junctional proteins to the
cytoskeleton, helping maintain the typically culajdoolarized shape of most epithelial cells.
Vitamin D is not an antioxidant, and therefore ated not prevent ROS species from attacking
DNA.

An integrative model has been proposed for canckepithelial origin that accommodates the
actions of vitamin D and calciuth This model encompasses results of tissue culasearch on
cell lines and epidemiological findings derived frasome of the studies quoted above. The
newly proposed model of cancer pathogenesis isegrthe Disjunction—Initiation—Natural
selection—Overgrowth—Metastasis—Involution—TraosifDINOMIT) model Fig 2). The model
includes the classical concepts of carcinogenesigh as initiation and promotion, but
encompasses the life cycle of malignancies andiges\van explanation of the ability of vitamin
D and calcium to prevent and potentially arrestghthogenesis of cancer. Approximately 10%

of malignancies are of non-epithelial origin, ahdtmodel may not apply to them.
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1.2.4 PROSTATE CANCER AND VITAMIN D SPECTRUM

1.2.4.1 SUNLIGHT AND PROSTATE CANCER

The top three well studied risk factors for devehegmt of prostate cancer include increasing age,
race, and residence in northern latitudes. Schwantz Hulka showed that African American
men have nearly twice the risk of developing prestancer as Caucasian men proposing that
vitamin D deficiency may be a risk factor for prmtst cancer. In addition, they demonstrated
that cancer risk factors could be linked to vitamirdeficiency through either reduced sunlight
exposure or impaired ability to convert 7-dehydeiterol into vitamin. This finding triggered

a number of studies revolving around vitamin D prmktate cancer.

African American men have been shown to presertt wibstate cancer at a younger age and
with more advanced disease compared to Caucasiarf.nfesian men have the lowest risk
among these three groups, although the risk foarA8nmigrants in the United States increases
significantly, suggesting an environmental comparierprostate cancer ridk Epidemiological
studies have also shown that residence in nortla¢itundes of the United States increases the
risk of developing prostate canterThis is due to reduced cumulative sunlight haunspared

to the tropical region. Furthermore, older menlawth less efficient in cutaneous production of
vitamin D and may not receive as much sunlight syp® as younger mé&h The increased
melanin content of darker skin absorbs the ultiaviight necessary for vitamin D3 synthéSjs
suggesting a correlation with race. Finally, resein northern latitudes is linked to decreased

exposure to sunlight and, consequently, to a réaluat vitamin D production.

1.2.4.2 VITAMIN D AND PROSTATE CANCER (GROWTH INHIB ITION

MECHANISMS)

Vitamin D has been suggested to inhibit prostagtiu@r growth through a number of
mechanisms, including changes in cell cycle pragoesand increases in apoptosis as outlined
above. Most studies of 1,25-VD action in prosteaacer have utilized human prostate cancer
cell lines. The most widely studied cell lines Hre LNCaP, PC-3, and DU145 cells.



1.2.4.2.1 CELL CYCLE

LNCaP cells treated with 1,25-VD causes the celladcumulate in the GO/G1 phases of the cell
cycle’’. During the G1 phase, the decision whether ortmgirogress through the cell cycle is
made, a decision controlled by the retinoblastoRia gene product. When active, Rb binds and
inactivates E2F, a transcription factor critical farogression to the S phase. Cyclin/cyclin-
dependent kinase complexes (cyclin/cdk) have beemodstrated to inactivate Rb by
phosphorylation and the cyclin/cdk complex is negdy regulated by cdk inhibitor proteins
such as pZ£. This 1,25-VD induced cell cycle accumulation ilNCaP cells involves up-

regulation of the p21 cdk inhibitor and a reductiordk2 activity®.

1.2.4.2.2 APOPTOSIS

Previous data has shown that 1,25-VD induces apisptn some breast cancer cell lif8s
triggering studies to assess its role in apoptwsiprostate cancer cells. 1,25-VD appears to
induce apoptosis in LNCaP cefls* *2 However, the degree of apoptosis reported vdries
none (0%3° to a small population of the cells (10%)p to 100% of the cell populatioffs

Authors suggest that 1,25-VD induced apoptosist®mpanied by a decrease in the expression
of 2 anti-apoptotic proteins, Bcl-2 and Bcl-XLBcl-2 over expression substantially reduces
LNCaP cell responsiveness to 1,25-VD and blocks itigeiction of apoptosis by 1,25-VD.
Further studies will be required to elucidate sfie@athways utilized by 1,25-VD in order to
trigger cell death pathways and to determine thetive importance of apoptosis in its ability to

inhibit the growth of prostate cancer cells.

1.2.4.3 VITAMIN D AND ANGIOGENESIS AND METASTASIS

1,25-VD has been hypothesized in vivo to reduceiogegesis in addition to its growth
inhibitory effects thereby reducing the abilitytamor cells to metastasize. Angiogenesis is vital
for tumor survival and tumor cells must have thditglto stimulate invasion by a blood supply
to provide nutrition and oxygen for the rapidly idimg tumor cells. 1,25-VD inhibits endothelial
cell growth, sprouting, elongation, and the abitityform networks in vitro due to induction of
apoptosis in the sprouting endothelial cells. Boateduces the number of blood vessels in
xenograft breast carcinoma tumors in vi¥oln addition, 1,25-VD in combination with 9-cis

retinoic acid synergistically inhibits angiogeneisisumors of various origin¥, suggesting that



combination therapies would be effective in inhigt tumor growth. Undoubtedly, further

studies on 1,25-VD and its ability to inhibit angenesis are warranted.

The amount of evidence suggesting 1,25-VD inhibietastasis is limited. An in vitro study

demonstrated that a 1,25-VD analog (1,25-dihydrb&yene-23-yne-cholecalciferol) inhibits the

invasion of DU145 cells in an Amgel as$ay Furthermore, 1,25-VD and one of its analogs
(Ro25-6760) have been shown to reduces the sizenamdber of metastases derived from
Dunning prostate tumors in vi{d

1,25-VD has also been shown to reduce invasiongsaidh, and migration to laminin, a
basement membrane protein, in vitro via down-reguiaof two laminin receptors, the and

B4 integrins, in the PC-3 and DU145 cé&iiShus, these few studies suggest that 1,25-VD not
only inhibits the growth of prostate cancer celtlsf may also reduce the ability of the cells to
metastasize.

1.2.4.4 VITAMIN D AS THERAPY FOR PROSTATE CANCER

1,25-VD has proved promising as potential therdpypeand in combination with other agents.
A clinical trial tested the potential effects o2%;VD in 7 men whose disease had failed either
radical prostatectomy or radiation therapy, and Whd increasing serum PSA leVélsSix of

the seven patients showed significant decreastirate of increase of serum PSA values, and,
interestingly, 1 patient exhibited a drop in seB®A. Some of the patients had stabilization of
their serum PSA values for more than a year. Howeakt of the subjects also developed
hypercalciuria. Thus, whereas 1,25-VD may have seffexts on tumor growth in vivo, less
calcemic analogs such as EB1089 ought to be tégtag to eliminate the calcemic effects of
1,25-VD treatment.

Cisplatin has been tested in clinical trials aseatment for prostate cancer and other cancers
with little succes® *°. Platinum agents (cisplatin or carboplatin) haeendnstrated growth
inhibitory effects in LNCaP cells and addition lmfth 1,25-VD and either of these platinum
drugs results in greater growth inhibition of thells than either added alofle Thus,

combinations of 1,25-VD and platinum agents mapfieenefit as therapy for prostate cancer.



1,25-VD is inactivated by the enzyme 25-hydroxywita D 24-hydroxylase (24-OHase), which
is also a transcriptional target of VDR. Therefargluction of 24-OHase results in rapid 1,25-
VD metabolism, which may reduce its ability to inliicancer cell growth in vivo. Liarozole, a
nonspecific P450 enzyme inhibitor (24-hydroxylaséisfinto this enzyme class), inhibits the
activity of 24-hydroxylase and increases the higgfdf 1,25-VD in DU145 cell¥.

These findings perhaps indicate the potential ftanvin D and other forms of differentiation
therapy to contribute to our armamentarium for treatment of prostate cancer. However,

further in vivo studies are warranted to deterntivedr utility as combination therapy.

1.3 VITAMIN D DEFICIENCY IN CANCER

Numerous studies have shown a correlation betwigammw D deficiency and prostate cancer
risk, progression and aggressiveness. Some stooliedate vitamin deficiency with increases
risk while others have linked hypervitaminosis Owincreased risk. However, larger studies
have failed to demonstrate a statistically sigatfiiclink between prostate cancer risk and

vitamin D deficiency.

