
NEPHROLOGY NURSING JOURNAL January-February 2010 Vol. 37, No. 1 19

The Dual Vitamin D Pathways:
Considerations for Adequate
Supplementation

R
ecently, a substantial increase
in the body of work emanating
from a variety of clinical and
scientific areas has identified

an association between vitamin D
insufficiency and poor clinical out-
comes. These observations have pro-
moted an increased interest among
healthcare providers and research e r s
in the possible benefits of vitamin D
supplementation. New investigations
into the effects of vitamin D and its
metabolites and analogs has generat-
ed some significant changes in the
understanding of the use and metabo-
lism of vitamin D and the extent of its
roles in the endocrine system and
other multiple localized systems
involving specific tissues and organs
( Rostand & Wa r n o ck, 20 08). Vi t a m i n
D, when metabolized to its hormonal
forms, exerts its actions through the
vitamin D receptor (VDR), which is
widely distributed throughout the
b o d y. By binding to the VDR, the
vitamin D hormone initiates a series
of events thought to affect cellular
proliferation and differentiation,
inflammation, the immune system,
and the endocrine system, including
calcium and phosphorus homeostasis,
the renin-angiotensin system, insulin
resistance, and lipid metabolism. 

Supplementation with Vitamin D
3

Or Vitamin D
2

Vitamin D is naturally produced
by ultraviolet irradiation of precursor
sterols in both the skin (vitamin D3 o r

cholecalciferol) and in plants (vitamin
D2 or ergocalciferol). These two forms
of vitamin D have been considered
i n t e r changeable and equivalent until
r e c e n t l y. Both forms are hydroxylated

at carbon 25 in the liver to form 25 -
hydroxyvitamin D3 and 25 hydrox-
yvitamin D2, respectively, which col-
lectively are referred to as
“ 25 ( OH)D.” However, 25 - h y d r o x y v i-
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Vitamin D insufficiency and deficiency have been identified as having a correlation with
poor clinical outcomes in patients with chronic kidney disease (CKD). The availability of
vitamin D for metabolism into 25(OH)D and the ability to further metabolize to 1,25(OH)D
are known to have a significant impact on the endocrine system and the modulation of
iPTH, calcium, and phosphorus imbalances in patients with CKD. Until recently, the focus
of care for these patients has been to support the endocrine need for 1,25(OH)D because the
loss of kidney function eliminates the ability to synthesize calcitriol effectively. However,
recent findings have identified an autocrine role for vitamin D and its metabolism at local
sites as having a potentially profound impact on gene transcription and clinical outcomes
in multiple body systems. The National Kidney Foundation Kidney Disease Outcomes
Quality Improvement guidelines recommend the use of ergocalciferol in the treatment of
vitamin D insufficiency in CKD Stages 3 and 4, and the use of active vitamin D hormone
in the treatment of vitamin D deficiency in patients with CKD Stage 5 who also have 
secondary hyperparathyroidism. Data clearly identify that the insufficiency of 25(OH)D
persists as patients progress through Stage 3 and Stage 4 CKD into Stage 5 CKD. This arti -
cle discusses the treatment of both the deficiency and insufficiency by supplementing both the
endocrine and autocrine pathways with appropriate vitamin D therapies. 

Goal
To provide on overview of the treatment of vitamin D deficiency and insufficien-

cy in patients with CKD with vitamin D supplementation via the endocrine and
autocrine pathways.

Objectives
Upon completion of this continuing nursing education program, the learner will

be able to:
1 . Discuss the physiologic and molecular functions of vitamin D.
2 . Describe the pathogenesis of secondary hyperparathyroidism.
3 . Discuss non-kidney related outcomes that result from lack of adequate therapy.
4 . Understand the rationale for dual therapies in Stage 5 chronic kidney disease.
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tamin D2 is more prone to metabolic
degradation via 24 - h y d r o x y l a t i o n
(see Figure 1) (Armas, Hollis, &
Heaney, 20 04). While active vitamin
D2 or one of its analogs is recom-
mended for treating the endocrine
deficiency in patients with Stage 5
chronic kidney disease (CKD), the lit-
erature clearly points to the current
challenges of achieving Na t i o n a l
Kidney Foundation (NKF) Kidney
Disease Outcomes Quality Im-
provement (KDOQI) target ranges.
Though it is possible to treat vitamin
D insufficiency or deficiency with
either form, vitamin D3 appears to
have an advantage over vitamin D2 a s
a 25 ( OH)D repletion therapy
( Heaney, Barger-Lux, Dowell, Chen,
& Ho l i ck, 1997 ) .

