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1.1 Intoduction

During the last two decades, the scientific interest in vitamin D (VitD) has increased
exponentially. However, the importance of VitD for bone health has already been known
for almost 100 years. In the early 1920s, VitD administration was found to be the cure for
rickets, a bone disease that affected infants and toddlers in many industrialized countries in
Europe and North America (up to 80% in some cities) during the 19th and early 20th
century [1, 2]. Nowadays, the importance and safety of VitD are well understood and VitD
has an established role in the regulation of calcium and phosphorus metabolism and bone
homeostasis not only in infants, who are protected from rickets with a daily dose of 400 [U
VitD [3], but in all age groups. However, the scientific interest has moved from infancy to
older ages, since low VitD status seems to be a re-emerging public health problem even in
developed countries and approximately one billion people in the world are estimated to
have either deficient or insufficient 25-hydroxyvitamin D (25(OH)VitD) levels which is
the measured index for vitamin D status [4]. Hypovitaminosis D has been implicated not
only in the pathogenesis of many chronic skeletal but also in non-skeletal diseases which
originate in adolescence and are prevalent in adulthood [4]. These include cardiovascular
diseases, obesity, metabolic syndrome and its characteristics (central obesity, hypertension,
atherogenic dyslipidemia and disturbed carbohydrate metabolism), diabetes, malignancies,
infections, neuropsychiatric and autoimmune diseases (Table 1) [5]. The above
assumptions originally relied on the findings from a large number of epidemiological
studies. Later laboratory proof came from the detection of vitamin D receptors (VDRs) in
many tissues and cells which can bind the active metabolite 1,25dihydroxyvitamin D
(1,25(OH),VitD) but also have the capacity to convert 25(OH)vitD to 1,25(OH).D locally
and act in an autocrine fashion. Indeed, VitD may control about 0.5-5.0% of the total
human genome, i.e. 100-1250 genes [6]. Some of the diseases where VitD
insufficiency/deficiency is implicated are shown on Table 1.

Cardiovascular disease (CVD) is a leading cause of mortality worldwide, estimated
to account for 30% of all deaths [7]. Although CVD events occur most frequently during or
after the fifth decade of life, precursors of CVD are shown to originate in childhood and
adolescence [8]. Thus, identifying modifiable risk factors and treatments as soon as

possible remains a high priority for CVD prevention. Several CVD risk factors have been
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recognized so far, among which is VitD deficiency, as an emerging new one, since low
serum 25(OH)VitD levels have been linked to poor cardiovascular outcomes [9, 10].
Compared to adults, however, very little is known about the possible association between

VitD and CVD risk factors in youth.

Table 1. Non-skeletal diseases associated with hypovitaminosis D

All cause mortality

Metabolic Syndrome

Hypertension

Impaired glucose metabolism and type 2 diabetes

Dyslipidemia

Cardiovascular diseases (myocardial infarction, coronary insufficiency, coronary
calcification, increased carotid intimae median thickness)

Heart failure

Peripheral arterial disease

Stroke

Renal disease

Autoimmune diseases (lupus erythematosus, multiple sclerosis, type 1 diabetes)
Cancer (bowel, breast, prostate, non-Hodgkin lymphoma)

Respiratory diseases (wheezing illness, autoimmune interstitial lung diseases)
Liver fibrosis

Psychiatric diseases (depression, autism, schizophrenia)

Loss of gait performance and falls in the elderly

Lower androgen levels

Subsequently, VitD is an attractive potential target for interventional research, as
serum 25(OH)VitD levels are modifiable, ideally during childhood and adolescence,
treatment is relatively inexpensive and can have an impact on a large population. However,
previous studies with VitD supplementation trials have yielded conflicting results [9, 10]
and even the results from large-scale randomized controlled trials with CVD as a primary

outcome are still under dispute.
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1.2 Sources of Vitamin D

VitD belongs to a group of fat-soluble molecules called secosteroids, which are
similar to steroids, but with “broken” rings, and exist in several forms (Figure 1) [9].
Although 5 forms of VitD (D1 through D5) are known, the D2 and D3 are the most studied
ones and from now on they will be referred to as VitD (Table 2) [11]. Humans acquire
VitD after exposure to sunlight (UVB radiation), from their diet, and from dietary
supplements (Table 3) [5]. VitD2 (Ergocalciferol) is principally synthesized in plants and
invertebrates and is consumed nutritionally as supplements or fortified foods. VitD3
(Cholecalciferol) is mainly produced by vertebrates and commonly consumed in the form
of oily fish. It is also synthesized in human skin by the photochemical cleavage of
cutaneous 7-dehydrocholesterol by the solar ultraviolet radiation and it is the major source
in man amounting to 80%-90% under normal conditions. For that reason its designation as
a vitamin is a misnomer [12]. Total-body sun exposure to 1 minimal erythemal dose while
wearing a bathing suit provides the equivalent of 250 to 500 pg (10,000 to 20,000 IU) of
VitD per day [13]. Oily fish such as salmon, mackerel, herring and sardines, eggs and dairy
products are rich sources of VitD, but the dietary supply of VitD is minor compared to
cutaneous formation [14]. However nutritional supplementation (food fortification or use
of supplements) can become an important source of VitD when required. Although the
promotion of a healthier lifestyle with more outdoor activities and rational sunlight
exposure combined with optimal nutrition is definitely preferred for maintenance, this is
not enough to treat hypovitaminosis D. There are limitations in the sunlight exposure due
to the potential adverse effects like skin cancer leading to inadequate skin vit D synthesis.
Also intake of VitD supplements may be limited by poor adherence (particularly in
individuals of low-socioeconomic status) or by the fear of potential overdosing. On the
other hand, systematic VitD food fortification may be an effective intervention to improve
VitD status in the general population. This has already been introduced by countries such
as the US, Canada and Finland. The main VitD fortified foods currently practiced in these
countries are listed in Table 4 [15].

Overall, both endogenous and consumed VitD is stored in the fat tissue and is

released into the circulation bound to a vitamin D-binding protein [5]. The major
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circulating metabolite of VitD is serum 25-hydroxyvitamin D (25(OH)VitD), reflecting the
input from cutaneous synthesis and dietary intake. The serum 1,25-dihydroxyvitamin D
(1,25(OH)»VitD) which is the active metabolite is synthesised according to the needs from
the second hydroxylation in the kidneys independent on the circulating 25(OH)VitD [5].
The concentration of 25(OH)VitD is about 1000 times greater than that of 1,25(OH),VitD,
and 25(OH)VitD has a longer half-life of approximately 2-3 weeks, while that of
1,25(OH)2VitD is less than four hours due to their different metabolic pathway rate control
[16]. Therefore, it is important to emphasize that the most reliable method for estimating
VitD status in humans is to measure serum 25(OH)VitD, rather than 1,25(OH),VitD, since
there is a cut off point above which the extrarenal cells can incorporate 25(OH)VitD and
convert it to 1,25(OH)VitD for their autocrine actions. Additionally in the case of VitD
deficiency, PTH secretion increases, and renal conversion to 1,25(OH),VitD is activated

[16].

Figure 1. Vitamin D’s group of fat-soluble molecules called secosteroids [9]

FIGURE 1 Vitamin D Synthesis and Metabolism
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Table 2. Classification of VitD group of molecules [11]

Class Chemical Composition Significance
Vitamin D, Combination of ergocalciferol

and lumisterol
Vitamin D, Ergocalciferol: made from Made by invertebrates,

ergosterol or pre—vitamin

D,

Vitamin Dy

Vitamin D,

double bond
Vitamin Dj

Cholecalciferol: made from
7-dehydrocholesterol or
pre—vitamin D5

Dihydroergocalciferol:
vitamin D, without 22,23

Sitocalciferol: made from 7-
dehydrositosterol

fungus, and plants
in response to
ultraviolet
irradiation; not
made by vertebrates

Made in the skin as a
response to
ultraviolet B
radiation after
reacting with 7-
dehydrocholesterol

Ineffective form of
vitamin D

May have antitumor
properties

Table 3. Dietary Sources of Vitamins D2 and D3 [5].

Source

Natural sources

Salmon
Fresh, wild (3.5 oz)
Fresh, farmed (3.5 oz)

Canned (3.5 oz)
Sardines, canned (3.5 oz)
Mackerel, canned (3.5 oz)
Tuna, canned (3.6 0z)
Cod liver oil (1 tsp)
Shiitake mushrooms

Fresh (3.5 oz)

Sun-dried (3.5 oz)

Egg yolk

Exposure to sunlight, ultraviolet B
radiation (0.5 minimal
erythemal dose)t

Vitamin D Content

About 600-1000 U of vitamin Dy

About 100-250 IU of vitamin Dy
or D,

About 300-600 IU of vitamin Dy
About 300 U of vitamin D,
About 250 IU of vitamin D,
About 230 U of vitamin D,
About 400-1000 1U of vitamin D5

About 100 IU of vitamin D,
About 1600 IU of vitamin D,
About 20 1U of vitamin D; or D,
About 3000 IU of vitamin Dy
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Table 4. Vitamin D food fortification in the United States, Canada and Finland [15]

Food (serving) United States Canada Finland

VITAMIN D PER SERVING IN g {1 ng = 40 INTERNATIONAL UNITS)
Mass fortification (usually mandatory)

Fluid cow's milk (250 ml or 1 cup) 258607 25500t

£

Margarine/Fat spread (10g) 1.5-3.0ft 2.0
Fortification of selected brands

Yogurt 1.5-50per 170g 1.0 per 100g 0.5-1.0 per 100g
Cheessa slice (16g) 15
Oranga juice (125mi or 1/2 cup) 125 128 125
Plant-based milk such as soy, cat or almond (250ml or 1 cup) 1.5-3.0 1.5-3.0 1.8-3.75
Margarina 10g 0.75-5.0
Broad (100g) 225 1.7
Cereals, ready-to-eat (1/2-3/4 cup) 128 1.0 3.0per100g

TEDA i 2016 parmittad voluntary “doubling” of mandatary vitamin 0 in mik.
T Haalth Canada will require doubiing of mandatory amounts by 2020,

1.3 Synthesis and Metabolism of Vitamin D

Sunlight exposure and UVB radiation lead to the conversion of 7-dehydrocholesterol
(7-DHC) in the skin to previtamin D3. The 7-DHC is present in all skin layers but 65% is
found in the epidermis. Once previtamin D3 is synthesized in the skin, it can undergo
either a photoconversion to lumisterol, tachysterol, and 7-DHC or a heat-induced
membrane-enhanced isomerization to vitamin D3 [5, 16] (Figures 2 [5] and 3 [17]). The
cutaneous production of previtamin D3 is regulated so as to avoid sun-induced VitD
intoxication. At times of prolonged exposure to UVB radiation the solar photoproducts
tachysterol and lumisterol are produced, which are inactive on calcium metabolism. VitD3
itself is also sensitive to solar irradiation and is, thereby, inactivated to suprasterol 1 and 2
and to 5,6-trans-vitamin D3 [5]. Once formed, VitD3 comes out of the keratinocyte plasma
membrane and is led into dermal capillaries bound to the vitamin D binding protein
(VDBP). Ingested VitD is incorporated into chylomicrons, released into the lymphatic
system and then into venous circulation, where it binds to VDBP and lipoproteins that
transport it to the liver [5, 18]. VitD has no biological activity without a two-step
hydroxylation process. The first step, in the liver, requires P450 enzymes such as CYP2R1
and CYP27A1 (25-hydroxylases) to form the major circulating form 25(OH)VitD. This

form is biologically inactive and requires the second hydroxylation step, in the kidneys, to
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be converted to the biologically active form 1,25-dihydroxyvitamin D (1,25(OH).VitD) by
the P450 enzyme, CYP27B1 (1a,25-hydroxylase). The 25(OH)VitD bound to VDBP is
filtered in the kidneys and is reabsorbed in the proximal renal tubules by megalin cubilin
receptors [19] (Figures 2 and 3). The renal la-hydroxylation is closely regulated:
parathyroid hormone (PTH), hypocalcemia, and hypophosphatemia enhance it, whereas
hyperphosphatemia, fibroblast growth factor-23 (FGF23), and 1,25(OH)>VitD itself inhibit
it [5, 20]. In particular, 1,25(OH).VitD decreases its own synthesis through negative
feedback: it decreases the synthesis and secretion of PTH by the parathyroid glands and it
also increases the expression of 25-hydroxyvitamin D-24-hydroxylase (24-OHase) to
catabolize 1,25(OH),VitD to the water-soluble, biologically inactive calcitroic acid, which
is excreted in the bile [5] (Figures 2 and 3).

The biological functions of VitD are exerted through the interaction of the steroid
hormone 1,25(OH),VitD with a single vitamin D receptor (VDR) in the cell nucleus, that
functions as a ligand-dependent transcription factor [21]. This receptor as well as
CYP27BI1 are expressed widely in several tissues [2] (Figure 4). The mechanism involves
the creation of a heterodimeric complex with an X-retinoic acid receptor
(1,25(0OH),VitD/VDR/RXR). Once this cluster is connected to specific nucleotide
sequences in the DNA known as vitamin D-responsive elements (VDRE), a variety of
transcription factors can attach to this complex, and according to the needs result in either
up- or down-regulation of the relevant gene’s activity (Figure 4) [6, 22]. It is estimated that
200 to 2000 genes have VDREs or are influenced indirectly, possibly by epigenetics, and
control a multitude of genes across the genome [21, 22]. In addition, 1,25(OH),VitD can
also act through intracellular signal transduction pathways, activated after binding to the
cytoplasmic membrane of the cell (Figure 4). VDRs have been detected in most of the
body's cells, including those of smooth muscle fibers, a-pancreatic cells, small and large
intestine, brain, skin, prostate gland, gonads, breast, lymphocytes and macrophages [18,
22]. Many of these organs and cells, not only have a VDR but are also capable of
producing 1,25(OH),VitD, through the local action of CYP27B1 and which then acts
locally in an autocrine manner. This production depends on the availability of circulating
25(OH)VitD, indicating the biological importance of sufficient blood levels of this VitD
metabolite [23, 24]. The estimated 2000 genes that are directly or indirectly regulated by

1,25(OH)>VitD have a wide range of proven biological actions, among which inhibiting
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cellular proliferation and inducing terminal differentiation or apoptosis, inhibiting
angiogenesis, stimulating insulin production, inhibiting renin production and stimulating
macrophage cathelicidin production (Figure 4) [18, 21, 22, 25]. This observation has led to
the hypothesis that VitD must be involved in the pathogenesis of various chronic diseases
such as various types of cancers, diabetes mellitus (type 1 and 2), CVD and various

autoimmune and infectious diseases [6].

Figure 2. Synthesis and Metabolism of Vitamin D and Role in the Regulation of Calcium,
Phosphorus, and Bone Metabolism [5]
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Figure 3. Schematic representation of the synthesis and metabolism of vitamin D for

skeletal and nonskeletal functions [17]
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Figure 4. Interaction of 1,25(OH),VitD with the vitamin D receptor (VDR) in cell nucleus
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1.4 Definition of Vitamin D status

The “gold-standard” method to determine VitD status is measurement of serum
25(OH)VitD concentration through tandem mass spectrometry [9], but other methods like
chemiluminescent microparticle immunoassay or ELISA are more widely used. Although
1,25(OH)>VitD is the biologically active form, it is not used for VitD status estimation
because it is often normal or even elevated in children and adults who are VitD deficient
and has very short half-life (hours) compared to 25(OH)D that has 2-3 weeks [11].

In 2011 the Institute of Medicine (IOM) [26] and the Endocrine Society [27] released
separate guidelines for VitD requirements and categories of VitD status (Figure 5) [9], for

reasons discussed below.
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Figure 5. Categories of Vitamin D Status and VitD requirements according to the Institute

of Medicine Versus the Endocrine Society [9]

Vitamin D Status
Institute of Endocrine
UL 25-0H D (ng/ml) Sociat Treatment* Maintenancet
Deficient <12
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<20 Deficient e ta I 600-2,000 IU/day
Insufficient 12-19

20-29 20-29 Insufficient

3049 >400 IU/day

High >50

Generally, in various cross-sectional studies 25(OH)VitD levels ranging from 12 to
40 ng/mL is the threshold below which PTH increases. VitD supplementation suppresses
PTH only when 25(OH)VitD levels are <20 ng/mL, and 1,25(OH),VitD levels are almost
always normalized with serum 25(OH)VitD levels >20 ng/mL [9]. Also fracture risk starts
to increase in the elderly at 25(OH)VitD levels <20 ng/mL, but intestinal calcium
absorption is found to be optimal at serum 25(OH)VitD levels near 30 ng/mL [9]. VitD
intoxication is observed with serum 25(OH)VitD levels >150 ng/mL [5]. Based on these
findings, almost all experts recognize the importance of diagnosing and treating severe
VitD deficiency (25(OH)VitD <12 ng/mL), and most would consider treating subjects with
25(OH)VitD levels <20 ng/mL.

However, there is no consensus on whether 25(OH)VitD levels of 30 ng/mL or
higher compared with 20 ng/mL provide additional health benefits in the general
population. Notably, the IOM report [26] focuses only on bone health (calcium absorption,
bone mineral density, and osteomalacia/rickets) and found no evidence that a serum
25(OH)VitD concentration >20 ng/mL had any beneficial effects at a population level. On
the other hand, the Endocrine Society [27], after having taken into consideration the new
available evidence on skeletal and extraskeletal properties of VitD and the lack of toxicity

after VitD supplementation at recommended doses, concluded that serum 25(OH)VitD
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levels of 30 ng/mL should be attained to avoid other risks related to an inadequate VitD
status. Therefore, the Endocrine Society recommended that VitD deficiency be defined as a
25(OH)VitD level <20 ng/mL, VitD insufficiency as 21 to 29 ng/mL, and vitamin D
sufficiency as >30 ng/mL for adults and children [27]. It suggested that maintenance of a
25(OH)VitD level of 40 to 60 ng/mL is ideal and that up to 100 ng/mL is safe [27].

Interestingly, there is accumulating evidence that circulating 25(OH)VitD levels
<16-24 ng/mL are nonlinearly related to an increased risk of musculoskeletal diseases and
probably also to an increased CVD risk (Table 5) [28].

Nevertheless, both IOM and Endocrine Society agree that VitD is essential for
skeletal health and that there is no unequivocal evidence of an association between low
VitD levels and CVD or overall mortality. Also, both of them do not recommend screening
the general population routinely for VitD deficiency.

In children and adolescents normal and abnormal serum concentrations of
25(OH)VitD have been classified by various scientific societies and institutions, also
without consensus. The American Academy of Pediatrics (AAP) concluded that serum
25(0OH)VitD concentrations represent respectively: severe deficiency for values <5 ng/mL,
deficiency 5-15 ng/mL, insufficiency 16-20 ng/mL, sufficiency 21-100 ng/mL, excess 101-
150 ng/mL and intoxication >150 ng/mL [29, 30]. Similarly, the Institute of Medicine
(IOM) Committee (2011) stated that serum 25(OH)VitD levels of 20 ng/mL meet the
requirements in almost 100% of the population, but highlighted that 25(OH)VitD levels
>50 ng/mL should raise concerns about potential adverse effects as for some outcomes U-
shaped associations were observed, with risks at both low and high levels [26]. At present,
the AAP, IOM and European Society of Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) [31] suggest 20 ng/mL as the cut-off for VitD deficiency. On the
contrary, the British Paediatric and Adolescent Bone Group argues that the definition of
VitD status should be based only on skeletal effects and propose 10 ng/mL as cut-off for
deficiency and 10-20 ng/mL as cut-off for VitD insufficiency [32]. In the same line, the
“Global Consensus Recommendations on Prevention and Management of Nutritional
Rickets” has more recently (2016) classified VitD status as: sufficiency for serum
25(OH)VitD >20 ng/mL, insufficiency 12-20 ng/mL, deficiency <12 ng/mL, while
toxicity has been defined as serum 25(OH)VitD >100 ng/mL along with hypercalcemia,
hypercalciuria and suppressed PTH [3]. On the other hand, the Endocrine Society [27] and
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the Society for Adolescent Health and Medicine [33] consider 25(OH)VitD levels 20-29.9
ng/mL as VitD insufficiency, and establish the cut-off for VitD sufficiency at >30 ng/mL.
Figure 6 shows a schematic representation of how different agencies and countries

interpret serum levels of 25(OH)VitD.

Table 5. Suggested dose-response relationship of circulating 25(OH)VitD with
musculoskeletal and cardiovascular disease [28].

25(OH)VitD Musculoskeletal system Cardiovascular system
concentration
<5 ng/mL Rickets 11, osteomalacia 11 CVD events 1 (?)
Elderly people: falls 11, fractures 11
5—-10 ng/mL Rickets 11, osteomalacia 11 CVD events 1 (?)
Elderly people: falls 11, fractures 11
10 — 20 ng/mL Elderly people: falls 1, fractures 1 CVD surrogate
parameters probably
adversely affected
20 — 40 ng/mL Adequate muscle and bone function Adequate cardiovascular
function
>40 ng/mL Elderly people: falls 1, fractures 1 CVD events 1 (?)

CVD: cardiovascular disease events; (?): probably; 1: elevated; 11: markedly elevated.

Figure 6. Recommendations for interpreting serum levels of 25(OH)VitD [34]
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IOM: Institute of Medicine, SACN: Scientific Advisory Committee on Nutrition.
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1.5 Risk Factors for Vitamin D deficiency/insufficiency

There are many risk factors for VitD deficiency, including reduced skin synthesis
and absorption of VitD, decreased bioavailability, increased catabolism and acquired or

heritable disorders of VitD metabolism and responsiveness, as summarised in Table 6 [5] .

Table 6. Causes and effects of VitD deficiency [5]

Cause

Effect

Reduced skin synthesis

Sunscreen use: absorption of UVB radiation by
sunscreen

Reduces vitamin D3 synthesis — SPF 8 by
92.5%, SPF 15 by 99%

Skin pigment: absorption of UVB radiation by
melanin

Reduces vitamin D3 synthesis by as much as
99%

Aging: reduction of 7-dehydrocholesterol in the skin

Reduces vitamin D3 synthesis by about 75% in
a 70-year-old

Season, latitude, and time of day: number of solar
UVB photons reaching the earth depending on zenith
angle of the sun (the more oblique the angle, the
fewer UVB photons reach the earth)

Above about 35 degrees north latitude, little or
no vitamin D3 can be produced from
November to February

Patients with skin grafts for burns: marked reduction
of 7-dehydrocholesterol in the skin

Decreases the amount of vitamin D3 the skin
can produce

Decreased bioavailability

Malabsorption: reduction in fat absorption, resulting
from cystic fibrosis, celiac disease, Whipple’s
disease, Crohn’s disease, bypass surgery,
medications that reduce cholesterol absorption, and
other causes

Impairs the body’s ability to absorb VitD

Obesity: sequestration of VitD in body fatf

Reduces availability of vitamin D

Increased catabolism

Anticonvulsants, glucocorticoids, HAART (AIDS
treatment), and antirejection medications: binding to
the steroid and xenobiotic receptor or the pregnane X
receptor

Activates the destruction of 25(OH)VitD and
1,25(0OH), VitD to inactive calcitroic acid

Breast-feeding

Poor VitD content in human milk

Increases infant risk of VitD deficiency when
breast milk is the sole source of nutrition

Decreased synthesis of 25(OH)VitD

Liver failure

Mild-to-moderate dysfunction

Causes malabsorption of VitD, but production
of 25(OH)VitD is possible

Dysfunction of 90% or more

Results in inability to make sufficient
25(OH)VitD
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Increased urinary loss of 25(OH)VitD

Nephrotic syndrome: loss of 25(OH)VitD bound to
vitamin D-binding protein in urine

Results in substantial loss of 25(OH)VitD to
urine

Decreased synthesis of 1,25(OH):VitD

Chronic kidney disease

Stages 2 and 3 (estimated glomerular filtration rate,
31 to 89 ml/min/1.73 m?)

Hyperphosphatemia increases fibroblast growth
factor 23, which decreases 25-hydroxyvitamin D-1a-
hydroxylase activity

Causes decreased fractional excretion of
phosphorus and decreased serum levels of
1,25(OH),VitD

Stages 4 and 5 (estimated glomerular filtration rate
<30 ml/min/1.73 m?)

Inability to produce adequate amounts of
1,25(0OH),VitD

Causes hypocalcemia, secondary
hyperparathyroidism, and renal bone disease

Heritable disorders — rickets

Pseudovitamin D deficiency rickets (vitamin D—
dependent rickets type 1): mutation of the renal 25-
hydroxyvitamin D-14-hydroxylase gene (CYP27B1)

Causes reduced or no renal synthesis of
1,25(OH),VitD

Vitamin D-resistant rickets (vitamin D—dependent
rickets type 2): mutation of the vitamin D receptor
gene 1

Causes partial or complete resistance to
1,25(0OH), VitD action, resulting in elevated
levels of 1,25(OH),VitD

Vitamin D—dependent rickets type 3: overproduction
of hormoneresponsive-element binding proteins

Prevents the action of 1,25(OH),VitD in
transcription, causing target-cell resistance and
elevated levels of 1,25(OH),VitD

Autosomal dominant hypophosphatemic rickets:
mutation of the gene for fibroblast growth factor 23,
preventing or reducing its breakdown

Causes phosphaturia, decreased intestinal
absorption of phosphorus,

hypophosphatemia, and decreased renal
25(OH)VitD-1a-hydroxylase activity, resulting
in low-normal or low levels of 1,25(OH),VitD

X-linked hypophosphatemic rickets: mutation of the
PHEX gene, leading to elevated levels of fibroblast
growth factor 23 and other phosphatonins

Causes phosphaturia, decreased intestinal
absorption of phosphorus,

hypophosphatemia, and decreased renal
25(OH)VitD-1a-hydroxylase activity, resulting
in low-normal or low levels of 1,25(OH),VitD

Acquired disorders

Tumor-induced osteomalacia: tumor secretion of
fibroblast growth factor 23 and possibly other
phosphatonins

Causes phosphaturia, decreased intestinal
absorption of phosphorus,

hypophosphatemia, and decreased renal
25(OH)VitD-1a-hydroxylase activity, resulting
in low-normal or low levels of 1,25(OH),VitD

Primary hyperparathyroidism: increase in levels of
parathyroid hormone, causing increased conversion
of 25(OH)VitD to 1,25(OH),VitD

Decreases 25(OH)VitD levels and increases
1,25(0OH),VitD levels that are high-normal or
elevated

Granulomatous disorders, sarcoidosis, tuberculosis,
and other conditions, including some lymphomas:
conversion by macrophages of 25(OH)VitD to
1,25(0OH),VitD

Decreases 25(OH)VitD levels and increases
1,25(0OH),VitD levels

Hyperthyroidism: enhanced metabolism of
25(0OH)VitD

Reduces levels of 25(OH)VitD
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Traditional risk groups for VitD deficiency include the elderly, institutionalized
populations, obese persons, race/ethnic groups with darker skin colouring living in the
Northern hemisphere. Also children and adolescents as well as pregnant and lactating
women and their infants, especially when there is multiparity, short spacing between
pregnancies, non-white maternal skin and exclusive breast feeding are also potentially at
risk for VitD deficiency. Finally, patients with chronic diseases and those receiving
specific therapies (corticosteroids, several antiepileptic, antifungal, and antiviral

medications) are high risk populations for hypovitaminosis D [5, 17].

1.6 Vitamin D sufficient production/intake

The major source of VitD for adults and children is sunlight exposure. It is estimated
that in a fair skinned healthy adult, 20 to 30 minutes of sunlight exposure on the face and
forearms at midday can generate the equivalent of around 2000 IU of VitD [35], while
exposure in a bathing suit to an amount of sunlight that causes a minimal erythema (light
pinkness to the skin 24 h after exposure; 1 MED) is equivalent to receiving about 20,000
IU of VitD [5]. Notably, cutaneous VitD synthesis is influenced by various factors such as
skin pigmentation, sunscreen use, latitude, altitude, season, time of day, air pollution and
age. Coloured people who have natural sunscreen protection from their increased melanin
pigment, that absorbs the vitaminDs-producing UVB radiation, are more than 90% less
efficient in producing VitD in their skin and need a twofold to 10-fold increased sunlight
exposure time or frequency to get the same level of VitD synthesis as fair skinned
individuals [36]. Moreover, a sunscreen with a sun protection factor of 30 applied properly
reduces the ability of the skin to produce VitD by as much as 95% to 99% [17]. Also the
zenith angle of the sun which occurs between approximately 10 AM and 3 PM has the
highest impact on the cutaneous production of VitD. A more oblique angle, as it happens
during winter and early morning and late afternoon, results in the absorption of solar UVB
radiation by the ozone layer. This is why above the approximately 33° latitude minimum
VitD quantities are produced in the skin during winter [37, 38]. Therefore,
hypovitaminosis D is more usual in northern latitudes and its incidence is higher in late

winter/spring and considerably less in summer [5]. In addition, air pollution with increased
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ozone and nitrogen dioxide levels also absorb VitD-producing UVB photons but it is often
overlooked as a VitD deficiency risk factor for people living in urban areas [39]. In
addition, behaviours and dress codes that limit sun exposure for religious or cultural
reasons, like strict adherence to the use of a veil, headscarf, or other sun concealing type of
clothing, place those individuals to high VitD deficiency risk [9]. Similarly, exposure to
sunlight through glass markedly decreases VitD skin synthesis, because glass absorbs all
UVB radiation [40].

The elderly are also at high risk for low 25(OH)VitD levels and consequently for
clinical complications associated with it. With increasing age, cutaneous VitD production
decreases by more than 2-fold, because of atrophic skin changes that lead to a reduced
amount of its precursor 7-dehydrocholesterol (7-DHC) [41, 42]. In addition major lifestyle
changes co-exist, such as limited solar exposure due to less outdoor activities, changes in
clothing and probably less efficient dietary menu habits with lower VitD content.

Another vulnerable population for hypovitaminosis D is the overweight and obese
people. This is mainly attributed to their sedentary lifestyle, with much more time spent in
front of TV screens and computer games, instead of having outdoor physical activities and
exposure to sunlight. Other possible reported mechanisms include the sequestration of the
fat-soluble VitD in adipose tissue, a lower dietary VitD intake, its reduced intestinal
absorption, or even an altered vitamin D metabolism [43].

Diseases obstructing one of the steps of VitD metabolite activation may cause a
deficiency (i.e., severe liver or renal failure) [27]. Also VitD deficiency due to poor
intestinal absorption is seen in patients suffering from untreated celiac disease, cystic
fibrosis, inflammatory bowel disease, short bowel syndrome, patients with percutaneous
gastrostomy, or bariatric patients. Moreover, skin diseases and extended hospitalization
lead to long times spent indoors and inadequate sun exposure [40]. Finally, several drugs
are known to interfere with VitD metabolism and lead to decreased 25(OH)VitD levels.
Indeed, people on anticonvulsant medications, systemic glucocorticoids, antifungals and
medications for AIDS should receive VitD supplementation at least two to three times
more than their respective age group’s recommendations [27].

Some paediatric populations are also at increased risk for VitD deficiency, with age-
related factors playing a distinct role in each age group. At birth, the newborn’s VitD status

depends mostly on the maternal VitD status. Low maternal VitD levels during pregnancy
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have been associated with adverse neonatal outcomes, including small for gestational age
and preterm births [44, 45]. In infancy, exclusively breast fed babies without adequate sun
exposure or VitD supplementation are at highest risk [5], since although human milk is the
best nutrition for infants, its content in VitD is low and insufficient as it is influenced by
maternal sun exposure, skin pigmentation, clothing, latitude, season and diet [46]. Even if a
lactating mother is receiving 400 IU VitD/day, the VitD content of milk is found less than
80 IU/L [47]. However, the optimal supplement dose for breast-feeding mothers who seek
to give VitD to their infant via breast-feeding is not clearly defined and is not yet
recommended [46]. On the other hand, infant formulas contain about 40—120 IU/100 kcal
(400 TU/L) of VitD [48]. Subsequently, according to AAP recommendations, every breast-
fed should be supplemented with at least 400 IU of VitD/day, and similarly for the
formula-fed one until it is able to consume 1 L/day of fortified milk [46]. Especially
preterm infants are more prone to hypovitaminosis D, since VitD stores at birth can be
lower than those of full-term infants. As a result, preterm infants are substantially
dependent on exogenous sources of VitD [49].

During childhood and adolescence, low VitD status is also a consequence of a poor
and unbalanced diet, even in developed countries, with frequent consumption of fast and
junk food being a relevant risk factor [50].

Important risk factors for VitD deficiency are schematically shown in Figure 7 [17]
and pediatric groups at risk for developing hypovitaminosis D are summarized in Table 7

[50].
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Figure 7. Vitamin D deficiency risk factors [17]
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Table 7. Paediatric groups at-risk for vitamin D deficiency [50].

At-risk group

Mechanism of vitamin D
deficiency

Newborns born to mothers with vitamin D
insufficiency/deficiency

Insufficient stores

Preterm infants

Insufficient stores

Exclusively breastfed Infants

Decreased intake

Infants without vitamin D supplementation

Decreased intake

Children with darker skin

Decreased skin synthesis

Children living at higher latitudes during winter and spring

Decreased skin synthesis

Children with restricted sunlight exposure

Decreased skin synthesis

Obese children

Increased sequestration in adipose tissue

Children with severe liver failure

Decreased synthesis of 25(OH)VitD

Children with severe renal failure

Decreased synthesis of
1,25(OH)2VitD

Children with chronic diseases reducing fat absorption

Decreased intestinal absorption

Children with skin diseases

Decreased skin synthesis

Children under chronic treatment with systemic
glucocorticoids

Enhanced inactivation of
25(0OH)VitD by up-regulation of 24-
hydroxylase activity

Children under chronic treatment with anticonvulsants
(carbamazepine, phenytoin, topiramate, phenobarbitone)

Increased hepatic vitamin D
catabolism

Migrant children and adopted children

Multiple mechanisms
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Interestingly, more recent data associate genetic and epigenetic factors with
increased risk for hypovitaminosis D, beyond environmental determinants of 25(OH)VitD
levels. The specific genetic determinants of 25(OH)VitD levels are only beginning to be
identified and represent a complex trait for which family studies have estimated heritability
ranging from 43% to 80% [51]. Further elucidation of these genetic characteristics could
potentially help identify those at risk for VitD deficiency/insufficiency [52].

Several single nucleotide polymorphisms (SNPs) of VitD related genes have been
associated with low VitD serum levels [53]; and this may explain the wide inter-individual
variability in VitD sensitivity, with consequences to disease risk. The VDR gene, located
on chromosome 12q13-14, exhibits also several polymorphic regions [54]. Of note, a
recent identification of 141 SNPs in the VDR from a cohort study of white participants
(Cardiovascular Health Study) also revealed that lower serum 25(OH)VitD levels were
associated with clinical outcomes according to genetic differences in the VDR (Hazard
Ratios for the risk of the composite outcome of 1.40 for those who had 1 minor allele at
rs7968585 (in VDR) and 1.82 for those with 2 minor alleles) [17]. Furthermore, two
common polymorphisms at the VitD binding protein (VDBP) gene on chromosome 4q12-
ql3 also affect circulating 25(OH)VitD levels [55]. Three other SNPs in VitD pathway
genes (152282679, rs2298849, and rs10877012) were significantly associated with VitD
deficiency in African-Americans [56]. Two recent genome-wide association studies
(GWASS), reported a 49% increased risk of VitD deficiency associated with the rs2282679
minor allele also in white individuals [57].

Also recent epigenomic findings in GWAS confirmed 3 of the 4 genes (DHCR?7,
CYP2R1, and CYP24A1), which play crucial roles in VitD metabolism [58]. DHCR7 is a
novel gene identified in 2 recent GWASs [59, 60], encoding the enzyme 7-DHC reductase,
which converts 7-DHC to cholesterol, thereby removing the substrate from the VitD
synthetic pathway. CYP24A1 gene which encodes 25(OH)VitD-24-hydroxylase, a
mitochondrial protein that initiates the degradation of 1,25(OH)>VitD, has been identified
as a candidate gene for VitD insufficiency in one GWAS but not in the other [57, 61].
These epigenomic findings suggest that individuals with VitD deficiency are more likely to
have reduced synthesis and increased catabolism of 25(OH)VitD and 1,25(OH),VitD [58].

Genomic and epigenomic data interpretation has helped to better understand the

complex nature of heritable VitD deficiency risk factors. However, a recent GWAS of
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prospectively collected 25(OH)VitD data (from 5 studies, 5575 individuals) reported that
known GWAS-associated SNPs explain only approximately 5.2% of the observed variance
in circulating 25(OH)VitD levels [52]. Therefore, it is concluded that combined genetic

and environmental interactions and their effects determine circulating 25(OH)VitD levels.