1.3.1 PREVALENCE AND CORRELATES OF VITAMIN D DEFICI ENCY

In western New York, Trump et af evaluated vitamin D status in recurrent and cithjc
localized prostate cancer and found a mean 25-V¥B lef 25.9ng/ml in those with recurrent
disease (n=120), 27.5ng/ml in men with clinicalbgdlized prostate cancer (n=50) and 24.5
ng/ml in controls (n=100). The frequency of vitam deficiency (<20ng/ml) and
insufficiency (20-31ng/ml) was 40% and 32% in mathwecurrent prostate cancer; 28% had
vitamin D levels that were normal (32-100ng/ml). &mgy men with localized prostate cancer,
18% were deficient, 50% were insufficient and 32&ewmnormal. Among controls, 31% were
deficient, 40% were insufficient and 29% were ndrniMetastatic disease (P=0.005) and
season of blood sampling (winter/spring; P=0.01)enassociated with vitamin D deficiency
in patients with prostate cancer, while age, rpegformance status and body mass index were
not. Their team concluded that vitamin D deficiermnyd insufficiency were common among

men with prostate cancer and apparently normaraltsnas well.



Choo et al®® in Toronto, Canada examined serum 25-VD levels icohort of patients with
nonmetastatic prostate cancer. Vitamin D insufficiewas defined as serum 25-VD of less than
30ng/ml. Serum 25-VD levels measured prospectiatlgaseline and, then, yearly during a 5-
year follow-up were analyzed. A total of 106 pats&ewere available for analysis. The median
age was 66.3 years. At baseline, the mean 25-VD28agml. Sixty-four patients (60.4%) met
the definition of vitamin D insufficiency with seru 25-VD (<30ng/ml). Forty (37.7%), 20
(18.9%), and 2 patients (1.9%) had serum 25-VD téss 25, less than 20 and less than
10ng/ml, respectively. On a logistic regression etpdeason was the only significant variable
associated with vitamin D insufficiency. Of a totdl477 serum 25-VD measurements from the
baseline and yearly follow-up, 187 (39.2%) met dieéinition of vitamin D insufficiency. They
concluded that vitamin D insufficiency was prevaleamong patients with non-

metastatic prostate cancer.

Tangpricha et al* conducted a small study to determine the prevalefiwitamin D deficiency

in an outpatient cancer care clinic at Boston Unsig Medical Center. They included a control
group of healthy adults without cancer aged 40 gyeanrd above. Vitamin D deficiency was
defined as a 25-VD level of 20ng/ml or less. Baseltharacteristics were well matched. Of the
56 patients with cancer, 27 (48%) had vitamin Oadeficy. In comparison, only 6 (12%) of the
50 healthy control subjects had vitamin D deficiefle < 0.05). The mean 25-VD values were
21.3 £ 10 ng/ml for the patients with cancer ver88s9 = 10ng/ml for the healthy control
subjects (R0.05).

1.3.2 VITAMIN D DEFICIENCY AND PREDISPOSITION TO CA NCER

Baseline vitamin D insufficiency had been linkedstabsequent risk of developing PCa. In a
large study in Finland, Ahonen et’atvaluated pre-diagnostic serum vitamin D level49000
middle-aged men. After a 13-year follow up periddey found that prostate cancer risk,
analyzed by quartiles of the 25-VD levels, was ised related to 25-VD levels. Men with 25-
VD concentration below the median had an adjustéative risk (OR) of 1.7 compared to men
with 25-VD level above the median. The prostateceamisk was highest among younger men (<
52 years) at entry and low serum 25-VD (OR 3.1 darsted and 3.5 adjusted). Among those
younger men (< 52 years), low 25-VD entailed a éigtisk of non-localized cancers (OR 6.3).

The mean age at diagnosis of the patients with R5e¥ncentration above the median was 1.8
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years higher than that of patients with vitamin &olw the median (63.1 vs 61.3 years). Their
team concluded that low levels of 25-VD associatét an increased risk for subsequent earlier

exposure and more aggressive development of peostatcer, especially before the andropause.

In contrast, Barnett et af followed 1,433 elderly males and found that in panison with the
lowest quartile of 25-VD, the hazard ratio for thighest quartile of 25-VD was 1.22 (Cl 0.50-
1.72, p = 0.25), no trend across quartiles (p=0&4)association with Gleason score was
observed. Adjustment for covariates did not aler results. They found no association between

serum 25-VD vitamin D levels and subsequent risgrotate cancer in older men.

Giovannucci et ai® studied 25-VD levels and subsequent overall cariskiin a subset of 1095
men in the Health Professionals Follow-Up Studyeyhutilized a linear regression model
incorporating six personal characteristics (dietang supplemental vitamin D, race, adiposity,
geographic residence, and leisure-time physicalingtas predictors of the plasma levels of 25-
VD. They then used this statistical model to coreparedicted 25-VD levels for all 47800 men
in the cohort and examined whether the 25-VD ingdeag related to subsequent cancer risk. They
reported that an increment of 10ng/ml in predictedum 25-VD was associated with a 17%
reduction in total cancer incidence (RR = 0.8330d 0.94]) and a 29% reduction in total cancer

mortality (RR = 0.71 [0.60 to 0.83]), with evenastger effects for digestive tract cancers.

When we look at the other side of the coin, higlamin D levels have also been linked to an
increased risk of developing prostate cancer. large, multicentre, longitudinal, nested case
control study in the Nordic countries, Pentti & Atem et al found that both low and high levels
of serum vitamin D are associated with higher grestancer risk’ They studied serum 25-VD
levels of 622 prostate cancer cases and 1,451 ethtcontrols and found that both low (<
7.8ng/ml) and high (>32ng/ml) 25-VD serum concetitres are associated with higher prostate
cancer risk. The normal average serum concentratid?b-VD (16—24 ng/ml) comprised the
lowest risk of prostate cancer. In the full studpup, a U-shaped prostate cancer risk was
observed, with an increasing trend of risk (ORs.3 &nd 1.5) when the vitamin D level
decreased from the reference level of 16 — 23ngAgiin, when the vitamin D level increased

from the reference level, risk increased (ORs -dn#8 1.7). This U-shaped risk of prostate
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cancer might be due to similar 1,25-VD availabiktjthin the prostate: low vitamin D serum
concentration apparently leads to a low tissue eotnation and to weakened mitotic control of
target cells, whereas a high vitamin D level milglaid to vitamin D resistance through increased

inactivation by enhanced expression of 24-hydrose/la

Since there are plans for prostate cancer preventith vitamin D supplementation alone or
combined, these findings might be an important roution to the strategy because very high
serum vitamin D levels may not be the appropriatal.gvery high 25-VD serum levels can be
reached without any significant side effects foorstperiods. Recommendations for vitamin D
supplements have been put forward, however, syotligamin D derivatives are favorable for
chemoprevention because of their low calcemic &ffélhis study suggests that moderately high
levels of vitamin D for long periods may have aceeeffects on prostate cancer risk. Therefore,
other carefully planned studies on vitamin D anolspate cancer risk are needed to conclusively
elucidate this issue.

When all is put together the statistical significarof these associations declines. In Germany,

Yin et al°®

conducted a meta-analysis of longitudinal stuthe&ing at serum vitamin D and
prostate cancer risk. They found that overall, ehegriginal articles were included, ten of which
reported on the association between serum vitamiavBls and prostate cancer incidence and
one article reported on the association with ptestancer mortality. Meta-analysis these studies
on PCa incidence resulted in a summary OR = 1.(5{0.11]) associated with an increase of
25-VD by 10ng/ml (P=0.362). No indication for hetgeneity and publication bias was found. It
was concluded that according to available eviddrmm longitudinal studies, serum 25-VD is

not associated with PC incidence.

1.3.3 VITAMIN D DEFICIENCY AND PROSTATE CANCER MORT ALITY

Vitamin D status has also been linked to prostateeer mortality. In Oslo (Norway) Tretli et al
> looked at pre-treatment serum 25-VD levels in 166n 37 of whom had received prior
hormonal therapy assessing associations betwesa baeels and prostate cancer mortality. The
serum level of 25-VD was classified as low (<20miy/ medium (20-32ng/ml) or high (>32

ng/ml). A Cox proportional hazard regression moda$ used to assess the association between
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serum 25-VD and cancer mortality. During follow-§d, deaths occurred, of whom 52 died of
prostate cancer. The median time of follow-up wa$)4nmonths (range, 1.2-154.6). Serum 25-
VD of 20-32ng/ml (RR=0.33[0.14-0.77]) and > 32ngRR 0.16 [0.05-0.43]) were significantly
related to better prognosis, compared with the levels (<20ng/ml). Analysis restricted to
patients receiving hormone therapy gave a stroaggociation. They concluded that the serum
level of 25-VD may be involved in disease progressand is a potential marker of prognosis in

patients with prostate cancer.