The Prevalence and Treatment of
Sub-Optimal Vitamin D Status 

A number of studies have report-
ed vitamin D status in the general
population by age group as well as in

subgroups of the population with var-
ious diseases (Chatfield, Brand,
Ebling, & Russell, 20 07; Gilbert,
Arum, & Smith, 20 09; Me l a m e d ,
M i chos, Post, & Astor, 20 09; Orwall
et al., 20 09; Yetley, 20 08). Many
study subjects screened as “healthy”
have been found to have sub-optimal
serum total 25 ( OH)D levels less than
80 nmol/L (less than 32 ng/mL), and
many had overt vitamin D insuffi-
ciency with levels of 50 to 65 nmol/L
( 20 to 26 ng/mL) (Heaney, 20 08 ) .
These studies raise the concern that
vitamin D insufficiency and the
resulting vitamin D hormone defi-
ciency may be the most widespread
vitamin deficiency in developed
nations. A recent study concluded
that vitamin D deficiency is a major
public health problem in many parts
of the world requiring urgent attention
( Prentice, Goldberg, & Sch o e n m a k e r s,
20 08 ) .

The National Osteoporosis Fo u n-
dation (20 08) recommends that adults
under the age of 50 need 400 to 80 0

IU/day of vitamin D, and adults aged
50 and older need 800 to 1, 0 0 0
IU/ d a y. The escalating requirement
of vitamin D with age reflects the
declining endogenous synthesis and
possible increased catabolism of vita-
min D as one ages (MacLaughlin &
Ho l i ck, 1985). Quantitative studies
evaluating daily vitamin D require-
ments have suggested that the opti-
mal blood level of 25 ( OH)D is
greater than 80 nmol/L (greater than
32 ng/mL) and that the daily meta-
bolic utilization is about 4,000 IU
( Heaney, Davis, Chen, Ho l i ck, &
Barger-Lux, 20 03). Dietary sources
contribute to only about 5% to 10% of
this total daily requirement because
the vitamin D content of foods is nor-
mally low (Heaney, 20 08). The
remainder must come from cuta-
neous production or previously accu-
mulated stores in adipose tissue.
Without adequate dietary intake and
exposure to sunshine, sub-optimal
serum levels of 25 ( OH)D can readily
occur (Heaney, 20 08 ) .

More research needs to be com-
pleted for medical professionals to
have a complete understanding of
cutaneous vitamin D production and
tissue catabolism and their contribu-
tions to total vitamin D status. Fo r
now, the emphasis needs to be on
improving supplementation and
monitoring vitamin D levels in an
effort to achieve and maintain ade-
quate serum 25 ( OH)D concentra-
tions. Quantitative work completed in
healthy individuals has resulted in
this simple calculation: every 100 IU
of daily oral vitamin D intake results
in an elevation of serum 25 ( OH)D of
approximately 1 ng/mL (Heaney et
al., 20 03). For the patient with a base-
line serum 25 ( OH)D level of 15
ng/mL, the amount of supplemental
vitamin D required would be at least
1, 500 IU/day to bring the serum
25 ( OH)D level up to at least 30
ng/mL (Heaney, 20 08). Individual
responses to standard dosages often
vary considerably, and certain sub-
groups of the population, such as
patients with CKD, may require sub-
stantially higher doses than healthy
individuals (Heaney, 20 08 ) .

Source: Armas et al., 2004. Reprinted with permission.

Figure 1
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2

Degrades Faster Than D
3
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Endocrine and Autocrine Vitamin D
Pathways 

Vitamin D functions in the body
through both endocrine and auto-
crine pathways. The major source of
vitamin D is ultraviolet B sunlight,
w h i ch converts in the skin to pre-vita-
min D3. Vitamin D3 from skin
becomes bound to vitamin D binding
protein. Vitamin D2 and vitamin D3
from the diet are bound to vitamin D
binding protein and lipoproteins
( Ho l i ck, 20 08). Both forms are then
hydroxylated in the liver. The better
known endocrine pathway ach i e v e s
calcium homeostasis by regulating
the blood levels of vitamin D hor-
mone, primarily calcitriol (He a n e y ,
20 08). The primary effect of vitamin
D in the endocrine system is to facili-
tate absorption of calcium in the intes-
tine and mobilizing calcium from the
skeleton (Ho l i ck, 20 08). 