1.7 Incidence of Vitamin D deficiency / insufficiency

Several studies have investigated the prevalence of low serum 25(OH)VitD levels in
general populations throughout the world [62-67]. It was estimated that the prevalence of
VitD deficiency is approximately 30-50% in the general population [68] and that serum
25(0OH)VitD concentrations and VitD supply are insufficient to meet the VitD
requirements in significant parts worldwide, even in sunny countries and not only in at-
risk groups [15] (Figure 8) [17]. There exist, of course, regional differences in the burden
of VitD deficiency. According to recent surveys, serum 25(OH)VitD concentrations <12
ng/mL and <20 ng/mL are documented in 13.0 and 40.4% of the general population in
Europe, in 6.7 and 26.0% of the general population in the US, respectively [64, 65]. The
prevalence of serum 25(OH)VitD levels <20 ng/mL was almost in one-third of the US
population, with in more than 70% of non-Hispanic black individuals and in more than
40% of Hispanic/Mexican individuals [59]. Australian adults, had also high rates of VitD
deficiency/insufficiency with 31% having serum 25(OH)VitD <20 ng/mL and 73% <30
ng/mL in one study [69]. Even more increased hypovitaminosis D rates seem to be found
in many low and lower-middle income countries, like in India, Tunisia and Mongolia
where more than 20% of the entire population has 25(OH)VitD concentrations <12 ng/mL
[63]. In the Middle East and Asia, VitD deficiency is highly prevalent as well [70, 71].
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Figure 8. Reported incidence of vitamin D deficiency defined as a 25(OH)VitD level <20

ng/ml around the globe in pregnant women and general population [17].
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Across Europe particularly, prevalence estimates of VitD deficiency are so
widespread that meet the criteria of a pandemic [64]. Using the Institute of Medicine’s
definition of VitD deficiency (i.e. 25(OH)VitD <12 ng/mL) [26], an overall of 13% across
all ages from childhood, teenage, adult, and older adult population from all Europe
(n=55,844, southern to mid and up to northern European member states), had VitD
deficiency [64]. Among those tested in the extended winter and summer periods, VitD
deficiency’s prevalence was 17.7% and 8.2%, respectively [64] .

Using the alternately suggested definition of VitD deficiency as per the Endocrine
Society (i.e. 25(OH)VitD <20 ng/mL) [27], the prevalence reached 40.4% [64]. However,
there was a considerable variation depending on season, latitude, age group, and ethnic mix
of the study populations.

As expected, there was also considerable variation in the prevalence of VitD

deficiency among the European Union countries, depending on latitude. Interestingly
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however, in studies with adults and older adults, the prevalence of VitD deficiency
appeared to be dependent on age group. VitD deficiency was much less in the more
northerly latitude countries such as Norway, Iceland, and Finland, whereas more mid-
latitude countries such as the United Kingdom, Ireland, Netherlands, and Germany had a
higher prevalence, even accounting for ethnicity [64]. Also VitD deficiency’s prevalence
in extended winter compared with extended summer was also much lower in the northerly
latitude countries, which may be attributed to higher rates of food fortification policies,
high consumption of fatty fish and cod liver oil and/or VitD supplement use in these
countries [64, 67]. Notably, in the Southern Europe and the Eastern Mediterranean
regions there was a high prevalence of hypovitaminosis D, despite abundant sunshine. A
systematic review showed that more than one-third of the studies reported mean
25(OH)VitD levels <20 ng/mL and ~10% <10 ng/mL [66]. An observational cross-
sectional study in Greek adults from urban and rural regions found mean serum
25(OH)VitD at 20+ 8 ng/mL, with VitD deficiency highly prevalent among healthy Greek
men and women, reaching 87.7% of the population [72]. The lower VitD status in Greece,
Italy and Spain could be attributed to increased skin pigmentation, sunshine-avoiding
behaviours, and air pollution, all of which reduce sun-induced VitD production in the skin
[69]. Overall dark-skinned ethnic subgroups had much higher (3- to 71-fold) prevalence of
serum 25(OH)VitD <12 ng/mL than did white populations [64].

Moreover, contrary to ethnic and age-grouping differences [64], studies showed no
sex differences in the prevalence of VitD deficiency in both young and older European
populations. Serum 25(OH)VitD levels <12 ng/mL were found on average to be 13.1% and

12.9% for males and females respectively [64].

Several studies have evaluated VitD status in childhood and adolescence and
demonstrate widespread hypovitaminosis D around the world as well [73-79] (Table 8)
[40]. In the United States, large US National Health and Nutrition Examination Survey
(NHANES) studies estimated that 50% of children aged 1 to 5 years and 70% of children
aged 6 to 11 years were VitD deficient or insufficient [78]. Recent studies reported that
also adolescents and young adults are at risk for VitD deficiency [80], probably because of
increased obesity incidence, decreased milk consumption, and increased sunscreen use

[17]. More limited data are available for the European pediatric population [73-76].
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Interestingly childhood population studies showed that the relatively mid-latitude countries
(47-60°N) had a higher prevalence range of low VitD status of 5-20% than did southern
countries (<41°N) with 4.2-6.9% [64]. A recent study among Greek schoolchildren (9—-13
years old) showed that the prevalence of 25(OH)VitD serum levels <12 and <20 ng/mL
was 5.2 and 52.5%, respectively [66]. Despite Greece’s southerly latitude, the prevalence
of hypovitaminosis D was similar or even greater than that reported among other European
children and adolescents [66]. Notably, girls had a higher prevalence of 25(OH)VitD <12
(7.2 versus 3.2%) and 20 ng/mL (57.0 versus 48.0%) than boys.

Children in urban/semi-urban regions had higher prevalence of 25(OH)VitD <20
ng/mL than children in rural regions, particularly during spring months (74.6 versus
47.2%). The highest prevalence rates of 25(OH)VitD <12 and <20 ng/mL (9.1 and 73.1%,
respectively) were observed during spring, whereas the lowest (1.5 and 31.9%,
respectively) during autumn [66].

Furthermore, other researchers examined VitD status during adolescence worldwide
[76, 77, 81]. In particular, European studies showed that teenagers aged 15-18 years,
irrespective of latitude, seemed to exhibit a higher prevalence of VitD deficiency ranging
from 12-40% than did other age groups, with those of children 1-6 years being at 4-7%,
7—14 years at 1-8% and older adults at 9-24%, respectively [64]. Similarly, in our area of
North West of Greece a study showed a high percentage (47%) of the subjects aged 15-18
years who had 25(OH)VitD <10 ng/ml in winter and the prevalence being higher in the
girls in agreement with other reports. In the younger ages (13-14 years) the prevalence was
much less (13-14%) while in the summer they all had levels >10 ng/ml [82].

In conclusion, VitD deficiency is evident throughout the world at prevalence rates of
a new “pandemic”. Focused actions are required both from a public health and a clinical

perspective.
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Table 8. Recent epidemiological studies assessing vitamin D status in children and

adolescents [40]

First Year | Country | Latitude n Age <20 20-29.9 >30
author (years) | ng/mL | ng/mL | ng/mL
Absoud M 2011 | UK 53-59°N 1,102 4-18 35% - -
Sioen I 2012 | Belgium | 51.1°N 357 4-11 58 % 40 % 2%
Vierucci F 2013 | Italy 43-44° N 652 2-21 46 % 34 % 20 %
Gonzalez- 2012 | Europe Multicenter 1,006 12.5— 42 % 39 % 19 %
Gross M study 17.5
Dong Y 2010 | USA 33°N 559 14-18 29 % 28 % 43 %
Kumar J 2009 | USA NHANES 6,275 1-21 9 %a 61 %Db 30 %
01-04
Mansbach 2009 | USA NHANES 3,951 1-11 18 % 51 % 31 %
M 01-06
Maguire JL | 2013 | Canada 43.4°N 1,898 1-5 6 % 24 % 70 %
Santos BR 2012 | Brazil 25-30° S 234 7-18 36 % 54 % 10 %
Kim SH 2012 | S.Korea | 34-38°N 2,062 10-18 68 % 28 % 4%
Poopedi 2011 | S. Africa | MA 26°S 385 10 7% 19 % 74 %

1.8 Clinical manifestations of Vitamin D deficiency / insufficiency

Hypovitaminosis D has been associated with several health outcomes both in
children/adolescents and adults, including musculoskeletal (rickets, osteomalacia,
osteopenia, osteoporosis, bone fractures and muscle weakness) and non-skeletal
complications [5]. Non-skeletal effects include a wide spectrum of diseases: cardiovascular
diseases and risk factors [83, 84] such as cognitive heart failure [28], impaired systolic and
diastolic function [85], myocardial infarction [86], peripheral vascular disease [87], non-
valvular atrial fibrillation [88], as well as common obesity [89], type 1 [16] and type 2
diabetes [90, 91] and insulin resistance, metabolic syndrome [92] and hypertension [93]. In
addition, it has also been associated with respiratory tract infections and tuberculosis and
also with autoimmune diseases as is theumatoid arthritis, multiple sclerosis, inflammatory
bowel diseases etc. Moreover hypovitaminosis D is believed to be implicated in malignant
diseases [94], neuropsychiatric diseases as schizophrenia and depression, cognitive deficits

[95] and into overall mortality [96].
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1.8.1 Effect of Vitamin D on the Cardiovascular System

Seasonal variation of CVD was observed many years ago, with higher mortality from
ischaemic heart disease occurring in winter and at higher latitudes [97-99]. Later clinical
and epidemiological studies have linked low VitD status to CVD risk factors such as
hypertension, diabetes, obesity and dyslipidemia [100, 101] and VitD deficiency was
proposed to affect cardiovascular health through many direct and indirect mechanisms
(Figure 9). The direct mechanisms of vitD involvement include: A) preservation of heart
muscle and vascular system functions through: (1) inhibition of vascular smooth-muscle
cells proliferation, intima-media thickening and metalloproteinase activity; (2)
enhancement of vasodilatory action of endothelial nitric oxide synthase; (3) prevention of
the development of atherosclerotic plaques (inhibition of macrophages conversion into
foam cells); (4) prevention of calcium deposition in vessels; (5) endothelium protection
against advanced glycation end products (AGEs), (6) anti-thrombotic activity [9, 102-104]
and B) anti-inflammatory effects (modulation of inflammatory markers [105] and
metalloproteinase-9 (MMP-9) [106]). VitD’s indirect effects on cardiovascular system
include: (1) downregulation of PTH [107], (2) suppression of the renin-angiotensin-
aldosterone system [108], (3) improved insulin sensitivity and secretion and beneficial
effect on lipid profile (Figure 10) [109].

Chronic VitD deficiency leads to PTH overproduction, mainly due to decreased
intestinal calcium absorption and increased calcium mobilization from bone. Increased
PTH levels and hypercalcemia can also have adverse cardiovascular effects including left
ventricular hypertrophy (LVH), valvular calcification, myocardial calcification, blood clot
formation, cardiac arrhythmia and arterial hypertension [110] (Figure 11) [111].

Overall VitD has been recognized as a powerful molecule which can hypothetically
prevent from various processes implicated in the pathogenesis of cardiovascular system

dysfunctions [11] (Figure 11, Table 9).
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Figure 9. Effect of VitD on cardiovascular system [109]
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Figure 10. Representation of VitD’s actions in cells and tissues implicated directly and

indirectly in the atherosclerotic process [109].
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Figure 11. Potential mechanisms through which VitD deficiency and high calcium levels

may lead to CVD manifestation [111].
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Table 9. Potential mechanisms through which VitD deficiency may affect CVD related
pathologies

Pathology Proposed Mechanism of Action

Hypertensive vascular disease o Increased intracellular calcium leading to decreased renin activity
e Calcitriol suppression of renin promoter gene

e Alteration of the sensitivity of vascular smooth muscle cells

Peripheral vascular disease e Increased calcification

Diabetes mellitus e Immunomodulatory effects by reducing tumor necrosis factor—a,
parathyroid hormone, and interleukin-10

e Decreased insulin receptor expression, leading to peripheral
resistance of insulin

e Effect on intracellular calcium levels leading to decreased insulin

secretion

Lipid metabolism e Increase peripheral insulin resistance, contributing to high lipid
profile

e Statins may increase vitamin D levels by increasing 7-
dehydrocholesterol

e Increased vessel free radicals lead to oxidation of low-density
lipoprotein and increased engulfment by macrophages, an early sign

of atherosclerosis

Coronary artery disease e Indirect effect through risk factor modification
e Altering endothelial function

e Increased coronary artery calcification

Heart failure e Direct effect on myocardial contractility

e Regulation of brain natriuretic peptide secretion

e Reduction of left ventricular hypertrophy with effects on
extracellular remodeling

e Regulation of inflammatory cytokines

e Secondary hyperparathyroidism, which leads to vasodilatation and

positive inotropic stimulation

Arrhythmias e Direct myocardial substrate modification

e Indirectly via calcium levels and metabolism at a cellular level
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1.8.2 Effect of Vitamin D on the Redox / Detoxification Metabolism

Normal cell functions and survival are preserved by maintaining a highly reduced
internal environment. A possible increase in the levels of intracellular reactive oxygen
species (ROS) causes an imbalance in the oxidant/anti-oxidant status, which in turn leads
to redox stress-induced impairment of cell homeostasis [112].

VitD is found able to regulate the expression of many antioxidant systems. For
example the expression of nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, and the major enzyme system that generates superoxide anion (the main ROS)
may also be modulated by VitD [113]. NADPH oxidase may be activated by the receptor
for advanced glycation-end products (RAGE). A RAGE-induced inflammation is observed
in several pathological conditions associated with VitD deficiency, such as diabetes,
cardiovascular diseases, neurodegenerative disorders and cancer [114, 115].

VitD may also exert protective effects on endothelial cell’s dysfunction, which are
inflammatory processes that precede atherosclerosis, through stimulation of nitric oxide
(NO) production and may counteract superoxide anion generation, possibly by controlling
at the level of phospho-active extracellular signal-regulated kinases [116]. VitD and PTH
potentially influence NO bioavailability as depicted in Figure 12 [117]. In the setting of
VitD deficiency, increased PTH activates 1,25(OH),VitD production in the kidneys,
increasing intracellular calcium which, in turn, promotes ROS production [118].
Angiotensin II induces superoxide formation which augments inflammation and attenuates
NO production and endothelium-dependent vasodilation [119]. Mounting evidence
indicates that VitD regulates the renin-angiotensin system. Compared with VitD-sufficient
individuals, those with VitD deficiency and insufficiency had greater plasma angiotensin II
levels and a trend for higher plasma renin activity [120].

VitD may also control the expression of the nuclear factor-erythroid-2-related factor
2 (Nrf2), a transcription factor able to activate genes encoding for antioxidant and
detoxifying enzymes [114]. Notably, Nrf2 is able to induce the up-regulation of VDR and
RXR, in order to enhance cell sensitivity to low VitD levels [121]. In addition, VitD is
found to regulate the expression of Klotho, a trans-membrane protein with antioxidant

action, which is released as a humoral factor able to influence several signaling pathways
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and cellular processes [122]. VitD deficiency may possibly lead to reduced expression of
Nrf2 and Klotho and consequently to the disruption of redox system homeostasis. The loss

of this control may be the onset of numerous age-related disorders [123].

Figure 12. Proposed model linking low 25(OH)VitD and raised PTH to greater oxidative
stress and lower NO bioavailability [117]
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Normal cell function and are guaranteed by the maintenance of highly reduced
internal environment of cells [124]. In VitD deficient subjects the oxidant/anti-oxidant
status seems to lean in favor of oxidative stress [124], while correcting hypovitaminosis D
may counteract the negative effects caused by oxidative stress as found in epithelial cells
[125].

Higher BMI leads to lower 25(OH)VitD levels probably due to the sedentary
lifestyleof subjects, the reduced 25(OH)VitD skin synthesis and VitD sequestration in their
excessive fat tissue, as analysed below [126]. MetS has been associated with increased
oxidative stress, which plays a crucial role in the formation, progression and rupture of
atherosclerotic plaques [127]. Oxidation of low dencity lipoprotein cholesterol (LDL-C) by
free radicals and formation of oxidised LDL (ox-LDL) particles happens in the very early
but critical steps of atherosclerosis [128].

VitD deficiency has been associated with increased oxidative stress also in obese
individuals, patients with chronic diseases and the elderly [129]. Some data suggest that
VitD deficiency may promote vascular oxidative stress and induce hypertension as well as
changes in cardiac gene expression [130]. VitD deficiency may also play a possible role in
the link between oxidative stress and diabetes development and progression [131].

Notably, to date there is no unique method which can accurately measure oxidative
stress. Paraoxonase activity and arylesterase activity (i.e. a PON-1 activity more closely
related to PON-1 mass) are used as indicators and are found to be inversely associated with
oxidative stress, since they inhibit LDL oxidation and protect against cardiovascular
diseases [132]. Another useful and validated oxidative stress marker is isoprostanes,
especially the biologically active 8-is0-PGF2a, which are produced from the random
oxidation of tissue phospholipids by oxygen radicals [133].

Some studies in adults indicated that VitD supplementation has been associated with
improvement of oxidative stress and inflammation [125], though not consistently.
However, there is little data on the association between VitD and oxidative stress markers
assessed in this study (ox-LDL, PON-1 activities, and urinary 8-isoprostanes). In
particular, a recent study in adults found that serum ox-LDL levels were significantly
higher in type 2 diabetic patients with hypovitaminosis D compared with those with
normal VitD status [134]. On the other hand, a study in VitD deficient but otherwise
healthy persons and matched controls showed that ox-LDL and LDL levels did not differ
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between groups and there was no association between VitD and ox-LDL levels [124]. In
the same study, treatment with 50,000 IU VitD/week per os for 8 weeks was not associated
with changes in ox-LDL levels [124]. Regarding PON-1 activity, a previous study showed
that supplementing asymptomatic VitD deficient people with 300,000 IU VitD intra-
muscularly (IM) monthly for 3 months was not associated with changes in serum
paraoxonase activity compared with VitD sufficient controls [135]. Observational studies
also show conflicting results about the relationship between VitD and isoprostane levels.
An analysis of the Framingham Offspring Study showed that plasma 25(OH)VitD
concentration was inversely associated with urinary isoprostanes [136]. Similar results
were obtained in a study in type 2 diabetic patients with hypovitaminosis D [134]. Another
cross-sectional study though did not support an association of 25(OH)VitD levels with
plasma isoprostanes in African-Americans probably due to the relatively modest sample
size [117]. Of note, data from interventional studies are lacking. In particular, one study in
type 2 diabetic patients showed that treatment with 5000 IU VitD/day per os for 12 weeks
versus placebo was not associated with improvement in plasma 8-isoprostanes [137].

Other studies in obese VitD deficient subjects showed that VitD supplementation in
combination with exercise could possibly ameliorate oxidative stress as assessed by
urinary 8-isoprostane, hydrogen peroxide, tumor necrosis factor-alpha and other factors
[138, 139]. Studies in patients with chronic diseases found that VitD administration was
associated with improvement of several oxidative stress markers. In particular, patients
with diabetes showed reductions in plasma nitric oxide (NO), glutathione (GSH) and
malondialdehyde (MDA) levels and increase in total antioxidant status (TAS) [140, 141].
Furthermore, women with polycystic ovary syndrome exhibited decreases in MDA and
GSH levels and an increase in TAS [142, 143], while patients with non-alcoholic fatty liver
disease experienced a decrease in MDA levels and an increase in TAS [144]. Moreover,
VitD deficient individuals exhibited reduction in MDA levels and increase in TAS, while
in other studies a decrease in total oxidant status (TOS) and fibrinogen, but not ox-LDL
levels were found [124, 135]. On the contrary, in type 2 diabetic patients VitD
administration was not associated with improvement of oxidative stress markers
(superoxide dismutase or plasma 8-isoprostanes) [137]. To date, however, there is lack of
data regarding the effect of VitD supplementation on oxidative stress markers in patients

with MetS.
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Moreover, some data have indicated that VitD deficiency may be implicated in
oxidative stress development even in youth, while VitD supplementation is reported to
have favorable effect on their antioxidant system [145]. However there is considerable

inadequacy of data regarding this mater in childhood and adolescence.

1.8.3 Other non-skeletal consequences of Vitamin D deficiency /

insufficiency

During last decades even more studies exploring effects of VitD beyond its well-
known effects on the musculo-skeletal system have come about. Except the vast majority
of observational studies that have reported low 25(OH)VitD levels to be associated with an
increased risk of adverse health outcomes, randomized control trials (RCTs) the gold-
standard for exploring any causal link, have been carried out. Also within the last few
years, many systematic reviews have been published, including meta-analyses (MAs) with
results from RCTs on non-skeletal outcomes in response to VitD supplementation [146-
148]. Overall most MAs and the individual RCTs on risk of cardiovascular diseases, type 2
diabetes, weight-loss, and malignant diseases give inconsistent results. Only 14 out of the
54 MAs suggest beneficial effects of VitD supplementation on different extra-skeletal
outcomes among which 1 MAs on depression, 2 MAs on blood pressure, 3 MAs on
respiratory tract infections, and 8 MAs on mortality [96]. Despite that and as researchers
claim, those findings do not challenge the formulated hypothesis based on the findings
from observational studies for adverse health outcomes from low 25(OH)VitD levels [96].
However others claim that the inverse association between 25(OH)VitD levels and various
health outcomes, could be the result of disease process causing low 25(OH)VitD levels
rather than low 25(OH)VitD levels causing the disease i.e., low 25(OH)VitD levels being a
marker of ill health [147].

From now onwards the focus will be on VitD and cardiovascular diseases and other

risk factors both in adults and children/adolescents.
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1.9 Vitamin D and Cardiovascular Diseases

Cardiovascular diseases (CVD) are a leading cause of mortality worldwide,
accounting for approximately 30% of all deaths [7]. Thus, identifying modifiable risk
factors and treatments remains a high priority for CVD prevention.

Around one billion people worldwide have either VitD deficiency or insufficiency
[5] and observational studies give strong evidence in linking low 25(OH)VitD serum levels
with poor cardiovascular outcomes and risk of CVDs [84, 86, 149, 150]. Also MAs of data
from observational studies have consistently shown an increased risk of CVD in subjects
with hypovitaminosis D [150, 151]. Notably, VitD deficiency has been associated with
increased risk of cardiovascular mortality [150, 152], myocardial infarction (MI) [153,
154], coronary heart disease (CHD) [155, 156], stroke [157-159], and heart failure (HF)
[160]. In addition low VitD status has been linked with several CVD risk factors both in
adulthood and childhood/adolescence, including hypertension, diabetes, dyslipidemia,
inflammation/oxidative stress and obesity/metabolic syndrome, which will be extensively
analyzed below. In this context VitD has been considered as an attractive interventional
target, since increasing serum 25(OH)VitD levels with supplementation is relatively
inexpensive.

However, not only low but also high serum 25(OH)VitD levels have been associated
with increased incidence of cardiovascular outcomes, including CVD, stroke, and acute
myocardial mortality. In a 2015 analysis of the Copenhagen vitamin D (CopD) study
(n=247,574) [161], serum 25(OH)VitD was non-linearly associated with CVD mortality in
a “reverse J-shaped” pattern [161]. The lowest CVD mortality risk occurred at 28 ng/ml
(70 nmol/L), a level lower than the Endocrine Society's guidelines for VitD sufficiency of
30 ng/ml [27] but higher than the level deemed adequate for health by the IOM (20 ng/ml)
[26]. These results were consistent with another study which found increased mortality risk
at high VitD levels >50 ng/ml (125 nmol/L) [162].

In general morbidity and mortality from all causes were lowest at 25(OH)VitD levels
between 20 and 36 ng/mL (50 and 90 nmol/L) and increased again above this range

(Figure 13) [163].
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Figure 13. Dose-response trend of hazard ratios of death from all causes by standardized

serum 25(OH)VitD [163]
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With regard to cardiovascular mortality a MA of prospective cohort studies,
involving 757,304 participants, reported a U-shaped association also with dietary calcium
intake. Total daily dietary calcium intake (i.e. from food sources) that were either higher or
lower than 800 mg were associated with increasing risk of cardiovascular mortality [164].
In another prospective cohort study with cardiac surgical patients, a U-shaped association
between circulating 25(OH)VitD levels and the risk of major adverse cardiac and
cerebrovascular events has been reported. Risk was highest at both circulating 25(OH)VitD
levels <12 ng/mL and >40 ng/mL [28]. A recent RCT in advanced heart failure provided
further evidence for adverse VitD effects in CVD patients [165].

Although results from observational epidemiological studies were encouraging,
RCTs of VitD supplementation have not so far reached into conclusions for beneficial or
not cardiovascular effects [166-175]. None of the MAs have shown either beneficial or

harmful effects from estimates in response to the interventions on risk of CVDs, in terms
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of any CV events, myocardial infarctions (MI), stroke/cerebrovascular disease, or CV
death [96]. However, most published trials have either had a relatively small sample size or
did not include CVD outcomes as a pre-specified outcome. Only the recently published
study by Scragg et al. had CVD as primary outcome. Researchers randomized 5110
participants from the general population (42% females) with baseline deseasonalized
25(OH)VitD concentration of 26.4 ng/ml to receive either placebo (n=2552) or vitamin D3
(n=2558) with an initial dose of 200,000 IU, followed a month later by monthly doses of
100,000 IU, for a median of 3.3 years. Their results did not show any beneficial effects of
VitD supplementation on the risk of CVD [176]. In their systematic review, Wang et al.
showed a statistically nonsignificant reduction in cardiovascular disease with moderate
doses of VitD (approximately 1,000 1U/d) [171]. Also Mao et al. showed that neither VitD
supplementation nor calcium supplementation had an effect on major cardiovascular
events, myocardial infarction, or stroke [173]. A 2015 meta-analysis of 13 RCTs of oral
VitD supplementation in adults with chronic kidney disease, found no significant effect on
all-cause mortality, cardiovascular mortality, or serious cardiovascular adverse events
[177]. Another meta-analysis of 21 VitD trials with outcomes of cardiac failure, MI and
stroke, found no statistically significant difference in those supplemented with VitD
compared to placebo [178]. Ford et al., despite their belief that there is insufficient
evidence to support VitD supplementation for the reduction of cardiovascular events, they
highlighted the possibility that VitD supplementation might still have an effect on heart
failure [169].

Other studies with selected populations have also been carried out. The Vitamin D
Treating Patients with Chronic Heart Failure (VINDICATE) study was a randomized,
placebo-controlled, double blind trial of VitD supplementation to patients with HF and
VitD deficiency [179]. They found that while one year of 4,000 IU/day of VitD did not
improve 6-minute walk distance, their primary outcome was that those receiving VitD
supplementation showed a 6.1% improvement in ejection fraction and a decrease in left
ventricular end diastolic diameter. While this sample was relatively small (n=229) as not to
be generalized (participants were all male HF patients), it does provide some new
encouraging evidence on the potential effects of VitD supplementation. On the contrary, a
recent MA of 7 RCTs investigating whether VitD supplementation has protective effects in

patients with chronic HF, found that while VitD may decrease PTH levels and some
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inflammatory markers, no statistically significant improvement in the left ventricular
function could be detected [180]. Here again the MA was limited by the small sample sizes
and relatively short follow-up duration of the included trials; while the VINDICATE trial
was both larger in size and had a longer follow-up compared to all trials included in the
MA.

More specifically designed large-scale VitD supplementation trials have been
conducted or are currently underway. The VITamin D and OmegA-3 Trial (VITAL), a
placebo-controlled, double-blind 2x2 factorial trial of over 25,875 multi-ethnic participants
randomized to 2,000 IU/day of vitamin D3 and omega-3 fatty acid supplements for 5 years
has been completed. VITAL study showed that supplementation with VitD (2000 1U/day)
did not result in a lower incidence of cardiovascular events (including myocardial
infarction, stroke, or death from cardiovascular causes) than placebo. Additionally, no
excess risks of hypercalcemia or other adverse events were identified [181]. Another
completed study is the Vitamin D Assessment (ViDA) study, a randomised, double-blind,
placebo-controlled trial, to evaluate the efficacy of monthly VitD supplementation
(100,000 IU or placebo) in reducing the incidence of a range of acute and chronic diseases
and intermediate outcomes. The results showed no beneficial effect of VitD
supplementation on incidence of cardiovascular disease, falls, non-vertebral fractures and
all cancer types. But VitD supplementation was beneficial for persistence with taking
statins in participants on long-term statin therapy, and also in bone mineral density and
arterial function in participants with low 25(OH)VitD levels, and in lung function among
ever smokers (especially if VitD deficient) [182]. EVITA (Effect of vitamin D on all-cause
mortality in heart failure) study examined the effect of VitD supplementation (4000 U
VitD daily or matching placebo) on all-cause mortality in 400 heart failure patients (HF)
with 25(OH)VitD levels <30 ng/mL for 3 years. The results showed that a daily VitD dose
of 4000 IU not only did not reduce mortality in patients with advanced HF but was
associated with a greater need for mechanical circulatory support implants. Hence these
data indicate caution regarding long-term supplementation with moderately high VitD
doses [165]. The D-Health Trial, a placebo-controlled trial with 21,315 participants
randomized to 60,000 IU/month of vitamin D3 for 5 years with primary outcome all-cause
mortality and secondary outcomes total cancer incidence and colorectal cancer incidence is

still going on [183].
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These studies have their limitations. Most trials are studying older populations, and
the results may not be generalizable to younger individuals. Furthermore, only one trial
had a low VitD status (25(OH)VitD <30 ng/ml) as an enrollment criterion. If VitD
intervention is effective, the effect would likely be most pronounced in VitD deficient
individuals; thus benefits may not be seen in populations that started with adequate VitD
levels.

Overall, based on the most recently published data (2019) MA of RCTs have
demonstrated that CVD risk markers, such as lipid parameters, inflammation markers,
blood pressure, and arterial stiffness, are largely unaffected by VitD supplementation.
Similar results have been obtained regarding CVD events and mortality from MA of RCTs,
even in subgroups with 25(OH)VitD concentrations <20 ng/mL. Likewise, Mendelian
randomization studies have indicated that the genetic reduction of the 25(OH)VitD

concentration does not increase CVD risk [184].

In children and adolescents there are no studies with cardiovascular disease events
as primary outcomes, since CVD events occur most frequently during or after the fifth
decade of life. However, there is evidence that pathological precursors of CVD originate in
childhood and they may be affected by VitD deficiency. In particular VitD deficiency has
been associated with CVD risk factors that promote vascular stiffness and calcification,
leading to the development of atherosclerosis, as a degenerative vascular process that starts
in childhood [185-187]. Atherosclerosis is observed as lipid accumulation in the intima
arteries of the youth. Approximately at 3 years of age, almost all children with
atherosclerosis have at least some degree of aortic fatty streaks [188], which can increase
after the 8 years of age [189] and form atherosclerotic plaques in the coronary arteries
during adolescence [190]. Later, in adulthood, this might cause myocardial infarction or
stroke [104]. Observational studies have showed that children with VitD deficiency or
insufficiency had higher risk of an elevated blood glucose level, increased risk of
hypertension, and increased risk of metabolic syndrome, a prelude to type 2 diabetes [78,
191-193]. These among others CVD risk factors that may be adversely affected by VitD

deficiency, will extensively be analyzed below.



56

1.10 Vitamin D deficiency and Cardiovascular Disease Risk Factors

1.10.1 Vitamin D and Blood Pressure

Hypertension is a very common and major chronic health problem in developed
countries, with a prevalence of approximately 29% in adults [194] and with an estimated
1.6 billion cases of hypertension expected in 2025 [195]. Environmental studies have
shown that the prevalence of hypertension is lower in sunny regions, while it increases
with increasing distance from the equator [196]. Thereafter a possible link between VitD
and hypertension has been extensively investigated. Strong observational data associate
low 25(OH)VitD levels with an increase in blood pressure and an increased risk of
hypertension [197-199]. An analysis of NHANES III 1988-1994 of 12,644 participants
aged >20 years showed an inverse association between VitD levels and blood pressure
[200]. Similar results were obtained from analysis of NHANES 2003-2006 of 7228
participants [201].

Laboratory and animal experiments proposed a cause-and-effect relationship, on the
basis of the key modulating effects of VitD on the renin-angiotensin-aldosterone (RAAS)
axis. In vitro studies using a juxtaglomerular cell model showed that VitD suppresses both
renin gene expression via a vitamin D—responsive element in the promoter of the renin
gene and the expression of the angiotensinogen gene by blocking the nuclear factor kB
(NF-xB) pathway [108, 202]. Hypovitaminosis D was associated with hypertension
possibly through RAAS activation [108, 203], whereas sufficient levels may afford
“endogenous” proximal inhibition [9]. Moreover, human studies have shown increased
levels of renin and angiotensin II in subjects with VitD deficiency [203, 204]. Also, VitD
may have a direct vascular effect, as implied by the presence of 1a-hydroxylase activity in
vascular smooth muscle and endothelial cells and the presence of VDRs in endothelial
cells and macrophages [205]. Subsequently local mechanisms of action on the vessel wall
have been suggested to be of importance for hypertension manifestation in VitD-deficient
patients, leading to arterial stiffness [206] and endothelial dysfunction [207]. Also,

hyperparathyroidism may be associated with increased blood pressure levels since a



57

positive correlation has been shown between PTH and angiotensin Il/aldosterone [208,
209].

Prospective studies show conflicting results, with some reporting that 25(OH)VitD
levels could serve as a predictor of future hypertension, while others do not confirm this
speculation [199, 210]. Results from the Ludwigshafen Risk and Cardiovascular Health
(LURIC) study (a prospective cohort study of 3316 patients) showed that lower
25(OH)VitD and 1,25(OH).VitD levels were independently associated with up-regulated
circulating RAAS [211]. Forman et al have also demonstrated an inverse association
between VitD and risk of incident hypertension from two prospective cohort studies
including 39,000 men from the Health Professionals’ Follow-Up Study and 78,729 women
from the Nurses’ Health Study. Their results, combining men and women with measured
25(OH)VitD levels, showed a pooled relative risk of 3.18 (95% confidence interval 1.39—
7.29) [198]. On the contrary the recently published Kailuan study, involving 2456
underground miners, reported that lower 25(OH)VitD levels were not related to a greater
risk of incident hypertension [212]. However, a meta-analysis by the same authors, which
included 7 prospective studies with 53,375 participants, showed a significant association
between VitD deficiency and incident hypertension [212].

Data from interventional studies and especially from RCTs investigating the effect of
VitD supplementation on blood pressure are also conflicting. A meta-analysis by Wu et al.
of 4 RCTs found a reduction of systolic blood pressure (SBP) by —2.44 mm Hg, but no
effect on diastolic blood pressure (DBP) [213]. However, a meta-analysis by Witham et al.
of 11 RCTs showed that administration of VitD and ultraviolet A and B radiation was
associated with a non-significant SBP reduction by —3.5 mm Hg and a significant DBP
reduction by —3.1 mm Hg [214]. No beneficial effects of VitD supplementation were
reported in other more recent MAs of RCTs on blood pressure (BP) [93, 167, 172]. Of note
however is that some of those studies included patients with mild hypertension, or pregnant
women or healthy normotensive persons. Furthermore only a small number of the trials
have actually examined effects in patients with low VitD levels [215]. Overall two of nine
published MA and eight of 59 individual RCTs included in the MAs, showed beneficial
effect of VitD supplementation on BP [96], whereas one MA found an increase in SBP in
obese adults in response to VitD supplementation [216]. These results do not provide

substantial support to the hypothesis raised by observational studies of an effective role of
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VitD sufficiency in blood pressure regulation. However larger RCTs targeting only to
hypertensive patients with profound VitD deficiency are needed which may help in

reaching safer conclusions [217].

For children and adolescents, the data are sparse and again the results from
observational and interventional studies are controversial like those of adults. According to
most evidence serum 25(OH)VitD levels seems to be negatively associated with blood
pressure [78, 218, 219], despite being disputed by some [220, 221]. Kumar et al., in a
representative sample of one- to 21-years-olds from NHANES 2001-2004 (n=6,275),
found an association between 25(OH)VitD deficiency (chosen cutoff <15 ng/mL) and high
systolic BP, since those with VitD deficiency were found to have at 2.4 times greater risk
of developing hypertension [78]. Ganji et al. who studied 5,867 adolescents aged 12-19
years through three cycles at NHANES (2001-2002; 2003-2004, and 2005-2006) found
also an inverse association between serum 25(OH)VitD and systolic BP [59]. Those data
are in line with those by Williams et al. (2011), who in a cross-sectional study involving
5,617 adolescents at NHANES (2003-2006) found an inverse linear relationship between
25(OH)VitD and systolic BP [222]. Moreover, a population-based study of 1,441 Peruvian
adolescents aged 13—15 years old, reported that 25(OH)VitD deficiency was associated
with elevated diastolic BP and mean arterial pressure [223]. A clinical trial by Parikh et al.,
in 701 American adolescents aged 14 to 18 years old, found significant correlations
between 25(OH)VitD levels and systolic BP [224]. Pacifico et al. reported that increasing
serum 25(OH)VitD levels, resulted in a significant decrease of median systolic and
diastolic BP [192].

Interestingly, however, a more recent analysis from NHANES 2007-2010 (n=2,908,
aged 8-18 years) showed that 25(OH)VitD was not associated with systolic BP when
adjusting for BMI [221]. But an earlier retrospective cross-sectional study by Kao et al.
involving 229 children and adolescents (aged 3-18 years) showed lower 25(OH)VitD
serum levels to be associated with systolic and diastolic BP, even after adjustment for BMI
or total fat mass [219]. Also Petersen et al. found that each 10 mmol/L increase in serum
25(OH)VitD was associated with lower diastolic BP, independently of the fat mass index
[53].
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The proposed possible underlying mechanisms for the antihypertensive and
vasoprotective effects of 25(OH)VitD in children and adolescents are similar to those of
adults. Shortly, they include RAS system down regulation, PTH suppression and
proinflammatory cytokine and prostaglandin production by sufficient VitD levels [108,
214].