1.3.4 VITAMIN D DEFICIENCY AND ADVANCED PROSTATE CA NCER

With regard to disease aggression, a study by Hi eoileague<® of the Physicians’ Health
Study cohort found that physicians whose 25-VD areb-VD levels were both below the
median, 25-VD of 28 ng/ml and had twice the incenf aggressive prostate cancer (OR = 2.1
[1.2-3.4], p = 0.05) as compared to men whose sewsdre above the median. In addition,
Corder et af* reported that the risk for developing palpablespate tumors of higher Gleason
score increased men with low serum levels of 25-®lEhough other studi&®® have found no

correlation.

Just recently, Gilbert et al studied the assoaatiof circulating total 25-VD with PSA-
detected prostate cancer in a case-control stustgdevithin the Prostate Testing for Cancer and
Treatment (ProtecT) tridl Pre-determined categories of total 25-VD werdngef as: high:
>30ng/ml; adequate: 20-<30ng/ml; insufficient: 120x8/ml; deficient: <12ng/ml. They
included 1,447 prostate cancer cases (153 advaa66djigh-grade) and 1,449 healthy controls.
His team found that men deficient in vitamin D feativo-fold increased risk of advanced versus
localized cancer (OR for deficient vs. adequatalt@6-VD = 2.33(1.26-4.28) and high-grade
versus low-grade cancer (OR for deficient vs. adegtotal 25-VD=1.78(1.15-2.77). However
they found no evidence of a linear association betwtotal 25-VD and prostate cancer (p=0.44)
or of an increased risk of prostate cancer witln lsigd low vitamin D levels.

They, therefore, concluded that lower 25-VD conians were associated with more
aggressive cancers (advanced versus localized rsaguoe high- versus low- Gleason grade), but

there was no evidence of an association with ovprastate cancer risk.
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1.3.5 EFFECT OF TREATMENT ON VITAMIN D LEVELS
Prostatectomy has not been shown to affect seruamin D status as well as androgen

deprivation theragy. Use of cytotoxic chemotherapy has been associwitedower vitamin D
levels in patients with advanced colon cafiterThere are no reports that suggest radiation

treatment may lower serum vitamin D levels in patesicancer.

1.3.6 ADEQUATE VITAMIN D AND CANCER PREVENTION

A few studies have looked at the impact of serwelkeof 1,25-VD and its metabolites and the
effects on risk for several forms of cancer (inahgdaggressive forms of prostate cancer). Most
of these data are however, derived from epidemiolagd observational data. However, one
RCT by Lappe et al looked at vitamin D and calcsupplementation and cancer risk reduction
in a large population of healthy post-menopausaherd’. Subjects were randomly assigned to
receive 1400-1500 mg supplemental calcium aloneo{@y), supplemental calcium plus 1100
IU vitamin D3 (Ca + D), or placebo. When analyzedriention to treat, cancer incidence was
lower in the Ca + D women than in the placebo adrstubjects (P < 0.03). Their team
concluded that improving calcium and vitamin D itignal status substantially reduces all-

cancer risk in postmenopausal women.

A review article by Garland et al, projected thsttraising the minimum year-around serum 25-
VD level to 40 to 60 ng/ml would prevent approxielst58,000 new cases of breast cancer and
49,000 new cases of colorectal cancer each year{ s of deaths from these diseases in the
United States and Can&8arhese conclusions were largely derived from ol@mnal studies.
They further suggested that intakes also are eggdotreduce case-fatality rates of patients who
have breast, colorectal, or prostate cancer by ma#ddition, the concluded that there are no
unreasonable risks from intake of 2000 IU per diayitamin D, or from a population serum 25-
VD level of 40 to 60 ng/ml.
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2.0 STUDY JUSTIFICATION

The burden of prostate cancer continues to riseti®yyear 2030, the annual incidence is
predicted to double, particularly in the developoauntries. GLOBOCAN project documented
1087 new cases in Kenya on the year 2008 with &b 8&ath rate. PCa patients in Kenya
present on average on decade earlier .A majoripatiénts have aggressive and advanced forms
at time of diagnosis. This age group represents ntlaén breadwinner male populatfdn
Ultimately, families suffer greatly as their econorstatus deteriorates. It is evident that PCa

impacts greatly on morbidity, mortality and econoasywell.

Vitamin D deficiency has been shown to be assatiaiéh increased risk of developing prostate
cancet despite presence of conflicting reports. Theséigefcy states have also been linked to

more aggressive disease, faster progression ahdrhigetastatic potential of prostate caft®r

The prevalence of vitamin D deficiency in Africaremis unknown. Furthermore, this data in
men with prostate cancer in tropical Africa is uawm. Filling this knowledge gap would serve
as benchmark statistics of the magnitude of thablem. This will be a great step forward for

further studies looking at vitamin D and prosteaaer in Africa.
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3.0 RESEARCH QUESTION

What are the levels of vitamin D in patients wittogate cancer in KNH and how does it

correlate with patient and disease characteristics?

4.0 OBJECTIVES

4.1 BROAD OBJECTIVE

* To determine the profile of vitamin D levels amopatients with histologically confirmed

prostate cancer in KNH and to correlate it withgratand disease characteristics.
4.2 SPECIFIC OBJECTIVES
4.2.1 PRIMARY OBJECTIVE

1. To determine the levels of serum 25-hydroxycholgtaiol in patients with
histologically confirmed prostate cancer.

2. To document the Gleason scores and pre-diagnostiems PSA in the study
population.

3. To describe the age, medical history and BMI ingtuely population.

4.2.2 SECONDARY OBJECTIVE

— To determine the association between serum 25-Rydholecalciferol deficiency

and age, BMI, Gleason score and serum pre-diagnieStA.
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5.0 METHODOLOGY

5.1 STUDY SITE

This study was carried out at the Kenyatta NatioHalspital Cancer Treatment Centre

(Radiotherapy Unit) and Urology outpatient clinics.

5.2 STUDY POPULATION

The target population was patients seeking amlnylaiare at KNH Cancer Treatment Centre &
Urology outpatient clinic with documented histologgonfirming prostate cancer

adenocarcinoma.

5.3 STUDY DESIGN

This study was a hospital based cross-sectionaégur

5.4 SAMPLE SIZE

The sample size was calculated using the followeghod:
N =Z x p(1-p)
d
N=minimum sample size required
z=confidence interval at 95% (standard value o6)..9
p=estimated prevalence of those with normal vitabhievels Trump et a study = 28%
(Deficient = 40%, insufficient 32%ormal = 28%)
d=margin of error (0.07)

N= (1.96)*x 0.28(1-0.28)

(0.07)

The minimum sample size for this wBS9 patients with prostate cancer
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5.5 SAMPLING METHOD

Consecutive sampling was undertaken to recruiepttiin the aforementioned study sites. This

was done between 15-20 patients per week untdéiseed sample size was achieved.

5.6 INCLUSION AND EXCLUSION CRITERIA
5.6.1 INCLUSION CRITERIA

1. Histologically confirmed prostate cancer.
2. Age over 40 years
3. Written informed consent.

5. 6.2 EXCLUSION CRITERIA

1. Current vitamin D3 supplementation.
2. Incomplete/inconclusive histology report.

3. PCa diagnosis more than 3-months old.

5.7 CASE DEFINITION

Prostate cancer was defined by a histopathologgrtef a prostate gland biopsy specimen
confirming presence of malignancy complete with &t scores diagnosed in the preceding

three months.

5.8 SCREENING AND RECRUITEMENT

The principal investigator (Pl) with the help ofsearch assistants reviewed files of patients
attending the urology clinics and cancer treatneentre. This was done everyday just before the
beginning of their scheduled routine clinic vidittiae respective sites. The files of patients’ who
met the selection criteria were identified and caloded for easy identification. Once all color-
coded files for that day were identified, subjestsre called into the interviewing room after
their routine visit and given all the relevant infation about the study. Those who gave written

informed consent (appendix |) were recruited.
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5.9 PROCEDURES

5.9.1 CLINICAL METHODS

The sociodemographic data was obtained from thergatollowed by medical history and
anthropometric measurements which were used to cqwdy mass index. Gleason scores and
pre-diagnostic serum PSA levels were sought frortiepiarecords. This information was

subsequently entered into the study proforma (agigel) for later analysis.