The autocrine pathway facilitates
tissue-specific gene expression by reg-
ulating vitamin D hormone produc-
tion at the cellular level. Because the
autocrine pathway contains cells and
tissues that utilize the synthesized cal-
citriol as a signaling mechanism, the
autocrine pathway is able to connect
extracellular stimuli to genomic
response. The many tissues of the
autocrine pathway contain the specif-
ic proteins and molecules with the
necessary encoded DNA in the nucle-
us of the cell. When the cells of these
tissues are exposed to the stimuli or
signal, a reaction is initiated, which
requires a response from the DNA .
This genomic response provides the
appropriate proteins or catalyst for
the transcription of the information
encoded in the DNA (Heaney, 20 08). 

Current dietary intake recommen-
dations for vitamin D are based only
on the requirements of the endocrine
p a t h w a y. In this pathway, vitamin D
supplied to the body by either cuta-
neous or oral routes is metabolized to
25 ( OH)D in the liver and subsequent-
ly to hormone 1, 25 ( OH )2D in the kid-
neys. The more prominent hormone,
calcitriol (1, 25 , OH ,2D3), circulates in
the blood to the small intestine and
kidneys, where it stimulates the
absorption and reabsorption, respec-

tively, of calcium, yielding an
increase in serum calcium (Clements
et al., 1992). While most guidelines
focus on the endocrine pathway
requirements, the current dietary
intake recommendations ignore the
requirements of the autocrine path-
w a y. In this second pathway, a variety
of tissues, particularly of the immune
apparatus, synthesize vitamin D hor-
mone from circulating 25 ( OH ) D .
Unlike the endocrine pathway, the
autocrine pathway is highly depend-
ent on sufficient blood levels of
25 ( OH)D to provide adequate sub-
strate for local tissue hormone pro-
duction. 

The Dual Vitamin D Pathways 

The metabolic pathways for vita-
min D are shown in Figure 2.
Whether from skin exposure to sun
or dietary intake, vitamin D is con-
verted to 25 hydroxyvitamin D
( 25 , OH,D) in the liver. In the
endocrine pathway, the 25 ( OH)D is
converted to calcitriol (1, 25 , OH ,2D )
in the kidney by CYP 27 b 1, the
enzyme responsible for hydroxyla-
tion. The endocrine pathway has long
been the accepted process by which
the body metabolizes vitamin D.
However, vitamin D receptors
( V DRs) have been identified in most
tissues in the body. Many of these tis-
sues contain the enzyme CYP 27 b 1
and are capable of converting
25 ( OH)D to 1, 25 ( OH )2D (Bikle,
20 09). This extrarenal metabolism
appears to remain local and not sys-
temically measurable (Heany, 20 08). 

While the endocrine and auto-
crine pathways (see Figure 2) are well
recognized, it remains unclear how
e a ch pathway accounts for overall
vitamin D utilization. Is the endocrine
pathway the primary route for the
activation of vitamin D and therefore
allowed preferential use of the avail-
able vitamin D stores? Is the
autocrine pathway a more passive
m e chanism that is active only when
blood levels of 25 ( OH)D are ade-
quate? The answers to these questions
are not yet available. What is known
is that when vitamin D status is ade-

quate, the autocrine pathway uses the
majority of the available vitamin D.
Further, the autocrine pathway pro-
duces local concentrations of vitamin
D hormone that are often higher than
serum concentrations and are requir-
ed for tissue responses (He a n e y ,
20 08 ) .

Locally synthesized vitamin D
hormone is the link that connects
extracellular stimuli to genomic
responses in the cells and tissues
involved in the autocrine pathway. It
is clear that most tissues throughout
the body possess the necessary signal-
ing apparatus to respond to vitamin D
hormone via opening access to ch r o-
matin bound DNA, thus allowing
transcription of the specific genes that
encode proteins needed for tissue-
specific responses. Without adequate
intracellular 25 ( OH)D substrate lev-
els, the cell is unable to produce the
sufficient hormone to respond appro-
priately to the pathologic and physio-
logic signals. Thus, serum 25 ( OH ) D
is critical for the transcription of genes
that regulate cell differentiation, pro-
liferation, and apoptosis, and vitamin
D sufficiency becomes a critical factor
for optimal functioning of various sys-
tems that require vitamin D as part of
their signaling apparatus (He a n e y ,
20 08; Prentice et al., 20 08 ) .

