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Abstract

The role of vitamin D in calcium homeostasis and its impact on bone is well characterized and validated; however,
the role vitamin D plays in non-bone physiology is less concrete. The Vitamin D Receptor (VDR) is expressed
throughout the body and regulates many cellular processes. This discovery has led to vigorous research of vitamin D
and the role it plays in many illnesses, especially those of high prevalence in the United States. Vitamin D deficiency
has been implicated in numerous health conditions and thus is an intriguing target for therapeutic intervention. Studies
examining the therapeutic effects of vitamin D in chronic disease and disease prevention have yielded conflicting
results. Additionally, many publications on vitamin D result from studies in which vitamin D was not the primary
focus. Given the increasing interest in the non-bone effects of vitamin D, we will review and summarize the recent
literature related to older adults, a group with significantly increased risk of vitamin D deficiency. Older adults have
substantial morbidity and mortality due to dementia, cancer and heart disease, all of which have been linked to vitamin
D deficiency. We will explore current evidence of the expression of VDR and the effects of exposure to vitamin D that
might impact these illnesses among older adults. We will review the most recent research on cognitive function and
depression as a result of vitamin D deficiency. Through this work we aim to summarize the current data that sheds light
on the possibility of clinical application of vitamin D therapy.

Keywords: Vitamin D; Heart disease; Cancer often contain between 100 and 200 IU per serving while vitamin D that
is generated from sunlight is estimated to be 3,000 to 5,000 units/day
Introduction [4]. Vitamin D3 (cholecalciferol), from an animal source and vitamin

D2 (ergocalciferol) from yeast and plants, can be administered orally
and are subsequently converted to active vitamin D metabolites. Older
adults, individuals with darker skin and those with extreme obesity
(BMI>40 kg/m?) are at increased risk for vitamin D deficiency.

The purpose of this review it to summarize the evidence supporting
therole of vitamin D in cognitive and physical health. We will summarize
hormonal characteristics and describe the biological and physiological
actions of vitamin D, the effects of vitamin D deficiency on cognitive
and physical functions as well as depressive symptomatology. Finally, Biological and physiological action
we will discuss the current state of evidence of the role of vitamin D
deficiency in cardiovascular disease, cancer, and diabetes. Table 1 The biologic actions of vitamin D may be considered as the classical
summarizes important information from each of the clinical studies and non-classical vitamin D responsive tissues. The classical tissues

reviewed, including a list of primary outcomes of interest. include the kidney, bone, parathyroid gland and intestine, which
interact to maintain extracellular calcium homeostasis [2]. The non-

Vitamin D classical tissues include immune, adipose, reproductive, endocrine,
brain, liver, muscle, and skin [5-7]. The importance of vitamin D

Hormone in bone mineralization and formation is well known and vitamin D

Vitamin D is an essential sterol hormone which undergoes deficiency alone can result in rickets, osteomalacia, and osteoporosis.
bioactivation in a tightly regulated process. In response to sunlight ~ In the small bowel, vitamin D improves absorption of calcium and
exposure, 7-dehydrocholesterol is converted to previtamin D3 in phosphorus. Initially, calcium uptake is highly dependent on vitamin
the skin by photolytic conversion which is then followed by thermal ~ D [4]. Additionally, vitamin D is a potent modulator of parathyroid
isomerization to form vitamin D3 [1]. Vitamin D3 is released into function. Vitamin D deficiency results in hyperparathyroidism and

the blood where it is hydroxylated at carbon 25 primarily in the liver, convers.ely, vitamin D administ.ration inhibits PTH synthesis [8]. The
although skin, intestine and kidney have been reported to catalyze expression of la-hydroxylase in numerous cell types unrelated to

this hydroxylation [2]. Of note, 25-hydroxyvitamin D (calcidiol) calcium homeostasis including cells of the central nervous system [9],
levels increase in proportion to oral vitamin D intake so plasma suggests an autocrine or paracrine function of vitamin D in these tissues
25-hydroxyvitamin D levels are commonly used as an indicator of [3]. The non-classical vitamin D responsive tissues are unrelated to its
vitamin D status [1]. A second hydroxylation occurs by 1a-hydroxylase, effect on calcium homeostasis. These tissues include neurons, muscle,