5.9.2 LABORATORY METHODS

2-3 mis of blood was collected from the antecubitzdsa in each study participant and
immediately put in a plain vacutainer (red top)rtiseibsequently delivered to the Lancet Kenya
laboratories at the end of the days’ collection éstimation of serum 25-VD concentration.
Since all samples were analysed on the day ofata@le storage at cool temperatures was not a
requirement. Serum vitamin D concentrations werterd@ned by the LIAISON® 25-OH
Vitamin D assay technique, an automated chemiluscigret immunoassay (CMIA) method that
is rapid, accurate and precise. This method is vaitlated according to the National Committee
for Clinical Laboratory Standards (NCCLS) protoc@lsn addition, it is comparable to the gold
standard liquid chromatography isotope dilutiondem mass spectrometry (LC-IDMS/M$)
and correlated well with radioimmunoassay techrsfu&erum 25-VD estimation is the optimal

test to determine body stores as its metabolit-Y12 is rapidly utilized in target organs.

5.9.3 QUALITY ASSURANCE

Standard operating procedures of Lancet Kenya laboes (appendix Ill) for specimen

collection, preparation and storage were followedninimize pre-analytical errors. To ensure
quality was maintained, the laboratory tests weagied out in Lancet Kenya laboratories.
Machines used were properly calibrated using stahdalibration methods and materials and
tests assayed against controls. Lancet Kenya ladsgraarries out internal and external quality

control.
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5.10 STUDY VARIABLES
5.10.1 DEPENDENT VARIABLES

» Serum 25-hydroxycholecalciferol levels
5.10.1.1 DEFINITION OF VITAMIN D DEFICIENCY

Vitamin D profile was determined by serum measurené 25-VD levels as this is the most

sensitive and standard modality to assess theslewés utilized reference ranges provided by
Lancet Kenya Laboratories. These levels are inrdece with the universally agreed upon
reference ranges. Subjects’ vitamin D status wassdied as follows:

Table 1: Vitamin D normal laboratory reference ranges

Vitamin D status 25-VD (ng/ml)
Severe deficiency <10
Moderate deficiency 10-<30
Normal 30-100
Toxicity >100

For univariate and multivariate analysis, vitamitelels were stratified as follows:

Table 2: Serum vitamin D correlation status

Vitamin D status 25-VD (ng/ml)
Deficient <20
Sufficient >20

Serum 25-VD levels above 20ng/ml are generally ireduto realize its anti-tumor
properties. Numerous trials have demonstrated caiséereduction above this levef’
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5.10.2 INDEPENDENT VARIABLES
* Age
* BMI
» Disease characteristics
0 Histopathological grade ( Gleason grading systefppendix 1V)
= GX - Gleason score cannot be assessed
»= Gleason score< 7
= Gleason score >7
Gleason scores ¢f 7 is of prognostic significance. Tumors with theseres tend
to be more aggressif®®®* *:
0 Pre-diagnostic serum PSA levels (ng/ml)
= <50
= >50

Serum PSA of 50 is also of prognostic significance especiatlypatients with

advanced disea&k
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5.11 DATA MANAGEMENT AND ANALYSIS

Each study proforma was assigned with a uniqueyssedal number to prevent duplication of
data collection. All data collected was enterea iat password protected computer database
using Microsoft access computer software. Statikhoalysis was done using statistical package
for social scientists (SPSS) version 20 after dlearand verification with the input of a
statistician who had been involved since the begmof this proposal development. The socio-
demographic characteristics, medical history, Gleascores, serum PSA and vitamin D levels
were summarized into means, standard deviationsljam& proportions and frequencies for
continuous data and proportions, frequencies antteptages for categorical data. Data
summaries were presented using tables, pie chadtgraphs.

For comparison purposes, vitamin D deficiency wasssaered as serum 25-VD concentration
of less than 20ng/ml. This was the dependent vigriabd was tested for association with age,
BMI, Gleason score and serum pre-diagnostic PSAgubivariate analysis. All independent
variables were categorized prior to secondary eaptms. A patient’s likelihood of having
serum 25-VD deficiency was estimated using oddssaW/ariables were included as potential
confounders in multivariate models if they were néfigantly associated with 25-VD
concentrations in unadjusted logistic regressiordets Variables that were not significant
predictors were subsequently dropped. All theistieal tests were performed at 5% level of

significance.

5.13 ETHICAL CONSIDERATIONS

Before commencing, permission to carry out thisdgtwas sought from the University of
Nairobi's Department of Clinical Medicine and Theeatics, as well as the KNH/UoN Ethics
and Research Committee. Only patients who gavernm@d consent were recruited into the
study. No patient was coerced into participatinigef® was no discrimination against any patient
who declined to participate. All information colted was treated as confidential. Only blood
samples intended for study were drawn and theredifearded after analysis. Any information
that was deemed as important to the managemertteopatient was communicated to the

primary health care provider. The cost of the stwdg met by the principal investigator.
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6.0 RESULTS
Between April and June 2012, the records of onallathand ninety two patients on follow up

for prostate cancer were consecutively sampleteatitology clinic and cancer treatment centre
at Kenyatta National Hospital ((Figure 4). Twentyen patients did not meet the inclusion
criteria; eighteen patients had been diagnosed thare three months prior to interview; seven
patients did not have any documented prostate céstelogy in the records while four were on

oral vitamin D supplements. One hundred and sittyed patients were recruited and
subsequently interviewed, anthropometric measuresngken and blood samples drawn for
serum vitamin D concentration. Out of those who thet inclusion criteria, one participants’

blood sample was severely hemolysed, leaving onéred and sixty two (162) patients whose
data was submitted for analysis.

Figure 3: Recruitment flow chart

3247 files screened April-June2012

)l 3055 — other diagnosis

Y
192 on follow-up for prostate cancer

7 —No histology record
18 — diagnosis > 3months old

L 4

167 Confirmed histology report in file

)l 4 - On vitamin D supplements

h 4

163 — consented — recruited — interview/file enquiry —anthropometry — blood drawn

)l 1- severely hemolysed

Y

162- Analyzed
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6.1 POPULATION CHARACTERISTICS

The study population was relatively elderly withmean age of 69.27 years. Majority of the

patients i.e. seventy-nine (48.8%) were aged betwéeand 70 years. All one hundred and sixty

two (100%) patients were married. Sixty-eight (42%Jl received post-primary education. One

hundred and thirty-eight (85.2%) patients came f@emtral, Eastern, Nairobi and Coast region

(Table 3).
Table 3: Socio-demographic characteristics of thegdy participants.
Variable Frequency (%) N =162 95% CI
Age in yrs (at diagnosis)
* Mean (SD) 69.27 (8.566)
* Median (IQR) 68 (64.2-74)
* Min-Max 47-96
Age strata
« <60 23 (14.2%) (8.83 —19.57)
* 61-70 79 (48.8%) (41.1 - 56.5)
e 71-80 45 (27.8%) (20.9-34.7)
« >80 15 (9.3%) (4.83 - 13.77)
Marital status
* Married 162 (100%)
Level of education
e Primary 94 (58) (50.4 — 65.6)
» Secondary 53 (32.7) (25.48 — 39.92)
* Tertiary 15 (9.3) (4.83-13.77)
County location
» Eastern block 138 (85.2) (79.73 — 90.67)
(Nairobi, Central, Eastern,
N.Eastern & Coast)
» Western block 24 (14.8) (9.33-20.27)

(Rift Valley, Nyanza,
Western)
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6.2 CLINICAL CHARACTERISTICS
Twenty-six patients (16%) had & tlegree relative with prostate cancer. Fifty pasi€80.9%)

had a first degree relative with any other canderenty-five patients (15.4%) were currently
known to have type 2 diabetes whereas forty-th26e500) were known to be hypertensive. One
hundred and eleven patients (68.5%) were formarette smokers while fifteen (9.3%) were
current cigarette smokers (Table 4).