Vitamin D Therapy for Patients 
With CKD 

Customary management of
patients with Stage 5 CKD has
focused on the endocrine pathway
and involves chronic treatment with
calcitriol or one of the vitamin D hor-
mone analogs because synthesis of
calcitriol diminishes with the loss of
kidney function. Serum concentra-
tions of calcitriol during routine treat-
ment are usually sufficient to control
secondary hyperparathyroidism (SHP T )
but are often inadequate to support
the needs of the autocrine pathway.
This may be due to calcitriol’s short
half-life, leading to periods between
dosing where calcitriol is unavailable.
Further, use of calcitriol as a vitamin
D hormone replacement therapy can
cause increased catabolism and clear-



NEPHROLOGY NURSING JOURNAL January-February 2010 Vol. 37, No. 122

The Dual Vitamin D Pathways: Considerations for Adequate Supplementation

ance of 25 ( OH)D, thereby reducing
the circulating levels of 25 ( OH)D that
would otherwise support the
autocrine pathway (Clements et al.,
1992). Vitamin D insufficiency or
deficiency is corrected by raising
serum 25 ( OH)D levels and not by
raising serum calcitriol levels. Thus,
optimal control of both SHPT and
vitamin D insufficiency requires
administration of both vitamin D hor-
mone replacement therapy (calcitriol)
and vitamin D repletion therapy
(ergocalcitriol) (Heaney, 20 08 ) .

Patients at Stage 5 CKD who are
dialysis-dependent tend to be very
s i ck with multiple complex co-mor-
bidities. Their kidney disease and
associated complications often pre-
vent them from spending time out-
doors and can cause them to have
darkened skin pigmentation, which
reduces cutaneous production of vita-

min D during infrequent exposure to
sunlight. Their 25 ( OH)D stores are
less than optimal and often deficient
( Heaney, 20 08). Data from the
United States Renal Data Sy s t e m
( USRDS) (20 08) and the Dialysis
Outcomes and Practice Pa t t e r n s
Study (DOPPS) (Tentori et al., 20 09 )
document that these patients have
high mortality rates and are at
increased risk for other chronic debil-
itating diseases. The extent to which
vitamin D insufficiency increases
these risks is yet to be determined.

The literature supports the recom-
mendations of the NKF KDOQ I
Clinical Practice Guidelines for Bone
Metabolism and Chronic Kidney
Disease (Guidelines 7, 8a, and 8b)
( NKF, 20 03), supporting the
increased use of vitamin D in the
patient with CKD Stage 5 (Pa l m e r ,

Craig, & Strippoli, 20 09). As Wo l f
( 20 08) writes in a recent editorial: 

Vitamin D is more than just a thera -
peutic tool for lowering elevated levels
of para t h y roid hormone in patients on
d i a l y s i s... Deficiencies in the vitamin
D axis cause osteomalacia, rick e t s ,
and myopathy, and are associated
with a variety of extra skeletal pro b -
lems, including cardiovascular dis -
ease, infection, malignancy, and
d e a t h...observational studies of dialy -
sis cohorts were the first to report a
survival benefit of therapy versus no
t h e rapy (p. 1442 ). 
In the same journal, Shoben,

Rudser, deBoer, Young, and
Kestenbaum (20 08) extend this obser-
vation to patients at Stages 3 and 4
CKD reporting a survival benefit
using active vitamin D vs. no vitamin
D therapy.

Figure 2

The Dual Mechanisms of Vitamin D
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The Endocrine Role of Vitamin D 
In CKD Co-Morbidities 

Secondary Hyperparathy ro i d i s m
SHPT is a disorder ch a r a c t e r i z e d

by elevated parathyroid hormone
(PTH) levels and the progressive
development of bone disease. It has
been well established that SHP T
begins early in the course of CKD
and progresses as the glomerular fil-
tration rate (GFR) declines (Al-Badr
& Martin, 20 08). The pathogenic fac-
tors that contribute to the progression
of SHPT are multiple but principally
involve phosphate retention and
abnormalities of vitamin D metabo-
lism. As CKD progresses and kidney
function declines, there is a decrease
in the levels of 1, 25 ( OH )2D. This
results in a reduction in the intestinal
absorption of calcium, which persists
despite the increasing levels of PTH.
Elevated PTH attempts to maintain
adequate serum levels of calcium by
triggering increased vitamin D hor-
mone production in the kidneys and
osteoclastic activity in the bone.
However, prolonged increased levels
of secretion of PTH lead to hyperpla-
sia of the parathyroid glands.
Chronically elevated PTH continues
to draw calcium from the bone lead-
ing to osteodystrophy, skeletal weak-
ness, and metastatic calcifications
(Martinez, Saracho, Montenegro, &
L l a ch, 1997; McCarley, 20 06). 