primarily in the kidney, to form 1,25-dihydroxyvitamin D (calcitriol), activated T cells, islet cells and aortic endothelial cells (Figure 1).
the biologically active and hormone form of vitamin D (Figure 1). The
presence of la-hydroxylase in the human brain has been confirmed

suggesting a role of vitamin D in the brain [3]. Both Parathyroid *Corresponding author: Consuelo H. Wilkins, Vanderbilt University School of
Hormone (PTH) and serum calcium regulate renal synthesis of  Medicine, Nashville, TN, USA, Tel: 615-963-2820; Fax: 615-320-9457; E-mail:

calcitriol in a feed-back loop to control bone mineral homeostasis. consuelo.h.wilkins@meharry-vanderbilt.org
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people are still at risk for vitamin D deficiency. Foods with vitamin
D include fatty fish such as sardines and salmon, liver, and egg yolks.
Some foods, primarily milk and dry cereal, are fortified with vitamin D.
Interestingly, the amount of vitamin D in fortified milk was determined Copyright: © 2014 Ralls VA, et al. This is an open-access article distributed under

. the terms of the Creative Commons Attribution License, which permits unrestricted
based on the needs of preschool-aged children, not adults, and the

5 ) ) - i ] use, distribution, and reproduction in any medium, provided the original author and
amount is targeted to prevent rickets. Foods fortified with vitamin D source are credited.

Citation: Ralls VA, Boyer AP, Wilkins CH (2014) Vitamin D in Aging and Chronic
lliness. Vitam Miner 3: 125.

Vitam Miner
ISSN: VMS, an open access journal

Volume 3 ¢ Issue 3 + 1000125



Citation: Ralls VA, Boyer AP, Wilkins CH (2014) Vitamin D in Aging and Chronic lliness. Vitam Miner 3: 125.

Page 2 of 8

Reference
Cognitive Function

Sample N

Community-dwelling older women with mild

Measurements

Bone density, PTH,

Results

Bone density: NSD between groups
PTH: levels were higher in dementia group (P<.01)