Table 4: Study participants’ medical history

Frequency (%) 95% CI
N =162

Family history of Prostate Cancer 26 (16) (10.35 - 21.69)

(1* degree relative)
Family history of any other Cancer 50 (30.9) (23.78 - 38.02)

(1° degree relative)

Known type 2 diabetic 25(15.4) (9.84 - 20.96)

Known hypertensive 43 (26.5) (19.7-33.3)

Current 15 (9.3) (4.83-13.77)

S S Former 111 (68.5) (61.35 - 75.65)

IELIIESIETE Never 36 (22.2) (15.8 — 28.6)

With regard to ongoing and past treatment modalitfarticipants were on or had received

various forms of treatment at the time of intervid®articipants may have received more than
one treatment modality. One hundred and twentyrs@agticipants (78.4%) were on androgen

deprivation therapy i.e. both medical and surgoestration, sixty (37%) had undergone channel
TURP for obstructive symptoms, and twenty-four §24) had undergone external beam

radiotherapy. Forty-five participants (27.8%) wesarrently receiving bisphosphonates for

metastatic bone disease and twenty-eight (17.3%¢ we other modalities of treatment which

included systemic chemotherapy with docetaxel,guaspirin, dexamethasone, herbal therapies
and various forms of analgesia. Only eleven padicis (6.6%) had not been initiated on any
form of treatment at time of interview (Figure 5).
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Figure 4: Treatment Modality of Study Subjects

TREATMENT MODALITY

78.40%

37%
27.80%
17.30%
14.80%
6.80%
None TURP ADT Radiotherapy Bisphosphonate Other

The mean weight, height and BMI were 64.88 kilograrhs’5 meters and 23.4 kc?
respectively (Table 5)Eighty-six subjects (53.1%) had normal BMI, whereas -one (31.5%)
and eight (4.9%) were overweir and obese respectively. Seventeenjects (10.5%) were
underweight (Figure 6).
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Table 5. Anthropometric measurements in the study populatbn

Variable Frequency (%) N = 162 95% CI
Weight in KG
* Mean (SD) 64.88 (10.96)
* Median (IQR) 64 (58 — 72.75)
e Min-Max 40 - 95
Height in M
* Mean (SD) 1.75 (1.2)
* Median (IQR) 1.66 (1.62 - 1.7)
e Min - Max 1.5-1.88
BMI
* Mean (SD) 23.4 (3.78)
* Median (IQR) 23.2
*  Min - Max 149-32.2
BMI stratum
* Underweight 17 (10.5) (5.78 - 15.22)
*  Normal 86 (53.1) (45.42 - 60.78)
* Overweight 51 (31.5) (24.35 - 38.65)
e Obese 8 (4.9 (1.58 — 8.22)

Figure 5: BMI cateqgories

Underweight
11%

27




The mean Gleason score was 7.15 with seventy 4ab{é8.2%) having a Gleason score of
greater than 7. The mean and median pre-diagnsestietm PSA was 280.2 and 69.3 ng/ml
respectively. One hundred and twenty-six subjetts806) had a serum PSA of more than 20.
Fifty subjects (30.9%) had documented bone metagf&able 6)

Table 6: Study participants' disease characteristis

Variable Frequency (%) N = 162 95% CI

Gleason score

 Mean (SD) 7.15 (1.27)

e Median (IQR) 7.00 (6 — 8)

e Min — Max 4-10
Gleason score strata

e <7 92 (56.8) (49.17 — 64.43)

o« >7 70 (43.2) (35.57 - 50.83)
Serum PSA (pre-diagnostic)

 Mean (SD) 280.2 (910.4)

e Median (IQR) 63.9 (26.25 — 133.29)

e Min — Max 0.07 — 8700
Serum PSA strata

« <10 12 (7.4) (3.37 - 11.43)

e 10-20 24 (14.8) (9.33-20.27)

e 21-100 73 (45.1) (37.44 - 52.76)

« >100 53 (32.7) (25.48 — 39.92)
Documented bone metastases

* Yes 50 (30.9) (23.78 — 38.02)

* No 152 (69.1) (61.98 — 76.22)
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6.3 SERUM 25-HYDROXYCHOLECALCIFEROL PROFILE

We then assayed the blood samples to determinsethugn 25-VD concentration in our study
subjects. For descriptive and comparison purposes,interpretation of the serum 25-VD
concentration was based on internationally acceptfdrence ranges as outlined in the
methodology section. For purposes of correlatictamin D deficiency cut point was set at
20ng/ml. Literature has demonstrated that at leabts/e this, one begins to appreciate the anti-

cancer properties of vitamin D",

Serum 25-VD concentrations were normally distridufigure?7) ranging from 4.0 to 46.4. The

mean (SD) serum 25-VD concentration in this studgypation was 19.15ng/ml with a median

of 19.35 (8.28) ng/ml and an inter-quartile rangd.®.2 to 24.8ng/ml (Table 7). Serum 25-VD

cut-off was set at 30ng/ml. One hundred and footy-fsubjects (88.9%) had serum 25-VD
deficiency. One hundred and fifteen (71%) and tyemte (17.9) subjects had moderate and
severe deficiency respectively (Figure 8). Eight fsubjects (52.5%) had serum 25-VD levels
of below 20ng/ml.

Figure 6: Serum 25-VD profile distribution — Histogram
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Table 7: Serum 25-VD profile

Variable F (%) N =162 95% CI
Serum 25-VD
* Mean (SD) 19.15(8.28)
* Median (IQR) 19.35 (13.2 — 24.8)
e Min — Max 4 —46.8
Serum 25-VD stratum 1
e < 10(Severe deficiency) 29 (17.9) (12 — 23.8)
e 10-<30(Moderate deficiency, 115 (71.0) (64.01 —77.99)
e 30-100(Normal) 18 (11.1) (6.26 — 15.94)
e >100(Toxic) 0 (0)
Serum 25-VD stratum 2
e <20 85 (52.5) (44.8 - 60.2)
e >20 77 (43.2) (35.5-50.8)
Figure 7: Serum 25-VD profile.
71.00%
17.90%
11.10%
0%
<10 - Severe 1C-29 - Moderate 30-100 - Normal >100 - Toxic

deficiency deficiency
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6.4 ASSOCIATIONS BETWEEN VARIABLES
Univariate analysis (Table 8) was then performedxplore associations between serum 25-VD

levels and various patient and disease charaatsrist interest. These characteristics included

patients’ age at diagnosis, BMI, Gleason scorespaadliagnostic serum PSA levels.

Participants ages 80 and above were 2.1 times lkalg to have a serum 25-VD deficiency
(<20ng/ml) than those aged 60 years and below hodgh clinically important, this did not
reach statistical significance (p = 0.297). For B#dtegory, those who were categorized as being
obese as compared to those who were underweigte lgss likely to have serum 25-VD
deficiency although statistical significance was reached (OR - 0.3; 95% CI 0.05 — 1.8, p-
value = 0.209) (Table 8).

We further explored the association between serbi\2 levels and disease characteristics i.e.
Gleason scores and pre-diagnostic serum PSA ldwalsiadjusted univariate analysis (Table 8),
participants with a Gleason score of greater thavei® nearly three times more likely to have
serum 25-VD deficiency compared to those with aesad equal to or less than 7 and this was
statistically significant (OR — 2.9; 95% CI 1.5-5pBvalue = 0.001).

For serum PSA category, those with a level of eqaar more than 50ng/ml were twice as
likely to have serum 25-VD deficiency and this vedso statistically significant (OR - 2.2; 95%
Cl 1.5-5.1, p-value = 0.014).

In a multivariate model, (Table 9) the associatlmetween pre-diagnostic serum PSA and
vitamin D deficiency was attenuated leaving Gleascore as the only independent predictor.
Men with a Gleason score of greater than 7 wereamea half times more likely to have serum
25-VD deficiency and this was statistically sigo#int. (OR — 2.46; 95% CI 1.2—-4.9, p-value =
0.01)
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Table 8: Association between Serum 25-VD and AgeM, Gleason scores and pre-

diagnostic serum PSA

Vitamin D strata

Variable <20 >20
N % n % OR (95%Cl) |P value
<60 years 13 [56.5%| 10 | 43.5% 1.0
Age arou 61-70 years| 35 |44.3%| 44 | 55.7%| 0.6(0.2-1.5) 0.303
9eOroUP | 71 80vyears| 26 |57.8% 19 |42.2%| 1.05(0.4-2.9) | 0.921
>80years | 11 |[73.3%| 4 |26.7%| 2.1(0.5-8.6) 0.297
Under-weight 11 [64.7%| 6 | 35.3% 1.0
BMI Normal 44 |51.2%| 42 | 48.8%| 0.5(0.2-1.7) 0.310
Over-weight| 27 |52.9%| 24 | 47.1%| 0.6(0.2-1.9) 0.399
Obese 3 |[37.5% 5 |625%| 0.3(0.05-1.8) | 0.209
Gl N score <7 38 |41.3% 54 |58.7% 1.0
€aso >7 47 |67.1%| 23 |32.9%| 2.9(1.5-55) | 0.001
BSA <50 29 |41.4% 41 |58.6% 1.0
>/=50 56 |60.9% 36 |39.1%| 2.2(1.7-5.1) 0.014
Table 9: Vitamin D - Multivariate model
Variable Coefficient S.E. Of the Coefficient p value Or (95% C.1.)