O s t e o p o ro s i s
The pathogenesis of osteoporosis

can often involve vitamin D insuffi-
c i e n c y. Without adequate vitamin D,
the endocrine function is simply
unable to provide adequate calcium
from the diet to meet the body’s
needs. Likewise, the body cannot
absorb sufficient calcium, regardless
of the vitamin D level, if the calcium
intake is low (Estelle & Riggs, 20 05 ) .
Moreover, widespread prevalence of
inadequate dietary calcium and vita-
min D intake, and reduced exposure
to sunlight, markedly increase the risk
of osteoporosis. 

Many clinical trials have investi-
gated the effects of vitamin D and cal-

cium supplementation on fracture
prevention (Bisch o f f - Ferrari et al.,
20 09; Bonjour, Guéguen, Pa l a c i o s ,
Shearer, & Weaver, 20 09; Cooper &
Burfield, 20 03). These trials have
demonstrated the prevention of age-
related bone loss and in many
instances, reduction in fracture risk.
Where fracture risk was reduced,
serum 25 ( OH)D levels exceeded 75
to 80 nmol/L (30 to 32 ng/mL)
( B i s ch o f f - Ferrari, 20 07). Vitamin D
supplementation has been shown to
reduce the risk of falling within only a
few weeks of initiating treatment, in
some cases, by as much as 50 %
( B i s choff- Ferrari, Conzelmann, Dick ,
Theiler, & Stähelin, 20 03; Bischoff et
al., 20 03 ) .

The Autocrine Role of Vitamin D 
In CKD Co-Morbidities 

A number of chronic disorders
have been found to be associated with
vitamin D insufficiency either from
epidemiologic studies or from ran-
domized controlled trials. These dis-
orders include autoimmune diseases,
cancer, cardiovascular disease, ch r o n-
ic pain, depression, type 1 and type 2
diabetes mellitus, hypertension, infec-
tion, multiple sclerosis, osteoarthritis,
periodontal disease, seasonal affective
disorder (SAD), schizophrenia, and
tuberculosis (Ho l i ck & Chen, 20 08 ;
Sanz Moreno et al., 20 08). Ev i d e n c e
linking vitamin D insufficiency to
some of these disorders is described
b e l o w.

C a n c e r
A significant body of epidemio-

logic evidence has accumulated
strongly, indicating an inverse associ-
ation between serum 25 ( OH)D levels
and subsequent incident risk for
prostate, colon, breast, lung, and mar-
row/lymphoma cancers (Ho l i ck &
Chen, 20 08). There is substantive
supportive evidence from animal
studies showing that vitamin D insuf-
ficiency predisposes to the develop-
ment of certain types of cancers
( Mehta et al., 1997). This latter evi-
dence was derived from experimental
models lacking the VDR gene or

induced vitamin D deficiency. Data
from a recent 4-year study of post-
menopausal women demonstrated a
reduction of all cancer risks ranging
from 60% to 75% in response to vita-
min D supplementation (Lappe,
Tr a v e r s -Gustafson, Davies, Re cker, &
Heaney, 20 07 ) .

Ch ronic Pain
Several studies have shown that

vitamin D insufficiency may exacer-
bate chronic pain, and it is well estab-
lished that vitamin D deficiency can
sometimes cause pain and muscle
weakness. In a study at the Mayo
Comprehensive Pain Re h a b i l i t a t i o n
Center in Ro chester, Minnesota,
r e s e a r chers studied 267 adults who
were receiving outpatient treatment
for chronic pain (Gloth & Greenough,
20 04). The researchers recorded
patients’ serum vitamin D levels,
morphine dosages, and duration of
use, as well as physical and general
health functioning, and found that
26% of those tested had a vitamin D
i n s u f f i c i e n c y. The average morphine
doses recorded for these patients with
vitamin D insufficiency was nearly
twice that of the rest of the group.
Those with vitamin D insufficiency
also had a more prolonged use of
morphine (average of 71.1 months
versus 43.8 months), exhibited lower
levels of physical functioning, and
had a poorer view of their overall
health (Gloth & Greenough, 20 04 ) .