Bl
Kipen [25] dementia and NC 20 Vitamin D, Vitamin D,: levels were lower in the dementia group
(P<.01)
sOgihara [26] 3 groups of hospitalized women; NC, DAT, 60 Ca levels, PTH, Vitamin | DAT group showed a significant decrease in Ca (P<.01)
9 VaD D, and increase in PTH (P<.05) compared to NC
Nursing home dwelling women with DAT T BMD, vitamin D, levels were lower in DAT (P<.0001); PTH
B! 3
Sato [27] and NC controls from the community 46 BMD, Vitamin D, PTH was lower in DAT (P=.001)
Cognitive test of working
. - memory, information SHPT group had poorer performance on Digit Span
BJorde [28] Adults, with secondary hyperparathyroidism 84 processing, memory, Forward (P<.01): Stroop Test (P<.05), Word Association
(SHPT) and healthy controls ) .
language, executive Test (P<.01) relative to controls
function
African American and European American Vitamin D.. General Lower vitamin D, levels were associated with poorer
BWilkins [15] older adults with NC or mild cognitive 60 e 3 T cognitive performance (P<.01); African Americans had
. . cognitive function L
impairment lower vitamin D, levels (P<.0001)
Depression
8 ) Chart review of clinic records of older adult Vitamin D,, General Vitamin D, levels were positively correlated with MMSE
Przybelski[31] - 80 o3 A 3 .
patients referred for memory loss cognitive function performance (P=.006)
Vitamin D. General Vitamin D, deficiency was not predictive of AD (P=.33);
BWilkins [16] Participants with NC or mild AD 80 coanitive fal'mction was associated with poorer SBT performance (P=.04);
9 higher CDR Sum of Boxes (P=.02)
s Adults with SAD and age-and-sex matched Vitamin D, levels with and NSD in vitamin D, between groups or between light
Oren [34] 30 . -3 - 3
controls without light therapy conditions (P>.05)
sLapid [36] Primary care patients, older adults 1,618 V]tamln .Da'depressmn L.ower vitamin pa Ievel_s were associated with increased
diagnosis risk for depression (P=.01)
Adult schizophrenia patients, alcohol T . N . . .
sSchneider [37] addiction patients, patients with major 34 Vitamin D, PTH, Calcium, Vitamin D, levels were lower in psychiatric patients than
. Phosphate NC( P<.01)
depression, and NC
Lower vitamin D3 levels were associated with depression
CHoogendijk [39] Community-dwelling older adults 1,282 Vitamin D,, PTH, CES-D | severity (P<.001), PTH levels were positively associated
with depression (P=.003)
Vitamin D, group improved on all depression outcomes
AGloth [42] Adults with SAD who received Vitamin D, 15 Depression, Vitamin D, (P<.05), vitamin D, levels improved in both groups 74%
(1000 IU) supplementation or phototherapy levels vitamin D group, p<0.005 and 36% phototherapy group,
P<0.01
Healthy adults received Vitamin D3 N " N "
oLansdowne [43] supplementation (400 1U/d, 800 1U/d, a4 Vitamin Dsllevels, Positive Vltamln D groups expressed enhanced positive affect
and Negative Affect relative to controls (P<.001)
placebo)
Physical Function
BPeterson [44] Community-dwelling older adults 159 Falls, Motor function, Fallers had lower vitamin D, levels (P<.01), NSD in motor
function (P>.05)
The number of falls decreased in the VP patients
Parkinson’s disease (PD) patients and Fall. muscle strenath. and (P<.0001), hip fractures caused by falls occurred in seven
CSato [46] patients with vascular Parkinsonism (VP) 178 o  strength, cases in the PD group, and in one case in the VP group,
) . hip fracture incidence . ) .
who received ergocalciferol (1200 IU) increase in muscle strength occurred in both groups
(P<.001)
Timed up and Go Test
o Older adults at increased risk for falls who (TUG), Tandem Stand Increased musqle power (TUG, CRT)and balance (TST),
Dukas [47] . ) 237 o and a decrease in falls (all P-values<.0001) was observed
received alfacalidol (1pg) Test,(TST) Chair Rising after supplementation
Test (CRT), Falls PP
c Older adults with reduced bone mass who TUG, TST, CRT, fear Improvement in all muscle tests was observed (P<.0001)
Schacht [48] . ) 2,097 .
received alfacalidol (1pg) of falls after supplementation
Community-dwelling older women who } o _
ASanders [49] received cholecalciferol (500,000 1U/ 2256 FaIIs_ anq fracturesl Tr?)atment group experlenced 15% more falls (P=.03) and
(radiologically confirmed) 26% more fractures (P=.04) than the placebo group
yearly) or placebo
Vitamin D, levels were inversely correlated with PD
Balance function, Unified |severity (P=.04), positively correlated with automatic
BPeterson [51] Parkinson’s disease patients 40 Parkinson’s Disease posture responses to backwards translation (P<.05),
Rating Scale (UPDRS) specifically with response strength and stance
weight (P<.05)
Community-dwelling older adults and
participants with mild-to-moderate cognitive Disability assessment
AStein [52] impairment (MMSE score 12-24), all 95 in dementia (DAD) NSD in disability after high dose(6000 IU) (P>.05)
received vitamin D, supplementation (1000 uestionnaire
1U/d/8 wk), then randomized to 6000 1U/d/8 a
wk (high dose group) or placebo),
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Cardiovascular Disease

BMelamed [56]

AForman [57]

ALarsen [58]

Audd [59]

BSnijder [60]

BJorde [61]

¢Jorde [62]

AJorde [63]

AWood [64]