Gleason score
PSA

0.901
0.491

0.350
0.347

0.010
0.157

2.463(1.2 — 4.9)
1.634 (0.8 - 3.2)
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7.0 DISCUSSION

Prostate cancer remains a significant cause of idityland mortality in Kenya with majority of
patients presenting with advanced disease. Its faskors are indeed, under-studied in our
population. Given that low vitamin D levels haveebeassociated with an increased risk of
prostate cancet, we sought out to determine the profile of sertitamin D levels among
ambulatory PCa patients at Kenyatta National Hasgrurthermore, these levels are likely to be
lower with advancing aggand in those with more aggressive diséase ®* hence we explored
the associations between serum vitamin D deficieamny age, BMI, Gleason Scores and pre-

diagnostic serum PSA.

The study sample was elderly, with a significantdem of advanced disease evidenced by the
proportions with poor Gleason Scores, high serurA B8d receiving androgen deprivation
therapy which is generally the palliative treatmemtdality of choice for advanced prostate
cancer. The baseline characteristics of the stugylation were comparable a local study done
at KNH by Wasike et al° who found a comparable mean age and similar priomsriof those

with advanced disease.

Serum 25-VD levels of between 30-100ng/ml are atersid the normal reference laboratory
values which are standardized and validated. Mdjamin D deficiency, which causes rickets
in children and osteomalacia in adults, is typicaksociated with 25-VD levels less than
10ng/ml“. Recent investigations have suggested that treshibtd for vitamin D deficiency

should be the 25-VD level below which PTH secretimeyins to rise. The authors of these

studies have proposed that the cutoff value famih deficiency may be as high as 32ng/ml
7677

Using a cutoff of 30ng/ml, our study sample dematsti an alarmingly high prevalence of
vitamin D deficiency (88.9%). The mean serum vitanD level was also very low at

19.15ng/ml (30-100ng/ml). Both Gleason Score amddwagnostic serum PSA were found to be
significantly associated with vitamin D deficienoyn univariate analysis. However, at
multivariate analysis, Gleason score was the ardgpendent predictor of vitamin D deficiency.

Our study was not powered to show any effect ofaageBMI on serum 25-VD levels.
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A high prevalence of vitamin D deficiency (36-100%4s been found in other series that
evaluated presumably normal populatidis® 2 81, Most of these studies were carried out in
North America in a predominantly Caucasian popatathowever, one particular study by
Jacobs et 4t in Arizona sampled subjects living in high sun esype areas and found a high
prevalence (77.7%) of vitamin D deficiency (<30nQ/nThe authors of the aforementioned
studies carried out in normal populations have psed that vitamin D deficiency is indeed

common and displays significant variations betweaes and sun exposure.

Trump et al®® who studied men with PCa and found 72% and 628tgbence of vitamin D
deficiency (<32ng/ml) in those with recurrent (n8)l2and localized (n=50) prostate cancer
respectively. Their mean serum 25-VD levels wereQ2&ml and 27.5ng/ml in those with
recurrent and localized prostate cancer respegtividlis was higher compared to our study
sample whose mean 25-VD levels were (19.15ng/mjnyiin D deficiency was more frequent in
blacks (p=0.04) and in those with recurrent disqm=®.006). Choo et #lin Canada, studied
106 men with non-metastatic prostate cancer anddf@ulower prevalence (66%) of vitamin D
deficiency (<30ng/nl). This is not surprising agamin D deficiency is more prevalent in
patients with advanced prostate caft®®* In comparison, vitamin D deficiency was more
frequent in our study. The finding of lower concatibns of vitamin D observed in our study is
consistent with the known effect of skin pigmerdaton endogenous synthesis of 25-VD. Other
plausible explanations may include the fact that siudy population spent most time indoors,
either seeking treatment and/or recuperating duth@éampact of advanced disease which has
been observed in other patients with receiving eameatmenf®. It is estimated that in the
above conditions, it takes approximately 12 weekssitamin D status to decay from normal to

low.

Despite the fact that majority of our sample popalahad advanced disease, poorer Gleason
scores predicted vitamin D deficiency implying thdivanced disease is linked to lower vitamin
D level$®®® Trump et al® also demonstrated significant differences in vitam levels
between those with recurrent prostate cancer cardp@r localized disease (p=0.005). Despite
accepting results from different histopathologydatories, Gleason scores are less likely to

vary due to intricacies inculcated in the reporticrgeria compared to PSA levels. Gleason
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scores are therefore likely to be a more accusgigesentative of aggressive disease in this study

and may explain why it was a stronger predicton thige-diagnostic serum PSA.

However, our study did not show any consistentotfd® age and BMI on serum 25-VD levels as
it was not powered to do so. Trump et’aknd Choo et at® found similar findings in their
populations of patients with prostate cancer. Prgvistudies conducted in predominantly white
populations with canci have noted an inverse association between 25-\fRerdration and
BMI®3, This association has been hypothesized to beeceta the sun avoidance in those with
higher BMI or sequestration of 25-VD in adiposesti€*. However, other evidence exists to
suggest that adiposity may not be a strong predafttower serum vitamin D levels in African

Americans as compared to whte® &’.

Indeed, this is the first study looking at profdeserum vitamin D levels among prostate cancer
patients at Kenyatta National Hospital. In addititine vitamin D assay technique that was
employed is rapid, accurate, precise, well valid&tand comparable to the gold stand&rd?
The American association of Clinical Chemistry myJ2012 rated the performance of this

method as excellent to world class. Comparatoriesudtilized a similar method.

Our study had several limitations. First, its magetback is the lack of a control group that can
be composed of age-matched men with no prostateecamhis study is, therefore, unable to
demonstrate whether vitamin D deficiency is morevptent in those with prostate cancer than
controls. Secondly, it had a relatively small samplze which was computed to meet the
primary objective. Thus, the interpretation of deddls for caution and the exploratory analysis
examining potential variables associated with vitaB deficiency is limited. Thirdly, it did not
address all potential confounders of that can aeoum 25-VD levels. For example, this study
did not assess patterns of sun exposure, degreldropigmentation and the possibility of liver
metastasis impairing hepatic synthesis of 25-VDstlya pre-diagnostic serum PSA levels were
not standardized as we accepted results from diffdaboratories. This may be responsible for

the wide ranges and may have influenced our secprdalorations.

Nevertheless, our study was able to determine thélg if serum vitamin D, prevalence of
vitamin D deficiency and employ exploratory modéts determine factors that might be

associated with vitamin D deficiency.

35



8.0 CONCLUSION AND RECOMMENDATIONS

In our sample of African men with prostate canee,found very low vitamin D levels and an
alarmingly high prevalence of vitamin D deficienityt is higher than that observed in prostate
cancer patients in the Northern latitudes. In aoldjtvitamin D deficiency was more common in

those with aggressive disease.
We recommend further studies to explore:

a. Vitamin D profile — comparative study in patientghwand without prostate cancer.
b. Vitamin D profile in earlier stages of prostate can
c. The impact of vitamin D replacement on prostatecearoutcomes in patients with

vitamin D deficiency.

36



9.0 BIBLIOGRAPHY

Cancer Incidence Report Nairobi — 2a0énya Medical Research Institute

International Agency for Research on Cancer (IABCDPBOCAN estimates 2008.
Commissioned by the World Health Organisation.

3Schwartz GG, Hulka BS. Is vitamin D deficiency skrfactor for prostate cancer? (Hypothesis).
Anticancer Resl990; 10: 1307-1311.

* Ylikomi T, Laaksi I, Lou YR et al. Anti-proliferate action of vitamin D.Vitam Horm.
2002;64: 357- 406.

> Ahonen MH, Tenkanen L, Teppo L et al. Prostateaiin D and Prostate Cancer risk and
prediagnostic serum 25-hydroxyvitamin D levels [&id). Cancer Causes Contr2000;11:
847-52.