Results from the few interventional studies however in the youth are conflicting. The
recently published ODIN Project that assigned adolescents (n=110 white, healthy, 81%
normal weight, 14-18 years) to receive either placebo or VitD (400 or 800 IU/day) for 20
weeks found no effect on systolic or diastolic BP [225]. Also another study which
examined 271 adolescents with type 1 diabetes mellitus (mean age of 15.7 + 1.4 years) and
suboptimal VitD levels (<15 ng/mL) who were treated for 12 to 24 weeks with a VitD
analog (VitD3) at doses of 1000 or 2000 IU daily did not find any significant impact on
systolic or diastolic BP [226]. On the contrary, Dong et al. who randomly assigned 49
normotensive black boys and girls (aged 16.3+1.4 years) to either 400 IU/d; n=24 used as
controls or 2000 IU/d; n=25 as experimental concluded that daily 2000 IU VitD
supplementation may be effective in counteracting the progression of aortic stiffness in
black youth since carotid-femoral PWV decreased from baseline in the higher dose and not
in the lower one [227]. In line, Kelishadi et al. found that improving VitD status was
associated with a decrease in mean arterial pressure in children with metabolic syndrome
[228]. A MA by Dolinsky et al. reasoned that although cross-sectional studies indicate a
potential relationship between 25(OH)VitD levels and systolic BP, still there is not enough
evidence to prove that VitD supplementation could yield cardio-metabolic benefit in
children and adolescent populations [229]. It is still a challenge for future trial designs to
select appropriate target serum 25(OH)VitD levels, doses for VitD supplementation as well
as young populations at risk to test for any possible cardiovascular improvements after

such interventions.
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1.10.2 Vitamin D and Carbohydrate Metabolism

A possible link between hypovitaminosis D and abnormal glucose metabolism was
first raised when a seasonal variation in plasma glucose and insulin was observed in
normal individuals [230]. Interestingly the first evidence for a relationship between VitD
and glucose homeostasis was reported when lower serum 1,25(OH),VitD levels were
found in diabetic rats compared to the control animals, while insulin treatment led to
restoration of 1,25(OH),VitD to a normal level [231]. Later a low VitD status has been
noticed in patients with type 2 diabetes mellitus (T2DM) compared to healthy controls
[232].

Impaired pancreatic § cell function and insulin resistance are usually the underlying
circumstances that lead to T2DM development. Nowadays there is evidence that VitD may
influence both of these mechanisms based on the discovery of VDRs and the expression of
lo-hydroxylase enzymes in the pancreatic B cell along with the existence of a VitD
response element in the human insulin gene promoter [233, 234]. In particular, VitD is
reported to affect glucose homeostasis in both direct and indirect manners. Direct effects
may be mediated by the binding of the active form 1,25(OH),VitD to the VDR, which is
expressed in B cells [235], and the VitD response element (VDRE) in the human insulin
gene promoter [234], that lead to the transcriptional activation of the human insulin gene
and regulate insulin synthesis and secretion [236]. Alternatively, the activation of VitD
may occur within the B cell by the 25(OH) D-la-hydroxylase (CYP27B1), which is
expressed in B cells [233]. Insulin secretion may also be indirectly influenced by VitD,
which regulates calcium flux through the cell membrane and plays a role in the synthesis
and regulation of calbindin, a vitamin D-dependent Ca-binding protein in pancreatic 3 cells
[237]. Another indirect effect of VitD is B cells protection from fatal immune attacks or
programmed cell death. In particular, 1,25(OH),VitD may counteract apoptotic pathways
and the inflammatory effect induced by cytokines through inactivation of NF-xB
antiapoptotic protein and suppression of Fas receptor expression [238, 239]. Furthermore
researchers proposed that low VitD levels may play a role in enhancing insulin resistance
at target tissues [240]. Elevated PTH found in VitD deficiency may affect both insulin

sensitivity and secretion by regulating glucose uptake and inhibiting insulin transport
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signaling in the target tissues, primarily by increasing intracellular calcium concentration
[241]. Additionally, VitD adequate levels may counteract chronic inflammation which
worsens insulin resistance through several mechanisms, including modulation of the
release of inflammatory cytokines such as tumour necrosis factor-a (TNF-a), regulation of
the activity of NF-kB, regulation of genes encoding pro-inflammatory cytokines and
downregulation of Toll-like receptor (TLR)2 and TLR4 expression [242-244]. Figure 14

illustrates the putative role of VitD on insulin synthesis, release and B-cell function [109].

Figure 14. Vitamin D and its role in glucose homoeostasis and pancreatic f -cell function.
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Numerous observational studies have shown lower 25(OH)VitD levels in patients
with T2DM compared with the general population, as well as an inverse association
between 25(OH)VitD levels and fasting plasma glucose, impaired glucose tolerance, and

glycated haemoglobin (HbAlc) levels [100, 245-250]. Prospective studies assessing the
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association between 25(OH)VitD and diabetes risk are very limited. One study conducted
over a 10-year period found a negative association between basal 25(OH)VitD serum
levels and the risk of future hyperglycaemia and insulin resistance [251]. Also a recent
systematic review and MA showed that for each 10-nmol/l increase in 25(OH)VitD levels
there was a 4% lower risk of T2DM development [252]. On the contrary, another MA
including data from four RCTs showed no effects of VitD supplementation on risk of
incident T2DM [253]. Moreover, despite the overall view from observational studies in
favour of a negative impact of hypovitaminosis D on glucose homeostasis and B-cell
function, trials in humans on potential effects of VitD supplementation on indices of
glucose metabolism have not demonstrated a clear beneficial effect either. Recent MAs on
results from RCTs showed no significant improvement on carbohydrate metabolism
parameters (including HbAlc levels) in those treated with VitD compared with placebo
[147, 254, 255]. However, when restricting study participants to those with diabetes or
impaired glucose tolerance, one of the MA showed a small but significant improvement in
fasting glucose levels and a small improvement in insulin resistance [254]. Also the
Calcium and Vitamin D for Diabetes Mellitus (CaDDM) RCT found that in adults at risk
of T2DM, short-term supplementation with cholecalciferol improved B cell function and
had a marginal effect on attenuating the rise in HbAic [256]. In conclusion, there is a
discrepancy between findings from observational studies and RCTs on effects of VitD
supplementation on T2DM risk development. However, there are several limitations in the
interpretation of interventional studies results, including heterogeneity of techniques, study
designs, subject characteristics and the therapeutic regimen used. In addition, the number
of trials is relatively small, the majority of subjects included in the trials did not have low
25(OH)VitD levels and most of the available studies used indirect methods to measure the
effect of VitD on insulin sensitivity. Hence, the findings from observational studies on an
increased risk among those with VitD insufficiency/deficiency cannot be considered as

being refuted by data from RCTs.

Based on the available observational studies, little is known about the association
between insulin sensitivity/resistance, glucose intolerance and VitD deficiency in children
and adolescents. Some studies have failed to detect any association between VitD and

insulin resistance in obese children/adolescents [59, 192, 228, 257-263]. Other studies
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however report an inverse association between hypovitaminosis D and measures of insulin
resistance and glycaemia in the same ages [192, 193, 220, 264-271]. Reis et al in a cross-
sectional analysis of 3,577 fasting, non-pregnant US adolescents aged 12—19 years without
diagnosed diabetes, who participated in the 2001-2004 NHANES found a doubling of the
odds ratio for elevated fasting glucose among adolescents in the lowest quartile of serum
VitD compared with the highest quartile, independent of adiposity [191]. Similarly Kumar
et al. in a representative sample of 1- to 21-year-old children and adolescents with non-
alcoholic fatty liver disease (n=6,275), found that those with VitD deficiency or
insufficiency showed a 2.5 times higher risk of high blood glucose, which may precede
T2DM, and four times greater risk of developing metabolic syndrome [78]. In line, a more
recent cross-sectional descriptive study involving 2,314 adolescents aged 12—18 years
extracted from the Korean NHANES 2010-2014 reported that VitD deficiency was
associated with a 2.07-fold higher risk of elevated fasting blood glucose (=100 mg/dL)
[272].

There remains however a lack of prospective RCT assessing the effect of VitD
supplementation on glucose metabolism indices in the youth, while the available results are
still contradictory. More analytically, Belenchia et al. conducted an RCT in obese
adolescent (n=35, aged: 14.1£2.8 y, BMI: 39.8+6.1, 25(OH)VitD: 19.6+£7.1 ng/mL) and
randomly assigned them to receive either VitD (4000 IU/d) or placebo [273]. After 6 mo,
adolescents who received VitD had a significant reduction in fasting plasma insulin and
significant improvements in 2 widely used surrogate markers of insulin resistance and
sensitivity (Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) and
Quantitative insulin sensitivity check index ( QUICKI), respectively), as well as a third
more recently proposed marker, the ratio of leptin to adiponectin. However no significant
differences were observed between-groups in fasting glucose levels and glycosylated
hemoglobin [273]. In a study designed by Ashraf and cols. obese adolescents (average age
14.9+1.8 years) with VitD deficiency (<20 ng/ml) were given 50,000 IU of VitD per week
for 8 weeks to investigate effects on glucose parameters. While HOMA-IR and whole body
sensitivity index (WBISI) did not improve on the follow up oral glucose tolerance test
(OGTT), fasting glucose showed statistical improvement in cases when compared to
controls [269]. Moreover, other researchers failed to find any improvement in every

glucose metabolism parameter tested after VitD supplementation. In particular, Javed et al.
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reported no correlation between 25(OH)VitD concentrations and insulin action (Si) or
pancreatic B-cell function as assessed by the disposition index (DI). After randomly
assigning obese adolescents with relatively good VitD status to receive either 400 IU/d
(n=25) or 2000 IU/d (n=26) of VitD found no change in Si or DI in either of the treatment
groups [274]. Similarly, in a dose titration study (400 IU to 4000 IU) of 323 normal to
obese early pubertal children (age=9-13 years) VitD supplementation had no significant
positive impact on glucose and insulin parameters over a 12 week period [275]. Also, a
more recent randomized trial with African American obese children (n=29; 22 female, 13—
17 y, with 25(OH)VitD<20 ng/ml) to receive either 50,000 IU VitD/week or a placebo for
12 weeks, showed no significant changes in insulin secretion and sensitivity in either group
[276]. Similarly, another recent study in 20 obese, insulin resistant and VitD deficient
adolescents demonstrated that using a one time high dose of VitD; (300,000 IU) “stoss
therapy” did not have any beneficial effect on insulin sensitivity (WBISI) and secretory
indices (insulinogenic index {IGI}) [277]. These reports, in addition to other equivocal
studies across diverse populations varying in age, race, VitD status, degree of glucose
tolerance, weight status, and doses used may explain the controversial results of VitD
replacement on glycemic control. However, the interesting finding in most of those studies
was the negative association of the baseline 25(OH)VitD levels with insulin and insulin
resistant parameters. Whether obese adolescents with VitD deficiency and impaired
glucose metabolism would respond differently to VitD supplementation remains unclear
and warrants further studies. More specially designed studies with homogeneous

populations and larger numbers may lead to more clear results

1.10.3 Vitamin D and Adipokines

In recent years, visceral adipose tissue has drawn attention due to the synthesis and
release of a number of adipokines from adipocytes some of which are proinflammatory and
atherogenic and others, which have anti-inflammatory, protective effects [278]. In MetS
patients, it has been found that their increased visceral adipose tissue disturbs adipokine
secretion and leads to a low-grade chronic inflammatory state mediated by the infiltration

of macrophages into adipose tissue [278].
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Leptin and adiponectin are 2 adipocyte-derived cytokines with opposite effects on
inflammation and insulin resistance. Subjects with obesity present with hyperleptinemia,
due to leptin resistance, which in turn predisposes to insulin resistance [279]. More
specifically, elevated leptin levels for a long time in persons with obesity may result in
decreased responsiveness of pancreatic B—cell receptors, leading to increased insulin
secretion. The resulting hyperinsulinemia may in turn exacerbate obesity and further
increase leptin levels, resulting in a diabetogenic positive vicious cycle [280]. Moreover,
high leptin levels observed in obesity may contribute to hypertension development [281].

In contrast, adiponectin has anti-atherogenic, antidiabetic, and anti-inflammatory
properties that are directly involved in obesity-related disorders. Adiponectin
downregulates the expression and release of a number of proinflammatory immune
mediators [282] and has strong insulin-sensitizing properties [283]. Adiponectin levels in
plasma are inversely associated with visceral fat [284] and are, therefore, lower in more
obese individuals [285]. Indeed, clinical studies implicate hypoadiponectinemia in the
pathogenesis of T2DM [286], coronary artery disease (CAD) [287], and hypertension
[288].

Recently, the leptin/adiponectin ratio has been proposed as a marker of insulin
resistance. Although leptin or adiponectin were separately associated with the risk of MetS,
T2DM, and CAD, the association of the L/A ratio with T2DM development risk was
stronger than with leptin or adiponectin alone [289].

Visfatin is a newly discovered adipokine, the concentration of which is found
increased in obesity [290]. It is mainly expressed in visceral adipose tissue and is an
endocrine, autocrine and paracrine peptide with many functions including enhancement of
cell proliferation, biosynthesis of nicotinamide mono- and dinucleotide and has also
hypoglycaemic effects [290].

Interestingly recent data indicated that 25(OH)VitD may interfere with the regulation
of the adipoinsular axis too. However more analytically, a recent systematic review and
meta-analysis regarding adult studies concluded that the inverse association between
25(OH)VitD and serum leptin levels found in most observational studies, was not
confirmed in interventional studies [291]. In particular, 25(OH)VitD concentration
correlated negatively with leptin levels in pre-diabetic subjects, [292] in type 2 diabetic

patients [293], in obese women [294], in women with breast cancer [295] and in chronic



66

kidney disease patients [296]. This association is possibly explained by accumulation of
the fat-soluble VitD in adipocytes that subsequently prompts leptin secretion [297].
Another hypothesis is that low 1,25(OH),VitD could reduce calcium serum levels and
induce secondary hyperparathyroidism, which in turn stimulates lipogenesis and leads to
increased leptin secretion by adipocytes [298]. Interventional studies showed conflicting
results. Some studies showed that VitD supplementation led to increases in serum leptin
levels [297, 299] and one showed that it decreased leptin concentration [300]. A meta-
analysis of randomized controlled trials concluded that VitD supplementation did not
affect leptin levels [301] and so did a secondary analysis of the D-Health trial [302].

Regarding the association of 25(OH)VitD with adiponectin levels, previous studies
have shown equivocal findings. Some showed a positive correlation between 25(OH)VitD
and adiponectin [293, 303] while another did not confirm this relation [304]. Interventional
studies generally provided little evidence of an effect of VitD supplementation on
adiponectin levels [301, 302, 305], while one showed an increase in adiponectin levels
[300] and another only a marginal rise [306]. The inconsistencies between these different
studies may be due to the fact that adipokine levels are affected by genetic factors, degree
of tissue adiposity, maturity of adipocytes, age at diagnosis and severity of associated
conditions [307]. Overall, these results should be clarified by larger studies.

Only a few studies have investigated the relationship between 25(OH)VitD levels
and the leptin to adiponectin ratio. Observational studies reported an inverse relation of
25(OH)VitD and leptin to adiponectin ratio in type 2 diabetic patients [293] and in women
with polycystic ovary syndrome [308]. And interventional studies showed that VitD
supplementation reduced the leptin to adiponectin ratio [273, 306, 309].

Similarly, there are only few data regarding the possible 25(OH)VitD and visfatin
association, with quite opposite results. Two studies found a negative relationship between
25(OH)VitD and visfatin levels [292, 310], while another did not find any correlation
between them [311].

Results are also inadequate from in children and adolescents. Some of them in
children/adolescents with obesity have found a positive correlation between 25(OH)VitD
levels and adiponectin compared with controls [312, 313]. And others showed an inverse

correlation of 25(OH)VitD levels with the leptin/adiponectin ratio [309]. An RCT showed
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that serum leptin/adiponectin ratio was significantly lower in the VitD supplemented group
compared with the placebo [273].

However, there are no reports to our knowledge of an association between
25(OH)VitD and leptin levels alone in children and adolescents. We also found no relevant
data in the literature regarding the alleged relationship between 25(OH)VitD and visfatin in
this age group.

Despite the consensus achieved with regard to the need to treat VitD insufficiency in
obese patients, there is no common point of view on the dosage and duration of
cholecalciferol administration appropriate for VitD supplementation. Currently available
data on the treatment of VitD insufficiency in obese children and adolescents are
contradictory; however, in the overwhelming majority of cases these data allow not only an
increase in calcifediol levels but also a positive effect on the secretion of adipokines as

well as on carbohydrate and lipid metabolism.

1.10.4 Vitamin D and Lipids

As mentioned earlier, VitD is structurally related to cholesterol since photosynthesis
of cholecalciferol is achieved by irradiation of cutaneous 7-dehydrocholesterol, which is a
precursor of cholesterol. Interestingly, epidemiologic studies have shown a seasonal
variation in plasma lipid levels and lipoprotein composition, whereby higher total
cholesterol and LDL-C levels are observed in the winter and reach their nadir during the
summer. These cyclical changes remain pronounced despite adjusting for dietary or
physical activity changes [314]. Data also suggested an inverse association between
circulating levels of 25(OH)VitD and an atherogenic lipid profile [83]. As is well known,
blood cholesterol levels are strong predictors of cardiovascular risk, with elevated LDL-C
and decreased high density lipoprotein cholesterol (HDL-C) cholesterol levels being
independent risk factors for adverse cardiovascular events. In addition, increased
concentrations of small, dense LDL particles (sdLDL) are regarded as highly atherogenic
[315].

Cross-sectional analyses almost unequivocally confirm an association between

optimal VitD status and a favorable lipid profile, but the results are not consistent. A large
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cross-sectional analysis (n=108,711) showed that the “optimal” 25(OH)VitD group relative
to the “deficient” group displayed lower total cholesterol (TCHOL), lower LDL-C, higher
HDL-C and lower triglycerides [316]. A former also large study (n=15,088), based on
NHANES 1II, found too that mean 25(OH)VitD levels were lower in subjects with
hypertriglyceridemia and hypercholesterolemia [100]. The association between serum
25(OH)VitD and lipids is also reported from other studies, with albeit inconsistent results.
Jorde et al. (n=10,105) found highly significant positive associations between serum
25(OH)VitD and serum TCHOL, HDL-C and LDL-C, and significant negative
associations between serum 25(OH)VitD and both LDL-C/HDL-C ratio and triglycerides
[317]. The same authors when reviewed 22 other cross-sectional studies showed that serum
25(OH)VitD was positively associated with HDL-C, resulting in a favorable LDL-C (or
total cholesterol) to HDL-C ratio, and negatively associated with triglycerides [318]. Thus,
in other studies, Hypponen et al. (n= 6,810) [319] and Lee et al. (n=3,069) [320] found a
negative association between serum 25(OH)VitD and triglycerides, but the association
between serum 25(OH)VitD and HDL-C was not significant after adjustment for
confounders. Conversely, other smaller studies showed no significant association between
serum 25(OH)VitD and triglycerides [321, 322], a negative relation with serum LDL-C
[319] or both TCHOL and LDL-C [322], or no significant association with lipids at all
[251]. Notably, a longitudinal analysis (n=6,260) showed that increasing 25(OH)VitD
levels from the deficient to sufficient range had a neutral effect on the lipid profile:
increased total and HDL cholesterol, but did not change LDL-C and triglycerides levels
[316]. Those researchers concluded that a higher level of 25(OH)VitD may simply be a
passive marker of better cardiovascular health. Other prospective studies have shown an
inverse association between VitD status and triglycerides [323, 324]. Recently, using the
filaggrin genotype as an instrumental variable to estimate the causal effect of vitamin D on
serum lipids (a mendelian randomization approach), Skaaby et al. showed a 23.8% higher
HDL-C level and a 30.5% lower serum level of triglycerides per doubling of VitD [325].
But again, this is no proof of causality, which has to come from intervention studies.
Emerging CVD risk factors usually seen in MetS patients are increased as is the
atherogenic small dense LDL-C (sdLDL-C) [326, 327], and the elevated lipoprotein-
associated phospholipase A> (Lp-PLA>) activity [328], both of which have been associated
with increased CVD risk [329, 330]. Some data indicate a possible relationship between



69

25(OH)VitD serum levels and these emerging CVD risk factors, though not consistently
[331, 332], while an interventional study of a 12 month supplementation in elderly people
gave little evidence of any effect on leptin and adipokine levels except for interleukin-6
(IL-6) [302]. A small recent study in patients with obstructive sleep apnoea and increased
body mass index (BMI=30.4 kg/m?) who received 4000 IU/day VitD or placebo per os for
15 weeks showed significant decreases in both LDL-C and LpPLA; [332]. However, a lot
more data are needed to get unequivocal results.

The mechanisms by which VitD may affect lipid metabolism are largely unknown.
For triglycerides, one hypothesis could be a vitamin-D-induced increase in calcium
absorption, leading to reduced formation of calcium-fatty soaps in the gut and thereby
increased absorption of fat [333]. At least in subjects with low serum 25(OH)VitD levels,
VitD supplementation leads to increased 1,25(OH).D formation, which again may
stimulate lipogenesis and inhibit lipolysis [334]. In particular, the suppression of
parathyroid hormone (PTH) secretion by VitD supplementation may be related to the
possible effect on lipids, since PTH can reduce lipolysis [334]. Also a recent study has
shown that betatrophin, which is primarily involved in lipid metabolism through an
inhibition of lipoprotein lipase, was negatively correlated with VitD and positively with
TCHOL, triglycerides and LDL-C levels [335]. Alternatively, VitD may increase calcium
level, thereby reducing hepatic triglyceride formation and secretion [336]. Finally, VitD’s
effect on lipids may be indirectly mediated by its’ effect on insulin secretion and sensitivity
[337]. Since the higher the triglyceride levels, the smaller the LDL size [327], VitD
deficiency could theoretically contribute to increased sdLDL-C concentrations in an
indirect manner, i.e. by increasing triglycerides levels.

On the other hand, the interventional studies gave divergent results, with some
showing a positive and some a negative effect of VitD supplementation on lipid profile.
Regarding serum triglyceride concentrations, which appear to be strongly associated with
serum 25(OH)VitD, Jorde et al in a study of overweight and obese subjects found no effect
on serum triglycerides after one year’s supplementation of 20,000—40,000 IU VitD/week
[317]. On the contrary Zittermann et al. in their study with 200 overweight subjects found
a significant 13% decrease in the serum triglycerides on a daily dose of 3320 IU for 1 year
[139]. Another RCT randomized 151 VitD deficient adults with elevated risk for CVD to
receive either 50,000 IU of VitD weekly for 8 weeks or placebo. The results showed that
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correcting VitD deficiency in the short-term did not improve the lipid profile (TCHOL,
LDL-C, HDL-C, triglycerides and small LDL particle number), while raised serum
calcium and decreased serum PTH levels, leading to an increase in LDL-C [338]. A
subgroup analysis of 1,191 women participating in the Women’s Health Initiative (WHI)
study found no effect of VitD supplementation on lipids over a 5-year period [339], while
at the same time highlights many pitfalls common to prior studies that preclude reaching a
definitive conclusion. MAs of RCT’s examining VitD’s supplementation effect on lipids
showed again contradictory results. One MA of 12 RCTs (n=1,346) showed that VitD
supplementation provided a statistically significant increase in LDL-C, a tendency towards
an increase in TCHOL, and non-significant reductions in HDL-C and triglycerides. The
effect of VitD supplementation on serum LDL-C levels seemed to be enhanced in obese
subjects and in studies with relatively shorter durations, while studies with longer durations
only showed a significant reduction in HDL-C levels [340]. Another MA reported that out
of 19 relevant RCTs identified, benefits of VitD supplementation on lipid profile
parameters were observed only in one, while in all the others either no effects or adverse
outcomes were detected [341]. On the contrary, a more recent MA reviewing 38 newer
RCTs reported that in all those studies, VitD supplementation significantly decreased
TCHOL, LDL-C, triglycerides and increased HDL-C together with lowering BP, PTH and
serum CRP [10]. Those findings led to conclusions that VitD supplementation may act to
protect against CVD through improving risk factors including high blood pressure,
elevated PTH, dyslipidemia, and inflammation. Attempts to explain these inconsistent
findings have been made and the most popular suggest that high serum VitD
concentrations may not be the cause of good health but its outcome instead, as healthy
people are more likely to stay outdoors longer and have better eating habits and healthier
lifestyles in general. Thus VitD may have no real effect on lipid metabolism per se, since
better 25(OH)VitD serum levels may just co-exist with a favorable lipid profile in these
persons. Another suggestion is based on the fact that VitD is fat-soluble, and may be
sequestrated in adipose tissue, which effectively traps it and is lowering circulating levels
of 25(OH)VitD. This phenomenon may explain the associations between 25(OH)VitD
levels and the adverse lipid profile in obese subjects and the failure of 25(OH)VitD
repletion to improve the lipid profile. Another possibility is that the lipid profile influences

vitamin D levels and not the converse; dyslipidemia itself may lower VitD levels [316].
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Finally, VitD absorbed through the gut may have different effects on lipid metabolism
from VitD synthesized in the skin. Intestinal epithelium possesses 25-hydroxylase and 1-B-
hydroxylase activity. Therefore, oral vitamin D can be locally converted to the active 1,25-

dihydroxyvitamin D metabolite and induce autocrine signals within enterocytes [342].

VitD status has also been associated with dyslipidemia during childhood and
adolescence, but the literature again gives discrepant results. Some studies advocate an
association between VitD status and lipids [229, 258, 343, 344], while others have not
found such relationship [269, 345]. Serum 25(OH)VitD concentrations have been
positively correlated with HDL-C in many [59, 78, 228, 258, 268, 343, 346, 347], but not
in all [220, 269, 345] cross-sectional studies. A prospective cohort study also reported an
association of high 25(OH)VitD levels in childhood with high HDL-C levels in
adolescence [268]. The exact mechanism of the positive association between 25(OH)VitD
levels and HDL-C is unclear. However it has been proposed that VitD may influence
HDL-C via several mechanisms including effect on apolipoprotein A-1 production [348], a
major component in the lipoprotein of HDL-C [349], or an effect on cholesterol turnover
or its transport. Moreover, other studies reported that 25(OH)VitD levels were either
inversely [192, 262, 350] or not at all [258, 345, 351] associated with TCHOL, positively
[269] or negatively [262, 350] associated with LDL-C, and even after adjusting for
potential confounders such as BMI negatively associated with triglyceride levels [262,
352]. On the other hand, some studies have demonstrated no association between VitD and
dyslipidemia at all [219, 220, 260, 267, 347]. These inconsistencies are likely related to
differences in study subjects with regard to age, ethnicity/race, pubertal stage, geographic
location, dietary habits, physical activity, and assays for measuring 25(OH)VitD. Notably,
however, researchers highlight that the results on VitD and blood lipids may be confused
with the relationship between this vitamin and obesity [353], suggesting that the most
important determinant of low 25(OH)VitD levels is the increased body size. Thus,
cardiometabolic risk factors in overweight and obese children may be just a reflection of
insulin resistance due to the impact of overall adiposity, independent of 25(OH)VitD [192].
However, a retrospective study showed that in overweight or obese subjects VitD
deficiency was significantly associated with higher mean lipid levels, compared with those

with adequate levels. At the same time, in the underweight and normal weight subjects no
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differences in their lipid levels were observed between the adequate and VitD deficient
groups [354].

Results from RCTs on effect of VitD supplementation on lipids in
children/adolescents are sparse and inconsistent and similar to adults. In one study with
obese adolescents (n=58, 12-18 years), 12 weeks of supplementation with VitD 2000
IU/day did not have an effect on the their lipid profile [355]. In contrast, an increase in
HDL-C was noted in healthy 10-14 year old Iranian children who received 1000 TU
VitD/day for one month [356]. In line, another study in obese African American children
aged 13-17 y, with 25(OH)VitD <20 ng/ml, who were randomized to receive either 50,000
IU VitD/week or placebo for 12 weeks, an improvement of serum lipids as a whole was
found in the supplementation group, but only changes in HDL-C were correlated with post-
supplementation serum VitD status [276]. Another interventional study evaluated the effect
of VitD supplementation (300,000 IU) versus placebo/week for 12 weeks, on metabolic
syndrome components of 50 participants, aged 10 tol6 years. In the baseline no significant
difference was observed in the characteristics of the two groups. After the trial the serum
triglyceride levels were found significantly decreased in the treatment group, whereas
TCHOL, LDL-C, and HDL-C did not significantly differ from those of the control group
[228]. Overall, the controversy is still unresolved and more clearly focused research is

needed to reach safe conclusions.

1.10.5 Vitamin D and Obesity

According to the World Health Organization (WHO) overweight and obesity are
defined as abnormal or excessive fat accumulation that may impair health. For adults,
WHO defines overweight as having a BMI>25 kg/m* and obesity>30 kg/m? and has
estimated that in 2016 39% of adults worldwide being overweight and 13% obese. Obesity
is a recognized risk factor associated with mortality, probably due to the link between
obesity and the risk of developing diabetes, hypertension, atherogenic dyslipidaemia and
CVD [357]. It has been speculated that the link between obesity and CVD may be via
insulin resistance [358]. More specifically, abdominal obesity, with visceral as opposed to

subcutaneous fat accumulation, appears to be critical in the development of insulin
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resistance [359], and is currently considered as an active endocrine organ. Intra-abdominal
obesity, which is a classifying characteristic of the metabolic syndrome, promotes insulin
resistance, probably by secreting metabolically active substances (adipokines) and making
available an increased quantity of free fatty acids [360].

Obesity has been associated with low levels of 25(OH)VitD in a large number of
observational studies [361]. The largest MA (3,867 obese individuals and 9,342 healthy
subjects), identified a higher prevalence of VitD in the obese group [362]. However the
exact nature of this association has yet to be determined. Different mechanisms have been
proposed to explain the low VitD status in obese individuals. At first, following
endogenous synthesis or dietary intake, VitD is readily stored in adipose tissue, since it is a
fat-soluble molecule [363]. As the body pool of fat is larger in obese compared with non-
obese individuals, VitD may be diluted or sequestered in the larger body pool of fat
resulting in lower plasma levels [364]. Another study showed that following endogenous
synthesis, the release of VitD from the skin into the circulation is decreased in obesity
[365]. Finally, it has been suggested that obese subjects have decreased VitD skin
synthesis due to less sunlight exposure, attributed to clothing habits and/or less
involvement in outdoor activities (reduced mobility) [366].

In contrast, a number of other studies have suggested that low 25(OH)VitD levels
may predispose to obesity. The VDR is expressed in the adipose tissue which has the
ability to locally synthesize 1,25(OH),VitD [367]. Studies have also suggested that VitD
may regulate adipose tissue mass, differentiation and metabolism in ways that might
contribute to obesity [368]. Furthermore, secondary hyperparathyroidism is a well-known
consequence of VitD insufficiency, and promotes calcium influx into the adipocytes. In
adipocytes, intracellular calcium may enhance lipogenesis, and PTH excess may thereby
promote weight gain [369]. However, a recently published bi-directional Mendelian
randomization analysis of multiple cohorts showed that a higher BMI leads to lower
plasma 25(OH)VitD levels whereas low 25(OH)VitD levels did not appear to lead to a
high BMI [353].

MAs reporting effects of interventional trials, showed overall no effects of VitD
supplementation on changes in body weight, fat mass (FM), percentage FM (%FM), or
lean body mass [216, 370-372]. Only one MA by Chandler et al. showed a beneficial effect

on weight loss of supplementation with calcium and VitD compared to placebo [372]. Also
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a very recent MA reported that cholecalciferol supplementation deceased BMI and waist
circumference, but did not statistically affect weight loss [373]. In summary, although an
inverse association between body weight and 25(OH)VitD levels seems to be well
documented, it is still under dispute whether low 25(OH)VitD levels has a causal effect to
weight gain. Also the up to date evidence is not in support of a beneficial effect of VitD

supplementation on weight loss.

The diagnosis and definition of obesity in children/adolescents is challenging.
Obesity diagnoses in these age groups are usually determined by calculation of BMI values
that are plotted on age-and sex-specific growth charts [374]. According to the Centers for
Disease Control (CDC) overweight is most commonly defined at BMI 85-95 percentile and
obesity as greater than or equal to the 95th percentile [375]. The WHO overweight
definition is the 85"-97™ percentile and obesity greater than or equal to the 97" percentile
[376]. According to recent WHO data the prevalence of overweight and obesity among
children and adolescents aged 5-19 has risen dramatically from just about 4% in 1975 to
over 18% in 2016, with over 340 million subjects in this age group being overweight or
obese. Together with the high prevalence of obesity and metabolic syndrome in pediatric
patients, both children and adolescents in the majority of countries are diagnosed with
VitD insufficiency/deficiency. The prevalence of VitD insufficiency in overweight and
obese children and adolescents has been explored extensively, but no MA has been carried
out. Recent studies worldwide report extremely high incidences of suboptimal VitD status
in obese youth: 96.0% in Germany, 78.4% in the United States, and up to 92.0% in the
Russian Federation [377]. Obesity is a known risk factor for VitD deficiency [5, 73, 365].
Also 25(OH)VitD concentrations are inversely associated with the severity of obesity
[264]. Interestingly one “superfluous” BMI unit is known to induce a 1.15% reduction in
the 25(OH)VitD concentration [353]. In particular, an analysis conducted in 58 obese
adolescents demonstrated that a 1% increase in fat weight was associated with a 1.15+0.55
nmol/L reduction in serum 25(OH)VitD [378]. However, although some evidence suggests
that weight loss may affect VitD serum concentration, the exact nature of this association
has not been studied extensively so far in children and adolescents. Preliminary data from
an ongoing study on long-term effects of VitD supplementation in VitD deficient obese

children, participating in an integrated weight-loss program show that a 12-month



75

intervention led to a decrease in absolute BMI value, BMI percentile and fat mass content
and may prevent bone loss in this population [379]. But still much research is needed in

this field regarding children and adolescents to reach safe conclusions.

1.10.6 Vitamin D and the Metabolic Syndrome

Metabolic syndrome (MetS) is a constellation of risk factors for CVD. Its component
characteristics are central obesity, disturbed glucose homeostasis and insulin resistance,
hypertension and atherogenic dyslipidaemia. Various expert groups have provided

definitions of MetS, as summarized in Table 10.

Table 10: Thresholds defining the MetS issued by individual organizations in adults

WHO 1998 EGIR (Balkau NCEP/ATP Il 2001 AACE (2003) IDF consensus 2005 IDF consensus (10 to <

(Alberti 1998) 1999) (NCEP 2002) (Einhorn 2003) (Zimmet 2005) 16 yr) (Zimmet 2007)

Definition IGT, IFG, T2DM Flasma 3 of the following  IGT or IFG plus any See below
or lowered insulin insulin > 75" of the following based
sensitivity percentile on clinical judgement
Plus 2 of the Plus 2 of the
following following

Europoid waist WH>090M Z94M =102 M BMI = 25 ls:g/x:n2 Z09M > op* percentile
circumference (cm) W:H=>085For = 80F = 88F = B80For BMI>30 Plus 2 of the following

BMI > 30 kg/m’ kg/m'

Plus 2 of the
following
Triglyceride [mg/dL >150(1.7) =150 (1.7) =150 (1.7) > 150 (1.7) >150(1.7) =150 (1.7)
(mmol/L)]
HDL [mg/dL (mmol/L)] <35 (0.91) M <39 (0.91) <40 (1.03) M <40(1.03) M <40(103) M <40 (1.03)
<39 (1.01)F <50(1.29)F <50(129)F <50(129)F
BEP (mmHg) = 140/90 = 140/90 or =130,/85 =130,/85 SEP = 130 or DBP  SEP = 130 and/or DBP
on treatment == 83 or on treatment =85
Glucose [mg/dL (mmol/ IGT, IFG or T2DM IGT or IFG = 100 (5.6) (Grundy) IGT or IFG (but not =100 (5.6) = 100 (5.6) or known
L) (but not or diabetes diabetes) T2DM
diabetes)

Others Microalbuminuria Other features of IR

ACR>30mg/g

Includes polycystic ovary syndrome, family history or ethnic group susceptible to type 2 diabetes, sedentary lifestyle and advancing age. ACR: Albumin
creatinine ration; BMI: Body mass index; DBP: Diastolic blood pressure; F: Female; [FG: Impaired fasting glucose; IGT: Impaired glucose tolerance; IR:
Insulin resistance; SBP: Systolic blood pressure; M: Male; T2DM: Type 2 diabetes mellitus; W:H: Waist to hip ratio; WHO: World Health Organization; HDL:
High density lipoprotein; IDF: International Diabetes Federation; EGIR: European Group for the Study of Insulin Resistance; NCEP: National Cholesterol
Education Program; AACE: American Association of Clinical Endocrinologists; BP: Blood pressure; IR: Insulin resistance.

MetS is very common, affecting about 40% of Americans while the global
prevalence can be estimated to be about one quarter of the world population. In other
words, over a billion people in the world are now affected with MetS [380]. Interestingly,

research implicates hypovitaminosis D in the causation and phenotype of MetS and
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appears to be a risk factor for components of the syndrome and its outcome, although the
exact mechanism is unclear and the benefits of VitD replacement still unknown. Moreover
some researchers question the clinical value of identifying MetS in patients, since it
depends on the thresholds of each of the contributing factors. However others argue that it
has clinical value [92, 381], although it does not confer additional risk compared to the
component risk factors. As MetS is based on related and modifiable CVD risk factors, its
identification encourages a holistic approach to address CVD risk rather than focus on the
individual aspects of the patients’ condition. It is also arguably useful in a research setting
when considering the role of possible risk factors, such as low VitD status.