BCorreia [65]

Cancer Therapeutic

AWagner [70]

Diabetes Control

ANikooyeah [73]

Avon Hurst [75]

AAljabri [76]

®Deleskog [77]

AJorde [80]

Adults = 20 years old 13,331

African American adults aged 30-80 years
who were randomized in to a 4-arm trial
(placebo, 1000 1U, 2000 IU, 4000 1U/d) of
cholecalciferol

283

Adults with hypertension who were
randomized to receive cholecalciferol (3000
U/placebo)

112

African Americans = 30 years old with 25 >
vitamin D levels < 75 were randomized to
receive (placebo, calcitriol, or 200,000 U
cholecalciferol)

Community-dwelling older adults 1,205

Adults aged 25-69 years old 27,159

Adults aged = 25 years old 4,125
Overweight and obese adults aged 21-70
years who were randomized for vitamin D
supplementation (40000 IU/wk, 20000/wk,
placebo)

438

Postmenopausal women aged 60-70
years were randomized for vitamin D
supplementation (400 1U/d, 1000 IU/d,
placebo)

305

Patients with unstable angina in coronary

. 206
care units

Patients with prostate cancer (Gleason
score of 6 or 7) were randomized for
vitamin D (400 1U/d, 10,000 IU/d, 40000
1U/d)

66

Participants with T2D aged 30-60 years

were randomized to consume plain yogurt,

vitamin D-fortified yogurt (500 1U, 150 90
mg CA), or vitamin D (500 IU) + calcium-

fortified yogurt (250 mg)/ 2xd/12 wks

South Asian women aged 23-68 years, with
insulin resistance and vitamin D deficiency
were randomized to receive 4000 IU/d or
placebo for 6 months

Participants = 12 years old with T1D and
vitamin D deficiency were randomized to 80
receive 4000 IU/d or placebo for 12 weeks
Adults aged 33-56 years without T2D

81

followed for 8-10years 2,378
Adults aged 21-75 years, with T2D
treated with insulin and metformin were 36

randomized to receive supplementation
(40000 IU/wk or placebo) for 6 months

Vitamin D, incidence of
cancer, cardiovascular
disease, all-cause
mortality

Blood pressure

Blood pressure (24-hour,
central), heart rate, pulse
wave velocity, central
augmentation,

Blood pressure

Blood pressure, vitamin
D, PTH

Calcium intake, blood
pressure

Blood pressure, vitamin
D, levels

Cardiovascular risk
factors (lipids, blood
pressure, glucose
metabolism )
Cardiovascular disease
risk (lipids, insulin
resistance, markers

of inflammation, blood
pressure)

Cardiovascular death
during hospitalization

Serum vitamin D, and
prostate tissue levels of
vitamin D metabolites,
proliferation marker Ki67
(MIB-1)

Glycemic status

Insulin resistance (IR)

Glycosylated hemoglobin

Incidence of prediabetes,
T2D

Glycemic control

Lowest quartile of vitamin D, was associated with a 26%
increased rate of all-cause mortality (1.26, 95% CI 1.08-
1.46)

1-ng/mL increase in plasma vitamin D, levels were
associated 0.2 mmHg reduction in systolic blood pressure
(P=0.02)

Cholecalciferol was associated with a decrease in central
systolic blood pressure (P=.007) relative to controls

Calcitriol group experienced a 9% decrease in systolic
blood pressure compared to placebo (p<0.001).