Diabetes Me l l i t u s
Type 1 and type 2 diabetes melli-

tus have been associated with vitamin
D deficiency (Scragg, 20 08). In the
National Health and Nu t r i t i o n
Examination Survey (NH A NES ) ,
individuals without a documented
history or diagnosis of diabetes melli-
tus were more likely to have high
serum glucose levels both fasting and
following a glucose challenge when
they had vitamin D insufficiency
( Scragg, Sowers, & Bell, 20 04 ) .

In one study in Finland (where
intrinsic production of vitamin D is
low due to low natural light levels),
vitamin D administered in doses of
2,000 IU/day given during the first
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year of a child’s life has been connect-
ed with an 80% reduction in the risk
of acquiring type 1 diabetes mellitus
later in life (Hyppönen, Läärä,
Reunanen, Järvelin, & Vi r t a n e n ,
20 01). Some researchers have sug-
gested that vitamin D deficiency may
be an important pathogenic factor in
type 1 diabetes mellitus independent
of geographical latitude and available
sun exposure (Zipitis & Akobeng,
20 08). 

In a recent animal study, combin-
ing a vitamin D analog with an
angiotensin II type I receptor block e r
( A RB) was shown to further reduce
kidney injury seen in diabetic
nephropathy (Zhou et al., 20 08 ) .
Kidney injury was moderately
reduced when a vitamin D analog or
an ARB was given alone. When both
agents were given together, albumin-
uria was fully prevented, the glomeru-
lar filtration barrier structure was
restored, and glomerular sclerosis was
significantly reduced. Li (20 08 )
writes: 

This is the first demonstration that
vitamin D analogs can be used to
b l o ck the compensatory renin incre a s e
in a combination therapy with re n i n -
angiotensin system inhibitors... The
p romising therapeutic effects of the
combination seen in diabetic mice pro -
vide insight into the pharmacological
intervention of diabetic nephro p a t h y
(p. 466 ) .

Hypertension and
C a rd i ovascular Di s e a s e

An individual’s vitamin D status
has been shown to be strongly associ-
ated with the propensity of develop-
ing hypertension and cardiovascular
disease (Forman et al., 20 07). Thus,
the role of vitamin D in maintaining
normal blood pressure and heart
health has been a topic of significant
investigation. Re s e a r ch has shown
that both the blood vessels and the
heart express VDR, suggesting that
vitamin D provides some function in
regulating these tissues (Rostand &
Drueke, 1999; Sanz-Moreno et al.,
20 08). Interestingly, controlled stud-
ies of subjects with established hyper-
tension have shown a protective effect

of high calcium intake (Lind, We n g l e ,
Wide, & Ljunghall, 1989 ) .

Studies in which vitamin D has
been administered to older adults
with hypertension have shown that
both the systolic blood pressure and
diastolic blood pressure decrease
(Lind, Wengle, Wide, Sörensen, &
Ljunghall, 1988; Szabó, Merkely, &
Takács, 20 09). When vitamin D and
calcium are given together, even
greater decreases in both systolic and
diastolic blood pressure have been
observed. These data suggest that
vitamin D and calcium work together
to cause a reduction in blood pressure
and that high levels of dietary calcium
enhance the blood pressure-reducing
action of vitamin D (Lind et al., 1989 ) .
Furthermore, the risk of hypertension
has been shown to be inversely relat-
ed to previously measured serum
25 ( OH)D. In a 4-year prospective
study by Forman et al. ( 20 07), the
reported relative risk for incident
hypertension was 3.18 for those with
25 ( OH)D levels less than 15 ng/mL
(less than 37 nmol/L) relative to those
with levels greater than 30 ng/mL
(greater than 75 nmol/L). The
Framingham Offspring Study with a
5.4-year follow up reported that indi-
viduals with serum 25 ( OH)D levels
less than 15 ng/mL (less than 37
n m o l /L) were 53% more likely to
experience a cardiovascular event
than those with higher levels, and
those with serum 25 ( OH)D levels
below 10 ng/mL (less than 25
n m o l /L) were 80% more likely
( Forman et al., 20 07; Wang et al.,
20 08). Giovannucci, Liu, Hollis, and
Rimm (20 08) analyzed data from the
Health Professional Follow-Up Study
and reported a nearly 2.5-fold
increase in the risk of a myocardial
infarction for individuals with
25 ( OH)D levels below 15 ng/mL (less
than 37 nmol/L) compared to those
above 30 ng/mL (greater than 75
n m o l /L ) .