® Ahonen MH, Zhuang YH, Aine R et al. Androgen relce@nd vitamin D receptor in human
ovarian cancer: growth stimulation and inhibitionligands.Int. 3 Cancer2000;86: 40—6.

" Miller GJ, Stapleton GE, Ferrara JA et al. The honprostatic carcinoma cell line LNCaP
expresses biologically active, specific receptoms f,25-dihydroxyvitamin D3.Cancer
Res1992;52: 515-20.

8 Hedlund TE, Moffatt KA, Miller GJ. Vitamin D recémr expression is required for growth
modulation by 1,25-dihydroxyvitamin D3 in the hum@rostatic carcinoma cell line ALVA-31.
J Steroid Biochenl996;58: 277— 88.

® Blutt SE, McDonnell TJ, Polek TC et al. Calcitriaduced apoptosis in LNCaP cells is
blocked by overexpression of Bcl-2ndocrinology2000;141: 10 —7.

10 Zhao XY, Ly LH, Peehl DM et al. Induction of angen receptor by 1_,25-dihydroxyvitamin
D3 and %eis retinoic acid in LNCaP human prostate cancer céfsdocrinology1999;140:
1205-12.

M Hisatake J, Kubota T, Hisatake Y et al. f#1s-16-ene-vitamin D3: a new class of potent

inhibitors of proliferation of prostate, breastdamyeloid leukemic cellSCancer Res1999;59:
4023-9.

37



12 schwartz GG, Wang MH, Zang M, Singh RK et al. 1[¥Bydroxyvitamin D (calcitriol)
inhibits the invasiveness of human prostate caoels. Cancer Epidem Biomal997;6: 727—
32.

13 Majewski S, Skopinska M, Marczak M et al. Vitaniinis a potent inhibitor of tumor cell-
induced angiogenesid.Invest Derm Symp B996;1: 97-101.

14 Apperly FL. The relation of solar radiation to canmortality in North AmericaCancer Res.
1941;1: 191 - 5.

1> Studzinski G.P, Moore D.C Sunlight — can it preivas well as cause canc&ancer Res.
1995;55: 4014-4022.

% Hanchette C.L, Schwartz G.G Geographic pattefqsastate cancer mortality. Evidence for
a protective effect of ultraviolet radiatioBancer1992;70: 2861-2869.

17 catalona WJ, Smith DS. Cancer recurrence andwalirmates after anatomic radical retropubic
prostatectomy for prostate cancer: intermediate-t@sultsJ Urology.1998;160: 2428—-2434.

18 Denis LJ. Maximal androgen blockade: facts anthéas. Endocr- Relat Cancer1998;5:
353-356.

9 Jones G, Strugnell SA, DelLuca HF. Current undedstay of the molecular actions of vitamin
D. Physiol Rev1998;78: 1193-1231.

20 MacDonald PN, Dowd DR, Nakajima S et al. Retindiceceptors stimulate andds retinoic
acid inhibits 1,25-dihydroxyvitamin D3-activated pggssion of the rat osteocalcin geiol
Biol Cell. 1993;13: 5907-5917.

?!Gniadecki R, Gajkowska B, Hansen M. 1,25-Dihydratgmin D3 stimulates the assembly of
adherens junctions in keratinocytes: involvemenprotein kinase CEndocrinology1997;138:
2241-2248.

22 Johansen C, Iversen L, Ryborg A et al. 1alphajB§etoxyvitamin D3 induced differentiation
of cultured human keratinocytes is accompanied BX@-independent regulation of AP-1 DNA
binding activity, J Invest DermatoR000;114: 1174-1179.

23 Abe J, Moriya Y, Saito M et al. Modulation of celfowth, differentiation, and production of
interleukin-3 by 1 alpha,25-dihydroxyvitamin D3 tine murine myelomonocytic leukemia cell
line WEHI-3.Cancer Resl986;46: 6316—6321.

38



24 Jensen SS, Madsen MW, Lukas J et al. Inhibitofgces of 1alpha,25-dihydroxyvitamin D(3)
on the G(1)-S phase-controlling machinévipl Endocrinol.2001;15: 1370-1380.

“Welsh J. Induction of apoptosis in breast cancéls ¢e response to vitamin D and anti-
estrogensBiochem Cell Biol1994;72: 537-545.

%6 Welsh J, VanWeelden K, Flanagan L et al. The aflevitamin D3 and antiestrogens in
modulating apoptosis of breast cancer cells anatsi8ubcellular Biocheml998;30: 245-270.

2" Majewski S, Skopinska M, Marczak M et al. Vitanid3 is a potent inhibitor of tumor cell-
induced angiogenesid. Invest Dermatol Symp¥296;1: 97-101.

28 Ougolkov AV, Billadeau DD. Targeting GSK-3: a prising approach for cancer therapy?
Future Oncol.2006;2: 91-100.

29 Ordonez-Moran P, Larriba MJ, Palmer HG et al. RIRACK and p38MAPK-MSK1 mediate
vitamin D effects on gene expression, phenotypeé Vant pathway in colon cancer cell3. Cell
Biol. 2008;183: 697—710.

30 pendas-Franco N, Aguilera O, Pereira F et al.iviitaD. Wnt/beta-catenin pathway in colon
cancer: role and regulation of DICKKOPF gensticancer Re2008;28: 2613—-2623.

¥Garland C, Grant W, Mohr S et al. What is the desponse relationship between vitamin D
and cancer riskRutr Rev2007;65: S91-95.

32 Brawn PN, Johnson EH, Kuhl DL et al. Stage at gmestion and survival of white and black
patients with prostate carcinon@@ancer1993;71: 2569-2573.

3 Cook LS, Goldoft M, Schwartz SM, et al. Incidenmeadenocarcinoma of the prostate in
Asian immigrants to the United States and theicdedants] Urology1999;161: 152-155.

% Hanchette CL, Schwartz GG. Geographic patternastate cancer mortality: Evidence for a
protective effect of ultraviolet radiatio@ancer1992;70: 2861-2869

% MacLaughlin J, Holick MF. Aging decreases the cétyaof human skin to produce vitamin
D3.J Clin Invest1985;76: 1536—1538.

3% Clemens TL, Adams JS, Henderson SL, et al. Inegkagin pigment reduces the capacity of
skin to synthesize vitamin D3he Lancefl982;1: 74-76.

39



37 Blutt SE, Allegretto EA, Pike JW et al. 1,25-dimgstyvitamin D3 and Sis-retinoic acid act
synergistically to inhibit the growth of LNCaP ptate cells and cause accumulation of cells in
G1.Endocrinologyl997;138: 1491-1497.

% Lundberg AS, Weinberg RA. Control of the cell @eind apoptosi€ur J Cancerl999;35:
1886-1894.

%9Zhuang SH, Burnstein KL. Antiproliferative effecf & alpha,25-dihydroxyvitamin D3 in
human prostate cancer cell line LNCaP involves c&dn of cyclin-dependent kinase 2 activity
and persistent G1 accumulati@ndocrinology1998;139: 1197-1207.

0 Simboli-Campbell M, Narvaez CJ, Tenniswood M et1aP5-dihydroxyvitamin D3 induces
morphological and biochemical markers of apoptasiMMCF-7 breast cancer cells] Steroid
Biochem1996;58: 367-376.

“IFife RS, Sledge GW Jr, Proctor C. Effects of vitarBi3 on proliferation of cancer cells in
vitro. Cancer Letterd4997;120: 65—-69.

*2 Hsieh T, Wu JM. Induction of apoptosis and altenedlear/cytoplasmic distribution of the
androgen receptor and prostate-specific antigeh ddpha,25-dihydroxyvitamin D3 in androgen-
responsive LNCaP cellBiochemBiophResC0.1997;235: 539-544.

“Mantell DJ, Owens PE, Bundred NJ et al. 1 alpha,@Bydroxyvitamin D3 inhibits
angiogenesis in vitro and in viv@irc Res2000;87: 214-220.

* Schwartz GG, Wang MH, Zang M, Singh RK et al, phal25- dihydroxyvitamin D
(calcitriol) inhibits the invasiveness of human giade cancer cell€Cancer Epidem Biomar.

1997;6:727-732.

4> Getzenberg RH, Light BW, Lapco PE et al. VitamirinBibition of prostate adenocarcinoma
growth and metastasis in the Dunning rat prostatéeinsystemUrology 1997;50: 999-1006.

¢ Sung V, Feldman D. 1,25-dihydroxyvitamin D3 dese=sahuman prostate cancer cell adhesion
and migrationMol Cell Endocrinol.2000;164: 133-143.