Considerable research has been made on associations between VitD levels and the
prevalence of MetS, reasoning for an inverse relationship between serum 25(OH)VitD and
MetS. A MA of 28 studies (including 99745 participants-age range: 40.5-74.5 years)
deduced that there was a considerable association between high 25(OH)VitD levels and
reduced MetS prevalence [382]. Another MA that examined the relationship between
serum 25(OH)VitD levels and MetS again in the general adult population, showed a
generally linear, inverse relationship between 25(OH)VitD levels and MetS in the cross-
sectional studies, but not in the longitudinal ones [383]. Also Song et al. found that
compared with the highest quartile serum 25(OH)VitD level group (19.9-55.9 ng/mL), the
OR for MetS in the lowest level group (4.2-9.7 ng/mL) was 2.44 (95%CI:1.32-4.48) [384].
Thus, it is clear from these observational surveys that a relationship may exist between
25(OH)VitD levels and MetS without implying a causative effect.

A number of prospective studies have also presented data supporting the suggested
theory of an association between low serum 25(OH)VitD concentrations and increased risk
of the development of the MetS. Gagnon et al studied 4164 adults (mean age 50 years;
58% women; 92% Europids) and found that the MetS risk was significantly higher in
people with 25(OH)VitD in the lower first (<18 ng/mL) and second (18-23 ng/mL)
quintiles [385]. Also Kayaniyil et al found a decreased risk of the MetS at follow-up per
standard deviation increase in baseline 25(OH)VitD after multiple adjustments [386].
However a very recent mendelian randomization study (n=10 655 participants) found no
evidence that genetically determined reduction in 25(OH)VitD conferred an increased risk

of MetS and its metabolic traits [387].
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Many questions remain that can only be answered by long term interventional
studies. Yet no large RCT has been carried out with onset of MetS/diabetes as the primary
outcome [92]. A small RCT included 126 individuals with MetS and VitD deficiency who
were categorized as obese or nonobese, using a BMI cutoff of 28 kg/m2. At baseline, the
obese group had significantly lower serum VitD, fasting plasma insulin and HOMA-IR.
After the 1-year intervention (700 IU/day of vit D, or placebo), MetS risk factors did not
improve in treated participants, despite the significant increase in serum VitD level in both
groups [388]. On the contrary, a recently published study in 160 postmenopausal women
aged 50-65 years with VitD deficiency found that isolated supplementation with 1000 [U
VitD for 9 months was associated with a reduction in the MetS risk profile. Women
undergoing VitD supplementation had a lower risk of MetS, hypertriglyceridemia, and
hyperglycemia [389]. In conclusion to date it is still unknown whether VitD replacement
may translate to substantial health benefits.

Currently, there are no consensus guidelines or diagnostic criteria for MetS in the
pediatric population, with more than 40 definitions being proposed [390, 391]. Although
the definitions have many similarities, there are important differences between them with

respect to cut-off points for various parameters, as summarized in Table 11 [392-397].

Table 11. Thresholds defining the MetS issued by individual organizations in

children/adolescents.
Variables IDF definition age <10 years IDF definition ages 1016 years Cook et al.
Defining criteria Cannot be diagnosed in Central obesity plus at least 2 out of 4 criteria =3 criteria

the age group

Central obesity WC =20" percentile or adult cut-off if lower WC =90™ percentile

Hypertension SBP =130 mmHg or DBP =85 mmHg or treatment BP 290" percentile
with anti-hypertensive medication

Hypertriglyceridemia TG =150 mg/dL TG 2110 mg/dL

Low HDL HDL <40 mg/dL HDL <40 mg/dL

Impaired glucose FPG =100 mg/dL or known T2DM FPG =110 mg/dL

Prevalence of MetS in children and adolescents is increasing, as the proportion of
the population with obesity continues to rise [398]. Due to the multiple definitions used for
MetS in children it is difficult to estimate its exact prevalence with numbers ranging from
0.2% to 38.9% [399]. In a systematic review of 85 studies in children, the median

prevalence of MetS in whole populations was 3.3% (range 0-19.2%), in overweight
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children was 11.9% (range 2.8-29.3%), and in obese populations was 29.2% (range 10—
66%). For non-obese, non-overweight populations, the range was 0—1% [400], whereas the
percentage of obese children and adolescents having at least one feature of the MetS is
around 90% [394]. Of note, children with MetS have an increased risk of MetS as adults,
and possibly an increased risk of T2DM and CVD [401], since MetS is defined by a
constellation of physiological, biochemical, clinical, and metabolic factors that directly
increase the risk of atherosclerosis and all-cause mortality [402]. Subsequently greater
emphasis has been given on the continuum that represents metabolic dysfunction and
insulin resistance, and research focus has recently shifted to investigations of the
interlinked metabolic irregularities, which constitute the MetS [403].

In this spectrum several cross-sectional and prospective studies have shown an
association between low VitD status and increased prevalence of the MetS and individual
CVD risk factors [403]. Pacifico et al. examined 452 Caucasian children and adolescents
(304 were overweight/obese) and found that serum 25(OH)VitD concentrations were
significantly lower in patients with MetS compared with those without, and they decreased
as the number, 1, 2, 3, >4 of MetS components increased [192]. Also Ganji et al. used data
from 3 cycles of NHANES (2001-2002, 2003-2004, and 2005-2006) for 5,867
adolescents, aged 12-19 years, and found that the likelihood of having MetS was
significantly higher in the lower first tertile of serum 25(OH)VitD than in the third [59].
More recently the Korean National Health and Nutrition Examination Survey (KHANES)
2008-2010 analyzed data from 2,880 children and adolescents, aged 10-18 years, and
showed that the number of subjects with MetS was greater in the low 25(OH)VitD groups
than in the high group [267]. Also the Beijing Child and Adolescent Metabolic Syndrome
Study (BCAMS study) conducted in 559 Chinese subjects, aged 14-28 years, found that
25(OH)VitD serum levels were significantly lower in participants with MetS compared to
their respective counterparts. Moreover participants in the lowest 25(OH)VitD tertile were
2.5 times more likely to exhibit MetS than were those in the highest tertile [404]. On the
contrary, a cross-sectional study on Turkish high school students did not find a significant
correlation between VitD levels and MetS [405]. However data from interventional trials
in youth with MetS, examining the effect of VitD supplementation are very sparse. A study
from Kelishadi et al. comprised of 50 participants with MetS, aged 10 tol6 years, who

were randomly assigned into two groups, one receiving orally VitD (300,000 IU) and the
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other placebo for 12 weeks. After the trial, in the VitD group, the continuous value of
MetS decreased significantly, both when compared with the baseline and with the placebo
group [228]. Given the above findings the role of VitD in the pathogenesis, progression

and possible prophylaxis in youth with MetS also needs further examination.

1.11 Vitamin D and Lipid lowering medication

A key element in the treatment and prevention of CVD is the drug treatment of
dyslipidemia. Different types of medicines have been used for this reason, depending on
the type and severity of dyslipidemia and the achievement of therapeutic goals. Common
lipid-lowering medication includes statins as monotherapy or in combination with
ezetimibe, fibrates, omega-3 fatty acids and nicotinic acid (which was withdrawn from the

market due to side effects).

Statins are a class of lipid-lowering agents that inhibit the enzyme hydroxyl-methyl
coenzyme A (HMG-CoA) reductase, a rate limiting enzyme in the synthesis of cholesterol
[406]. They are very effective agents in both primary and secondary prevention of CVD
[407] and are widely used for those indications. Statins are the drug of choice for elevated
LDL-C and the cornerstone of dyslipidemia treatment, providing a safe and effective
reduction of LDL-C by 18-85%. They also increase HDL-C by 5-15% and lower
triglycerides by 7-30%. Apart from their lipid-lowering action, these agents exert some
cholesterol-independent effects, also known as “pleiotropic effects”, such as improvement
in endothelial function, stabilization of atherosclerotic plaque and inhibition of vascular
inflammation and oxidative stress [408]. It has been proposed that some of these actions
may be partly mediated through their effect on VitD metabolism [409, 410].

The idea that there may be a relationship between statins and 25(OH)VitD levels
came about when some studies showed that statin use was associated with fewer hip
fractures and improved hip bone mineral density [411]. Several statins, such as lovastatin
[412], simvastatin [413], atorvastatin [414], and especially rosuvastatin [410, 415]
appeared to increase 25(OH)VitD serum levels contrary to the initial concern that statins

would impair the formation of steroids dependent on cholesterol synthetic pathway,
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including VitD synthesis [416]. On the contrary, more recent studies found no effect of
statin use on 25(OH)VitD concentration [417, 418] and so did a systematic review and MA
[419]. Another MA was inconclusive, since across RCTs, treatment with statins was
associated with a significant increase in serum VitD concentrations, but across studies of
non-RCT design, statins treatment was associated with a decrease in VitD concentrations
[420]. In particular simvastatin [421-423], atorvastatin [423, 424] and rosuvastatin [424]
were not associated with changes in VitD levels.

Several potential mechanisms have been proposed to explain either the increase or
the decrease in 25(OH)VitD concentrations after statin therapy reported by the different
studies. For the first they suggest that since 25(OH)VitD is catabolised in liver and
intestine by CYP3A4 [425], which also extensively metabolises statins (along with
CYP3AS), the competition in this common catabolic pathway could be the cause for the
increased 25(OH)VitD levels observed in patients under statin treatment. However,
increases have also been seen with rosuvastatin which does not use CYP3A4. Another
attractive mechanism put out is that when 3-hydroxy-3 methylglutaryl coenzyme A (HMG-
CoA) reductase is inhibited by statins, 7-hydrocholesterol levels (the common precursor of
cholesterol and 25(OH)VitD) may increase, thereby providing an abundance of substrate
for the synthesis of 25(OH)VitD by ultraviolet sun radiation of the skin [426]. On the other
hand, others trying to explain the reductions in 25(OH)VitD levels have proposed LDL-C
as the major carrier of VitD in the blood, the decrease of which from the statin use would
affect the VitD transfer in this lipoprotein fraction [420].

Existing data lead to no definite conclusions (i.e. whether there is a statin-class effect
and to what extent), since the studies differed in the populations used, the various statin
types with different metabolisms, potencies and bioavailabilities, different doses, and with
different baseline 25(OH)VitD levels and follow-up intervals. Moreover, existing studies
to date have been limited by their sample size, research design and subject traits (gender,
ethnicity, age, etc.) and were mostly underpowered to provide a comprehensive and

reliable conclusion.

Ezetimibe selectively inhibits intestinal absorption of cholesterol and is mainly used
as an adjunct to statin therapy. Ezetimibe reduces LDL-C by 18% and triglycerides by 8%

and increases HDL-C by 1%. The cholesterol-lowering effects are observed when
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ezetimibe is administered either as monotherapy or as a statin adjuvant. When added in
parallel to statin treatment it provides additional reductions in total cholesterol, LDL-C and
triglycerides by 14-45%, and is generally well tolerated.

Its effect on VitD metabolism has not been studied in humans. Animal experiments
indicate that ezetimibe may be a moderate inhibitor of the intestinal 25(OH)VitD
absorption [427]. The lipid lowering effect of ezetimibe is mediated through a specific
inhibition of the Niemann-Pick C1 Like 1 (NPCI1L1) cholesterol transporter, which was
recently shown to be involved also in 25(OH)VitD intestinal absorption [427]. Moreover,
in vitro experiments indicated that ezetimibe inhibited 25(OH)VitD uptake in human colon
carcinoma (Caco-2) cells and human embryonic kidney (HEK) cells [427], but in vivo
experiments in mice demonstrated a non-significant effect of uptake in proximal intestinal
fragments [427]. Similarly, a previous study in rats, also found that the lowering of VitD
absorption in the ezetimibe group to be non-significant [428]. Subsequently, it has been
assumed that the involvement of NPCIL1 in 25(OH)VitD transportation in vivo may be
moderate [427]. Notably, the contribution of intestinal absorption to serum VitD levels,
when no supplements are taken, is relatively small since 80-90% of VitD derives from
endogenous production in the skin [429]. In line, a recent study reported a negative but
non-significant effect on bone mineral density in patients receiving ezetimibe for one year
[430]. However no published research data regarding ezetimibe’s possible effect on

25(OH)VitD levels in humans, alone or in combination with statins are available.

Fibrates are particularly effective drugs for reducing elevated triglyceride levels.
The most commonly used fibrates in clinical practice are fenofibrate and gemfiprozil. The
mechanism of action of fibrates involves an increase in the activity of hepatic lipase, which
hydrolyzes triglycerides from very low-density lipoprotein (VLDL), thereby drastically
reducing triglyceride levels. Their other actions include reducing the liver production of
cholesterol and increasing its secretion in the bile. The increase in the concentration of
HDL cholesterol observed in the fibrates is mediated by the activated nuclear peroxisome
proliferator-activated receptor alpha (PPARa). Typically, fibrates in the usual dosage
reduce serum triglycerides by 20-50% and increase HDL-C by 10-35%. LDL-C is usually
reduced by 5-20%, but its levels may increase in patients with severe hypertriglyceridemia.

Phenofibrate may lower LDL-C levels more effectively than gemfiprazil. Fibrates have
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also been shown to improve the size of LDL-C by converting small, dense LDLs (sdLDLs)

into larger, less atherogenic LDL molecules.

Nicotinic acid (or niacin) has been used in the treatment of dyslipidemia for 40
years. It is a particularly effective agent in the treatment of patients with multiple lipid
disorders, especially with low HDL-C and elevated triglycerides. The action of niacin is
due to a decrease in the production and secretion of VLDL cholesterol. It also reduces the
release of free fatty acids from adipose tissue into the circulation. When administered at a
dose of 1.5-4.5 g/day, niacin reduces LDL-C by 5-25% and triglycerides by 20-50%, while
increasing HDL-C by 15-35%. In addition, it is one of the few hypolipidemic agents that
also lower lipoprotein (a). Although niacin is a very effective drug for the overall
improvement of lipid profile, nicotinic acid (ER-NA)/laropiprant (LRPT) (ER-NA/LRPT)
has been withdrawn from the market due to a plethora of serious albeit nonfatal side effects
[431], including skin flashing, gastrointestinal abnormality and multiple dose

pharmacological regimen required for optimal results.

Omega-3 fatty acid ethyl esters: EPA (eicosapentaenoic acid) and DHA
(docosahexaenoic acid) (EPA/DHA) have a well-documented cardio-protective role, and
are useful drugs for the treatment of hypertriglyceridemia, either alone or in combination
with statins. The omega-3 fatty acids reduce the production of VLDLSs, possibly because
DHA and EPA are not efficiently metabolized by the enzymes involved in triglyceride
synthesis. DHA and EPA also inhibit esterification of other fatty acids and increase
peroxisomal beta-oxidation in the liver. Triglyceride levels are typically reduced by 20-
45% and HDL-C moderately increases (5-10%), but less than with fibrates and niacin.
LDL-C decreases in normolipidemic individuals, but is often found elevated in
hypertriglyceridemic patients. This increase, however, is believed to reflect the conversion

of LDL particle size into a larger, less atherogenic form.

To our knowledge, there are no published data concerning possible effects of
fibrates, nicotinic acid or omega-3 fatty acids as monotherapy or in combination with other
hypolipidemic drugs (as statins) on 25(OH)VitD serum levels. This is a novel field we
tried to investigate with the present research, since a possible increase in 25(OH)VitD

serum levels by lipid-lowering treatment could be clinically important.
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1.12 Prevention and Treatment of Vitamin D deficiency/ insufficiency -
Guidelines

Based on the current inconclusive and contradictory study results, VitD
supplementation with doses beyond the nutritionally recommended cannot be proposed for
the prevention of CVD events [184]. In this section we present the most recent guidelines
based on results of a large number of studies that link ranges or thresholds of serum
25(OH)VitD levels with musculoskeletal or extra-skeletal outcomes [34].

The recommended doses, mentioned below, are usually labelled as recommended
dietary allowance (RDA), reference nutritional intake (RNI) or ‘safe intake’ (when data are
insufficient to define a RNI), but are all intended to cover the needs of 97.5% of the target
population.

The mean recommended intake of VitD for adults is 200 IU per day (25th and 75th
percentiles being 200 IU and 400 IU per day, respectively), whereas most recently updated
guidelines recommend >600 IU per day for adults with minimal exposure to sunlight [34].
Other organizations which are in favor of maintaining serum 25(OH)VitD levels above 20
ng/ml ( as shown in Fig 6 ) recommend an intake of 600 IU or 800 IU per day when
exposure to sunlight is limited (Table 14) [34]. In particular, the Endocrine Society
recommends a 30 ng/ml 25(OH)VitD target (Fig 6 ) and accordingly its guidelines
recommend a higher intake (up to 2,000 IU per day or higher until the target level is
reached) for a long list of individuals at increased risk of VitD deficiency, while at the
same time are endorsing the IOM recommendations (Table 12) [432]. Using a full dose—
response curve, it has been defined as oral dose of VitD needed to reach a set point in 97%
of the target population the >600-800 IU per day [34], although this dose might not be

suitable for individuals with severe obesity [433].
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Table 12. Guidelines for intake of vitamin D in adults and elderly individuals

Authority and/or country (year) Recommended intake of vitamin D (IU per day)

Age 20 years Age 50 years Age 65 years Age >75 years
New guidelines*
IOM (2010) 600 600 600 800
Australis—New Zealand (2013) 600 600 600 800
DACH (2012) 800 800 500 800
Nordic countries (2012)™ 400 400 400 800
WHO-FAO (2003/2012)* 200 200 200 200
UK (SACN: 2016)® 400 400 400 400
Netherlands (2012)* 400 400 500 800
Belgium (2000)* 400 400 400 800
France (Société Francaise de Nutrition; 2012)* 200 200 400-600 400600
Endocrine Society (2011)% 600-2.000 600-2.000 600-2.000 800-2.000
EFSA draft version (2016) 600 600 600 600

This table shows the recommended intake of vitamin D in guidelines updated in the past 10 years (new guidelines).
DACH, Deutschland (Germany), Austria and Confoederatio Helvetica (Switzerland); EFSA, European Food Safety
Authority; FAO, Food and Agriculture Organization of the United Nations; IOM, Institute of Medicine; IU, international

units; ND, not determined; SACN, Scientific Advisory Committee on Nutrition.

Infants should receive VitD supplementation from birth until the time in life that
exposure to (limited) sunlight is safe and sufficient to maintain a normal VitD status [34].
The American Academy of Pediatrics (AAP) guidelines published in 2008 stated that
“breastfed and partially breastfed infants should be supplemented with 400 IU/day of VitD
beginning in the first few days of life”, and that “supplementation should be continued
unless the infant is weaned to at least 1 L/day or 1 qt/day of VitD-fortified formula or
whole milk”. It was also stated that “All non-breastfed infants, as well as older children
who are ingesting less than 1L/day of VitD-fortified formula or milk, should receive a
VitD supplement of 400 [U/day” [46]. The IOM proposed a recommended dietary
allowance of 400 IU/day of VitD for healthy infants younger than 1 year and 600 IU/day
for children from 1 to 18 years [26]. The Endocrine Society stated that 400-1,000 and
600-1,000 IU/day should be continuously provided to children and adolescents at risk
during and after the first year of life (1-18 years), respectively. Obese children should
receive at least two to three times more VitD to meet their needs [27]. An overview of
current guidelines for intake of VitD, generated by several countries and organizations, for

infants and children is shown in Table 13 [34].
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However the exact duration of VitD supplementation has not been established. A
recent expert position statement has recommended VitD supplementation in all children
during the first 2 years of life, when growth velocity is particularly high. Similarly, in
adolescence which is also a period of fast growth [26, 46]. In children over 2 years,
supplementation should be tailored according to the sunlight exposure and the presence of
risk factors for VitD deficiency [40].

In order to prevent VitD deficiency there are a few measures we can take. Basically,
it is necessary to ameliorate the risk factors by means of increasing sunlight exposure,
fortification of the habitual food supply and VitD supplementation.

Humans obtain most of their VitD requirement from sun exposure [5]. Therefore, it
is reasonable to consider sensible sun exposure as a good source of VitD [5]. An adult in a
bathing suit exposed to 1 minimal erythemal dose (slight pinkness to the skin 24 hours
after exposure) is equivalent to taking approximately 20,000 IU (500 pg) of vitamin D2
orally [5]. Thus, exposure of arms and legs to 0.5 minimal erythemal dose is equivalent to
ingesting approximately 3000 IU of vitamin D3 [5, 27]. Time of day during sun exposure,
season, latitude, and degree of skin pigmentation dictate how much vitamin D3 is produced
during sun exposure. Exposure of the arms and legs (abdomen and back when possible) to
sunlight 2 to 3 times a week for approximately 25% to 50% of the time it would take to
develop a mild sunburn (minimal erythemal dose) will cause the skin to produce enough
VitD. For a white person, if 30 minutes of June noontime sun would cause a mild sunburn,
then 10 to 15 minutes of exposure followed by good sun protection should be sufficient to

produce adequate VitD [5].
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Table 13. Guidelines for intake of vitamin D in infants and children/adolescents [34].

Authority and/or country (year) Recommended intake of vitamin D {IU per day)
Age 0-1years Age 1-3 years Age 4-18 years

New guidelines*

IOM (2010)® 400 600 600

Australia=—MNew Zealand (2013)* 400 600 600

DACH (2012)* 400 800 800

Mordic countries (2012)™ 400 400 400

WHO-FAO (2003/2012)* 200 200 200

UK {SACN 2016)* 340400 400 400

MNetherlands (2012)? 400 400 400

Belgium (2000)™ 400 400 400

France (Société Frangaize de Mutritiom; 2012)% B00-1,000 400 §0,000—-100,000 twice a year

Endocrine society (2011)% 400-1,000 400-1,000 4001000

EFSA draft version (2016) 400 600 600

This table shows the recommended intake of VitD in guidelines updated in the past 10 years (new guidelines). Most of
the values are either recommended dietary allowance (RDA) or reference nutrient intake (RNI). However, for infants, the
Institute of Medicine (IOM) and the Scientific Advisory Committee on Nutrition (SACN) use adequate intake or ‘safe
intake’, respectively, owing to a lack of sufficient data to define a RDA or a RNI.

DACH, Deutschland (Germany), Austria and Confoederatio Helvetica (Switzerland); EFSA, European Food Safety
Authority; FAO, Food and Agriculture Organization of the United Nations; IOM, Institute of Medicine; IU, international

units; ND, not determined; SACN, Scientific Advisory Committee on Nutrition.

Food sources of VitD are very limited as summarized in Table 3. Foods fortified with
VitD (Table 4) usually contain 100 IU per serving. A recent systematic review found that
food fortification with VitD (especially in milk) is effective in significantly increasing
25(OH)VitD levels in the population [48]. It is recognized that for every 100 IU of VitD
ingested, the blood level of 25(OH)VitD increases by approximately 0.6 to 1 ng/mL [434].

A good way for increasing 25(OH)VitD concentration and treating hypovitaminosis
D is by using VitD supplements. An effective strategy to treat VitD deficiency and
insufficiency in teenagers and adults is to give them 50,000 IU of vitamin D2 once a week
for 6 and 8 weeks, respectively [27, 435]. To prevent recurrence of VitD deficiency in
adolescents, administration of 600 to 1000 IU/d is effective [27]. For adults, to prevent
recurrence of VitD deficiency, administration of 50,000 IU of vitamin D2 every 2 weeks is
effective [5, 27, 432]. This strategy was shown to be effective in maintaining blood levels
of 25(OH)VitD at approximately 40 to 60 ng/mL for up to 6 years without any evidence of
toxic effects [436]. VitD can be administered daily, weekly, monthly, or every 4 months to
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sustain an adequate serum 25(OH)VitD concentration [5]. A bolus of high doses of VitD
(up to 300,000 IU) can be initially used in persons with extreme VitD deficiency. Because
body fat can sequester VitD, it is now recognized that children and adults who are obese

require 2 to 5 times more VitD to treat and prevent VitD deficiency [27].

1.13 Safety issues for Vitamin D — upper intake levels

VitD toxicity due to excessive sun exposure or intake of natural foods is
exceptionally rare [57]. However, as with other fat-soluble vitamins, toxicity can be
serious and even lethal when children or adults are exposed (repeatedly) to pharmacologic
amounts of VitD. VitD intoxication is characterized by hypercalcemia, hypercalciuria, and
hyperphosphatemia, which, in turn, are responsible for soft-tissue and vascular
calcifications and nephrolithiasis in the long-term. Persons with VitD intoxication usually
have markedly elevated 25(OH)VitD serum levels (>150 ng/mL) [5, 27]. However, no
consensus has been reached about the dosages causing toxicity or about the upper safe
limit of levels of 25(OH)VitD. The tolerable upper level indicated in the IOM guidelines is
2,000 IU per day for infants and 4000 IU for adults [26]. However higher doses of VitD
(up to 40,000 IU/day) are still reported to be safe provided that a serum 25(OH)VitD
concentration of 200 ng/mL is not exceeded [17]. Of note, polymorphisms in CYP24Al
influence serum concentrations of 25(OH)VitD [437] and some mutations have major

effects on the toxicity of smaller dosages of VitD [51, 438].
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This study consists of two parts: a cross-sectional and a prospective one.

2.1 Aims of the study

2.1.1 Aims of the Cross-sectional study

This was concerned with the following:

Determination of 25(OH)VitD serum levels in Greek patients, a) adults with
metabolic syndrome (MetS) and b) obese adolescents as well as in matched for age and sex
control subjects. In addition, it explored the possible correlation of these levels with those
of the parameters used as criteria for MetS diagnosis and of other MetS biochemical

characteristics.

2.1.2 Aims of the Prospective study

A) Assessment of the effect of hypolipidemic drugs on the levels of 25(OH)VitD in

patients with dyslipidaemia according to the three protocols outlined below.

1) The effect of rosuvastatin 40 mg versus that of the combination of rosuvastatin 10 mg
and fenofibrate 200 mg or the combination of rosuvastatin 10 mg and omega-3 fatty

acids 2 g on 25(OH)VitD serum levels in patients with mixed dyslipidaemia.

i1) The effect of simvastatin 40 mg versus that of the combination of simvastatin 10 mg
with ezetimibe 10 mg on 25(OH)VitD serum levels in patients with

hypercholesterolemia.

ii1) The effect of rosuvastatin 40 mg versus that of the combination of rosuvastatin 10 mg
and fenofibrate 200 mg or the combination of rosuvastatin 10 mg and nicotinic
acid/laropiprant 2 g on 25(OH)VitD serum levels in patients with mixed

dyslipidaemia.
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B) Assessment of the effect of cholecalciferol (VitD3) administration (2000 IU/day) on

metabolic parameters in adults with MetS and adolescents with obesity.

The primary endpoint was concerned with the changes in MetS parameters 3 months after

treatment initiation which were:

» Waist circumference

* Blood pressure (systolic and diastolic)
» Fasting serum triglyceride levels

* HDL-C Levels

* Fasting serum glucose levels

The secondary endpoints were concerned with the changes in:

* 25(OH)VitD and PTH serum levels

* Glucose homeostasis (HOMA index: fasting insulin x fasting glucose/405)

* Glycosylated hemoglobin (HbAIc) levels

* LDL-C levels

* LDL-C subclasses (mean LDL-C particle size, sd-LDL-C levels)

* High sensitivity C reacting protein (hsCRP) levels

* Lp-PLA2 activity (lipoprotein-associated phopspholipase)

* Paraoxonase-1 (PON1) and arylesterase (ARYL) activity

* Oxidative stress as measured by urinary 8-isoprostane levels and serum oxidized LDL
(oxLDL) levels

* Serum levels of adipokines (leptin, adiponectin and visfatin)
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2.2 Study population

2.2.1 Study population of the Cross-sectional study

Determination of 25(OH)VitD serum levels in 52 Greek adult patients with metabolic
syndrome (MetS), 69 obese adolescents and in matched for age and sex control
subjects (n=58 adults, n=34 adolescents).

Individuals found to be diabetic (1 random measurement of plasma glucose >200
mg/dL plus symptoms of hyperglycemia, 2 measurements of fasting glucose levels >126
mg/dL, or plasma glucose >200 mg/dL after 75 g Oral Glucose Tolerance Test -OGTT-), or
with history of CVD were not included in the study. Other exclusion criteria were the
presence of thyroid dysfunction (abnormal levels of thyroid stimulating hormone), liver or
kidney disease (defined as a positive medical history or a threefold increase in serum
aminotransferases and serum creatinine levels of >1.6 mg/dL respectively) and the
administration of drugs that may interfere with glucose or lipid metabolism (e.g. statins,
fibrates and niacin), as well as with calcium metabolism (e.g. multivitamin preparations or
drugs for osteoporosis). Subjects whose HOMA values that exceeded the 75" percentile

(i.e. 2.0) were considered to have insulin resistance and were also excluded [439].

A) Hence one hundred ten otherwise healthy adults, who had visited the Outpatient
Lipid Clinic of the University Hospital of loannina, loannina, Greece, for a regular check-
up, were included in the present study. Of these, 52 fulfilled 3 or more of the American
Heart Association (AHA) criteria [397] for the diagnosis of MetS (waist circumference
>102 cm in men, >88 cm in women, fasting serum triglycerides >150 mg/dL, HDL-C <40
mg/dL in men, <50 mg/dL in women, blood pressure >130/85 mm Hg, fasting serum
glucose >100 mg/dL), while 58 age- and sex-matched individuals with less than 3 criteria

for the diagnosis of MetS served as controls.

BP was measured in triplicate in the right arm after patients had rested for 10 minutes
at a sitting position. Measurements were performed by trained clinicians using an
electronic sphygmomanometer (WatchBP Office, Microlife WatchBP AG, Widnau,

Switzerland). Their 25(OH)VitD serum levels in specimens kept at -80°C were determined.



94

The cut-off values for serum 25(OH)VitD levels in adults that were used in our study were:
>30 ng/mL for VitD sufficiency, 20-28 ng/mL for insufficiency and <2 0 ng/mL for
deficiency. All specimens were collected during the same season of the year (spring) as to
exclude any sunlight effect on VitD levels. All participants were of Greek origin, had
similar dietary habits with normal calcium content and comparable levels of sun exposure,

since none was institutionalized or homebound or had a special dress code.

B) With regard to adolescents, subjects with diabetes, chronic kidney or liver
diseases, triglycerides >500 mg/dL and on calcium and/or VitD supplements as well as on
lipid-lowering medications or anti-hypertensive drugs were not included.

So one hundred three otherwise healthy adolescents who had attended the Outpatient
Paediatric and the Metabolic and Obesity Clinics of the University Hospital of loannina,
Ioannina, Greece, were included in this study and were tested for their 25(OH)VitD serum
levels in specimens kept at -80°C. All adolescents were weighted on a digital scale and
height measurement was performed with a stable stadiometer, barefoot and wearing light
clothing. Body mass index (BMI) is defined as weight (kilograms)/height (m?). Per Center
for Disease Control and Prevention guidelines, BMI between 5"-84'" percentile for age and
sex is considered as healthy weight, 85"-94" percentile as overweight and >95™ percentile
as obese. Severe obesity was defined as BMI>120% of 95™ percentile for age and sex or
BMI >35 kg/m?, whichever was lower [270]. Of these adolescents 69 were obese and 34
were normal-weight and served as controls. Blood pressure was measured in a sitting
position after a 5 minute rest, using a digital sphygmomanometer (Omron M3 HEM-7131),
and the mean of two measurements was recorded. Hypertension was defined as systolic or
diastolic blood pressure >95™ percentile according to age, sex and percentile of height. For
the analysis, all CVD risk factors considered as abnormal were based on the definitions by
the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP-III)
modified for age [394]. These were: waist circumference >90™ percentile for age and sex,
HDL cholesterol <40 mg/dL, triglycerides >110 mg/dL and fasting glucose >100 mg/dL.

The pubertal stage was estimated with the Tanner scale.
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2.2.2 Study population of the Prospective Study

A) Assessment of the effect of hypolipidemic drugs on the levels of 25(OH)VitD in

patients with dyslipidaemia.

i) Assessment of the effect rosuvastatin 40 mg, or a combination of rosuvastatin 10 mg
and fenofibrate 200 mg or a combination of rosuvastatin 10 mg and omega-3 fatty

acids 2 g on 25(OH)VitD serum levels in patients with mixed dyslipidaemia.

All patients had visited the Outpatient Lipid and Obesity Clinic of the University
Hospital of loannina, Greece. Eligible were those who had LDL-C >160 mg/dL and
triglycerides >200 mg/dL at baseline. Also, patients with hypertension were included in the
study if they were on stable medication for at least 3 months before study entry and their
blood pressure was adequately controlled (no change in their treatment was allowed during
the study period). Exclusion criteria were known coronary heart disease or other
atherosclerotic diseases, triglycerides >500 mg/dL, renal disease (serum creatinine levels
>1.6 mg/dL or proteinuria >300 mg/d), diabetes (fasting blood glucose >126 mg/dL or
treatment with hypoglycemic agents), hypothyroidism (thyroid-stimulating hormone >5
IU/mL), and liver disease (alanine transaminase and/or aspartate transaminase levels >3-
fold the upper limit of normal in more than 2 consecutive measurements). Patients
currently taking lipid-lowering drugs or having stopped them less than 4 weeks before
study entry were also excluded.

All participants were given individualized dietary instructions by a clinical
nutritionist, based on each one's basal energy requirements and on an estimation of the
participant’s typical activity level according to the NCEP-ATP III guidelines. The treatment
groups did not differ in their nutrient intake at baseline, and there were no differences in
diet composition between the study groups. All patients were asked to attend the clinic
monthly during the treatment in order to assess diet compliance. Patients who remained
hyperlipidemic (LDL-C >160 mg/dL plus triglycerides >200 mg/dL) after a dietary
intervention period of approximately 3 months were considered eligible for randomization.
The final total number of patients included was 60. We followed a simple randomization

method using a table of random numbers. Patients were allocated to either open-label 40
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mg rosuvastatin (22 patients), or 10 mg rosuvastatin plus micronized 200 mg fenofibrate
(21 patients), or 10 mg rosuvastatin plus 2 g omega-3 fatty acids (17 patients) (each gram
of the preparation contains approximately 465 mg of eicosapentaenoic acid and 375 mg of
docosahexaenoic acid) daily for 3 months. Blood pressure was measured in triplicate in the
right arm after patients had rested for 10 minutes at a sitting position. Measurements were
performed by trained clinicians using an electronic sphygmomanometer (WatchBP Office,

Microlife WatchBP AG, Widnau, Switzerland).

ii) Assessment of the effect of simvastatin 40 mg versus the effect of the combination

of simvastatin 10 mg with ezetimibe 10 mg hypercholesterolemia.

Patients with primary hypercholesterolemia attending the Outpatient Lipid and
Obesity Clinic of the University Hospital of Ioannina, loannina, Greece participated in the
study. Inclusion criteria were LDL-C levels above those recommended by the NCEP-ATP
III based on each patient risk factors following a 3-month period of lifestyle changes.
Patients with hypertension if they were on stable medication for at least 3 months and their
blood pressure was adequately controlled (no change in their treatment was allowed during
the study) were also included. Exclusion criteria were known CVD, symptomatic carotid
artery disease, peripheral arterial disease, abdominal aortic aneurysm, diabetes, triglycerides
>500 mg/dL, renal disease (serum creatinine levels >1.6 mg/dL), hypothyroidism (thyroid
stimulating hormone >5 IU/mL), liver disease (alanine aminotranferase and/or aspartate
aminotranferase levels >3-fold upper limit of normal in 2 consecutive measurements),
neoplasia as well as clinical and laboratory evidence of an inflammatory or infectious
condition. Patients currently taking lipid-lowering drugs or having stopped them less than 4
weeks before the start of study were excluded. Half of them were randomly allocated to
receive either open-label simvastatin 40 mg or simvastatin/ezetimibe 10/10 mg for 12
weeks. Randomization was performed by means of a computer-generated sequence of
random numbers. Compliance with study medication was assessed at week 12 by tablet
counts; patients were considered compliant if they took 80% to 100% of the prescribed

number of tablets. The final number of the study patients was 50 (25 &25).
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iii) Assessment of the effect of rosuvastatin 40 mg versus the effect of the combination
of rosuvastatin 10 mg and fenofibrate 200 mg or of the combination of
rosuvastatin 10 mg and nicotinic acid/laropiprant 2 g on 25(OH)VitD serum
levels in patients with mixed dyslipidaemia not responded to conventional doses

of statins and not reaching target goal.

For the present analysis the final number of the randomly selected patients was 44 to
test for 25(OH)VitD at start and at the end of study. The participating patients in this study
had been treated for a minimum of 3 months with a standard statin dose (10-40 mg
simvastatin or 10-20 mg atorvastatin or 5-10 mg rosuvastatin) but their LDL-C or non-
high-density lipoprotein cholesterol (non-HDL-C) levels had not reached treatment targets.
Patients with hypertension and/or diabetes could participate in the study only if they were
on stable medication for at least three months and had normalized their blood pressure and
glucose serum levels. Exclusion criteria were the presence of chronic kidney or liver
disease and triglyceride levels >500 mg/dL. Patients were randomly distributed (without a
wash-out phase) to switch to open-label high-dose rosuvastatin (40 mg/day) (n=17) for 3
months or to get on an add-on-statin (rosuvastatin 10 mg) treatment with ERNA/LRPT
(1000/20 mg/day for the first four weeks followed by 2000/40 mg/day for the next eight
weeks) (n=14) or to get on an add-on-statin (rosuvastatin 10 mg) treatment with
micronised fenofibrate (200 mg/day) for three months (n=13). The study design relates to
everyday clinical practice, since often patients cannot achieve lipid targets when treated
with a conventional statin dose, thereby raising concerns to the attending physician for the
appropriate modification of the treatment regimens. Similar dietary advice was given to all
patients according to the third report of the National Cholesterol Education Program-Adult
Treatment Panel IIII (NCEP-ATP III) guidelines. Moreover, adherence to treatment and
lifestyle habits were assessed by tablet count and an appropriate questionnaire,
respectively.