An analysis of findings from the
Framingham Heart Study by Wang et
al. (20 08) suggests that vitamin D
insufficiency nearly doubles the risk
of myocardial infarction, stroke, and
heart disease. Patients with low

25 ( OH)D levels (less than 10 ng/mL
or 25 nmol/L) and hypertension were
at substantially greater risk of cardio-
vascular events compared with
patients with higher 25 ( OH)D levels. 

While it is clear vitamin D plays
some role in the regulation of blood
pressure and individuals with vitamin
D insufficiency are more likely to
develop cardiovascular problems, the
exact nature of these complex rela-
tionships must still be fully elucidated.

Immune Sy s t e m /Response to
I n f e c t i o n

There are numerous studies sug-
gesting that vitamin D may have a
role in blocking certain types of infec-
tious diseases (Liu et al., 20 06 ;
Wagner, Taylor, & Hollis, 20 08 ) .
Children stricken with rickets suffer a
high mortality rate largely due to res-
piratory infections. Calcitriol pro-
duced by the autocrine pathway has
been recognized for nearly 20 years
as having a role in boosting immune
response (Cantorna & Mahon, 20 04 ) .
Clinically, vitamin D co-therapy has
been found to contribute substantially
to improved response to antitubercu-
lar therapy in randomized controlled
studies with subjects having advanced
pulmonary tuberculosis (Nu r s y a m ,
Amin, & Rumende, 20 06). A second-
ary response of reduced risk of
influenza in post-menopausal Black
women who received vitamin D was
also noted (Cannell et al., 20 06). 

These data raise the following
question: “Does vitamin D reduce the
risk of infection?” It is interesting to
note that although the influenza virus
exists year-round, influenza is most
common during the winter months,
and there is a higher seasonal mortal-
ity in older adults during this time.
Vitamin D blood levels are generally
thought to be at their highest in the
summer and reach their lowest levels
during the flu and cold season, partic-
ularly in the northern hemisphere.
Could elevated 25 ( OH)D levels pro-
vide protection against infection
(Cannell et al., 20 06)? Phagocytic
function of human macrophages is
enhanced in individuals who receive
supplemental vitamin D, suggesting
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that adequate immunologic response
to infection is hampered when
25 ( OH)D levels are less than optimal
(Martineau et al., 20 07 ) .

S u m m a ry and Final Thoughts 

Vitamin D metabolism through
the endocrine pathway exerts a signif-
icant effect on bone metabolism and
the associated calcium and phospho-
rus balance. Vitamin D metabolism
through the autocrine pathway exerts
a profound effect on many other
body systems. There are many poten-
tial benefits that arise from supporting
both the endocrine and autocrine
pathways through appropriate sup-
plementation with vitamin D.
Perhaps the most compelling evi-
dence for these potential benefits is
that there are roughly 800 human
genes for which there is a vitamin D
r e c e p t o r. These genes impact multi-
ple and varied human body systems,
and most have little involvement with
the endocrine function of vitamin D.
Rather, they relate to the expression
of proteins that control cell prolifera-
tion, differentiation, and apoptosis
(Carlberg, 20 03). Because these
autocrine functions are so critical to
the body, it is not surprising that inad-
equate vitamin D status has an
adverse effect on a myriad of cellular
function and health. To date, the
major obstacle to the clinical use of
vitamin D is its calcemic activity.
There is a need for further research to
identify a generation of novel vitamin
D compounds with limited calcemic
effects and the ability to modulate
immune responses. Their discovery
might lead to drugs designed for ther-
apeutic use in a variety of immune
diseases (May, Asadullah, & Zugel,
20 04 ) .

A number of diseases have been
associated with poor vitamin D status.
Until the current widespread preva-
lence of inadequate vitamin D levels
has been corrected, it will be difficult
to determine conclusively which dis-
ease entities are truly affected by lim-
ited vitamin D availability. While it is
fairly certain that many of these dis-
eases have epidemiological associa-

tions with latitude, data from proper-
ly designed prospective studies will
be necessary to design appropriate
and effective intervention by vitamin
D supplementation (Heaney, 20 08). 
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