Vitamin D, levels were not associated with blood pressure
(P>.05), PTH was positively associated with blood
pressure (P<.05)

A negative association between calcium intake and
diastolic blood pressure (P<.05)

Vitamin D, levels were negatively associated with systolic
blood pressure (P<.001), but did not predict future
hypertension (P>.05)

After 1 year, NSD were found between the 3 groups for
measures of glucose metabolism or lipids (P>.05), In the
20000 U group there was a slight increase in systolic
blood pressure compared to placebo (P<.05)

After 1 year, daily supplementation with vitamin D, had no
effect on cardiovascular disease risk (P>.05)

Severe vitamin D, deficiency was an independent
predictor of in-hospital cardiovascular mortality (OR: 14,
95% ClI: 1.2 to 158, (P=.03)

Dose dependent increase in prostate tissue and serum
levels of vitamin D metabolites (P<.03), NSD in Ki67 levels
between groups (P>.05)

Daily intake of vitamin D-fortified yogurt with or without
added calcium, improved glycemic status
in T2D participants (P<.0001)

Improvements were seen in insulin sensitivity (P=.003)
and IR (P=.02) and fasting insulin decreased (P=.02) with
supplementation compared with placebo.

Vitamin D, supplementation was associated with improved
glycemic control (P=.04)

High vitamin D, levels predicted a reduced risk of T2D in
individuals with prediabetes (OR 0.38, Cl0.21, 0.71)

NSD from baseline values, NSD in change in glycemic
control (P>.05)

Table 1: Study Design: A=randomized controlled trial (RCT); B=cross-sectional; C=Longitudinal; D=Randomized trial; DAT=Dementia Alzheimer’s type; VaD=vascular
dementia; NSD=no significant difference; NC=normal cognition; Ca=calcium; BMD=bone mineral density; PTH=parathyroid hormone; MMSE=Mini-mental State
Examination; SBT=Short Blessed Test; CDR=Clinical Dementia Rating; SAD=Seasonal Affective Disorder; CES-D=Center for Epidemiologic Studies-Depression Scale;
IU=International Units; T2D=type 2 diabetes; T1D= type 1 diabetes.

New mechanisms of vitamin D action have emerged and suggest
effects on cell cycle and apoptotic processes which are critical events
in the life cycle of a cell, but when deregulated can contribute to the
pathology of disease development. Through a series of studies, VDR
was found to suppress the oncogene c-myc while simultaneously
inducing c-fos, two genes intricately involved in carcinogenesis [10].

Further validation is required to determine the exact mechanism of
action in other model systems. Altered RNA expression of Bcl-2 genes
has also been attributed to VDR activation by calcitriol in leukemia
cells [11].

Vitamin D supplementation has been used to manage chronic
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Figure 1: Vitamin D Metabolism and Actions. Vitamin D is metabolized in multiple steps and is expressed in many tissues. The classical actions of vitamin D, bone
health and thyroid regulation most often occur in specific tissues. Other non-classical functions of vitamin D include cell proliferation, effects on inflammatory proteins

conditions and diseases in older adults. Although dosing remains
controversial, there are benefits to using vitamin D to manage diseases
and conditions common in older adults. Vitamin D has been shown
to regulate calcium-phosphate homeostasis and stimulate bone growth
through binding to VDR, which is expressed on osteoblasts and
osteoclasts. This regulation makes the hormone a valuable supplement
in older adults, a group more at risk for falls and fractures. Vitamin
D deficiency has also been implicated in chronic inflammation known
to co-exist with the aging process. Vitamin D has demonstrated anti-
inflammatory effects through inhibition of the activation of pro-
inflammatory transcription factor NFkp and interleukin-6 (IL-6) [12].

Effects of Vitamin D Deficiency

Cognitive function

Vitamin D plays an important role in brain function in vitro [13]
and in vivo models [14]; recent evidence extends these findings to
cognitive function in humans [15-17]. Vitamin D nuclear binding has
been shown in the hippocampus [18], amygdala, and basal forebrain
[19,20] which are important areas in memory processing. Additionally,
vitamin D dependent proteins are reduced in the hippocampal cells of
humans with Alzheimer’s disease (AD) [21] and transgenic mice with
reduced vitamin D dependent proteins have impaired spatial learning
[22]. Treatment with vitamin D stimulates choline acetyl-transferase in

vitamin D-deficient rats [23] suggesting that vitamin D is important in
the cholinergic systems associated with memory [24].