All participants in the study were of Greek origin, had similar dietary habits with
usual calcium content and comparable amounts of sun exposure, since none was
institutionalized or homebound or had a special dress code. In order to exclude the
confounding effect of the seasonal variation of serum 25(OH)VitD levels, we chose to

analyze all specimens collected from early autumn to late winter. During this period,
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sunshine in Greece is of the same duration and therefore we can largely exclude the
confounding sunlight effect on 25(OH)VitD levels. Additionally, none of the participants
consumed drugs that could interfere with VitD metabolism (ie, osteoporosis treatment) or

VitD supplements.

B) Assessment of the effect of cholecalciferol (VitD3) administration (2000 IU/day) on

metabolic parameters in adults with MetS and adolescents with obesity.

Adults with MetS and adolescents with obesity who were followed at the outpatients
Lipid and Obesity Clinic and the Pediatric Clinic of the University Hospital of Ioannina
were included in the prospective study. The recruitment of the patients was completed
within one year. All participants (and/or their caregivers) gave written informed consent
before any clinical or laboratory evaluation and any dietary or drug therapeutic
intervention. The study protocol was approved by the Scientific Committee of the
University Hospital of Ioannina and was conducted following the guidelines outlined in the
Declaration of Helsinki. Additionally, the study was registered in NCT01237769

ClinicalTrials.gov.

1) MetS diagnosis (in adults) was set by fulfilling 3 or more of the NCEP-ATP III
[397] criteria, when they visited the Outpatient Metabolic and Obesity Clinic of the
University Hospital of Ioannina, Ioannina, Greece. Eligible adult patients with MetS were
randomly allocated (through a computer-generated sequence of random numbers) by sex
and age as baseline factors to either only dietary instructions (n=25, Non-Suppl group) or
to receive 2000 IU VitD/day (Vitamin D3) along with dietary instructions (n=25, VitD
Suppl group) for 3 months. We administered 2000 IU VitD/day, a higher than usual dose
but within safety limits, since former studies failed to find any significant changes in CVD
risk factors when using usual VitD doses (400-800 IU/day). Supplementation of up to 2000
IU VitD daily has been regarded by the U.S. Food and Drug Administration's nutritional
guidelines as more effective and safe [440]. Similarly, Endocrine Society clinical practice
guidelines conclude that to raise serum 25(OH)VitD levels above 30 ng/mL, intakes of
1500 to 2000 IU/day may be required [27]. All patients followed a 12-week dietary
intervention program according to NCEP ATP III guidelines [397]. The compliance to

dietary instructions was assessed by completing food diaries and through discussion during
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follow up visits, while compliance with study medication was controlled by tablet count at
week 12; patients were considered compliant if they received 80-100% of the prescribed
tablets. The final number of compliant patients was 50 and their reassessment was

performed after 3 months from starting intervention.

i1) Obese adolescents (BMI= 35.0+£7.9) with hypovitaminosis D (25(OH)VitD <20
ng/mL) were given 2000 IU VitD per os daily (Vitamin D3) plus dietary instructions and
were re-evaluated after 3 months. The clinical examination of their somatometric
characteristics was performed based on the same methods and criteria described in the
cross-sectional analysis.

In adolescent participants with obesity we chose to administer a dose of 2000 U
VitD/day for 3 months, in order to correct VitD deficiency taking into consideration the
following recommendations. The Endocrine Society clinical practice guidelines (2011)
recommend that one- to 18-year-old children and adolescents need to be given 600-1000
[U/day (and no more than 4000 IU/day) of VitD supplementation [27]. Especially for
adolescents at risk of VitD deficiency or insufficiency, including obese adolescents (>95th
BMI), the Society for Adolescent Health and Medicine (2013) proposed to administer at
least 1,000 IU/day [92], while according to Belenchia et al. a daily 4000 IU VitD dose,
which is the maximum allowable according to the Institute of Medicine, was considered
safe and effective in improving VitD nutritional status in obese adolescents [273]. In
parallel participants also followed a 12-week dietary intervention programme. That
included a moderate carbohydrate and increased protein diet, which provided 40-45% of
total energy as carbohydrate (moderate glycemic load), 30% fat (<10% saturated fat), and
25-30% protein. Two different energy levels were assigned, depending upon age: 6000-
7000 kJ (10-14 years old) or 7000-8000 kJ (15-17 years old). The dietary intervention
conferred 2000 kJ less than the recommended intake for age and promoted an increase in
incidental activity and a decrease in sedentary behavior [441]. The compliance to dietary
instructions was assessed by completing food diaries and through discussion during follow
up visit, while compliance with study medication was checked by tablet count at week 12;
patients were considered compliant if they received 80-100% of the prescribed tablets. The

final number assessed was 15.
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Exclusion Criteria both for adults and adolescents were the presence of diabetes,
chronic kidney or liver disease, triglycerides >500 mg/dL and intake of calcium and/or
VitD supplements as well as lipid-lowering medications. Patients with elevated BP who
were not on any treatment participated in the study, as well as patients with hypertension
who had received stable treatment for at least 3 months and had normalised their BP levels
during the intervention.

In order to minimise the season effect on 25(OH)VitD levels, all specimens were
collected during March to September, a season during which the duration of sunlight is

approximately similar in Greece.

2.3 Laboratory measurements in the Cross-sectional and Prospective
Studies

All samples were collected after an overnight fast (approximately 12 hours). The following

parameters were determined:

* serum 25(OH)VitD

* serum PTH

* serum glucose, insulin, HbAlc, HOMA index (estimated)

* serum total cholesterol, HDL-C and triglyceride levels, whereas LDL-C levels were
assessed using the Friedewald equation (LDL-C=TCHOL-HDL-C-triglycerides/5) and
non-HDL was calculated by the equation: non-HDL-C= TCHOL - HDL-C. LDL-C was
calculated using the Friedewald formula (provided that triglycerides were <400 mg/dL).

* LDL subfraction profile

* Serum apolipoprotein Al and B (apo Al and apoB)

* Lp-PLA; activity in plasma

* high sensitivity C reactive protein (hs-CRP) in serum

* serum PONI activity and ARYL activity

* urinary 8-isoprostane

* oxidized LDL (oxLDL) in plasma

* serum adipokines (leptin, adiponectin, visfatin)
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Serum 25(OH)VitD levels were measured quantitatively by an enzyme immunoassay
method using the reagents in the kit purchased from DRG Instruments GmbH (DRG,
Marburg, Germany). The method’s analytical sensitivity is 1.28 ng/mL and the intra- and
inter assay variation is 13% for each at the level of 18 and 16 ng/mL, respectively.

Serum parathyroid hormone (iPTH) was measured by IMMULITE 2500 Intact PTH,
a solid-phase, two-site chemiluminescent enzyme-labeled immunometric assay (Siemens
Medical Solutions Diagnostics, Los Angeles, CA 90045-6900 USA).

Glucose was measured by the hexokinase method and serum insulin by a
microparticle enzyme immunoassay on an AXSYM analyzer (Abbott Diagnostika,
Wiesbaden-Delkenheim, Germany) with coefficients of variation of 4.2% to 9.0%
respectively. Homeostasis model assessment (HOMA) index was calculated using the
equation: fasting insulin (mIU/L) * fasting glucose (mg/dL)/405. The determination of
HbAlc was based on a latex agglutination inhibition assay (Randox Laboratories Ltd.,
Antrim, UK). HbAlc values are expressed as percentage of the total hemoglobin
concentration. The sensitivity of the method is 0.25 g/dL of HbAlc and the within run and
between runs precision <6.67% and <4.82%, respectively.

Routine laboratory determinations were carried out by automated chemical analysis
in the laboratory of the University Hospital of loannina using an Olympus AU 600
analyzer (Olympus Diagnostica GmbH, Hamburg, Germany). Total cholesterol,
triglycerides and HDL-C were measured enzymatically on an Olympus AU600 Clinical
Chemistry analyzer (Olympus Diagnostica, Hamburg, Germany). The Friedewald formula
was used to calculate serum LDL-C (when triglycerides were <350 mg/dL; 3.95 mmol/L).

LDL subclass analysis was performed electrophoretically by the use of high-
resolution 3% polyacrylamide gel tubes and the Lipoprint LDL System (Quantimetrix,
Redondo Beach, CA) according to the manufacturer’s instructions [442-445]. Briefly, 25
pL of sample were mixed with 200 M1 of Lipoprint Loading Gel and placed upon the upper
part of the 3% polyacrylamide gel. After 30 min of photopolymerization at room
temperature, electrophoresis was performed for 60 min with 3 mA for each gel tube. Each
electrophoresis chamber involved 2 quality controls (provided by the manufacturer). For
quantification, scanning was performed with a ScanMaker 8700 digital scanner (Mikrotek
Co, USA) and iMac personal computer (Apple Computer Inc, USA). After scanning,

electrophoretic mobility (Rf) and the area under the curve (AUC) were calculated
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qualitatively and quantitatively with the Lipoprint LDL system Template and the Lipoware
software (Quantimetrix Co, Redondo Beach, CA), respectively. The LDL subfraction was
calculated using the Rf between the very low-density lipoprotein (VLDL) fraction (Rf 0.0)
and the HDL fraction (Rf 1.0). After electrophoresis, the very low-density lipoprotein
(VLDL) remained at the origin [retention factor (Rf)=0.0] and high-density lipoprotein
(HDL) migrated to the front (R=1.0). In between, several bands can be detected: MID
bands C, B, and A, which correspond mainly to intermediate-density lipoprotein (IDL), as
well as up to 7 LDL bands. LDL is distributed from Rf 0.32 to Rf 0.64 as 7 bands, whose
Rfs are 0.32, 0.38, 0.45, 0.51, 0.56, 0.6 and 0.64 (LDL1 to LDL7, respectively). The LDL-
1 and LDL-2 bands correspond to large buoyant LDL particles, whereas the bands LDL-3
to LDL-7 correspond to sdLDL particles. The cholesterol mass (in mgdL) of sdLDL
particles, the mean LDL particle size (in nm) and the proportion (%) of the cholesterol
mass of sdLDL particles over the total LDL-C mass were determined. The cholesterol
concentration (in mg/dL) of each LDL subfraction is determined by multiplying the
relative AUC of each subfraction by the TCHOL concentration of the sample (the TCHOL
concentration of the sample is measured independently). The proportion of sd-LDL-
cholesterol (sd-LDL%) was defined as the percentage of the LDL-cholesterol carried in sd-
LDL (i.e. bands 3 to 7). LDL peak particle diameter (LDL-PPD) (nm) was determined
using the Rf of the highest peak of the LDL bands according to the following equation
proposed: LDL-PPD=(1.429-Rf)*25 [446]. Moreover, the Lipoprint LDL System provides
a mean LDL particle size (nm) and uses a size of 26.8 nm as a cut-off point to classify
individuals into phenotypes A (absence of sd-LDL particles) and non-A (presence of sd-
LDL particles).

Serum Apolipoproteins (apo) A-I and apoB were measured using a Behring
Nephelometer BN100 and with reagents (antibodies and calibrators) from Dade Behring
Holding GmbH (Liederbach, Germany). The apoA-I and apoB assays were calibrated
according to the International Federation of Clinical Chemistry standards.

Serum concentrations of hs-CRP were measured by the high sensitivity CRP method
(Dade Behring, Marburg, Germany) based on particle enhanced immunonephelometry; the
reference range is 0.175 to 55 mg/L.

Lp-PLA> activity was measured with the trichloroacetic acid precipitation procedure

in plasma using [°H]-PAF (1-O-hexadecyl-2-[*H-acetyl]-sn-glycero-3-phosphocholine) (10
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Ci/mmol; DuPont-New England Nuclear, Boston, MA) as a substrate at a final
concentration of 100 puM. The reaction was performed for 10 min at 37°C. The
radioactivity was determined in a liquid scintillation counter (Packard Tri-Card 2100). Lp-
PLA: activity was expressed as nmol PAF degraded per min per mL of plasma [447].

The paraoxonase-1 (PON-1) activities in serum were measured using paraoxon
(paraoxonase activity) or phenylacetate (arylesterase activity), as a substrate. Both PON-1
activities were determined in the presence of 2 mM Ca*" in 100 mM Tris-HCI buffer (pH
8.0) for paraoxon and in 20 mM Tris-HCI buffer (pH 8.0) for phenyl acetate.

Urine levels of 8-isoprostane (8-epiPGF.a) were determined by a competitive
enzyme immunoassay (commercial 8-isoprostane EIA kit, Cayman Chemicals, Ann Arbor,
MI), following manufacturer instructions. The 8-epiPGF2a levels in urine were expressed
as ng/mmol creatinine.

Plasma levels of oxidized low-density lipoprotein (ox-LDL) were measured by a
competitive enzyme-linked immunosorbent assay using a specific murine monoclonal
antibody (4E6) according to the instructions provided by the manufacturer (Mercodia,
Uppsala, Sweden). The specificity of this method was studied by performing the assay in 5
different plasma samples in which 5 or 15 ng of protein of native LDL or oxLDL were
added exogenously. Intra-assay and inter-assay coefficients of variation of the assay are
6.0% and 7.0%, respectively [448]. Low-density lipoprotein (LDL, d=1.019-1.063 g/ml)
was isolated by sequential ultracentrifugation from pooled fresh plasma [449]. Prior to
oxidation, a part of purified LDL was incubated with 0.5 mmol/L pefabloc for 1h at 37°C, a
procedure that completely and irreversibly inactivates the LDL-associated Lp-PLA> [450].
After incubation, LDL was dialyzed against two changes of a 200-fold volume of 10
mmol/L PBS for 24 h at 4°C to remove the excess of pefabloc. LDL with active Lp-PLA>
or pefabloctreated LDL [containing inactive Lp-PLA; and denoted as LDL(—)], at a final
concentration of 100 pug protein/mL, was oxidized in the presence of 5 pmol/L CuSO4, for
3 hat37°C [451].

Leptin was determined by using the human leptin ELISA kit purchased from
BioVendor (Czech Republic) DRG (following manufacturer instructions. Coefficient of
variation was less than 7%. Each concentration obtained was determined from the standard
curve [452]. Serum levels of total adiponectin were determined by a competitive enzyme

immunoassay (ELISA) using the reagents of the adiponectin kit purchased by DRG
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Instruments GmbH (Marburg, Germany). The sensitivity of the method was 26 ng/ml and
the intra- and inter-assay coefficients of variation were 5.9% & 6.3% at the levels 12 and 8
ug/ml respectively. Visfatin was determined by a “competitive” enzyme immunoassay
method using the kit by Phoenix Pharmaceuticals, Inc (USA). The intra-assay CV was
<10%.

2.4 Statistical analysis

2.4.1 Statistical analysis in the cross-sectional study:

For investigating the possible associations of the 25(OH)VitD serum levels in the
patients (n=52 adults with metabolic syndrome (MetS), n=69 obese adolescents) with those
of the parameters used for MetS diagnosis and of other MetS biochemical characteristics
and CVD risk factors the following analysis was used:

Preliminary analyses were performed to ensure no violation of the assumptions of
normality and linearity. The Kolmogorov-Smirnoff test was used to evaluate whether each
variable followed a Gaussian distribution. Data are presented as mean and standard
deviation except for non-Gaussian distributed variables, which are presented as median
(range). The relationship among study variables were investigated by use of the Pearson
product moment correlation coefficient, whereas correlations including at least 1 non-
Gaussian distributed variable were performed with the Spearman correlation coefficient.
The independent samples t-test (or Mann Whitney U-test when required) was used to
assess differences between groups (MetS, non-MetS for adults and obese, normal weight
for adolescents). Stepwise linear multiple regression analyses were performed to explore
the relationships between emerging CVD risk factors and a set of independent variables (or
predictors) that were significantly correlated with the dependent variable in the univariate
analysis after checking for normality and linearity. For adults a p value < 0.05 was
considered to be significant whereas for adolescents the p value < 0.03 was considered to
be significant due to multiple comparisons (Bonferoni correction). All analyses were

carried out with the SPSS 18 software package (SPSS Inc., 1989-2004, Chicago, IL).
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2.4.2 Statistical analysis in the in the prospective study:

A) Regarding the assessment of the effect of hypolipidemic drugs on the levels of
25(OH)VitD in patients with dyslipidemia, we performed the analysis described

below:

Again preliminary analyses were performed to ensure no violation of the
assumptions of normality and linearity. The Kolmogorov-Smirnoff test was used to
evaluate whether each variable followed a Gaussian distribution. Data are presented as
mean and standard deviation except for non-Gaussian distributed variables, which are
presented as median (range). For variables that did not follow the normal distribution,
appropriate nonparametric tests were used. The paired samples t test (or the Wilcoxon
signed ranks test, when required) was used for assessing the effect of treatment in each
group (between baseline and post-treatment values). Analysis of covariance (ANCOVA) or
the Kruskal-Wallis test for nonparametric variables, adjusted for baseline values, was used
for comparisons between treatment groups. Significance was defined as p <0.05.Analyses
were performed using the SPSS 18.0 statistical package for Windows (SPSS Inc, 1989-
2004, Chicago, Illinois).

B) Regarding the assessment of the effect of cholecalciferol (VitD3) administration (2000
IU/day) on metabolic parameters in adults with MetS and adolescents with obesity, we

performed the analysis described below:

This was a pilot study and therefore formal power calculations were not performed.
Similarly, the evaluation of the distribution of each variable (Gaussian or not) was done
with the Kolmogorov-Smirnoff test. For variables with a Gaussian distribution data are
presented as meantstandard deviation and for those with a non-Gaussian distribution as
median (range, min-max). The paired samples t-test or the Wilcoxon Signed Ranks test was
used so as to assess the effect of treatment in each group. For comparisons between
treatment groups analysis of covariance (ANCOVA) or the Kruskal-Wallis test for non-
parametric variables, adjusted for baseline values was applied. The significance was set at

p < 0.01 for adults and < 0.03 for adolescents due to multiple comparisons (Bonferoni
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correction). All analyses were performed through the SPSS 18.0 statistical package for
Windows (SPSS Inc., 1989-2004, Chicago, IL).
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CHAPTER III.

RESULTS
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3.1 Results of the Cross-sectional study

Determination of 25(OH)VitD serum levels in Greek adult patients with metabolic
syndrome (MetS) and adolescents with obesity and their respective controls.
Furthermore, exploring any possible correlation of these levels with those of the
parameters criteria set for MetS diagnosis and of other MetS biochemical

characteristics and CDYV risk factors.

A) The clinical and laboratory characteristics of adult participants are shown in
Table 14. There were no differences in the age and sex distribution between the study
groups. As anticipated, subjects with MetS exhibited significantly elevated weight, BMI,
waist circumference, systolic and diastolic BP, triglycerides, apoB, fasting plasma glucose,
insulin and HOMA index, and lower HDL-C and apoAl compared with controls. Total
cholesterol, LDL-C and PTH levels did not differ significantly between groups. Subjects
with MetS presented with significantly higher hsCRP, sdLDL-C and Lp-PLA> and smaller
LDL size compared with participants without MetS. The MetS group exhibited
significantly lower 25(OH)VitD serum levels compared with controls (11.8 [0.6-48.3]
ng/mL; 29.5 [1.5-120.75] nmol/L vs 17.2 [4.8-62.4] ng/mL; 43 [12-156] nmol/L, p=0.027)
(Table 14, Figure 15). ]. Overall 91.3% of the study participants had VitD insufficiency
[25(OH)VitD <30 ng/mL] of which 65% VitD had deficiency [25(OH)VitD) <20 ng/mL].
Furthermore, prevalence of deficiency tended to be higher among MetS patients (65.3%)
compared with controls (59.2%).

In the MetS subjects univariate analysis showed that 25(OH)Vit D was inversely
associated with triglycerides (r=-0.416, p=0.003), but not with the other diagnostic criteria
of MetS (i.e. waist circumference, BP, HDL-C and fasting glucose) (Table 15). In addition,
25(OH)VitD was inversely related to sdLDL-C levels (p=0.03) and PTH (r=-0.376,
p=0.04), but not with LDL size, Lp-PLA> and hsCRP (Table 15).

In the stepwise multivariate linear regression analysis, sdLDL-C was assigned as the
dependent variable and sex, age, smoking, SBP, DBP, fasting glucose, HOMA index,
triglycerides, HDL-C, LDL-C, apoB, hsCRP and 25(OH)VitD as independent variables. In
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this analysis, sdLDL-C levels were found to be significantly affected only by the
triglyceride levels and not by any of the others including 25(OH)VitD concentrations
(Table 16).

Table 14. Clinical and laboratory characteristics of adult participants

Metabolic Non-Metabolic p
Syndrome Syndrome
n=52 (n=58)

Age (y) 52+10 50+12 NS
Sex (male/female) 24/28 26/32 NS
Smoking (yes/no) 15/37 17/41 NS
Weight (kg) 83+13 78+15 0.01*
BMI (kg/m?) 30.2+3.0 28.244.6 0.01*
Waist circumference (cm) 10248 95+14 0.007*
SBP (mm Hg) 135+15 124+18 0.002*
DBP (mm Hg) 88+9 80+10 0.000*
TCHOL (mg/dL) 236+37 226446 NS
HDL-C (mg/dL) 49+11 57+12 0.001*
LDL-C (mg/dL) 152429 148+39 NS
Triglycerides (mg/dL) 152 (78-350) 97 (37-294) 0.000*
Non HDL-C (mg/dL) 186+35 169445 0.031*
Apo Al (mg/dL) 141+26 154425 0.03*
Apo B (mg/dL) 119+17 105425 0.04*
sdLDL-C (mg/dL) 9.0 (0.01-66.0) 3.5 (0.01-28.0) 0.006*
LDL-size (A) 265.0+£7.0 270.0+£2.5 0.001*
Lp-PLA; activity 60£16 51x14.6 0.019*
(nmol-mL'-min™)

Fasting glucose (mg/dL) 104£16 92+11 0.000*
Insulin (pU/mL) 11 (2-57) 8 (2-33) 0.045*
HOMA index 2.4 (0.5-20) 1.8 (0.4-7) 0.045*
hsCRP (mg/L) 2.7 (0.2-6.8) 2.1(0.2-6.2) 0.045*
25(OH) Vit D (ng/mL) 11.8 (0.6-48.3) 17.2 (4.8-62.4) 0.027*
PTH (pg/mL) 42 (19-125) 53 (11-96) NS
Total Ca (mg/dL) 9.7£0.4 9.5+0.3 NS
¢GFR (mL/min/1.73m?)

Cockeroft-Gault 111£30 10621 NS
MDRD 80+15 83+10 NS

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, T-CHOL: total cholesterol, HDL-C:
high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, Apo: apolipoprotein, sdLDL-C: small
dense LDL-C, Lp-PLA:: lipoprotein-associated phospholipase A2, HOMA index: homeostasis model assessment insulin
resistance index, 25(OH)VitD: 25-hydroxy vitamin D, PTH: parathyroid hormone, hsCRP: high-sensitive C-reactive
protein, Ca: calcium, e-GFR: estimated glomerular filtration rate, MDRD: Modification of Diet in Renal Disease

* p value <0.05 was considered to be significant



111

Figure 15. Serum 25(OH)VitD levels in adults with MetS and Controls
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Table 15. Univariate correlations of Log [25(OH)Vit D] levels with metabolic parameters
in the MetS adult subjects (n=52).

. p_ |
Waist circumference 0.119 0.422
Blood Pressure SBP 0.234 0.109
Blood Pressure DBP 0.009 0.949
Log [Triglycerides] -0.416 0.003*
HDL-C 0.127 0.390
Fasting glucose 0.048 0.747
HOMA index 0.083 0.632
Log [sdLDL-C] -0.305 0.03*
LDL size 0.275 0.165
Lp-PLA; activity 0.064 0.746
hsCRP -0.096 0.562
PTH -0.376 0.04*

* p value <0.05 was considered to be significant
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Table 16. Multivariate regression analysis for the effect of various parameters on Log

[sdLDL-C] levels in adult subjects with MetS (n=52).

beta p 95% CI
Sex 0.068 0.779 -0.355 - 0.462
Age -0.091 0.770 -0.031 - 0.024
Smoking -0.046 0.875 -0.577 — 0.498
SBP -0.128 0.710 -0.017-0.012
DBP 0.008 0.975 -0.018 - 0.018
Fasting Glucose -0.121 0.692 -0.022 - 0.015
HOMA index 0.172 0.561 -0.049 - 0.086
Log [Triglycerides] 0.689 0.019* 0.146 — 1.311
HDL-C -0.109 0.719 -0.025-0.018
LDL-C 0.227 0.619 -0.011 -0.018
ApoB 0.119 0.781 -0.018 - 0.024
Log [hsCRP] 0.214 0.330 -0.267 - 0.726
Log [25(OH)Vit D] -0.001 0.996 -0.363 - 0.361

* p value <0.05 was considered to be significant

B) Baseline clinical characteristics and laboratory findings of adolescent participants
(n=103, 69 obese and 34 normal weight) are shown in Table 17. The 2 groups had
significant differences in weight, BMI, WC, SBP, DBP, insulin, HOMA index,
triglycerides, HDL-C, leptin levels and leptin/adiponectin ratio. Adolescents with obesity
had lower 25(OH)VitD compared with normal weight controls [12.0 (3.0-36.0) versus 34.0
(10.0-69.0) ng/mL respectively, p=0.000]. Overall 74.7% of the study participants had
VitD insufficiency [25(OH)VitD <30 ng/mL], of which 52.4% had VitD deficiency
[25(OH)VitD) <20 ng/mL] (Figure 16). Furthermore, prevalence of deficiency was higher
among obese (73.9%) compared with normal weight adolescents (17.6%) (p=0.001). In the
obese adolescents, 25(OH)VitD was inversely related to leptin (r = -0.280, p = 0.037)
(Table 18), which persisted after adjustment for BMI (r = -0.340, p = 0.009). In contrast,
25(OH)VitD was not associated with weight, BMI, WC, SBP, DBP, TCHOL, HDL-C,
LDL-C, triglycerides, glucose, insulin, HOMA index, leptin/adiponectin ratio, adiponectin

and visfatin (Table 18).
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Table 17. Baseline characteristics of the adolescent participants

Parameter Adolescents with Normal Weight
obesity (N=69)

Sex (Boys/Girls) 31/38 15/19 NS
Age (years) 12.0+£2.0 12.64+2.0 NS
Weight (kg) 74£21 47+12 | 0.000*
BMI (kg/m?) 29.74£5.5 19.6£2.3 | 0.000%
WC (cm) 92+13 69+7 | 0.000*
SBP (mmHg) 123+9 108+9 | 0.000*
DBP (mmHg) 71£10 68+7 0.04*
Glucose (mg/dL) 87+8.0 86+8.0 NS
Insulin (pU/mL) 13 (6-43) 8 (2-16) | 0.000*
HOMA index 2.8 (1.2-9.6) 1.7 (0.4-3.6) | 0.000*
TCHOL (mg/dL) 168+30 169+16 NS
Triglycerides (mg/dL) 103 (50-222) 79 (28-123) | 0.005%
HDL-C (mg/dL) 4249 50+8 | 0.000*
LDL-C (mg/dL) 104425 102+16 NS
Leptin (ng/mL) 36 (7-105) 8 (1-27) | 0.000*
Adiponectin (ng/mL) 8+5 8+4 NS
Leptin/adiponectin ratio 7.4£5.7 1.5<1.1 | 0.000*
Visfatin (ng/mL) 1548 16+7 NS
25(OH)VitD (ng/mL) 12 (3-36) 34 (10-69) | 0.000*

* p value <0.05 was considered to be significant

Figure 16. Serum 25(OH)VitD levels in obese adolescents and controls
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Table 18. Univariate correlations of Log[25(OH)VitD] with metabolic parameters in

adolescents with obesity.

Parameter r p

Weight 0.149 0.221
BMI 0.196 0.107
WC 0.151 0.259
SBP 0.313 0.089
DBP 0.206 0.092
Glucose -0.139 0.260
Log(Insulin) -0.073 0.558
Log(HOMA index) -0.085 0.493
TCHOL -0.178 0.147
Log(triglycerides) -0.010 0.932
HDL-C -0.120 0.329
LDL-C -0.205 0.096
Log(Leptin) -0.280 0.037*
Adiponectin -0.281 0.058
Leptin/adiponectin ratio 0.029 0.839
Visfatin -0.175 0.223

* p value <0.05 was considered to be significant
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3.2 Results of the Prospective study

3.2.1 Assessment of the effect of hypolipidemic drugs on the levels of 25(OH)VitD in

patients with dyslipidaemia.

i) The effect of rosuvastatin 40 mg (n=22) versus the effect of the combination of
rosuvastatin 10 mg and fenofibrate 200 mg (n=21) and of the combination of

rosuvastatin 10 mg and omega-3 fatty acids 2 g (n=17) on 25(OH)VitD serum

levels in patients with mixed dyslipidaemia.

No significant differences in baseline characteristics were noted between the 3

groups (Table 19).

Table 19. Baseline characteristics of study participants who received rosuvastatin 40 mg

(group R) rosuvastatin 10 mg plus micronized fenofibrate 200 mg (group RF) and

rosuvastatin 10 mg plus omega-3 fatty acids 2 g (group RN).

Characteristics Group R Group RF Group RN p

N (males/females) 22 (7/15) 21 (11/10) 17 (5/12) NS
Age (years) 58+£13 54£10 53+£15 NS
Current smokers (%) 41 28 53 NS
Body weight (kg) 76+12 84+12 82+16 NS
BMI (kg/m?) 29+4 31+3 30+3 NS
WC (cm) 98+8 104+9 101+10 NS
SBP (mm Hg) 131£21 127+10 129+10 NS
DBP (mm Hg) 81+10 8448 82+7 NS
TCHOL (mg/dL) 318+75 300+45 287+11 NS
LDL-C (mg/dL) 228+76 191+44 186+46 NS
Triglycerides (mg/dL) | 203 (162-299) | 279 (209-340) | 238 (143-349) NS
HDL-C (mg/dL) 5449 5349 50412 NS
Non-HDL-C (mg/dL) 264+70 247439 236+39 NS
Apo Al (mg/dL) 153£22 155423 149428 NS
Apo B (mg/dL) 140+42 144426 129422 NS
Glucose (mg/dL) 94+9 94+10 94+10 NS
25(OH)VitD (ng/mL) 14.6 (1-38) 14.1 (1-48) 10.4 (6.6-38.4) NS
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Table 20. Serum metabolic parameters at baseline and after 3 months of drug treatment
with either rosuvastatin 40 mg (group R), or rosuvastatin 10 mg plus micronized
fenofibrate 200 mg (group RF) and with rosuvastatin 10 mg plus omega-3 fatty acids 2 g
(group RN).

Baseline 3 months p Vs % Change
baseline

TCHOL (mg/dL)

Group R 318+75 176+38 0.000 -44%71
Group RF 300+45 197+41 0.000 -33%
Group RN 287+11 196439 0.000 -31%
Triglycerides (mg/dL)

Group R 203 (162-299) 137 (62-309) 0.009 -30%
Group RF 279 (209-340) 131 (67-244) 0.000 -54%"
Group RN 238 (143-349) 169 (106-327) 0.004 -26%
HDL-C (mg/dL)

Group R 54+9 55+8 NS +1.0%
Group RF 53+9 5712 0.020 +7.7%"
Group RN 50+£12 52412 NS +4.8%
LDL-C (mg/dL)

Group R 228+76 97+38 0.000 -58%"
Group RF 191+44 122447 0.000 -44%
Group RN 186+46 108+33 0.000 -41%
Non-HDL-C (mg/dL)

Group R 264+70 125434 0.000 -52%"
Group RF 247439 141£39 0.000 -42%
Group RN 236439 144+34 0.000 -39%
Apo Al (mg/dL)

Group R 153+22 155+18 NS +1.0%
Group RF 155423 162+30 0.04 +4.0%"
Group RN 149428 152425 NS +2.0%
Apo B (mg/dL)
Group R 140+42 77£22 0.000 -52%"
Group RF 144426 83+24 0.000 -45%
Group RN 129422 98+30 0.000 -37%
Glucose (mg/dL)

Group R 94+9 94=+11 NS +0.5%
Group RF 94+10 93+7 NS -0.7%
Group RN 94+10 9549 NS +1.0%
25(OH)VitD (ng/mL)

Group R 14.6 (1.0-38.0)  17.8 (5.3-49.6) 0.000 +53%
Group RF 14.1 (1.0-48.0) 18.4(6.7-52.4) 0.001 +64%
Group RN 10.4 (6.6-38.4) 14 (9.6-37.6) 0.04 +61%

¥p <0.05 from comparisons of R vs RF and RN groups,

*p <0.05 from comparisons of RF vs R and RN groups
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After treatment, serum 25(OH)VitD levels were found significantly increased in all
study groups (Table 20). Specifically, in the rosuvastatin 40 mg group there was a 53%
increase (p=0.000), in the commonly used dose of rosuvastatin (10 mg) plus fenofibrate a
64% increase (p=0.001), and in the commonly used dose of rosuvastatin (10 mg) plus
omega-3 fatty acids a 61% rise (p=0.04) in serum 25(OH)VitD concentrations. The
observed increases in the 25(OH)VitD levels after treatment did not differ significantly

between the 3 groups (Figure 17). Lipid changes are summarised in Table 20.

Figure 17. Serum 25(OH)VitD levels before and 3 months after treatments in the 3
treatment groups: rosuvastatin 40 mg, rosuvastatin 10 mg plus micronized fenofibrate 200

mg and rosuvastatin 10 mg plus omega-3 fatty acids 2 g
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ii) The effect of simvastatin 40 mg (n=25) versus the effect of the combination of
simvastatin 10 mg with ezetimibe 10 mg (n=25) on 25(OH)VitD serum levels in
patients with hypercholesterolemia.

The baseline clinical and laboratory characteristics of study participants are listed in
Table 21. No significant differences in baseline parameters were found between the 2
groups. Of note both groups presented with low baseline 25(OH)VitD levels with mean
values of 6.8 and 6.7 ng/mL, respectively.

In the simvastatin/ezetimibe 10/10 mg group 25(OH)VitD serum levels increased by
36.7% (from 6.8 to 9.3 ng/mL, p=0.000), while in the simvastatin 40 mg group a 79.1%
increase (from 6.7 to 12.0 ng/mL, p=0.008) was noticed (Table 22, Figure 18). The
increase in 25(OH)VitD levels was significantly greater in the simvastatin 40 mg group
compared with simvastatin/ezetimibe 10/10 mg group (p=0.04). Lipid changes were

similar between the 2 groups as summarised in Table 22.

Table 21. Baseline characteristics of study participants who received either
simvastatin/ezetimibe 10/10 mg or simvastatin 40 mg.

Characteristics Simvastatin/ezetimibe Simvastatin

10/10mg

40 mg

N (males/females) 25 (12/13) 25 (11/14) NS
Age (years) 54+12 58+8 NS
Current smokers, % 41 38 NS
Body weight (kg) 81£10 78+6 NS
BMI (kg/m?) 29+3 28+3 NS
WC (cm) 103+8 102+7 NS
SBP (mm Hg) 123+11 128+12 NS
DBP (mm Hg) 78£7 80+5 NS
TCHOL (mg/dL) 253+53 266+38 NS
LDL-C (mg/dL) 176+48 177432 NS
Triglycerides (mg/dL) 109 (58-194) 104 (73-210) NS
HDL-C (mg/dL) 59+11 62+12 NS
Apo Al (mg/dL) 150+24 158425 NS
Apo B (mg/dL) 108+27 117423 NS
Glucose (mg/dL) 96+12 99+13 NS
25(OH)VitD (ng/mL) 6.8 (0.2-16) 6.7 (0.5-24) NS
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Table 22. Serum metabolic parameters at baseline and after 3 months of treatment

including either simvastatin/ezetimibe 10/10 mg (Simva/eze 10/10 mg) or simvastatin 40

mg (Simva 40 mg).
‘ Baseline 3 Months  p vs baseline Change, %

TCHOL (mg/dL)

Simva/eze 10/10 mg 253453 169+29 0.000 -33.2

Simva 40 mg 266+38 175+27 0.000 -34.2
Triglycerides (mg/dL)

Simva/eze 10/10 mg 109 (58-194) 92 (58-166) 0.01 -15.6

Simva 40 mg 104 (73-210) 94 (61-160) 0.01 -9.6
HDL-C (mg/dL)

Simva/eze 10/10 mg 59+11 60+£11 NS +1.6

Simva 40 mg 62+12 64+12 NS +1.6
LDL-C (mg/dL)

Simva/eze 10/10 mg 177+32 92+19 0.000 -48.0

Simva 40 mg 176+48 97+28 0.000 -44.8
ApoAlI (mg/dL)

Simva/eze 10/10 mg 150+24 152421 NS +1.3

Simva 40 mg 158+25 164+24 NS +3.7
ApoB (mg/dL)

Simva/eze 10/10 mg 117423 69+13 0.000 -41.0

Simva 40 mg 108+27 66+17 0.000 -38.8
Glucose (mg/dL)

Simva/eze 10/10 mg 96+12 95+12 NS -1.0

Simva 40 mg 99+£13 105+15 NS +6.0
25(OH)VitD (ng/mL)

Simva/eze 10/10 mg 6.8 (1.0-16.0) 9.3 (2.1-21.6) 0.000 +36.7°

Simva 40 mg 6.7 (2.8-24.0) 12 (3.8-30.8) 0.008 +79.1

*p=0.04 difference between the percentage changes of 25(OH)VitD levels in the Simva/eze 10/10

mg versus the Simva 40 mg group
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Figure 18. Serum 25(OH)VitD levels before and 3 months after treatment in the 2

treatment groups: simvastatin 40 mg or simvastatin/ezetimibe 10/10 mg
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iii) The effect of rosuvastatin 40 mg (n=17) versus the effect of the combination of
rosuvastatin 10 mg and fenofibrate 200 mg (n=13) and of the combination of
rosuvastatin 10 mg and nicotinic acid/laropiprant 2 g (n=14) on 25(OH)VitD

serum levels in patients with mixed dyslipidaemia.