" Gross C, Stamey T, Hancock S et al. Treatmentdj eecurrent prostate cancer with 1,25-
dihydroxyvitamin D3 (calcitriol),] Urology1998;159: 2035-2040.

40



*®Qazi R, Khandekar J. Phase Il study of cisplatimfietastatic prostatic carcinoma. An Eastern
Cooperative Oncology Group studym J Clin Oncoll983;6: 203—205.

“*Trump DL, Marsh JC, Kvols LK et al. A phase |l triaf carboplatin (NSC 241240) in
advanced prostate cancer, refractory to hormoreagly. An Eastern Cooperative Oncology
Group pilot studylnvest New Drud 990;8: S91-S94.

0 Moffatt KA, Johannes WU, Miller GJ. 1 alpha,25-gihoxyvitamin D3 and platinum drugs
act synergistically to inhibit the growth of prostacancer cell linesClin Cancer Red999;5:
695-703.

Ly LH, Zhao XY, Holloway L et al. Liarozole acts rsrgistically with 1 alpha,25-
dihydroxyvitamin D3 to inhibit growth of DU145 humarostate cancer cells by blocking 24-
hydroxylase activityEndocrinologyl1999;140: 2071-2076.

>Trump DL, Chadha MK, Sunga AY et al. Vitamin D aédincy and insufficiency among
patients with prostate cancer. Department of MedicRoswell Park Cancer Institute, Buffalo,
NY, USA. Brit J Urol Intl. 2009104: 909-14.

%3 Choo C.S, Mamedov A, Chung M et al. Vitamin D fffisiency is common in patients with
nonmetastatic prostate candgutr Res 2011;31: 21-6.

>*Tangpricha V, Natalia A, Colon BA et al. PrevalerafeVitamin D Deficiency in Patients
Attending an Outpatient Cancer Care Clinic in BasEndocr Pract.2004;10: 292—-293.

> Barnett CM, Nielson CM, Shannon J et al. SeruraOR5 vitamin D levels and risk of
developing prostate cancer in older mBivision of Hematology and Medical Oncology and the
Knight Cancer Institute, Oregon Health & Sciencevénsity2010;21: 1297-303.

*® Giovannucci E, Liu Y, Rimm EB et al. Prospectitady of predictors of vitamin D status and
cancer incidence and mortality in mgdn\atl Cancer Ins2006;98: 451 — 9.

" Pentti Tuohimaa, Leena Tenkanen, Merja Ahonenl.eBath high and low levels of blood

vitamin D are associated with a higher prostateeanisk: A longitudinal nested case-control
study in the Nordic countrie§ Cancer2004;108: 104-108

41



*8 Yin L, Raum E, Haug U et al. Meta-analysis of lindinal studies: Serum vitamin D and
prostate cancer risk. German Cancer Research Cetgtielelberg, Germanyzancer Epidemiol.
2009;33: 435-45.

> Tretli S, Hernes E, Berg JP et al. Associationween serum 25(OH)D and death from
prostate cancer. The Cancer Registry of Norwayitirie of Population-based Cancer Research,

Oslo, Norway.Brit J Cancer 2009;10;100: 450-4.

® Li H, Stampfer MJ, Hollis JB, et al. A prospectisaudy of plasma vitamin D metabolites,
vitamin D receptor polymorphisms, and prostate eanublic Library of Science:Medicine
2007;4 e103.

®!Corder EH, Guess HA, Hulka BS et al. Vitamin D gdstate cancer: a prediagnostic study
with stored sereCancer Epidem Biomafl993;2: 467-472.

®2Braun MM, Helzlsouer KJ, Hollis BW et al. Prosta@ncer and prediagnostic levels of serum
vitamin D metabolites (Maryland, United State&Sancer Causes Contrdl995;6:235-239.

®3Gann PH, Ma J, Hennekens CH, Hollis BW et al, 19®i6culating vitamin D metabolites in
relation to subsequent development of prostateera@@ncer Epidem Biomarl996;5: 121—
126.

®Gilbert R Metcalfe G Fraser W.D et al. Associations of circulating B&Hoxyvitamin D
with prostate cancer diagnosis, stage and gtatlel Cancer2012;131 : 1187-1196

%5 Chadha M.K, Tian L, Mashtare T et al. Effect ofleogen deprivation therapy on 25 -
hydroxyvitamin D level in patients with prostatencar.Genitourinary cancer symposium —
general poster session C; Prostate Can@®09 Abstract No. 156.

® Sunga A.Y, Trump D, Johnson L et al. Chemotheiapiypked to severe vitamin D deficiency
in patients with colorectal cancdr.Clin Oncol.2010;31: 7255

®7 Lappe JM, Travers-Gustafson D, Davies KM et ataliin D and calcium supplementation
reduces cancer risk: results of a randomized #iad J Clin Nutr.2007;85: 1586-91

®8Garland C.F, Gorham E.D, Sharif B et al. Vitamin fBr Cancer Prevention: Global
PerspectiveAnn Epidemiol2009;19: 468—483.

*Wasike and Magohdescriptive case series of patients presenting eatiter of the prostate
and their management at Kenyatta National Hosp\airobi, E Afr. Med J Sup@007; 84(9)

42



"Ersfeld D.L, Rao D.S, Body J.J et al. Analyticada®linical validation of 25-OH vitamin D
assay for the LIAISON automated analyZ&lin Biochem2004;37: 867-74.

! Kiovula M.K, Turpeinen U, Laitinen P et al. Comjsan of Automated 25-OH Vitamin D
Immunoassays with Liquid Chromatography Isotopaifih Tandem Mass SpectrometGijn
Lab.201258 : 1241-1251

2 Wagner D, Hanwell H.E, Veith R. An evaluation eftemated methods for measurement of
serum 25-hydroxyvitamin BOZlin Biochem2009;42: 1549-1556.

Halim E.A, Humar. A, Tarek. A et al. Prognostic rficance of PSA, Gleason Score, Bone
Metastases in Patients with Metastatic Prostatec€&annder Paliative ADTJ Egypt Natl

Cancer Inst2009:21: 229 — 236

"Holick M. Vitamin D. Photobiology, metabolism, mestism of action and clinical application.
4th ed. Philadelphia, Lippincott: Williams and Wilk 1999.

> Chapuy MC, Preziosi P, Maamer M et al. Prevalerfceitamin D insufficiency in an adult
normal populationOsteoporosis InL997;7: 439-43.

Dawson-Hughes B, Dallal GE, Krall EA et al. Effest vitamin D supplementation on
wintertime and overall bone loss in healthy postopausal womenAnn Int Med.1991;115:

505-12.

" Guillemant J, Taupin P, Le HT et al. Vitamin D s&turing puberty in French healthy male
adolescent®Osteoporosis Int1999;10: 222-5.

8 Holick MF. High prevalence of vitamin D inadequaayd implications for healttMayo Clin
Proc.2006;81: 353-73.

"9 Hanley DA, Davison KS. Vitamin D insufficiency Morth America.J Nutr.2005;135: 332-7.

8 Jacobs ET, Alberts DS, Foote JA et al. VitaminnBuifficiency in southern Arizona&m J
Clin Nutr. 2008;87: 608-13.

81 Levis S, Gomez A, Jimenez C et al. Vitamin D deficy and seasonal variation in an adult
South Florida populatiord, Clin Endocrinol Metab2005;90: 1557-62.

43



82 Gupta D, Trukova P, Vashi G et al. Associationsefum 25-hydroxy vitamin D and body
mass index in cancet, Clin Oncol.2009;27: 15s (supplement; abstract 6625)

8 Wortsman J, Matsouka LY, Chen TC et al. Decredsiedvailability of of vitamin D in
obesity,Am J Clin Nutr2000;72: 690-693

84 Compston J.E, Vedi S, Ledger J.E, et al. Vitamist&lus and bone histomorphometry in gross
obesity.Am J Clin Nutr1981;34:2359-63

% Nesby-O'Dell S, Scanlon KS, Cogswell ME et al. Hyipaminosis D prevalence and
determinants among African American and white wornémeproductive age: third National

Health and Nutrition Examination Survey, 1988—-19%h J Clin Nutr2002;76: 187-192.

% Looker AC. Body fat and vitamin D status in blackrsus white womenl Clin Endocrinol
Metab.2005;90: 635-640.

8 Epstein S, Bell NH, Shary J et al. Evidence thatsitly does not influence the vitamin D-
endocrine system in blacksBone Miner Re$986;1: 181-184.

44