Observational studies report that levels of 25-hydroxyvitamin
D are lower in participants with AD than non-demented controls
[25-27]. The first paper to report an association between vitamin D
deficiency and secondary hyperparathyroidism and impairment in
neuropsychological function [28] in non-demented participants was
published in 2006. This study found that participants with vitamin D
deficiency and secondary hyperparathyroidism (without chronic renal
disease) have significantly impaired performance in 3 of 14 cognitive
tests including the Digit Span Forward, Stroop Test Part 1 and 2 and
Word Association Test as well as significantly higher depression scores
on the Beck Depression Inventory (BDI).

It is well established that persons with darker pigment, women
and older adults are at greater risk of developing vitamin D deficiency.
Further, African American women with vitamin D deficiency have
worse outcomes than European women when performing cognitive
assessments [15]. Secondary analysis of prospective research studies
further confirms that poorer cognition is more strongly associated
with vitamin D deficiency [29,30]. While these studies clearly support
a relationship between cognition and vitamin D deficiency, the
mechanism has not been fully elucidated.

Subsequently, other investigators have demonstrated that vitamin
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D levels are associated with cognitive function in non-demented
[16,31,32] and mildly demented [16] older adults. A recent finding in
a cohort of community-dwelling older women further substantiates
this relationship of vitamin D deficiency and cognition [33]. These
findings suggest that a strong association exists between cognitive
impairment and vitamin D status; therefore, supporting the hypothesis
that vitamin D therapy may prevent or delay Age-Related Cognitive
Decline (ARCD).

Depression

For years the association between vitamin D and mood disorders
has been debated. Early studies found no association with depression
and 1,25-dihydroxyvitamin D [34] but with the discovery of vitamin
D receptors in the brain, researchers began to reconsider its role in
mood disorders [35]. There have been several studies that support
the notion that decreased levels of 25-hydroxyvitamin D levels are
correlated with depression published in recent years. A recent study
that enrolled a range of low to severely vitamin d deficient participants
found the more severe the deficiency the greater the likelihood of
depression (OR=2.45, 95% CI=1.24-4.64, p=0.006) [36]. One specific
study found a correlation between 25-hydroxyvitamin D and Seasonal
Affective Disorder (SAD) and depression [37,38]. Patients with a serum
25-hydroxyvitamin D concentration below 16 ng/ml at a reference point
also had increased Beck Depression Inventory (BDI) scores compared
to patients with higher serum levels [35]. Numerous populations have
been assessed for their depressive symptoms associated with decreased
25-hydroxyvitamin D. Older adults with reasonable health showed
an association between decreased 25-hydroxyvitamin D levels and
depression according to the BDI [39]. Cardiovascular patients with
no history of depression developed symptoms of depression in the
presence of low 25-hydroxyvitamin D concentrations ranging from 15-
30 ng/mL [35]. Depression status and severity was also associated with
decreased vitamin D and increased PTH in a large population based
study [40].

Since SAD has been associated with winter months and sunlight
deprivation [41], vitamin D deficiency has been considered a possible
contributor to SAD. Additionally, vitamin D was found to be superior
to phototherapy in SAD [42] and in a placebo-controlled trial vitamin
D enhanced positive affect [43].

Physical function

Theriskoffallingandinjuryintheaging populationisafearexpressed
in many older adults. Research focused on vitamin D deficiency and
falls in the elderly have demonstrated significant (p<0.01) associations
[44]. An improvement in fall risk was demonstrated in institutionalized
women following a stroke with vitamin D supplementation who had
low serum concentrations at baseline [45]. Another study showed
significant reduction in fall risk in patients with vascular Parkinsonism
[46]. It has further been demonstrated that treatment with alfacalcidol
can increase muscle balance and power resulting in decreased risk
of falls [47]. An additional study supported this claim [48]. On the
contrary there have been studies that have shown no benefit in vitamin
D supplementation and reduced fall risk [49].