No significant differences in baseline characteristics were noted among the three

groups, including initial 25(OH)VitD levels and eGFR (Table 23).

Serum 25(OH)VitD levels did not significantly change in all study groups 3 months
after treatment (Table 24). Specifically, in the switch to high-dose rosuvastatin and add-on-
statin ER-NA/LRPT groups, there were non-significant decreases in 25(OH)VitD levels (-
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4.7% and -14.8%, respectively), while in the add-on-statin fenofibrate group there was a
non-significant increase (+13%) (Figure 19). Neither the changes in 25(OH)VitD, nor
eGFR follow up levels did differ significantly between groups. Lipid changes are

summarised in Table 24.

Table 23. Baseline characteristics of the patients with mixed dyslipidemia not at goal despite
treatment with simvastatin 10-40 mg or atorvastatin 10-20 mg or rosuvastatin 5-10 mg, who

participated in the study which aimed to investigate whether switching to high-dose rosuvastatin,

add-on-statin nicotinic acid or add-on-statin fenofibrate would alter 25(OH)VitD serum levels.

Switch to high-dose
rosuvastatin

Add-on-statin

ER-NA/LRPT

Add-on-statin p
fenofibrate

N (males/females) 17 (8/9) 14 (7/7) 13 (7/6) NS
Age (years) 59£11 61£5 59+£12 NS
Current smokers (%) 43 50 46 NS
Body weight (kg) 79+10 81x12 88+14 NS
BMI (kg/m?) 2942 29+3 31+4 NS
WC (cm) 98+12 98+7 103£12 NS
SBP (mm Hg) 131+£11 130+£11 129+12 NS
DBP (mm Hg) 78+6 82+10 80+13 NS
LDL-C (mg/dL) 121£40 115435 112432 NS
Triglycerides (mg/dL) 190 (173-210) 213 (190-254) 210 (189-260) | NS
HDL-C (mg/dL) 5049 47+12 45+11 NS
Non-HDL-C (mg/dL) 157+40 156+37 155+34 NS
Glucose (mg/dL) 94+12 98+20 98+12 NS
eGFR (mL/min) 86+28 90+29 95+29 NS
25(OH)VitD (ng/mL) 16.8 (3.2-37) 12.8 (2.0-54.8) 14.5 (1.0-42) | NS
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Table 24. Serum metabolic parameters of the patients with mixed dyslipidemia not achieving the

treatment goal despite treatment with simvastatin 10-40 mg or atorvastatin 10-20 mg or

rosuvastatin 5-10 mg, who participated in the study which aimed to investigate whether switching

to high-dose rosuvastatin, add-on-statin nicotinic acid or add-on-statin fenofibrate would alter

25(OH)VitD serum levels at baseline and after 3 months.

Baseline 3 months Change %
Triglycerides (mg/dL)
Switch to high-dose rosuvastatin 190 (173-210) 152 (140-184) -20%
Add-on-statin ER-NA/LRPT 213 (190-254) 128 (119-178) -40+8
Add-on-statin fenofibrate 210 (189-260) 142 (118-170) -3248
HDL-C, mg/dL (mmol/L)
Switch to high-dose rosuvastatin 50+9 51£10 +21
Add-on-statin ER-NA/LRPT 47+12 53+11 +1318#
Add-on-statin fenofibrate 45411 48+10 +748
LDL-C (mg/dL)
Switch to high-dose rosuvastatin 121+40 93+24 234
Add-on-statin ER-NA/LRPT 115£35 93+34 -19%#
Add-on-statin fenofibrate 112+32 116433 +4
Non-HDL-C (mg/dL)
Switch to high-dose rosuvastatin 157440 123423 -22H#
Add-on-statin ER-NA/LRPT 156+37 117434 =254
Add-on-statin fenofibrate 155434 144436 -7t
eGFR (mL/min)
Switch to high-dose rosuvastatin 86+28 85+26 -0.01
Add-on-statin ER-NA/LRPT 90+29 90+26 0
Add-on-statin fenofibrate 95+29 99+27 +0.04
25(OH)VitD (ng/ml)
Switch to high-dose rosuvastatin 16.8 (3.2-37) 16.0 (7.9-51.6) -4.7
Add-on-statin ER-NA/LRPT 12.8 (2.0-54.8) 10.9 (2.4-34) -14.8
Add-on-statin fenofibrate 14.5 (1.0-42) 16.4 (4.4-30.4) +13.0

p <0.01 compared to baseline levels
p <0.001 compared to baseline levels

%p <0.01 compared to the switch to rosuvastatin 40 mg group

#p <0.01 compared to the add-on-statin fenofibrate group
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Figure 19. Serum 25(OH)VitD levels before and 3 months after treatment in the 3 treatment
groups: switching to high-dose rosuvastatin, add-on-statin nicotinic acid or add-on-statin

fenofibrate.

@ vitD BEFORE treatment
B0 O WitD AFTER trestment

0= e

=
=]
1

25(0OH)VitD
g

]
[=]
1

10

I T

T T T
switch to high-dose of  add-on-statin ER-MNA/LRPT  add-on-statin fenofibrate
rosuvastatin

STUDY GROUPS

3.2.2 Assessment of the effect of cholecalciferol (VitD3) administration (2000 IU/day)

on metabolic parameters of adults with MetS and adolescents with obesity.

i) The clinical and laboratory characteristics of adult participants in the prospective
study (n=50) are shown in Table 25.
No significant differences in baseline characteristics were noted between the 2

groups, except for arylesterase activity which was significantly lower in the No-Suppl vs
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Suppl group. There were also no differences in dietary intake between the groups at
baseline and after the intervention. A 74% of the participants were VitD deficient at
baseline (25(OH)VitD <20 ng/mL).

Three months after intervention, a comparable small weight reduction (1-2 kg) was
achieved in both groups (Table 26), implying poor compliance to dietary intervention in
both groups since a 500 Kcal/day reduction of energy for 3 months is reported to decrease
body weight up to 5-7 kg). In the VitD group, 25(OH)VitD levels increased by 91% (from
16.0 (3.0-35.0) to 30.6 (8.4-67.0) ng/mL, p<0.001), while in the control group a non-
significant increase by 30% (from 10.0 (4.0-39.6) to 13.0 (3.5-37.0) ng/mL, p=NS)) was
seen (Figure 19). In both groups TCHOL, triglycerides, HDL-C, LDL-C, ApoAl, ApoB,
fasting glucose, fasting insulin, HbAlc, HOMA index and diastolic blood pressure did not
change significantly. SBP decreased by 3.7% (from 134+14 to 129+13 mmHg, p=0.05) in
the VitD group, while it decreased only by 1.5% in the control group (from 132+13 to
130+16 mmHg, p=NS) (Table 26). In the VitD group the increase of 25(OH)VitD levels
was negatively correlated with the decrease of SBP (r =-0.398, p = 0.049).

Also no significant changes in serum sdLDL levels, sdLDL proportion, mean LDL
size and LpPLA; activity, as well as in leptin and adiponectin levels and leptin to
adiponectin ratio were noted in both groups (Table 26). No differences in the changes of
the same parameters were noticed between groups after the intervention.

Plasma ox-LDL levels and serum paraoxonase and arylesterase activities of PON-1
did not significantly change in both groups. Correction for lipid and apolipoprotein levels
did not change the results (Table 26). Urine 8-iso-PGF2, levels significantly decreased by
22.7% in the Suppl group [from 48.8 (26.8 to 137.1) to 37.7 (12.3-99.0) ng/mmol
creatinine, p = 0.015], whereas a non-significant reduction of 14.4% was observed in the
No-Suppl group [from 45.8 (16.6 to 99.3) to 39.2 (13.3-120.1) ng/mmol creatinine, p=NS].
However, the reduction in 8-iso-PGF2a levels did not differ significantly between the 2
groups (Table 26).
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Table 25. Baseline clinical and laboratory characteristics of adult participants

VitD Suppl Group Non-Suppl Group P |

N 25 25 NS
Age (years) 5249 5112 NS
Sex (m/f) 15/10 11/14 NS
Smoke (yes/no) 4/21 6/18 NS
Weight (kg) 89+16 89+13 NS
BMI (kg/m?) 31.0£5.0 33.4+6.0 NS
Waist circumference (cm) 107+13 111£10 NS
SBP (mmHg) 134+14 132+13 NS
DBP (mmHg) 85+6 85+9 NS
TCHOL (mg/dL) 219436 231+34 NS
HDL-C (mg/dL) 48+10 50+9 NS
LDL-C (mg/dL) 140435 147+26 NS
Triglycerides (mg/dL) 150 (56-336) 146 (84-339) NS
Apo Al (mg/dL) 136+26 143+13 NS
Apo B (mg/dL) 92+25 107+16 NS
Fasting Glucose (mg/dL) 103+15 97+11 NS
Fasting Insulin (mg/dL) 10.5 (5.9-19.7) 9.2 (2-19.8) NS
HOMA index 2.5 (0.4-6.6) 2.6 (1.5-4.6) NS
HbAc (%) 6.2+0.8 6.0+0.5 NS
25(OH)VitD (ng/mL) 16 (3-35) 10 (4-40) NS
PTH (pg/mL) 5627 58+20 NS
MetS criteria (number of components) 3.4+2.0 3.0£2.0 NS
sdLDL-cholesterol (mg/dL) 7.0 (0.0-22.0) 9.0 (0.0-40.0) NS
sdLDL proportion (%) 3.842.8 5.7£5.2 NS
Mean LDL size (nm) 266.5+3.9 264.8+6.3 NS
LpPLA; activity (nmol/mL/min) 57.4+13.3 56.4+15 NS
Leptin (ng/mL) 17.9 (3.9-93.7) 11.2 (3.0-106.3) NS
Adiponectin (pg/mL) 8.1+3.3 8.2+3.6 NS
Leptin : Adiponectin Ratio 2.4 (0.4-75) 1.8 (0.3-76.2) NS
Ox-LDL (U/L) 67.2+£16.9 70.3£15.2 NS
Paraoxonase (U/L) 82.2 (16.1-207.4) 80.6 (19.5-287.4) NS
Arylesterase (U/mL) 97.7+£22.7 79.3£26.0 0.013
Urine 8-epi PGF, (ng/mmol creatinine) 45.8 (16.6-99.3) 48.8 (26.8-137.1) NS
Ox-LDL/LDL (U/mg) 0.060+0.008 0.050+0.010 NS
Ox-LDL/ApoB (U/mg) 0.070+0.008 0.080+0.040 NS
Paraoxonase/HDL (U/mg) 0.17+0.12 0.19+0.15 NS
Paraoxonase/ApoAl (U/mg) 0.06+0.04 0.08+0.07 NS




Table 26. Clinical and laboratory characteristics
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Baseline

of adult participants at baseline and 3

3 months

p* vs
Baseline

Weight (kg)

VitD Suppl Group 89+16 88+17 -1.1 NS NS
Non-Suppl Group 89+13 87£12 -2.2 0.01*

BMI (kg/m?)

VitD Suppl Group 31.0£5 30+5 -3.2 NS NS
Non-Suppl Group 33.4+6 3245 -4.1 0.008*

Waist circumference (cm)

VitD Suppl Group 107+13 106+13 -0.9 NS NS
Non-Suppl Group 111+£10 107+9 -3.6 0.002*

SBP (mmHg)

VitD Suppl Group 134+14 129+13 -3.7 NS NS
Non-Suppl Group 132+13 130+16 -1.5 NS

DBP (mmHg)

VitD Suppl Group 85+6 83+6 -2.3 NS NS
Non-Suppl Group 85+9 82+10 -3.5 NS

TCHOL (mg/dL)

VitD Suppl Group 219436 224+37 +2.3 NS NS
Non-Suppl Group 231+34 232442 +0.4 NS

HDL-C (mg/dL)

VitD Suppl Group 48+£10 4949 +2 NS NS
Non-Suppl Group 50+9 49+10 -2 NS

LDL-C (mg/dL)

VitD Suppl Group 140+35 145+34 +3.5 NS NS
Non-Suppl Group 147+26 152+37 +3.4 NS
Triglycerides (mg/dL)

VitD Suppl Group 150 (56-336) 136 (46-261) 93 NS NS
Non-Suppl Group 146 (84-339) 131 (73-307) -10.3 NS

Fasting Glucose (mg/dL)

VitD Suppl Group 103+15 102423 -0.9 NS NS
Non-Suppl Group 97+11 96=14 -1.0 NS

Fasting Insulin (pU/mL)

VitD Suppl Group 10.5 (5.9-19.7) 9.3 (3.1-27.9) -11.4 NS NS
Non-Suppl Group 9.2 (2-19.8) 8.4 (4.6-15.9) -8.6 NS

HOMA index

VitD Suppl Group 2.5(0.4-6.6) 2.3(0.7-11.5) -8 NS NS
Non-Suppl Group 2.6 (1.5-4.6) 1.8 (1.0-4.5) -3 NS

HbA1lc (%)

VitD Suppl Group 6.2+0.8 6.2+0.7 0 NS NS
Non-Suppl Group 6.0£0.5 5.6£0.5 -6.6 NS
25(OH)VitD (ng/mL)

VitD Suppl Group 16.0 (3.0-35.0) 30.6 (8.4-67.0) +91 0.000%
Non-Suppl Group 10.0 (4.0-39.6) 13.0 (3.5-37.0) +30 NS 0.007*
PTH (pg/mL)

VitD Suppl Group 56127 51+19 -9 NS NS
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Non-Suppl Group 58+20 48+19 -17 NS
sdLDL-cholesterol (mg/dL)

VitD Suppl Group 9.0 (0.0-40) 4.0 (0.0-46) -55.5 NS NS
Non-Suppl Group 7.0 (0.0-22) 5.0 (2.0-25) -28.6 NS

sdLDL proportion (%)

VitD Suppl Group 5.7£5.2 4.5+4.4 -21.0 NS NS
Non-Suppl Group 3.8+£2.8 3.3+£2.3 -13.2 NS

Mean LDL size (nm)

VitD Suppl Group 264.8+6.3 266.6£5.2 +0.7 NS NS
Non-Suppl Group 266.5+3.9 267.0+3.5 +0.2 NS

LpPLA; activity

(nmol/mL/min)

VitD Suppl Group 56.4+15.0 55.7+13.5 -1.2 NS NS
Non-Suppl Group 57.4+13.3 52.7+12.4 -8.1 NS

Leptin (ng/mL)

VitD Suppl Group 11.2 (3.0-106.3) 10.3 (2.8-43.8) -8.0 NS NS
Non-Suppl Group 17.9 (39.0-93.7) 14.6 (3.0-66.2) -18.4 NS
Adiponectin (ng/mL)

VitD Suppl Group 8.2+3.6 8.1+£3.9 -1.2 NS NS
Non-Suppl Group 8.1+3.3 8.313.1 +2.4 NS

Leptin : Adiponectin Ratio

VitD Suppl Group 1.8 (0.3-76.2) 1.4 (0.3-52.6) -22.2 NS NS
Non-Suppl Group 2.4 (0.4-75) 1.7 (0.4-76.2) -29.2 NS

Urine 8-epi PGF2a (ng/mmol

creatinine)

VitD Suppl Group 48.8 (26.8-137.1) | 37.7(12.3-99) -22.7 0.015 NS
Non-Suppl Group 45.8 (16.6-99.3) 39.2 (13.3-120.1) -14.4 NS

Ox-LDL (U/L)

VitD Suppl Group 70.3£15.2 75.9+21.2 +7.9 NS NS
Non-Suppl Group 67.2+16.9 67.3+19.3 +0.1 NS
Paraoxonase (U/L)

VitD Suppl Group 80.6 (19.5-287.4) 97.2 (21.0-236.0) +20.6 NS NS
Non-Suppl Group 82.2 (16.1-207.4) 95.7 (25.0-202.5) | +16.4 NS
Arylesterase (U/mL)

VitD Suppl Group 79.3£26 81.2+22.7 +2.4 NS NS
Non-Suppl Group 97.7+£22.7 91.7£22.8 -6.3 NS
OxLDL/LDL (U/mg)

VitD Suppl Group 0.05+0.01 0.05+0.01 0.0 NS NS
Non-Suppl Group 0.06+0.008 0.06+0.02 0.0 NS
OxLDL/ApoB (U/mg)

VitD Suppl Group 0.08+0.04 0.07+0.01 -12.5 NS NS
Non-Suppl Group 0.07+0.008 0.08+0.02 +14.3 NS
Paraoxonase/HDL (U/mg)

VitD Suppl Group 0.19+0.15 0.19+0.15 0.0 NS NS
Non-Suppl Group 0.17+0.12 0.19+0.12 +11.7 NS
Paraoxonase/ApoAl (U/mg)

VitD Suppl Group 0.08+0.07 0.07+0.05 -12.5 NS NS
Non-Suppl Group 0.06+0.04 0.07+0.04 +16.6 NS

* p was considered significant if it was <0.01




128

Figure 20. Serum 25(OH)VitD levels at baseline and 3 months after treatment in adult
participants in the prospective study
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ii) Table 27 shows the clinical characteristics and laboratory findings at baseline and
after intervention in adolescents with obesity and VitD insufficiency/deficiency (n=15)
who were given VitD supplementation along with dietary instructions. Over half of them
(9 out of 15, 60%) were VitD deficient (25(OH)VitD) <20 ng/mL). Three months later,
25(OH)VitD increased significantly by 88.4% [from 17.3 (12.5-27.8) to 32.6 (14.3-68.0)
ng/mL, p=0.005] (Table 27). Interestingly, at the same time significant reductions were
seen in HbAic (p=0.03) and leptin levels (p=0.03). On the contrary, LDL-C levels
significantly increased (p=0.022). Other clinical and laboratory metabolic parameters
(BMI, WC, BP, TCHOL, HDL-C, triglycerides, glucose, insulin, HOMA index, PTH)
along with oxidative stress markers (ox-LDL, paraoxonase, arylesterase and urine

isoprostanes) remained unchanged (Table 27).
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parameters  of

adolescents  with

insufficiency/deficiency at baseline and 3 months after intervention

Baseline After 3 Months P Vs
baseline

obesity

and VitD

Change,

%

N (males/females) 15 (10/5)

Age (years) 15.4+1.8

Smoking, (yes/no) 5/10 5/10

Weight (kg) 97.6+16.9 96.4£19.5 NS -1.3

BMI (kg/m?) 35.0+7.9 34.148.4 NS -2.6

WC (cm) 115.6£1.2 114.6£1.5 NS -0.8

SBP (mm Hg) 134+11 129+17 0.043 -3.9

DBP (mm Hg) 75+8 73+10 NS -3.0

TCHOL (mg/dL) 154.8£10.9 163.4+15.5 NS +5.5

HDL-C (mg/dL) 40.0+4.7 40.8+£5.0 NS +2.0
LDL-C (mg/dL) 85.449.5 92.1+15.8 0.022* +7.8

Triglycerides (mg/dL) 83.0 (65.0-208.0) 76.0 (56.0-188.0) NS -8.4

Fasting glucose (mg/dL) 88.6+8.9 89.6+7.7 NS +1.1

Fasting insulin (nU/mL) 15.4 (7.1-18.7) 13.9 (7.9-20.0) NS -9.7

HOMA index 3.7(1.3-4.4) 2.9 (1.8-4.9) NS -21.6
HbAc (%) 5.8+0.2 5.5+0.1 0.03* -5.2

Leptin (ng/mL) 19.7 (7.8-45.5) 15.1 (4.3-37.3) 0.03* =233
25(OH)VitD (ng/mL) 17.3 (12.5-27.8) 32.6 (14.3-68.0) 0.005* +88.4
iPTH (pg/mL) 32.0+16.6 37.5+13.3 NS +17.2
Ox-LDL (U/L) 56.5+12.4 57.3+14.6 NS +1.4
Paraoxonase (U/L) 59.8 (47.6-151.4) 61.5(51.5-161.3) NS +2.8

Arylesterase (U/mL) 70.5£11.6 66.0£9.5 NS -6.4

Urine 8-epi PGF2a 41.5 (23.6-117.4) 30.0 (22.0-41.5) NS -27.7
(ng/mmol creatinine)

* p was considered significant if it was at < 0.03
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CHAPTER 1V.

DISCUSSION
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4.1 Discussion for the Cross-sectional study

Serum 25(OH)VitD levels in adults with MetS and adolescents with obesity and their
relationship with CVD risk factors

The adults with MetS were found to have significantly lower 25(OH)VitD levels
compared to controls, which were inversely associated with triglycerides and sdLDL-C
levels. However, in the multivariate regression analysis, the sdALDL-C levels were found to
be affected only by triglycerides and not by 25(OH)VitD concentration. There was no
association of 25(OH)VitD with waist circumference, blood pressure, HDL-C and fasting
glucose (the other diagnostic criteria for MetS) as well as emerging CVD risk factors like
LpPLA> and hsCRP.

Considerable research has been made on associations between VitD levels and the
prevalence of the MetS, in support of an inverse relationship between serum 25(OH)VitD
and MetS. The large NHANES III and NHANES 2003-2004 have shown a significant
inverse association between serum 25(OH)VitD concentration and MetS as a whole, as
well as with each one of its components [453, 454]. Also two more recent MAs claimed a
significant association between high 25(OH)VitD levels and reduced MetS prevalence
[382, 383]. Several epidemiological studies have also shown an association between low
25(OH)VitD serum levels and MetS and/or its components [92, 319, 454-456], while
others did not [457-461]. Thus a relationship may exist between 25(OH)VitD levels and
MetS but cannot be alleged as causation. A recently published study in diabetic patients
with MetS showed a high prevalence of VitD deficiency and an inverse correlation with
glycemic control and CVD risk factors, except for HDL-C, insulin resistance and obesity.
Also SBP was the only factor which could be predicted from VitD concentrations [462].
Moreover, a recent study provided some evidence that the active VitD metabolite,
1,25(OH)VitD, acting like a potent hormone that binds to VDRs and regulates
transcription of several genes, is also associated with MetS and its components (i.e. lower
risk for high triglycerides and low HDL-C) [463]. The same study showed inverse
associations between 25(OH)VitD and MetS, triglycerides and waist circumference (WC)
[463].
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Our results are in agreement with previous findings showing that subjects with MetS
have significantly lower 25(OH)VitD levels compared with non-MetS. A possible
explanation for this observation could be the sequestration of the fat soluble VitD in the
adipose tissue [365], which is in abundance in MetS subjects, making the stores less
available to become biologically activated [155]. Of note, VitD deficiency was reported
more prevalent in morbidly obese patients with MetS compared with those obese without
MetS in one study [464]. However, we cannot exclude the possibility that obesity and
associated co-morbid conditions could reduce outdoor physical activity and sun exposure,
and subsequently lead to VitD deficiency. On the other hand, VitD deficiency could have
an indirect effect on the development of obesity, which is a basic characteristic of MetS.

PTH which is reported elevated in VitD deficiency increases the cytosolic calcium
level in isolated adipocytes [465], thus impeding the catecholamine-induced lipolysis [466]
and promoting the expression of fatty acid synthetase [334]. There is also evidence that
apart from low VitD, elevated PTH levels could be associated with glucose intolerance and
insulin resistance [251, 322, 467]. Reis et al showed that MetS was positively related with
PTH concentration among older men but not women [454, 459]. However Lee et al did not
find any relationship between MetS and PTH levels in men and no evidence of an age
interaction ([320]. Similarly in our study, PTH levels were in the normal range in the MetS
and not significantly different from the non-MetS subjects.

Dyslipidemia (with increased triglycerides and low HDL-C levels) is a hallmark of
MetS and may substantially contribute to the increased CVD risk observed in this
population. Our study confirmed an inverse relationship between 25(OH)VitD and
triglycerides, but we could find no significant association between 25(OH)VitD and HDL-
C. Cross-sectional analyses report an association between optimal VitD status and a
favorable lipid profile, but the results are not consistent. A large cross-sectional analysis of
108,711 subjects showed that the “optimal” 25(OH)VitD group relative to the “deficient”
group displayed lower TCHOL, lower LDL-C, higher HDL-C and lower triglycerides
[316]. Another large study (n=15,088), based on NHANES III, also found that mean
25(OH)VitD levels were lower in subjects with hypertriglyceridemia [100]. The
association between serum 25(OH)VitD and lipids has been analyzed also in other studies,
but with inconsistent results. Jorde et al. (n=10,105) found positive associations between

serum 25(OH)VitD and serum TCHOL, HDL-C and LDL-C, and negative associations
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between serum 25(OH)VitD and both LDL-C/HDL-C ratio and triglycerides [317]. The
same researchers also reviewed 22 other cross-sectional studies and showed that serum
25(OH)VitD was positively associated with HDL-C, resulting in a favorable LDL-C (or
TCHOL) to HDL-C ratio, and negatively associated with triglycerides [318]. Hypponen et
al. (n=6,810) [319] and Lee et al. (n=3,069) [320] found a negative association between
serum 25(OH)VitD and triglycerides, but the association between serum 25(OH)VitD and
HDL-C was not significant after adjustment for confounders, which is in the same line
with our results. Also Chiu et al (2004) reported a negative correlation of 25(OH)VitD
concentration with TCHOL and LDL-C but no relation with HDL-C [322]. Others again
found no association of 25(OH)VitD with HDL-C but also with triglycerides and negative
association with LDL-C [251, 321].

Of interest is the inverse relationship we found between 25(OH)VitD serum levels
and sdLDL-C but not with LDL size on the univariate analysis. However multivariate
regression analysis showed that sdALDL-C levels were affected only by serum triglycerides
and not by 25(OH)VitD levels which is in agreement with others [327]. Also previous
studies have proposed that the most important single determinant of LDL particle
distribution and size is the pool of triglyceride-rich lipoproteins [443]. In general, the
higher the triglyceride levels, the smaller the LDL size [327]. Furthermore there is
considerable evidence that sdLDL-C contribute to the pathogenesis of atherosclerosis and
accelerate its progression [327].

We also searched for a possible relationship between 25(OH)VitD and LpPLA; as
well as hsCRP, which are considered as powerful predictors of CVD [468]. We could find
no association between 25(OH)VitD and LpPLA; activity or hsCRP.

Observational data strongly associate low 25(OH)VitD levels with an increase in
blood pressure and higher risk of hypertension [197-199]. An analysis of NHANES III
1988—-1994 of 12,644 participants aged >20 years showed an inverse association between
VitD levels and blood pressure [200]. Similar results were obtained from analysis of
NHANES 2003-2006 of 7228 participants [201]. However this was not the case in the
present study.

Several observational studies have also shown lower 25(OH)VitD levels in patients
with T2DM compared with the general population, as well as an inverse association

between 25(OH)VitD levels and fasting plasma glucose, impaired glucose tolerance, and
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HbAc levels [100, 245-250]. In this analysis though we found no association of
25(OH)VitD levels with fasting glucose in MetS patients.

With regard to adolescents in this cross-sectional study we observed that VitD
deficiency was more prevalent among those with obesity (73.9% vs 17.6% in normal
weight controls). Adolescents with obesity had significantly lower 25(OH)VitD levels
compared with normal weight controls. In adolescents with obesity, 25(OH)VitD was
inversely associated with leptin even after adjustment for BMI. On the contrary,
25(OH)VitD was not related with other parameters, such as BMI, BP, lipids, glucose,
insulin, HOMA index, adiponectin, leptin/adiponectin ratio and visfatin levels.

Worldwide studies report high incidences of suboptimal VitD status in obese youth
(70%) [351], in agreement with our findings, which have been attributed to reasons similar
to those described in adults.

Recent research indicated that 25(OH)VitD may interfere in the regulation of the
adipoinsular axis as well. Some studies in children/adolescents with obesity have found a
positive correlation between 25(OH)VitD levels and adiponectin compared with controls
[312, 313], but this was not confirmed in the present study, since the adiponectin levels did
not differ between the groups despite their differences in their VitD status. Others showed
an inverse correlation of 25(OH)VitD levels with the leptin/adiponectin ratio [309].
However there are no reports to our knowledge of an association between 25(OH)VitD and
leptin levels alone in children and adolescents. Interestingly, our results showed that
25(OH)VitD levels were inversely related to leptin levels (but not to leptin/adiponectin
ratio) in adolescents with obesity. On the other hand, no differences were seen in the
visfatin levels between obese and normal weight adolescents in the present study and no
relationship with 25(OH)VitD, while we found no relevant data in the literature.

Accumulating evidence has indicated that serum 25(OH)VitD levels may be
negatively associated with blood pressure in most [78, 218, 219], but not all [220] studies
in youth. Interestingly, a recent analysis from NHANES 2007-2010 (n=2908, aged 8-18
years) showed that 25(OH)VitD was not associated with SBP when adjusting for BMI
[221]. In our study also no correlation was detected between 25(OH)VitD levels and SBP
or DBP in the adolescents with obesity.
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Studies regarding the relationship between VitD status and lipid profile in
children/adolescents with obesity have also reported inconsistent results, with some being
positive [229], and others not [220, 345]. Even in studies investigating correlations
between VitD and lipids, there is great disparity. Hence, 25(OH)VitD has been reported to
be inversely related to TCHOL [350] and triglycerides [352], negatively [350] or positively
related to LDL-C [269], and positively related to HDL-C levels [78, 228, 351]. In the
present study we found no relationship between 25(OH)VitD levels and lipids.

Moreover, many cross-sectional studies in young ages showed that 25(OH)VitD
levels correlated with fasting glucose [191, 192], fasting insulin [275, 276] and/or HOMA -
IR [193, 220, 275], while some did not [274, 405]. Similarly, in the present study
25(0OH)VitD was not found to be associated with any carbohydrate metabolism marker.

These inconsistences may be attributed to the relatively small number of participants
which does not allow us to generalize these results. Another main limitation is also that a
causal relationship between 25(OH)VitD and emerging risk factors in subjects with MetS
could not be assessed because of the cross-sectional design of this part of the study. In the
prospective/interventional part of our study we tried to examine more precisely some of

these associations, as analysed below.

4.2 Discussion for the Prospective study

4.2.1 Possible impact on 25(OH)VitD serum levels from the use of lipid-lowering

medication in patients with dyslipidaemia.

i) In this analyses we showed, for the first time to our knowledge, that high-dose
rosuvastatin monotherapy 40 mg as well as usual-dose rosuvastatin 10 mg plus micronized
fenofibrate 200 mg and usual-dose rosuvastatin 10 mg plus omega-3 fatty acids 2 g were
all associated with significant and to a similar degree increases in serum 25(OH)VitD
levels.

Grimes first proposed that since the unexpected and unexplained clinical benefits of
statins have also been shown to be properties of 25(OH)VitD, and therefore mimic many

of the actions of 25(OH)VitD, they may be considered as VitD analogues [469].
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Several statins, such as lovastatin [412], simvastatin [413], atorvastatin [414], and
especially rosuvastatin [410, 470] appeared to increase 25(OH)VitD serum levels contrary
to the initial concern that statins would impair the formation of steroids dependent on
cholesterol synthetic pathway, including VitD synthesis [416]. Several potential
mechanisms have been proposed to explain the observed increase in 25(OH)VitD
concentrations after statin therapy, as analysed in the introduction. On the contrary, more
recent studies found no effect of statin use on 25(OH)VitD concentration [417, 418] and so
did a systematic review and MA [419]. Another MA was inconclusive, since across RCTs,
treatment with statins was associated with a significant increase in serum VitD
concentrations, but across studies of non-RCT design, treatment with statins was
associated with a decrease in VitD concentrations [420].

These contradictory findings do not allow us to reach general conclusions, and may
be attributed to different populations studied, to various statin types studied (that have
different metabolism, potency and bioavailability), the different doses, different baseline
25(OH)VitD levels and follow-up intervals. Moreover, other limitations of the existing
studies are their small sample size, research design and subject traits (gender, ethnicity,
age, etc).

In our study, the high-dose rosuvastatin monotherapy was associated with a 53%
increase in 25(OH)VitD levels after 3 months of treatment. Previous studies of Yavuz et al
[410] and Ertugrul et al [470] have also examined the effect of rosuvastatin at 10 and 20
mg daily on 25(OH)VitD levels after 8 weeks of treatment, and found significant increases
in 25(OH)VitD concentrations by 159% and 198%, respectively, which were even higher
than ours. On the contrary, Anagnostis et al reported no effect of rosuvastatin 10 mg daily
on 25(OH)VitD levels after 12 weeks of treatment of patients with dyslipidemia [424]. The
reasons for this difference are mainly unknown. Differences in baseline 25(OH)VitD
concentration, study population and the different doses used as well as study duration may
account for this inconsistency. Nevertheless, this increase in 25(OH)VitD levels may
represent a novel pleiotropic effect of statins [471].

We also found that combinations of the usual-dose rosuvastatin with either
fenofibrate 200 mg or with omega-3 fatty acids 2 g were associated with significant
increases in 25(OH)VitD levels of 64% and 61%, respectively. These increases were of

similar degree to the high-dose rosuvastatin monotherapy. Based on our study design we
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cannot conclude whether fenofibrate or omega-3 fatty acids have synergistic effects in
increasing 25(OH)VitD concentrations or if this increase is only associated with
rosuvastatin, independently of dose. To our knowledge, there are no published data
concerning possible effects of fibrates or omega-3 fatty acids on 25(OH)VitD serum levels.

However, there are some limitations in the design of this cross-sectional study. We
included no group receiving monotherapy with fenofibrate or omega-3 fatty acids, as statin
use must be a component of any lipid-lowering treatment. Subsequently, we cannot
distinguish if fenofibrate or omega-3 fatty acids alone might increase 25(OH)VitD levels,
or if it is the rosuvastatin per se independently of dosage (i.e. usual dose (10mg) and
maximum dose (40 mg)) that leads to similar increases in 25(OH)VitD levels. Additional
limitations include the open-label design and the relatively short period of follow-up (3
months).

On the other hand we tested the efficacy of treatments used in every-day clinical
practise in the management of combined dyslipidaemia, on altering 25(OH)VitD levels,
which may be clinically important, since low levels of 25(OH)VitD have been recognised
as an independent CVD risk factor [91]. Additionally, this was an adequately powered
study, with all comparisons being adjusted for baseline levels and endpoints being blindly

assessed.

ii) Our study also showed that simvastatin 40 mg was associated with a more than
double increase in 25(OH)VitD levels (79.1%) compared with simvastatin/ezetimibe 10/10
mg (36.7%) in patients with primary hypercholesterolemia while the lowering effect in
TCHOL, LDL-C and triglycerides was similar in both groups.

Data from other studies are inconclusive for simvastatin. A small study showed that
treatment with 10 and 20 mg raised plasma levels of 25(OH)VitD and 1,25(OH)>VitD (the
active metabolite) in a dose-dependent ratio [413]. On the contrary, other studies found no
effect of simvastatin on 25(OH)VitD [421-423]. An RCT examining patients with
dyslipidemia, found no effect of simvastatin 40 mg treatment compared with placebo on
25(OH)VitD levels after one month [421]. Also a recent RCT failed to show any effect of
simvastatin 40 mg treatment compared with placebo for one year on 25(OH)VitD levels in
healthy postmenopausal women with osteopenia but without known hyperlipidemia [422].

An explanation for the controversies given by the authors was that the observed increase of
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25(OH)VitD levels after statin treatment found in previous uncontrolled studies might be
due to unmeasured changes in indices affecting 25(OH)VitD levels. These include the
coincidence of lifestyle changes in relation to the administration of statin drugs (i.e.
increased exercise and sun exposure, consumption of food items rich in VitD or
supplements) [422]. However in the present study, treatment with simvastatin 40 mg for 3
months resulted in a 79.1% increase of serum 25(OH)VitD levels. Of note, most of our
patients were VitD deficient at baseline. The reasons are unknown but may be related to
limited sun exposure during the autumn and winter seasons that they were examined. On
the contrary, in Rejnmark’s et al study only 3 patients were VitD deficient (25(OH)VitD
<10 ng/mL) [422]. It can be assumed that the lower the 25(OH)VitD baseline levels, the
greater the observed increase following statin treatment.

The more than double 25(OH)VitD increase with simvastatin 40 mg compared with
simvastatin/ezetimibe 10/10 mg found in this study could be attributed either to a dose-
dependent effect of simvastatin on raising 25(OH)VitD or to an amelioration of VitD
intestinal absorption by ezetimibe or both. It has not been clarified if there is a dose-
dependent effect of statins on 25(OH)VitD levels, or what effect could ezetimibe
monotherapy have on serum 25(OH)VitD levels in humans.

The lipid lowering effect of ezetimibe is mediated through a specific inhibition of
Niemann-Pick C1 Like 1 (NPC1L1) cholesterol transporter, which recently was shown to
be moderately involved in 25(OH)VitD intestinal absorption as well [472]. Notably, the
contribution of intestinal absorption to serum VitD levels, when no supplements are taken,
is relatively small, since 80-90% of VitD derives from endogenous production in the skin
[473]. Therefore, it can be assumed that ezetimibe’s effect on serum 25(OH)VitD levels
may be of limited extent.