Movement, stability, and falls go hand in hand. Osteoporotic
fractures have a significant effect on movement, especially in the elderly
population. Treatment of these fractures lies largely in prevention
including screening and appropriate intake of vitamin D and calcium
[50]. The use of vitamin D in movement disorders has also been
implicated. Automatic postural control was shown to be correlated
with vitamin D concentrations [51]. The association of Parkinson’s

disease severity with vitamin D concentrations was demonstrated in
the same study. Evidence is lacking to support the use of vitamin D in
treatment of Alzheimer’s disease [52,53], but one recent study showed
vitamin D intake to be associated with decreased risk of developing the
disease in older women [54].

The overwhelming majority of recent data supports the use of
vitamin D as treatment for certain movement disorders and to reduce
fall risk. Vitamin D is already used in prevention of osteoporotic
fractures and at least one phase III trial tested the use of vitamin D
in prevention of falls [55]. The clinical application of vitamin D in
conditions affecting movement is rapidly increasing and has the
potential to have some major effects on the quality of life of patients
living with these conditions.

Vitamin D and Disease

Cardiovascular illness

The role of vitamin D in Cardiovascular Disease (CVD) is debated
among researchers. Vitamin D deficiency is associated with increased
risk of mortality according to the National Health and Nutrition
Examination Survey III (NHANES III) [35]. Vitamin D deficiency has
also been linked to hypertension, diabetes, and insulin resistance, which
are known risk factors for CVD. Groups at greater risk of becoming
vitamin D deficient include older adults, women, African Americans,
diabetics, current smokers, and high Body Mass Indices (BMI) [56].
One in three deaths were attributed to cardiovascular disease in 2009;
however, the role that vitamin D deficiency plays in these deaths
cannot be inferred. The association of cardiovascular mortality with
25-hydroxyvitamin D concentration may not be a causal relationship,
but simply a reflection of the underlying health of the individuals of
this group [35].

There is still more to understand about the relationship between
25-ydroxyvitamin D serum concentrations and blood pressure;
although, it is known that vitamin D plays a role in the control of
the Renin-Angiotensin-Aldosterone System (RAAS) and indirectly
regulates intracellular calcium levels, which mutually work on
smooth muscle vascular tone [35]. Two recent randomized, double-
blind, placebo-controlled trials demonstrated that cholecalciferol
administered during the winter months was able to significantly
reduce systolic blood pressure [57,58]. No significant change was
noted in diastolic blood pressure. Another recent trial demonstrated
that vitamin D produced a short-term decrease in blood pressure [59].
Comparatively, a cross-sectional study and a longitudinal, population-
based multipurpose study showed no correlation between vitamin D
levels and blood pressure [60-62]. Another cross-sectional study did
not support a correlation with vitamin D levels and blood pressure [63].

Although vitamin D therapy may improve muscle function and
reduce cardiac remodeling [35], there is still much to learn regarding
its ability to improve health outcomes for patients suffering from
heart failure. One randomized control trial demonstrated improved
B-type naturetic peptide after a 10 week treatment regimen of 10,000
IU ergocalciferol compared to placebo [35]. An observational study
demonstrated that vitamin D3 supplementation over one year did not
significantly change markers of cardiovascular disease, including: total
HDL and LDL cholesterol, triglycerides, APO A-1, insulin resistance
or inflammatory markers [64]. Another trial supported the correlation
between severe vitamin D deficiency and cardiovascular mortality in
hospitalized patients [65].

The most recent data seems to support the use of vitamin D
treatment in hypertensive patients. While different analogs of vitamin D
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have been clinically tested, the efficacies have not been fully determined.
The future for use of vitamin D as treatment for cardiovascular illness is
promising, but more trials are necessary to solidify its clinical purpose.
More confirmatory data is necessary in order to discern the role that
vitamin D can play in patients with heart disease.