The increase in 25(OH)VitD levels may represent a novel pleiotropic effect of
statins, as discussed earlier. Ezetimibe has been found to either enhance or abrogate the
pleiotropic effects of statins [474], but its effect on 25(OH)VitD levels is largely unstudied.

There are certain limitations in this study too. We included no group receiving
monotherapy with ezetimibe, as statins are first-line lipid-lowering drugs. Also, we did not
include a 10 mg simvastatin group as current guidelines suggest a -40% decrease in LDL-
C, which can only be achieved with a dose of 40 mg simvastatin. Additional limitations

include the open-label design and the relatively short period of follow-up (3 months). Even
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though the number of patients in each treatment group was small it was an adequately
powered study.

Moreover, this was a clinically relevant study, since we tested the efficacy of
equivalent treatments in terms of lowering LDL-C levels and which are used in everyday
clinical practice on the 25(OH)VitD levels. Additionally, all comparisons were adjusted for

baseline levels and end points were blindly assessed.

iii) Furthermore, in this study, we showed for the first time to our knowledge, that
neither the switch to high-dose rosuvastatin 40 mg, nor add-on-statin (10 mg) ER-
NA/LRPT 2 g or fenofibrate 200 mg was associated with significant changes in
25(OH)VitD levels in patients with mixed dyslipidemia and not at goal while on treatment
with a conventional statin dose.

In contrast to our previous work mentioned in section (i) in the present analysis, the
switch to the highest dose of rosuvastatin was not associated with any change in
25(OH)VitD levels probably due to the different population who also had not responded to
previous treatment for lowering lipid levels. Also the positive effect of rosuvastatin on
25(OH)VitD levels seems to be dose-independent.

Hence the initial treatment of these patients with either simvastatin 10-40 mg or
atorvastatin 10-20 mg or rosuvastatin 5-10 mg may have already affected VitD metabolism
so that the switch to the maximum dose of rosuvastatin caused no further change despite
the low 25(OH)VitD levels. A suggestion that could be made is that since they do not
respond to the lipid lowering drugs, in a similar way there is no response for VitD
metabolism. However, data from direct comparisons of several statins at various dosages in
such populations are lacking and safe conclusions cannot be reached.

Neither the addition of fenofibrate (200 mg) to a standard statin dose was associated
with significant changes in 25(OH)VitD levels. Taking into consideration our previous
findings, i.e. that the combined treatment with rosuvastatin 10 mg plus fenofibrate 200 mg
led to a 64% increase (p=0.001) in 25(OH)VitD levels one may speculate that fenofibrate
has limited effect on 25(OH)VitD levels and that the observed increase could be attributed
to rosuvastatin alone. However, only studies with fenofibrate monotherapy could answer

this question.
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Furthermore, the addition of ER-NA/LRPT to a standard statin dose did not
significantly affect 25(OH)VitD levels. There are no other data about the effect of ER-
NA/LRPT on 25(OH)VitD concentration in the literature. Of note, ER-NA/LRPT has been
withdrawn from the market due to a plethora of serious nonfatal side effects [431].

Notably, both add-on-statin ER-NA/LRPT [475, 476] and fenofibrate studies [477]
did not show any clear additional clinical profit compared with statin monotherapy as well
as with respect to VitD levels as shown in the present study.

A major limitation of this study is that we included no group receiving monotherapy
with ER-NA/LRPT or fenofibrate, as statin use must be the basis of any lipid-lowering
treatment. Also, study participants did not have identical baseline 25(OH)VitD levels, but
they were taken into account as covariates in statistical analysis. Last, the number of
patients analysed was rather small.

On the other hand, this is a clinically relevant study too, conferring novel results on
the effect of switching to the highest dose of rosuvastatin from a standard statin dose or
adding-on-statin nicotinic acid or fenofibrate on 25(OH)VitD levels.

Overall, our results showed that rosuvastatin and simvastatin treatment were
associated with increases in serum 25(OH)VitD levels. Other lipid-lowering drugs
including ezetimibe, fenofibrate, omega-3 fatty acids and nicotinic acid seemed to have
minimal if any effect on 25(OH)VitD serum concentration of our patients, but their exact
effect could not be clarified unequivocally due to study design limitations.

This is a novel field we tried to investigate with the present research that merits
further investigation with suitably designed studies to clarify possible benefits in
cardiovascular and overall health. Raising 25(OH)VitD serum levels through other ways
(for example through sun exposure, prescription of supplements or even by lipid-lowering
treatment) could be clinically important, since VitD deficiency has emerged as a
cardiovascular risk factor [91]. Whether optimizing 25(OH)VitD serum status can prevent

or ameliorate various chronic diseases is however currently under debate.
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4.2.2 Effect of cholecalciferol (VitD3) administration (2000 IU/day) on metabolic

parameters of adults with MetS and adolescents with obesity.

i) In this study we showed that VitD supplementation (2000 IU/day) plus dietary
intervention in adults with MetS was not associated with any significant change in various
CVD risk factors compared with dietary intervention alone despite the significant increases
in their 25(OH)VitD levels. Of note is that our MetS population was 74% VitD deficient at
baseline (25(OH)VitD ~13 ng/mL and after VitD supplementation reached normal levels,
while the no-supplemented did not.

Several epidemiological studies have indicated an association between low
25(OH)VitD serum levels and MetS and/or its components [92, 319, 454-456], while
others did not confirm these associations [457-461].

However the “VitD-CVD hypothesis” in MetS subjects has not been confirmed by
reversal of CVD risk factors through VitD supplementation in a number of studies. In our
study the 91% increase in 25(OH)VitD serum levels was not associated with changes in
lipids, carbohydrate metabolism parameters and DBP, but with only a 3.7% decrease in
SBP which was not significant and did not differ from the non-suppl group. Also no large
RCT has been carried out with onset of MetS/diabetes as the primary outcome [92]. A
small RCT that included 126 individuals with MetS and VitD deficiency and treated them
with either 700 IU/day of VitD or placebo for 1-year, also found no improvement in the
MetS risk factors despite the significant increase in serum VitD levels in the treated group
[388]. On the contrary, a recently published study in 160 postmenopausal women with
VitD deficiency found that supplementation with 1000 IU VitD for 9 months was
associated with a reduction in the MetS risk profile as well as hypertriglyceridemia and
hyperglycemia [389]. Another study with 80 MetS subjects randomized to receive 50,000
IU VitD/week for 16 weeks found a significant change only in triglycerides but in no other
metabolic or anthropometric parameters [478]. In conclusion, to date it is still unclear
whether VitD replacement may translate to substantial health benefits in subjects with
MetS.

Some mechanisms for the possible anti-hypertensive effect of VitD have been
suggested and were extensively analyzed in the introduction. However, data from

interventional studies and especially from RCTs investigating the effect of VitD



144

supplementation on blood pressure are conflicting. A MA of 4 RCTs found a reduction of
SBP by -2.44 mm Hg, but no effect on DBP [213], which are similar to our findings.
Another MA by Witham et al of 11 RCTs showed that administration of VitD and
ultraviolet A and B radiation was associated with a non-significant SBP reduction by -3.5
mm Hg and a significant DBP reduction by -3.1 mm Hg [214]. On the other hand, no
beneficial effects of VitD supplementation were reported in other recent MAs of RCTs on
SBP or DBP [93, 167, 172]. Of note however is that some studies included patients with
mild hypertension, others pregnant women or healthy normotensive persons. In summary
so far, the majority of evidence from RCTs is not supportive of VitD treatment for
improving BP [215]. As Tamez et al suggest, larger RCTs targeting hypertensive patients
with profound VitD deficiency are needed [217].

Moreover, in this study we found no significant changes in carbohydrate metabolism
indexes (fasting glucose, HbAlc, HOMA index) after VitD supplementation in patients
with MetS. Several direct and indirect mechanisms have been proposed to explain the
alleged association as discussed in the introduction. Overall, however, interventional
studies have not proved a beneficial effect of VitD supplementation on optimizing glucose
metabolism parameters [253], in line with our findings. Some but not all studies have
shown that the potential benefits of VitD supplementation could be more prominent among
pre-diabetic individuals [256, 479]. Overall, current literature does not support the use of
VitD supplements for the prevention and/or treatment of diabetes.

In our study VitD supplementation did not have any effect on serum lipids and
apolipoproteins either. Several cross-sectional studies have demonstrated an inverse
relationship between VitD deficiency and an atherogenic lipid profile and investigators
speculated that 25(OH)VitD could affect lipid metabolism either directly or indirectly, as
analyzed earlier. Yet, interventional studies with VitD supplementation have led to
conflicting results, with most showing that VitD supplementation might not be translated
into clinically meaningful changes in lipid concentrations [316, 338]. A MA of 19 RCTs
found no beneficial effect of VitD supplementation on lipid profile parameters [341],
similarly to our findings.

We noticed that PTH levels did not significantly change in both groups of our study

participants. This finding is consistent with current literature which questions the utility of
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PTH measurements for identification of optimal VitD levels and regards that serum
25(OH)VitD and PTH relationship is inconsistent [480].

In this study we showed that VitD supplementation in the dose used plus dietary
instructions was not associated with any meaningful improvement of several emerging
CVD risk factors in patients with MetS as compared with dietary instructions alone.

MetS is a constellation of known CVD risk factors (abdominal obesity, atherogenic
dyslipidemia, disturbed carbohydrate metabolism and elevated blood pressure), and of
others like abnormal body fat distribution, endothelial dysfunction, proinflammatory and
prothrombotic states that could be included as various “emerging” CVD risk factors [481].
In particular, patients with MetS have increased atherogenic sdLDL-C levels [326, 327],
and elevated Lp-PLA, activity [328], both of which have been associated with increased
CVD risk [482, 483]. Also, MetS subjects have been found with increased leptin and
decreased adiponectin serum levels [282]. These features are associated with a chronic
low-grade inflammatory state.

The possible relationship between 25(OH)VitD and emerging CVD risk factors is
also controversial. In the cross-sectional part of the study we showed that in MetS patients,
the low 25(OH)VitD levels were associated with increased sdLDL-C levels [331], as has
also been reported by another recent study [484]. However, 25(OH)VitD was not related
either to mean LDL size or to LpPLA> activity [331]. Also in the interventional study, the
treatment with VitD (2000 IU/day for 3 months) did not lead to any improvement of
sdLDL-C levels, mean LDL size or LpPLA; activity. On the contrary, a small recent study
in patients with obstructive sleep apnoea and increased body mass index (BMI=30.4
kg/m?) who received 4000 IU/day VitD or placebo per os for 15 weeks showed significant
decreases in both LDL-C and LpPLA> [332]. The mechanism through which VitD could
have an impact on the lipid profile is not clear, but some assumptions that have been made
were presented in the introduction. However adequate data on this matter are still missing.

Also our results showed that patients irrespective of VitD supplementation or not had
no significant changes in serum leptin and adiponectin levels and leptin to adiponectin
ratio after 3 months of dietary intervention. In support of our findings comes a recent
systematic review and MA which reported that the inverse association between
25(OH)VitD and serum leptin levels found in most observational studies, was not

confirmed in interventional ones [291]. Indeed interventional studies have shown
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conflicting results. Some showed that VitD supplementation led to increases in serum
leptin levels [297, 299] and one showed that it decreased leptin concentration [300]. A MA
of RCTs concluded that VitD supplementation did not affect leptin levels [301] and so did
a secondary analysis of the D-Health trial [302], similar to our results.

Regarding the association of 25(OH)VitD with adiponectin levels, previous studies
have given equivocal results. Most interventional studies generally concluded of no effect
of VitD supplementation on adiponectin levels [301, 302, 305], while one showed an
increase in adiponectin levels [300] and another only a marginal raise [306]. In the present
study we found no effect of VitD supplementation on adiponectin concentration after
treatment.

Only few studies have investigated the relationship between 25(OH)VitD levels and
the leptin to adiponectin ratio. Interventional studies reported that VitD supplementation
reduced the leptin to adiponectin ratio [201, 273, 306], but this was not the case in the
present study. The inconsistencies between the different studies may be due to the fact that
adipokine levels are affected by genetic factors, degree of tissue adiposity, maturity of
adipocytes, age at diagnosis and severity of associated conditions [307].

In addition we found that VitD supplementation plus dietary intervention did not
meaningfully alter several oxidative stress markers compared with dietary intervention
alone in patients with MetS. On the other hand, one in vitro study showed that addition of
VitD to cultured human umbilical vein endothelial cells undergoing oxidative stress
prevented cell death by inhibiting superoxide anion generation [125].

MetS has been associated with increased oxidative stress, which plays a crucial role
in the formation, progression and rupture of atherosclerotic plaques [127]. VitD deficiency
has been associated with increased oxidative stress in obese individuals, patients with
chronic diseases and the elderly [129].

There is little data on the association between VitD and the oxidative stress markers
assessed in the present study (ox-LDL, PON-1 activities, and urinary 8-isoprostanes). In
particular, a recent study found that serum ox-LDL levels were significantly higher in type
2 diabetic patients with hypovitaminosis D compared to those with normal VitD status
[134]. On the other hand, a study in VitD deficient but otherwise healthy persons and VitD
sufficient controls showed that ox-LDL and LDL levels did not differ between groups and

there was no association between VitD and ox-LDL levels [124]. In the same study,
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treatment with 50,000 IU VitD/week per os for 8 weeks did not result in any changes in the
ox-LDL levels [124], similar to our study with the MetS subjects.

Regarding PON-1 activity, a previous study showed that supplementing clinically
healthy but VitD deficient people with intra-muscular (IM) 300,000 IU VitD monthly for 3
months was not associated with changes in serum paraoxonase activity compared with
VitD sufficient controls [135]. These findings are in line with ours, since we found no
effect of VitD supplementation on PON-1 activity levels in MetS patients, and no
alterations in ARYL activity either.

Observational studies have also given conflicting results about the relationship
between VitD and isoprostane levels. An analysis of the Framingham Offspring Study
showed that plasma 25(OH)VitD concentration was inversely associated with urinary
isoprostanes [136]. Similar results were obtained in a study in type 2 diabetic patients with
hypovitaminosis D [134]. Another study though did not support an association of
25(OH)VitD levels with plasma isoprostanes in African-Americans [117]. Of note, data
from interventional studies are scarce. In particular, one study in type 2 diabetic patients
showed that treatment with 5000 IU VitD/day per os for 12 weeks versus placebo was not
associated with improvement in plasma 8-isoprostanes [137]. In the present analysis in
MetS subjects, urinary 8-isoprostanes (8-iso-PGF2,) decreased by 22.7% (p=0.015) in the
VitD Suppl group and by 14.4% (p=NS) in the Non-Suppl group. However the reduction
in 8-150-PGF2, urine levels between the 2 groups did not differ significantly.

In order to explain our null findings we should take into consideration the following
parameters. Compared with clinically healthy controls participating in former studies of
our investigating team group, MetS patients had increased ox-LDL levels (68.8 vs 45 U/L
in controls (n=50, M/F: 23/27, age 54+11 years, BMI 25+3 Kg/m?)) [485], paraoxonase
activity (80.3 vs 77.4 U/L in controls (n=30, M/F: 16/14, age 33+9 years, BMI 2443
Kg/m?)) [486], arylesterase activity (88.1 vs 66.6 U/mL in controls) [486] and urine 8-iso-
PGF2, levels (48.0 vs 5.5 ng/mmol creatinine in controls)) [486], indicating high oxidative
stress levels at baseline. It is probable that intervention with either dietary instructions
alone or in combination with 2000 IU/day VitD for 3 months was not enough to reduce
considerably these increased oxidative stress markers. Indeed, subjects lost only 1-2 Kg
and a higher dose of VitD and/or of longer duration may have been required. Moreover,

the selected markers may not have been sensitive enough to evaluate changes in oxidative
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stress status. This prospective part of the study has also some limitations. It was a pilot
study with a small number of participants. Therefore, safe conclusions cannot be reached.
Another limitation is that supplementation dose (2000 1U/day) and duration (3 months)
may be inadequate to treat VitD deficiency given that subjects had very low 25(OH)VitD
levels at baseline. According to previous suggestions, concentrations of at least 35-60
ng/mL would be necessary to induce an effect [487], while in our treatment group VitD
levels only reached on average 30.6 ng/mL. Moreover, the actual energy and nutrient
intake as well as sunlight exposure of each participant were not precisely calculated. Also,
we were unable to directly compare our findings with healthy matched controls, as such a
group was not included in the original study.

According to some studies, supplementation has generally been associated with
improvement of oxidative stress and inflammation [125], though not consistently.
Conflicting data among studies have been attributed to differences in a) studied
populations, such as comorbidities and number of participants, b) baseline VitD status as
well as dose, route and duration of treatment, c) study design and d) measured oxidative
stress markers.

Overall, although results from observational epidemiological studies in adults were
encouraging, RCTs with VitD supplementation have not so far given unequivocal results
for beneficial cardiovascular effect protection [166-175]. Most MAs showed neither
beneficial nor harmful effects on estimates in response to the interventions on risk of
CVDs, in terms of any CV events, myocardial infarctions (MI), stroke/cerebrovascular
disease, or mortality from CVDs [96]. However, most published trials have either had a
relatively small sample size or did not include CVD outcomes as a pre-specified outcome.
Only the recently published study by Scragg et al. had CVD as primary outcome. This
study showed that oral high-dose VitD supplementation (initial dose of 200,000 IU
followed a month later by 100,000 IU monthly or placebo) for a median of 3.3 years did
not prevent CVD events. Other researchers have suggested that monthly dosage may be
less effective than daily or weekly in CVD protection [176]. Results from specifically
designed large-scale VitD supplementation trials of longer duration have been published
and give more clear results. The VITamin D and OmegA-3 TrialL (VITAL) study, a
placebo-controlled, double-blind 2x2 factorial trial of over 25,875 multi-ethnic participants

randomized to 2,000 [U/day of vitamin D3 and omega-3 fatty acid supplements for 5 years
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has showed that VitD supplementation did not result in a lower incidence of cardiovascular
events (including myocardial infarction, stroke, or death from cardiovascular causes) than
placebo [181]. Also the Vitamin D Assessment (ViDA) study, a randomised, double-blind,
placebo-controlled trial, to evaluate the efficacy of monthly VitD supplementation
(100,000 IU or placebo) showed no beneficial effect of VitD supplementation on incidence
of cardiovascular disease as well as falls, non-vertebral fractures and all cancer types
[182]. The EVITA study that examined the effect of VitD supplementation (4000 IU VitD
daily versus placebo) on all-cause mortality in 400 heart failure patients (HF) with
25(OH)VitD levels <30 ng/mL for 3 years showed that daily VitD supplementation did
not reduce mortality in patients with advanced HF but was associated with a greater need
for mechanical circulatory support implants. These data indicate caution regarding long-
term supplementation with moderately high VitD doses [165]. The D-Health Trial, a
placebo-controlled trial with 21,315 participants randomized to 60,000 IU/month of
vitamin D3 for 5 years with primary outcome all-cause mortality and secondary outcomes

total cancer incidence and colorectal cancer incidence is still underway [183].

ii) Furthermore in this study we examined the effect of VitD supplementation (2000
IU/day pos for 3 months) in adolescents with obesity and VitD insufficiency/deficiency.
At follow-up we found that VitD supplementation effectively increased 25(OH)VitD levels
and was associated with marginal decreases in HbAic and leptin as well as an increase in
LDL-C levels. Other clinical and laboratory metabolic parameters (BMI, WC, DBP,
TCHOL, HDL-C, triglycerides, glucose, insulin, HOMA index, PTH) along with oxidative
stress markers (ox-LDL, PON-1, ARYL and urine isoprostanes) remained unchanged.

The recently published ODIN Project (food-based solutions for optimal vitamin D
nutrition and health through the life cycle) where adolescents were assigned to receive
either placebo or VitD (400 or 800 IU/day) for 20 weeks, reported no effect on SBP or
DBP [225]. In our study, after VitD supplementation we found a small but not significant
reduction in SBP by -3.9% and DBP also did not change significantly. In the adults also as
reported earlier, a similar decrease (-3.7%) in SBP was found after supplementation, which
again did not differ statistically from its basal value or from that of the Non-Suppl group at

3 months.
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Data from interventional trials are also sparse and inconclusive regarding the effect
of VitD supplementation on lipids. In one study supplementing adolescents with obesity
with 2000 IU VitD/day caused a slight increment of only 6 ng/mL in 25(OH)VitD
concentrations and no change in the lipid profile after 12 weeks [355]. Similarly, the ODIN
Project, found no effect on lipid profile in the fully adjusted analysis in mainly healthy
normal weight adolescents [225]. In the present study we found an increase of 7.8% in the
LDL-C levels after VitD supplementation, while other lipids remained unchanged. To our
knowledge, this finding has not been previously reported in adolescents. However, a MA
of RCTs in adults also observed that VitD supplementation significantly increased LDL-C
levels [340]. This effect seemed to be more evident in the subjects with obesity and
especially in those with relatively shorter durations of intervention, while there was no
such effect in the normal weight subjects. The authors proposed that confounders such as
obesity with its side effects must be implicated leading to this finding. Obesity is generally
accompanied by dyslipidemia with increased triglycerides and LDL-C levels and decreased
HDL-C levels as well as a preferential uptake of VitD by adipose tissue. In addition some
interventional studies give vitamin D2 that is less bioactive than vitamin D3 [340].
Whether VitD supplementation would improve insulin sensitivity and glucose metabolism
in childhood and adolescence is also debatable. Some RCTs showed beneficial effects on
insulin sensitivity [273, 355], while others did not [274, 276, 277]. In this study,
adolescents with obesity and VitD insufficiency/deficiency and insulin resistance (median
HOMA-IR 3.7) who received VitD, had a 5.2% reduction in HbA . levels, but no changes
in fasting glucose, fasting insulin and HOMA-IR for the time studied. On the contrary,
HbA . levels were not affected by VitD supplementation in adolescents with obesity in
another study [273]. Differences in the age groups studied, severity of weight excess and
degree of glucose tolerance, as well as doses and duration of VitD supplementation may be
responsible for the observed discrepancies.

In the cross-sectional part of this study we found that in adolescents with obesity,
25(OH)VitD was inversely associated with leptin even after adjustment for BMI. In
accordance to those findings, in the interventional part, correction of hypovitaminosis D
led to a significant reduction (23.3%) of leptin levels. Our results agree with the other few
studies. Rambhojan et al (2016) also reported an inverse correlation between 25(OH)VitD

and leptin levels in clinically healthy adolescents [309]. In addition they showed an inverse
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correlation of 25(OH)VitD levels with the leptin/adiponectin ratio and in the obese ones
after a year’s life style intervention program they observed a rise in 25(OH)VitD and
decrease in the ratio [309]. Also, an RCT found serum leptin/adiponectin ratio to be
significantly lower in the VitD supplemented group compared with the placebo [273].
More upcoming research with focus in this association, will help reaching safer
conclusions.

With regard to oxidative stress, it has been reported that VitD deficiency may be
implicated in this process even in the obese youth and that VitD supplementation may have
favorable effect on their antioxidant system [145]. In our study however, treatment of
adolescents with obesity with VitD p.os. plus dietary intervention was not associated with
any changes in ox-LDL, paraoxonase and arylesterase activities (i.e. a PON-1 activity was
more closely related to PON-1 mass) and urinary isoprostanes. Again, there is insufficient
data for this age group.

This part of our study had some limitations as well. The number of participants in the
prospective study was small, with just over half having VitD deficiency (the rest had
insufficiency), while a placebo arm was not included. Also, the supplementation dose
(2000 IU/day) and duration (3 months) may have been inadequate to show a significant
change in various metabolic markers. Additionally, the actual energy and nutrient intake of
each participant were not precisely calculated. However, this was a clinically relevant
study, since we evaluated the relationship of 25(OH)VitD with novel parameters
considered as primary CVD risk factors (such as ox-LDL, paraoxonase, arylesterase, urine
isoprostanes and leptin). They have been rarely, if not at all, explored before, especially in
the adolescent population.

However overall, the possible beneficial effect of VitD on CVD risk factors and
events still remains unclear based on both ours and current literature data. Although the
majority of observational studies have reported low 25(OH)VitD levels to be associated
with an increased risk of adverse health outcomes including CVD, most published RCTs
have failed like ours to document a beneficial effect of VitD supplementation. RCTs’
findings question the inverse association between 25(OH)VitD levels and CVD. Besides
some researchers suggest that it could be the result of disease process causing low
25(OH)VitD levels rather than low 25(OH)VitD levels causing the disease i.e., low
25(OH)VitD levels may only be a marker of ill health [96]. As analysed earlier obesity per
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se is regarded as a causal risk factor for VitD deficiency and this in turn could contribute to
the adverse health effects associated with obesity [353].

Moreover, we found conflicting data among trials examining the same alleged
relationships. This may be attributed to differences in a) study populations and number of
participants, b) baseline VitD status, ¢) dose, route and duration of treatment, and d) study
design. More analytically, only a few studies have actually investigated effects in
populations with low 25(OH)VitD levels and the sample size in most RCTs was relatively
small [96]. In addition, even the definition of what is an “optimal” serum 25(OH)VitD
concentration is controversial. Additionally, it has been documented that the use of
different methods for measuring 25(OH)VitD levels may cause huge variations in the
levels measured and thereby affecting the classification of VitD status [488]. Nevertheless,
some investigators suggested serum 25(OH)VitD concentrations >32 ng/ml as necessary
for lipid and cardiovascular health [489] and others serum 25(OH)VitD levels >34.,4
ng/mL as optimal for reductions in blood pressure, markers of arterial stiffness, and
reductions in hs-CRP [10]. These serum 25(OH)VitD status was achieved with VitD
supplemental doses >4,000 IU/d, the current tolerable upper level of intake [10]. Of note
however is that overweight and obese individuals require two to three times the amount of
VitD to increase their serum 25(OH)VitD concentrations to the same extent as those with a
normal BMI [490]. It may also be questioned whether effects of supplementation with
VitD are equal to endogenous synthesis especially for VitD2. The duration of
supplementation is an important factor in assessments of VitD status too and in many cases
it has been relatively short [96]. With a half-life of about 2 months, to achieve and
maintain a steady serum 25(OH)VitD concentration requires a follow-up period of 3
months and more. Finally, it has been highlighted that most of the available trials were not
designed to study non-skeletal outcomes of VitD supplementation as a primary end-point.
For all these reasons we see discrepancies between the results coming from observational
and randomized trials and a causal relationship between low 25(OH)VitD levels and CVD
cannot be supported unequivocally at present. Therefore, further adequately powered RCTs
designed to test the effect of VitD supplementation on CVD risk factors and events as a
primary outcome, only in individuals with VitD deficiency and at appropriate doses are
still needed to be carried out, as well as long-term cohort studies using standardized

methods for serial measurement of 25(OH)VitD levels.
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CONCLUDING REMARKS
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Overall, the findings of this study are summarized below:

1) Adults with MetS had significantly lower 25(OH)VitD levels compared with
those without MetS.

VitD deficiency was also more prevalent among Greek adolescents with obesity
(73.9% vs 17.6% in normal weight controls).

2) In adults 25(OH)VitD levels were significantly and inversely associated with
triglycerides and sdLDL-C levels in patients with MetS. However, in multivariate
regression analysis, sdLDL-C levels were found to be affected only by triglycerides and
not by 25(OH)VitD concentration. There was no association of 25(OH)VitD with waist
circumference, blood pressure, HDL-C and fasting glucose (the other diagnostic criteria for
MetS) as well as LpPLA> and hsCRP levels.

In adolescents with obesity, 25(OH)VitD was inversely associated with leptin even
after adjustment for BMI. On the contrary, 25(OH)VitD was not related with other
parameters, such as BMI, blood pressure, lipids, glucose, insulin, HOMA index,
adiponectin, leptin/adiponectin ratio and visfatin levels.

3) VitD supplementation (2000 IU/day p.os for 3 months) plus dietary intervention in
adults with MetS was not associated with any significant change in classic CVD risk
factors compared with dietary intervention alone despite the significant rise in the
25(OH)VitD levels in the first. In both groups (VitD Suppl vs Non-Suppl) triglycerides,
HDL-C, LDL-C, fasting glucose, HbAic, HOMA index and DBP did not significantly
change and even SBP that decreased by 3.7% in the VitD Suppl group versus 1.5% in the
Non-Suppl group did not differ significantly between groups. But in the VitD Suppl group
the serum 25(OH)VitD increase was inversely correlated with SBP decrease (r =-0.398, p
= 0.049) which is of clinical importance.

However, treatment with VitD was not associated with any changes in emerging
CVD risk factors. Patients in both groups had no significant changes in sdLDL-C levels,
mean LDL size or LpPLA; activity, serum leptin and adiponectin levels and leptin to
adiponectin ratio after VitD supplementation. No differences in the changes of the same
parameters were noticed between groups.

Moreover, VitD administration plus dietary intervention in the same patients was not

associated with meaningful reductions in oxidative stress markers compared with dietary
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intervention alone. Ox-LDL, PON-1 and ARYL did not change significantly at follow-up
in both groups, except for urine 8-i1s0-PGF2, levels that decreased by 22.7% in the VitD
Suppl group (p = 0.015) versus 14.4% in Non-Suppl group (p=NS). But again no
difference was noted in the reduction of the 8-iso-PGF2. levels between the 2 groups.

4) VitD supplementation (2000 IU/day p.os for 3 months) in adolescents with
obesity and VitD insufficiency/deficiency effectively increased their 25(OH)VitD levels
and was associated with marginal decreases in HbAic and leptin as well as an increase in
LDL-C levels. Other clinical and laboratory metabolic parameters (BMI, waist
circumference, BP, TCHOL, HDL-C, triglycerides, glucose, insulin, HOMA index, PTH)
along with oxidative stress markers (ox-LDL, PON-1, ARYL and urine 8-iso-PGF2.)
remained unchanged.

5) High-dose rosuvastatin monotherapy as well as usual-dose rosuvastatin plus
micronized fenofibrate and usual-dose rosuvastatin plus omega-3 fatty acids resulted to
significant and similar increases in serum 25(OH)VitD levels in patients with mixed
dislipidemia.

Also patients with primary hypercholesterolemia while achieving similar lower
levels of LDL-C with 40 mg simvastatin alone or with 10/10 mg simvastatin/ezetimibe,
they had more than double increase in their 25(OH)VitD levels with simvastatin
monotherapy.

On the contrary neither the switch to high-dose rosuvastatin, nor add-on-statin ER-
NA/LRPT or fenofibrate was found to cause any significant changes in 25(OH)VitD levels
in patients with mixed dyslipidemia and not at goal while on treatment with a conventional
statin dose.

Overall according to our results unlike rosuvastatin and simvastatin other lipid-
lowering drugs like ezetimibe, fenofibrate, omega-3 fatty acids and nicotinic acid seem to
have minimal if any effect on 25(OH)VitD serum concentrations in patients with

dyslipidemia.
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SUMMURY

INTRODUCTION

In the last 20 years VitD deficiency (25 (OH) VitD <20 ng/mL) is returning as a new
public health problem. Low VitD status has been associated with many chronic skeletal
and non-skeletal diseases beginning in childhood/adolescence which manifest later in
adulthood. These include cardiovascular diseases (CVD), metabolic syndrome (MetS),
obesity, hypertension, dyslipidemia, diabetes and others such as malignancies, infections,
neuropsychiatric and autoimmune diseases. However, the effect of VitD deficiency on the
corresponding cardiovascular risk factors in children and adolescents has been studied
much less than in adults and with conflicting results.

In addition, the main element of the prevention and treatment of CVD in adults is the
drug treatment of dyslipidemia. According to some studies, statins may affect serum VitD
levels as a new pleiotropic effect, while there are insufficient data on the effect of other
hypolipidemic drugs in VitD metabolism.

Finding and correcting modifiable cardiovascular risk factors (including VitD
deficiency/insufficiency) as soon as possible is an important step in CVD prevention.
However, so far VitD substitution studies in children/adolescents and large randomized
clinical trials in adults with CVD as primary endpoint have resulted in conflicting results in

terms of the clinical benefit of its administration.

AIMS & METHODS:

The present study consists of 2 parts: a cross-sectional and a prospective.
Aims & Methods of cross-sectional study:

Determination of serum 25(OH)VitD levels in Greek patients, a) adults MetS (N=52)
and b) adolescents with obesity (N=69) as well as corresponding to age and sex controls
(58 adults, 34 adolescents). Furthermore, investigation of the possible correlation of VitD
levels with the diagnostic criteria of MetS and other biochemical parameters observed

within it.
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Aims & Methods of prospective study:

A) Assessment of the effect of hypolipidemic drugs on 25(OH)VitD serum levels in adult
patients with dyslipidemia, 3 months after the start of treatment, based on the
following 3 treatment protocols:

1) Effect of rosuvastatin 40 mg (N=22) against the combination of rosuvastatin 10 mg
plus phenofibrate 200 mg (N=21) or the combination of rosuvastatin 10 mg plus
omega-3 fatty acids 2 g (N=17) on 25(OH)VitD serum levels, in patients with
mixed dyslipidemia.

i1) Effect of simvastatin 40 mg (N=25) against the combination of simvastatin 10 mg
plus ezetimibe 10 mg (N=25) on 25(OH)VitD serum levels in patients with
primary hypercholesterolemia.

1i1) Effect of rosuvastatin 40 mg (N=17) against the combination of rosuvastatin 10 mg
plus phenofibrate 200 mg (N=14) or the combination of rosuvastatin 10 mg plus
nicotinic acid/laropiprant 2 g (N=13) on 25(OH)VitD serum levels in patients
with mixed dyslipidemia, who had not achieved the therapeutic goals while
already receiving a conventional statin dose (simvastatin 10-40 mg or atorvastatin

10-20 mg or rosuvastatin 5-10 mg).

B) Assessment of the effect of cholecalciferol (VitD3) administration (2000 1U/day) on
metabolic parameters in adults with MetS and adolescents with obesity.

1) Adults with MetS were randomized based on gender and age to apply either only
healthy-dietary guidelines (N=25), or to receive 2000 IU VitD/day pos along with
healthy-dietary guidelines (N=25) and were evaluated clinically and laboratory in
baseline and 3 months after the intervention.

i1) Adolescents with obesity (BMI=35.0+7.9) and VitD deficiency (25(OH)VitD <20
ng/mL) (N=15) received 2000 IU VitD/day pos along with healthy-dietary
guidelines and were re-assessed 3 months later.

The primary endpoints were changes in MetS parameters 3 months after the start
of treatment, including: waist circumference, blood pressure (systolic and
diastolic), fasting triglycerides, HDL-C and fasting glucose levels.

Secondary endpoints include changes in: serum 25(OH)VitD and PTH levels,

glucose metabolism homeostasis (HOMA index: fasting insulin x fasting
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glucose/405), glycosylated hemoglobin (HbAlc), serum LDL-C levels, LDL-C
subclasses (mean LDL-C particle size, small dence-LDL-C Ilevels), high
sensitivity C reacting protein (hsCRP) levels, Lp-PLA> activity (lipoprotein-
associated phopspholipase A), paraoxonase-1 (PON1) and arylesterase activity
(ARYL), oxidative stress markers [urine 8-isoprostanes (8-iso-PGFza) and serum
oxidized LDL (oxLDL) levels], serum adipokine levels (leptin, adiponectin,

visfatine).

RESULTS

Results of the cross-sectional study:

a) Adults with MetS had significantly lower serum 25(OH)VitD levels than controls (11.8
(0.6-48.3) ng/mL vs 17.2 (4.8-62.4) ng/mL, p=0.027). Overall, 91.3% of study
participants had VitD insufficiency (25(OH)VitD <30 ng/mL), of which 65% had
VitD deficiency (25(OH)VitD) <20 ng/mL). In addition, the incidence of VitD
deficiency tended to be higher in patients with MetS (65.3%) than in controls (59.2%).
In adults with MetS, univariate regression analysis showed that serum 25(OH)VitD
levels correlated negatively with triglycerides (r = -0.416, p = 0.003), but not with
other diagnostic criteria of MetS. In addition, 25(OH)VitD had a negative correlation
with sdLDL-C (p = 0.03) and PTH levels (r =-0.376, p = 0.04), but not with LDL size,
Lp-PLA> activity and hsCRP. However, stepwise multivariate linear regression
analysis showed that sdLDL-C levels were significantly affected only by triglyceride
levels and not by 25(OH)VitD levels.

b) Adolescents with obesity had lower serum 25(OH)VitD levels than normal-weight
controls [12.0 (3.0-36.0) versus 34.0 (10.0-69.0) ng/mL respectively, p = 0.000].
Overall, 74.7% of participants had VitD insufficiency [25(OH)VitD <30 ng/mL], of
which 52.4% had VitD deficiency [25(OH)VitD) <20 ng/mL]. Also, the incidence of
VitD deficiency was higher among obese (73.9%) than normal-weight adolescents
(17.6%) (p = 0.001).

In obese adolescents, serum 25(OH)VitD levels were found to be negatively correlated
with serum leptin levels (r = -0.280, p = 0.037), and this relationship did not appear to
be affected by BMI (r =-0.340, p = 0.009).
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Results of the prospective study:

A.1) Three months after drug treatment of adults with mixed dyslipidemia, serum levels
of 25(OH)VitD increased significantly in all 3 treatment groups: in the group receiving
rosuvastatin 40 mg they increased by 53% (p = 0.000), in group receiving rosuvastatin
10 mg plus phenofibrate by 64% (p = 0.001), and in the group receiving rosuvastatin
10 mg plus omega-3 fatty acids by 61% (p = 0.04). Increases in serum 25(OH)VitD
levels were comparable in all 3 treatment groups.