Cancer therapeutic

The hormonally active form of vitamin D, calcitriol, demonstrates
anti-proliferative effects in vitro by promoting differentiation in a
variety of cancer cell types including prostate, breast, colon, skin, and
hematological cells [66-68]; however, there remains much debate on
the efficacy of vitamin D on reducing cancer risk and use as a cancer
treatment [69]. In addition to the tissues previously mention, VDR is
expressed in pancreatic islet cells, skin keratinocytes, mammary glands
and other reproductive tissues.

Ubiquitous expression of VDR in multiple human tissues implicated
in cancer development has made vitamin D a therapeutic target of
interest. Clinical trials assessing the effectiveness of vitamin D have
been conflicting. It has been suggested, one reason for the conflict may
relate to the stage of disease when vitamin d treatment is initiated [69].
Vitamin D clinical trials involving patients with advanced stage disease
were largely unsuccessful. Conversely, in a recent randomized clinical
trial, vitamin D3 was shown to reduce prostate-specific antigen (PSA)
in two dosing groups (10,000 IU/d, p=0.04 and 40,000 IU/d, p=0.19)
and serum PTH in the highest dosing group (40,000 IU/d, p<0.0001) in
men with localized prostate cancer [70]. One remaining concern is that
the use of high dose vitamin D may result in hypercalcaemia; however,
controlled regulation of the hydroxylases involved in the metabolism of
vitamin D may reduce this risk.

Diabetes control

The effect of vitamin D on glycemic control is still being discovered.
There has been some debate about the role of vitamin D in the onset
and treatment of diabetes [35,71,72], but recent studies are promising
for its use in glycemic control. There have been numerous clinical trials
that have successfully demonstrated its role. One study concluded that
if patients consumed vitamin D-fortified yogurt twice a day for 12
weeks a significant improvement in glucose control was noted [73]. A
meta-analysis found that there was a 55% reduction in risk of diabetes
in patients with high serum 25-dihydroxyvitamin D concentration
[74]. Another study showed a reduction of insulin resistance in south
Asian women upon supplementation with vitamin D [75]. A recent
prospective study also showed improvements in glycemic control with
supplementation of vitamin D in Type 1 diabetic patients [76].

The pathogenesis of diabetes driven by insulin resistance or altered
B-cell function has been linked to vitamin D deficiency in two recent
studies [77,78]. In addition 1,25-dihydroxyvitamin D has been shown
to play a significant role in improving insulin sensitivity in critical
tissues including liver, skeletal muscle, and adipose tissue, along with
enhancing f-cell function [71]. Animal and human models have also
demonstrated a correlation between vitamin D deficiency and Type
1 Diabetes [71,72]. Evidence continues to associate polymorphisms
in the genes of vitamin D binding protein, VDR, and vitamin D
la-hydroxylase with pathogenesis of insulin resistance [71,72].

Despite the overwhelming data to support vitamin D in diabetes,
there have still been studies that show no benefit of vitamin D
supplementation in diabetic patients [79,80]. The benefit of vitamin
D for the treatment of diabetes is becoming clearer, although more
studies are required to determine standard dosing. Additional clinical

trials will reveal a more in depth role for vitamin D in the treatment of
diabetes.

Conclusion

The clinical role of vitamin D for treatment of non-bone diseases
is still being evaluated. The top two causes of death, heart disease and
cancer, are among the conditions for which vitamin D treatment is
being considered. Vitamin D appears to play a significant role in many
conditions associated with aging including cognition, depression,
cancer, diabetes and cardiovascular disease. While the vitamin D data is
more established concerning its association with depression, cognition
and diabetes, conflict still remains in the role vitamin D plays in cancer
and cardiovascular disease. Additional trials are needed to establish
whether vitamin D therapy can treat or prevent these conditions in
older adults. Because the amount and type of vitamin D therapy has
varied substantially among prior clinical trials, future studies should
focus vitamin D therapy on correcting vitamin D deficiency or
maintaining serum vitamin D levels at a specific goal. This will allow
more individualized therapy, which is necessary given the variability in
individual vitamin D levels. If successful, vitamin D treatment could be
an inexpensive therapy to reduce morbidity and mortality and improve
quality of life for older adults.
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