A.il) Three months after drug treatment of adults with primary hypercholesterolemia,
serum 25(OH)VitD levels increased significantly in both groups: in the recipients of
simvastatin/ezetimibe 10/10 mg they increased by 36.7%, while in the group receiving
simvastatin 40 mg by 79.1%. The increase in 25(OH)VitD levels was significantly
higher in the simibastatin 40 mg group compared to that in simvastatin/ezetimibe
10/10 mg group (p = 0.04).

A.ii1) Three months after the modification of medication in adults with mixed dyslipidemia
who had not achieved the therapeutic goals with a conventional statin dose, serum
25(OH)VitD levels did not change significantly in all 3 treatment groups: in both
groups receiving rosuvastatin 40 mg and rosuvastatin 10 mg plus nicotinic
acid/laropiprant, a tendency to decrease was observed in 25(OH)VitD serum levels (-
4.7% and -14.8%, respectively), which was not statistically significant. In the group
that received rosuvastatin 10 mg plus phenofibrate an increase in 25(OH)VitD serum
levels (+13%) was found, which was also statistically non-significant. The above
changes in serum 25(OH)VitD levels did not differ statistically significantly between
the 3 groups.

B.i) In adults with MetS who received pos VitD supplementation, 25(OH)VitD levels
increased by 91% (from 16.0 (3.0-35.0) to 30.6 (8.4-67.0) ng/mL, p <0.001), while
those who did not receive VitD showed a statistically non-significant increase of 30%
(from 10.0 (4.0-39.6) to 13.0 (3.5-37.0) ng/mL, p = NS). The levels of TCHOL,
triglycerides, HDL-C, LDL-C, ApoAl, ApoB, fasting glucose and insulin, HbAlc,
HOMA index and diastolic BP did not change significantly in both groups. In the
group that received VitD, systolic BP decreased by 3.7% (from 134+14 to 129+13
mmHg, p = 0.05), while in the group that did not receive VitD it decreased by only
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1.5% (from 132+13 to 130+16 mmHg, p=NS). In the group that received VitD, the
increase in 25(OH)VitD was associated with a decrease in systolic BP (r =-0.398, p =
0.049). However, no significant changes were observed in sdLDL-C, sdLDL
proportion, mean LDL size and LpPLA; activity levels, as well as serum leptin and
adiponectin levels and leptin/adiponectin ratio in both groups. Also, serum levels of
ox-LDL-C and paraoxonase and arylesterase activities of PON-1 did not change
significantly in either group. In contrast, the levels of urine isoprostane (urine 8-iso-
PGF»a) decreased significantly by 22.7% in the group receiving pos VitD [from 48.8
(26.8 to 137.1) to 37.7 (12.3-99.0) ng/mmol creatinine, p=0.015], while a downward
trend of 14.4% was found in the group that did not receive VitD, but it was not
statistically significant [from 45.8 (16.6 to 99.3) to 39.2 (13.3-120.1) ng/mmol
creatinine, p=NS]. However, the reduction in 8-iso-PGF»a urine levels did not differ
statistically significantly between the 2 groups.

B.ii) In adolescents with obesity and VitD insufficiency who received pos VitD,
25(OH)VitD levels increased significantly by 88.4% 3 months later [from 17.3 (12.5-
27.8) to 32.6 (14.3-68.0) ng/mL, p=0.005]. At the same time, significant reductions
were found in HbAlc (p=0.03) and leptin levels (p=0.03), while LDL-C Ilevels
increased (p=0.022). The other clinical and laboratory parameters examined (BMI,
waist circumference, BP, TCHOL, HDL-C, triglycerides, glucose, insulin, HOMA
index, PTH) and oxidative stress markers (ox-LDL, paraoxonase, arylesterase and

urine isoprostanes) did not show significant alterations.

CONCLUSIONS

1) Adults with MetS had significantly lower 25(OH)VitD levels compared with
those without MetS.

VitD deficiency was also more prevalent among Greek adolescents with obesity
(73.9% vs 17.6% in normal weight controls).

2) In adults 25(OH)VitD levels were significantly and inversely associated with
triglycerides and sdLDL-C levels in patients with MetS. However, in multivariate
regression analysis, sdLDL-C levels were found to be affected only by triglycerides and

not by 25(OH)VitD concentration. There was no association of 25(OH)VitD with waist
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circumference, blood pressure, HDL-C and fasting glucose (the other diagnostic criteria for
MetS) as well as LpPLA> and hsCRP levels.

In adolescents with obesity, 25(OH)VitD was inversely associated with leptin even
after adjustment for BMI. On the contrary, 25(OH)VitD was not related with other
parameters, such as BMI, blood pressure, lipids, glucose, insulin, HOMA index,
adiponectin, leptin/adiponectin ratio and visfatin levels.

3) VitD supplementation (2000 [U/day p.os for 3 months) plus dietary intervention in
adults with MetS was not associated with any significant change in classic CVD risk
factors compared with dietary intervention alone despite the significant rise in the
25(0OH)VitD levels in the first. In both groups (VitD Suppl vs Non-Suppl) triglycerides,
HDL-C, LDL-C, fasting glucose, HbAic, HOMA index and DBP did not significantly
change and even SBP that decreased by 3.7% in the VitD Suppl group versus 1.5% in the
Non-Suppl group did not differ significantly between groups. But in the VitD Suppl group
the serum 25(OH)VitD increase was inversely correlated with SBP decrease (r = -0.398, p
=0.049) which is of clinical importance.

However, treatment with VitD was not associated with any changes in emerging
CVD risk factors. Patients in both groups had no significant changes in sdLDL-C levels,
mean LDL size or LpPLA> activity, serum leptin and adiponectin levels and leptin to
adiponectin ratio after VitD supplementation. No differences in the changes of the same
parameters were noticed between groups.

Moreover, VitD administration plus dietary intervention in the same patients was not
associated with meaningful reductions in oxidative stress markers compared with dietary
intervention alone. Ox-LDL, PON-1 and ARYL did not change significantly at follow-up
in both groups, except for urine 8-i1s0-PGF2, levels that decreased by 22.7% in the VitD
Suppl group (p = 0.015) versus 14.4% in Non-Suppl group (p=NS). But again no
difference was noted in the reduction of the 8-iso-PGF2. levels between the 2 groups.

4) VitD supplementation (2000 IU/day p.os for 3 months) in adolescents with
obesity and VitD insufficiency/deficiency effectively increased their 25(OH)VitD levels
and was associated with marginal decreases in HbAic and leptin as well as an increase in
LDL-C levels. Other clinical and laboratory metabolic parameters (BMI, waist
circumference, BP, TCHOL, HDL-C, triglycerides, glucose, insulin, HOMA index, PTH)
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along with oxidative stress markers (ox-LDL, PON-1, ARYL and urine 8-iso-PGF2.)
remained unchanged.

5) High-dose rosuvastatin monotherapy as well as usual-dose rosuvastatin plus
micronized fenofibrate and usual-dose rosuvastatin plus omega-3 fatty acids resulted to
significant and similar increases in serum 25(OH)VitD levels in patients with mixed
dislipidemia.

Also patients with primary hypercholesterolemia while achieving similar lower
levels of LDL-C with 40 mg simvastatin alone or with 10/10 mg simvastatin/ezetimibe,
they had more than double increase in their 25(OH)VitD levels with simvastatin
monotherapy.

On the contrary neither the switch to high-dose rosuvastatin, nor add-on-statin ER-
NA/LRPT or fenofibrate was found to cause any significant changes in 25(OH)VitD levels
in patients with mixed dyslipidemia and not at goal while on treatment with a conventional
statin dose.

Overall according to our results unlike rosuvastatin and simvastatin other lipid-
lowering drugs like ezetimibe, fenofibrate, omega-3 fatty acids and nicotinic acid seem to
have minimal if any effect on 25(OH)VitD serum concentrations in patients with

dyslipidemia.
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IIEPIAHYH

EIZXAI'QI'H

Tnv tehevtaia 20etio n EAderyn VitD (25(OH)VitD <20 ng/mL) emavépyeton g véo
TpoPApa dnpdotag vyeiog Ta younid ernineda VitD €yovv cvoyetiotel pe moArd ypdvia
OKEAETIKA OAAG KO UN-CKEAETIKA VOO ILATO TTOVL EEKIVOVV OTd TNV ToUdKT)/e@nPikn nAkia
Kol ekOnAmvovtol otnv evijliko {on. Meta&d avtdv mepthapfdvovtal To Kopdloyyelokd
voonuata (KAN), 10 petafoikd cvvopopo (MIX), n mayvoopkio, 1 vréptacm, m
dvoAumdatpic, 0 cakyopmong OwPnTne aArd kot GAAa Om®G Kakon0eleg, AOUDEEL,
VEVPOYVYLOTPIKA Kol ovTodvosa voorpato. Qot1dco 1 enidpaocn g EAreyng VitD otoug
aVTIOTOYOVE KOPALoyYELKOVE TAPAYOVTES KIVOUVOL GE Todld Kot eprfoug £xel peretndet
TOAD MyOTEPO GE GYEOT LLE TOVG EVIIAIKEG KO LLE OVTIKPOVOUEVO OTOTELECLLATOL.

Emunpdobeta Pacikd otoryeio g mpoAnyng aAld kot Oepaneiog tov KAN otovg
EVIIMKEG €Ival 1) QOPUOKEVTIKY AVTILETOTION TNG dvcAumidoiog. Baoel kdmolwv pedetmv
mhava o1 otativeg va emnpedlovv ta enineda ¢ VitD otov opod, o¢ pia ved TAEIOTPOMTIKN
TOVG OPAsT), EVO OEV VILAPYOVV ETOPKN dESOUEVA Y10 TO POLO TOV AAA®V VITOMITIOUUIKDV
eopudkmv oto petafoioud g VitD.

H avevpeon tpomomomoiumy KapdloyyElokmv Topayovimv Kivduvou (0rtmg mbavd n
EMewyn/averapkelon VitD) 1o cuvtopudtepo dvuvatodv omotelel onuovtikd Prpa yo v
npoinyn tov KAN. Qotdéco péypt otiyung ot peAéteg vmokatdotaorng VitD og
Taod/eenPoug oAAG Kot Ol PEYOAES TUYOLOTOUUEVES KAVIKEG OOKIUEG OE EVIMKEG HE
TPOTOYEVEC KATOANKTIKO onueio 1o KAN  éyouv kotoAnEel o€ avIIKPOLOUEVA

ATOTEAECLOTO MG TPOS TO KAMVIKO OPELOG TNG YOPNYNONGS TNE.

XKOIIOX - ME®OAOI

H mapovca perétn amoteleiton amd 2 puépn: £va cuyypoviko Kol £V TPOOTTIKO.

Ykomog - M£0Bodor TG oOyypovns peréTnc:
O mpocdropiopdg tov emmédwv 25(OH)VitD opov og 'EAAnveg acbeveic, o) eviiikeg
pe petafoikd ovvopopo (ME) (N=52) ko B) epnpovg pe mayvoapkio (N=69) kabog kot
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o€ avTIoTOLYOVG MG TPOog TNV MAKior kot To VA0 paptupeg (58 evihikeg, 34 €pmPou).

EminAéov n depevvnon g mbovig cvoyétiong tov emmédov e VitD pe 1o kpurnpilo

dlyvmong tov ME kot GAA®V BLoynUK®OV TopOUETP®V TOV TOPUTPOVVTOL 6TO TANICLO

TOV.

Ykomog - M€O0doL TG TPOOTTTIKIG HEAETNG:

A) H perétn mg emidpaong vToAMmOakav eappdkoy ota enineda g 25(OH)VitD

0po¥ eviiMkoV acBevov pe duvoAmdoyia, 3 pqveg petd v vapén Bepamneiog, Paoet

TOV TOPAKATO 3 BEPUTEVTIKOV TPMOTOKOALMV:

1) H emidpaon g pocovPactativig 40 mg (N=22) évovit Tov GLVOLAGHOD

pocovPactativng 10 mg pe eawvopumnpdtn 200 mg (N=21) 1} Tov cvvdvacuol
pocovPBactativig 10 mg pe opéyoa-3 Amopd oféa 2 g (N=17) ota emimedo

25(OH)VitD opo?¥ acBevdv pe petkt ducAmdoia.

i) H emnidpaon g owPactativic 40 mg (N=25) £évovit tov GLVOLOGHOD

iii)

owpaoctativing 10 mg pe eCetipipmn 10 mg (N=25) ota enineda 25(OH)VitD opot
acOevOV PE VTEPYOANGTEPOAOLLLIOL.

H enidpaon tg pocovfactativig 40 mg (N=17) £évovit oL GLVOVAGHOV
pocovfPactativing 10 mg pe poawvopunpdt 200 mg (N=14) 1 tov GLVILAGHOD
pocovPactativng 10 mg pe vikotivikd o&b/Aapomurpdvin 2 g (N=13) ota enineda
25(OH)VitD opo¥ acBevov pe pekt duoAMmdoipiio, ol oroiol 0V elyov EMTUYEL
TOVG Oepamevtikovg oTOYOVG evd MOT Emapvay o cLUPAtiK 06omM oTaTivig

(cwPaoctativn 10-40 mg i atopPactativny 10-20 mg 1 posovPactativn 5-10 mg).

B) H enidpaon g yopniynong yoAnkoaicipepoine (VitD3) (2000 IUMmuépa) otig

petTaforkég TapapuéTpoug evnAikov pe ME kot epnBov e Tayvoopkio:

1) Evilikeg pe ME toyoromombnkav Pdost @OAov kot nikiog vo epapuoécovy gite

novo vytevo-drotntikég odnyieg (N=25), eite va Aapfdavovv 2000 IU VitD/muépa
per os poli pe vyewo-oroutnTikég odnyieg (N=25) ko ektyumbnkov KAviKo-

EPYOOTNPLOKG 0TV EVvOpEN TNG LEAETNC Ko 3 PUNveS petd v mapéuPaon.

i1) ‘EpnPot pe moyvcapkio (BMI= 35.0+£7.9) kot averndpkelo VitD (25(OH)VitD <20

ng/mL) (N=15) éafav 2000 TU VitD/mpépa per os pali pe vyletvo-dtontnTikeés

oonyleg Kot 3 uNveg PETA EMAVEKTIUNON KA.
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To mpwtoyevég KaTaANKTIKO onueio Mtav ot petaforés otig mopapéTpovg tov MX 3

UNVEG LETA TNV EvapEn g Bepameiog, Kot cuyKekpluévaL:

>

YV V VYV V

Y VY

YV V. V V V V V

v mepiUeETPO HEGS

2TV eNNTOGON TG OPTNPLUKNG TiEGNS (CUGTOAIKNG KOl SLOGTOAKTG)
2o TpryAvkepidlo vioteiog

Yta emineda g HDL-C

Yto emimeda TG YAukong vnoteiag

Ta devtepoyevn kataAnkTikd onpeio teptlappdvovy petaforés ot

2ta enineda g 25(OH)VitD kot tg PTH opov

Xmv opotootacio Tov petaforopov g yAvkolng (HOMA index: fasting insulin x
fasting glucose/405)

2ta enineda g yAvkonAMmpévng apoceatpiving (HbAlc)

>ta eninedo LDL-C opov

Y10 vrokAdopota tng LDL-C (mean LDL-C particle size, small dence-LDL-C levels)
>to emineda g high sensitivity C reacting protein (hsCRP)

Xty evepyotnta g Lp-PLA2 (lipoprotein-associated phopspholipase A2)

2tV evepyotnta g Paroxonase-1 (PONT1) ko tng arylesterase (ARYL)

2mv afloAdynon 1oV 0EEIOMTIKOD GTPEG E UETPTOT TOV EMMES®V 8-isoprostane ot
oVpa Kot TV emmédmv g oxidized LDL (oxLDL) otov opd

2ta eninedo admoKIvav otov opd (Aemtivn, adutovektivn, flopativn)

AIIOTEAEXMATA

Amoteréopato TNG SVYYPOVIG NEAETNG:

A) Ot gvijlkeg pe MX elyav onuaviikd youniotepa enineda 25(OH)VitD opov ce

oxéon ue toug pdptopec (11.8 (0.6-48.3) ng/mL vs 17.2 (4.8-62.4) ng/mL, p=0.027).

Yvvolkd 10 91.3% twv ocvppetexdviov ot perét eiye avendpkeo VitD (25(OH)VitD

<30 ng/mL), ek Tov omoiwv 10 65% elxe onuavtikny éAdewyn VitD (25(OH)VitD) <20

ng/mL). EmnmAéov n emintoon g éAlewyng VitD ntov oyetikd peyoddtepn oTovg

acbBeveic pe MZ (65.3%) oe oyéomn pe toug pdptopes (59.2%). [p=NS]
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Ytovg eviAkes pe MZ 1 povomopayovtikn ovéivon (univariate analysis) £6ei&e Ot
ta enimeda ™ 25(OH)VitD opov elyav apvntikny cvoyétion pe ta TpryAvkepidla (r=-
0.416, p=0.003), aArd Oyt pe Ta AL OlyveOoTIKE Kprthpla tov ME. EmimAéov ta enineda
mg 25(OH)VitD eiyav apvmrtiky cvoyétion pe ta emineda tov small dense LDL-C
(sdLDL-C) (p=0.03) kou g PTH (r=-0.376, p=0.04) aALd& Oyl e TIC GAAEG TOPAUETPOVS
(LDL size, Lp-PLA> wair hsCRP). Qotéco m moivmapayoviikny avdivon (stepwise
multivariate linear regression analysis) £€0€1&e 0Tt ta enineda twv sALDL-C emmpedlovtav
ONUOVTIKA HOVo amd To emimedo TV TPLyALKEPioV Kot Oyl amd To emimedo NG
25(OH)VitD.

B) O1 épnpor pe mayvoapkio eiyav youniotepo eminedo 25(OH)VitD opod oe
oY£0M HE TOVG PLGLOA0YIKOL Bdpovg paptupeg [12.0 (3.0-36.0) versus 34.0 (10.0-69.0)
ng/mL avtictoyya, p=0.000]. Zvvolkd to 74.7% tov cvppetexdviov eiyov avemdpkeilo
VitD [25(OH)VitD <30 ng/mL] ek tov onoiwv to 52.4% elxe onuovtikn EAdewyn VitD
[25(OH)VitD) <20 ng/mL]. Emiong n ernintwon g éAdewyng VitD ftav peyodvtepn
petald tov moyvoapkov epnPov (73.9%) oe oyéomn pe TOLG PLGLOAOYIKOL Pdpovg
epnPoug (17.6%) (p=0.001).

2tovg epnPoug pe moyvoopkio ta enineda e 25(OH)VitD opol Ppébnke va €xel
OPVNTIKN GLGYETION HE To emimeda tng Aemtivng opov (r = -0.280, p=0.037) ko avt 1
oyéom oev £oe1ée va emmpedletal and To BMI (1=-0.340, p=0.009).

ATOTELEGPATO TNG TPOOTTIKI G PELETG:

A.1) Tpeig unveg PETA TN QUPROKEVTIKY] ay®yN] EVNAMK®OV Le LEKT dvoAutidorpic, To
enineda g 25(OH)VitD opod avEndnkav onuovtikd kot otig 3 opdoes: oty opudda
nov €hafe pocovfactativn 40 mg avéndnkav katd 53% (p=0.000), onv opdda mov
éhaPe pooovPactativn 10 mg pali pe eawvoeiumpd katd 64% (p=0.001), kot onv
opdada mov érafe posovPactativy 10 mg pali pe o3 Amapd o&éa kotd 61% (p=0.04).
Ot avénoetg tov emmédov 25(OH)VitD opod Nrav cvykpicyues kot ot 3 opdoES
QOPUAKEVTIKNG OLYy®YNC.

A.il) Tpeig unveg petd T QUPUOKEVTIKN oy®myn EVNAIKOV pE vrepyoAnotepoiaia, To
enineda g 25(OH)VitD opod avéndnkav onuovtikd kot 6Tig 2 opdoes: G6€ aVTn oL
éhoPe oPaoctativry/eCetipipnn 10/10 mg avénbnkav katd 36.7%, eved otnv opdda

nov éAafe opPactativn 40 mg katd 79.1%. H adénon tov emmédwv g 25(OH)VitD
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NTOV GNUAVTIKE peyoddTePN 0TV opdda o€ oufactativn 40 mg ce GUYKPLOT LE VTN
mov mopotnpnOnke oe acbeveic mov mpav ocPactativry/eletipipmm 10/10 mg
(p=0.04).

A.iii) Tpelg pfveg PETA TNV TPOTOTOINGT TS POPUOKEVTIKNG OYOYNG EVNAIK®OV [E HEIKTN
dvoAumdapioc ov omoiol dev giyov emtOyEl TOLG OepPamELTIKODS GTOYOVG HE TN
ovpPatikn d6on otativng, Ta enineda g 25(OH)VitD opov dev dtapopomomidnkov
ONUOVTIKA Kol oTic 3 ouddes: ot 000 ouddeg mov Elafav  avtiotouyo
pocovPactativn 40 mg kot pocsovfactativn 10 mg pe vikotvikd o&v/Aapommpdvn
mapopnOnke pia tdon peioong tov emmédwv g 25(OH)VitD (-4.7% and -14.8%,
avtioTolye) TOov Oev NTOV OTOTICTIKA ONUOVTIKY, €V otV opada mov EAafe
pocovPactativn 10 mg pe pawvopumpdrn damotddnke pa avénon (+13%) n onoia
emiong oev Mtov oTaTloTikd onuoavtiky. Ot aveotépo oAlayéc oto emimedo TG
25(OH)VitD 0pov dev d1€Qepav GTATIGTIKA CTLLOVTIKA LETOED TV 3 OpAdwV.

B.i) Ztoug evijhkeg pe MX mov éhaPav per os VitD, ta emineda tg 25(OH)VitD
avéNdnkav katd 91% (amo 16.0 (3.0-35.0) oe 30.6 (8.4-67.0) ng/mL, p<0.001), evod
ocot dev élafav VitD mapovcsiacav po un ototiotikd onpoavtiky avénon katd 30%
(amd 10.0 (4.0-39.6) oe 13.0 (3.5-37.0) ng/mL, p=NS). Ta enineda tov TCHOL, TGs,
HDL-C, LDL-C, ApoAl, ApoB, yAvkd{ng kot wwoovAivng vijotews, HbAle, HOMA
index and dwaoctolkng All dev petafAndnkov onuovtikd kot otic 2 ouddes. Xnv
opdda mov élafe per os VitD 1 cvotohkn All peiwdnke xatd 3.7% (amd 134+14 oe
129+13 mmHg, p=0.05), ev®d otv opdda mov dev élofe VitD peiddnke povo katd
1.5% (amd 132+13 oe 13016 mmHg, p=NS). v opdda mov €lape per os VitD
avénon g 25(OH)VitD cvoyetiotke pe ) peiowon g ocvetolkng All (r = -0.398,
p = 0.049).

Qo1660, dev mapotnpnOnKav onuavtikég petaforéc ota enineda tov sdLDL-C, oto
1060010 TV sdLDL, oto péco péyeboc LDL kot ot dpactnprotnto LpPLA>, énmg
Kol oto  emimedo Aemtiviig Kot adutovektivig opov  kabmdg Kot 610 AdYO
Aemtivn/adurovektivn kol otig 2 opdoes. Emiong ovte ta enimeda tov opod g 0X-
LDL-C «xot tov Jdpactnplotitwv paraoxonase Kot arylesterase tng PON-1
petafAndnkoyv onuovTikd Kot oTic 2 opddes. Avtifeta To enineda TOV 1GOTPOSTAVIOY
tov ovpwv (urine 8-is0-PGF2.) petddnkav onuoviwd katd 22.7% oty opdda mov

élape per os VitD [amd 48.8 (26.8 to 137.1) oe 37.7 (12.3-99.0) ng/mmol creatinine, p
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=0.015], eved pa téon peimong katd 14.4% dwmiotmdnke oty opdda mov dev Elafe
VitD 1 omoia dev tav otoTioTikd onpoavtikn [amd 45.8 (16.6 to 99.3) og 39.2 (13.3-
120.1) ng/mmol creatinine, p=NS]. Qo1660 1 peiwon T@v enmédwv Twv 8-150-PGF2,
00pOV OV SEPEPE GTATIGTIKA CTULOVTIKA LETAED TV 2 OPASWV.

B.ii) Ztoug gpnPovg pe moyvoapkio kor avendapkero VitD mov éhafov per os VitD ta
enineda g 25(OH)VitD petd 3 pnveg avéndnkav onuaviikd katd 88.4% [amo 17.3
(12.5-27.8) oe 32.6 (14.3-68.0) ng/mL, p=0.005]. IMoapdrAinio JSomicTtd®ONKOV
onuavtikég petwoels ota eminedo g HbAc (p=0.03) kou g Aentivng (p=0.03), evd
avtifeta ta emineda ¢ LDL-C avénnkoav (p=0.022). Ot dAlec xhvikég kot
gpyaotnplokég mapduetpotl mov eetdobniov (BMI, mepipetpog péong, AIl, TCHOL,
HDL-C, tpryAvkepiota, yAvkoln, tvooviivi, HOMA index, PTH) kot ot deikteg
o&ewtikov otpeg (oxidized-LDL, paraoxonase, arylesterase and isoprostanes ovpmv)

Ogv £0€1E0V OMUOVTIKES SIUKVILAVGELG.

YYMIIEPAXMATA

1) Ot evilikeg pe ME eiyov onuoavtikd younidtepa eninedo 25(OH)VitD opov og
oLYKPLION HE LAPTVPES TNG 10106 NAKiG Kot GUAOV.

Ot éonPotr pe moyvoopkios EUPAVICOV  ONUOVTIIKA — UEYAAVTEPO  TOGOGTO
avendpkelac/EArenyng VitD ce oyéon pe puoiohoykov Bapovg péptopeg (73.9% vs 17.6%
avtioTolya).

2) Xtovg evidikeg pe MX ta emimeda g 25(OH)VitD opov Bpébnkav va €yovv
OPVNTIKT CLGYETION HE Ta emineda TV TpryAvkepdiov kot tov sdLDL-C. Qotéco oty
moAvTapoyovtikn aviivon ta enineda tov SALDL-C éoe1i&av va emnpedlovtal uévo amod
To. emimeda TV TPLyAvkepdiov kol Oyt and to emimeda g 25(OH)VitD. Emiong oev
Bpétnke ovoyétion g 25(OH)VitD pe ta dAlo Swyvootikd xpumplo tov MX
(mepipetpog péonc, All, HDL-C kot yAvkoln vnoteiag), aAld ovte Kot pe To eminedo g
LpPLA> kot g hsCRP opov.

Y1ovg epnpovug pe mayvoapkio n 25(OH)VitD Bpébnke va £xel apvnTiky] GLGYETION
LE To emimeda TG AenTivig 0pov (aKOun Kot Hetd ) d16pBmaon yio tov BMI). Avtifeta dev
£0e1&e va ovyetileton pe GAAEg TapapréTpous, 0tmg T0 BMI, n Al to Autidia, n yAvkdln,
WooLAivn, o deiktng HOMA index, n adurovektivn, o A0Yog Aemtivn/adumovektivn Kot M

Biogartivn.
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3) Ztoug evihikeg pe MXE n yopriynon pos 2000 IU VitD/muépa yoo 3 pnveg og
GLVOLACUO HE VYIEWVO-OLOUTNTIKEG 00Nyiec dev odnynoe o€ Peitioon TV KAUGGIKOV
KOPOYYELOK®V TOPAYyOVI®V GE GUYKPLoN HE avtovg mov oev élafav VitD, mapd
onuavtiky avénon tov emmédwv e 25(0OH)VitD otoug npdtove. Kot otig 2 opddeg ta
enmineda Tov TpryAvkepdiov, g HDL-C, g LDL-C, g yAvkding vnoteiog, g HbA c,
tov doeiktn HOMA «at ¢ dwwotorkng All dev petapindnkav onpovtikd petd toug 3
unves. Qotoco omv opada mov ElaPe per os VitD m avénon tov emmédwv TG
25(OH)VitD opov Bpébnke va cvoyetiletan pe tn peimon g cvotoikng AlL éva evpnua
mov Bewpeitar 6Tt €xel Kamola kKAvikn onpacic. Opmg n yoprynon VitD dev Bpébnke va
eMNPEAEL TOVG «OVOIVOUEVOVS) KOPIYYELKOVG TTapdyovies kKivdvvov (enimedo sdLDL-
C, mean LDL size ) LpPLA> activity, 6nwg kot to eninedo AETTIiVIG Kot AdITOVEKTIVIG Kot
t0 Adyo Aemtiviy/adurovextivn). Emiong otig 2 opddeg dev mapatnpidnkov onuUovTiKEG
HETAPOAEC OTO EMIMEDD TOV SEIKTMOV TOV 0EEBMTIKOD OTpeG Tov peretOnkav (ox-LDL,
PON-1 kv ARYL), pe e€aipeon ™ peiwon tov 8-iso-PGF2 ovpwv katd 22.7% otnv
opdda mov €hafe VitD (p=0.015), évavtt g peimong katd 14.4% omv opdda eAEyyov
(p=NS), o 610popd TOL dEV NTOV GTOTIGTIK( CTLLOVTIKY.

4) Xtovg epnPoug pe moayvoapkio kot averdpkee VitD i yopriynon pos 2000 U
VitD/muépa ywo 3 pveg o€ GUVOLAGHO LE VYLIEWVO-O10UTNTIKEG 0dNYieg ahEnce onuovTiKd
ta enineda ™ 25(OH)VitD otov opd Kot 1 omoio. GUCYETIGTNKE PE OPLOKY UEIWON T®V
emmedov g HbA ¢ ko g Aertiving aAld ko pe avénon tov emmédmv e LDL-C. O
dAdeg KAVIKES Ko epyaotnplakés mopauetpor (BMI, mepipetpog péong, All, TCHOL,
HDL-C, tpryhvkepidia, yAukoln, woovrivy, HOMA index, PTH), énwc kot ot deikteg Tov
oewwtikov otpeg (0x-LDL, PON-1, ARYL ot 8-1s0-PGF2a ovpwv) dev petafindnkov
ONUOVTIKA.

5) H povoBepomeio pe vynAn d86om pocovfoctativig Onm¢ kot 11 cLVOVAGHEVN
Bepamneia pe copfoatikn 66om posovfactativng Kot ovoEUTpdTng N pe @3 Amapd o&éa
OUCYETIOTNKOV HE ONUAVIIK Kol Topopolov peyébovg avénon tov emmédmv g
25(OH)VitD opo¥ acBevdv pe pektr) OuGATIdoLioL.

Aocbeveic pe Tpotomadn vIEPYOANGTEPOLALIN Ol OTTO10l TETLYOV TOPOUOLL HEl®mOT)
tov emmédwv g LDL-C pe Ayn owPoaoctativig 40 mg 7n pe ovvovacpd
owpoaoctativng/eCetipipmmg 10/10 mg mopovsiocov wive oamd SutAdolo adénon twv

emnedov g 25(OH)VitD pe ) povobepaneio pe cipuPactotivn.
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Avrtifeta o acbeveic pe pewt dvolmdoiioo o omoiol dev elyav KATAEEPEL VOl
EMTUYOVV TOLG OepamenTIKoDg 6TOYOVG e ANYN GVUPATIKNG dOONG GTOTIVNG, 1] QAAOYN OF
YOPYNON LVYNMANG 000MG pocovfactativiig 1 N TPOSOHNKN QOVOPIUTPATNG 1 VIKOTIVIKOV
o&émg/Aapommpdving pali pe tn ovpPotiky 66om pocovPactativig 0V 0dNYNGOV GE
onUavTiKég aAlayég ota emineda g 25(OH)VitD.

YUVOAIKA Bacel Twv evpnudtov pog otovg acbeveic e svoAumdopia, avtibeta pe
™ poocovPactativn kot TN oypooctativiy mov @oaivetor vo 0dnyodv o€ avENon TV
emmédwv g 25(OH)VitD omv kvkloeopio, Ta GAAD LTOAMTOOUKE  QAPLLOKOL
(eCetipipmn, Qowvopuumpdtn, ®3 Amwopd oo kol VIKOTWVIKO 0&V) ¢aivetar 0Tl Ogv

eMNPEAlOVY GNUOVTIKA TO ETITEDL.
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ABSTRACT

Background: Hypovitaminosis D has been associated with various cardiovascular disease

CVD risk factors beginning in childhood/adolescence which manifest later in adulthood.

Also statins may affect serum VitD levels, but there are insufficient data on the effect of

other hypolipidemic drugs.

Aims & Methods: The present study consists of 2 parts:

Aims & Methods of cross-sectional study:

Determination of serum 25(OH)VitD levels in Greek a) adults with Metabolic Syndrome

(MetS) (N=52) and b) adolescents with obesity (N=69) and corresponding controls (58

adults, 34 adolescents). Investigation of the possible correlation between VitD levels and

MetS diagnostic criteria and other biochemical parameters.

Aims & Methods of prospective study:

A) Assessment of the effect of hypolipidemic drugs on 25(OH)VitD serum levels in adult
patients with dyslipidemia, at the beginning and 3 months after the start of treatment,
based on 3 treatment protocols.

B) Assessment of the effect of cholecalciferol (VitD3) administration on metabolic
parameters in adults with MetS, randomized to apply either only healthy-dietary
guidelines (N=25) or to receive 2000 IU VitD/day pos along with healthy-dietary
guidelines (N=25), and in adolescents with obesity (BMI=35.0+7.9) and VitD
deficiency (25(OH)VitD <20 ng/mL) (N=15) who received 2000 IU VitD/day pos
along with healthy-dietary guidelines and were re-assessed 3 months later.

Results:

Results of the cross-sectional study:

a) Adults with MetS had significantly lower serum 25(OH)VitD levels than controls [11.8
(0.6-48.3) ng/mL vs 17.2 (4.8-62.4) ng/mL, p=0.027]. In adults with MetS, univariate
regression analysis showed that serum 25(OH)VitD levels correlated negatively with
triglycerides, but not with other diagnostic criteria of MetS. In addition, 25(OH)VitD
had a negative correlation with sdLDL-C and PTH levels, but not with LDL size, Lp-

PLA: activity and hsCRP. However, stepwise multivariate linear regression analysis
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showed that sdLDL-C levels were significantly affected only by triglyceride levels and
not by 25(OH)VitD levels.

b) Adolescents with obesity had lower serum 25(OH)VitD levels than normal-weight
controls [12.0 (3.0-36.0) versus 34.0 (10.0-69.0) ng/mL respectively, p = 0.000]. In
obese adolescents, serum 25(OH)VitD levels were found to be negatively correlated
with serum leptin levels, independently of BMI.

Results of the prospective study:

A.1) Three months after drug treatment of adults with mixed dyslipidemia, serum
25(OH)VitD levels increased significantly in all 3 treatment groups: in the group
receiving rosuvastatin 40 mg they increased by 53%, in group receiving rosuvastatin
10 mg plus phenofibrate by 64%, and in the group receiving rosuvastatin 10 mg plus
omega-3 fatty acids by 61%. Increases in serum 25(OH)VitD levels were comparable
in all 3 treatment groups.

A.il) Three months after drug treatment of adults with primary hypercholesterolemia,
serum 25(OH)VitD levels increased significantly in both groups: in the recipients of
simvastatin/ezetimibe 10/10 mg they increased by 36.7%, while in the group receiving
simvastatin 40 mg by 79.1%. The increase in 25(OH)VitD levels was significantly
higher in the simvastatin 40 mg group compared to that in simvastatin/ezetimibe 10/10
mg group.

A.iii) Three months after the modification of medication in adults with mixed dyslipidemia
who had not achieved the therapeutic goals with a conventional statin dose, serum
25(0OH)VitD levels did not change significantly in all 3 treatment groups: in both
groups receiving rosuvastatin 40 mg and rosuvastatin 10 mg plus nicotinic
acid/laropiprant, a tendency to decrease was observed in 25(OH)VitD serum levels (-
4.7% and -14.8%, respectively), which was not statistically significant. In the group
that received rosuvastatin 10 mg plus phenofibrate an increase in 25(OH)VitD serum
levels (+13%) was found, which was also statistically non-significant. The above
changes in serum 25(OH)VitD levels did not differ statistically significantly between
the 3 groups.

B.i) In adults with MetS who received pos VitD supplementation, 25(OH)VitD levels
increased by 91%, while those who did not receive VitD showed a statistically non-

significant increase of 30%. In the group that received VitD, systolic BP decreased by
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3.7%, while in the group that did not receive VitD it decreased by only 1.5% (p=NS in
both). In the group that received VitD, the increase in 25(OH)VitD was significantly
associated with a decrease in systolic BP Also, the urine isoprostane levels decreased
significantly by 22.7% in the group receiving pos VitD, while a downward trend of
14.4% was found in the group that did not receive VitD, but it was not statistically
significant. However, the reduction in urine isoprostane levels did not differ
significantly between the 2 groups.

B.ii) In adolescents with obesity and VitD insufficiency who received pos VitD,
25(OH)VitD levels increased significantly by 88.4%. At the same time, significant
reductions were found in HbAlc and leptin levels, while LDL-C levels increased.

Conclusions: Adults with MetS had significantly lower 25(OH)VitD levels compared with

those without MetS. VitD deficiency was also more prevalent among Greek adolescents

with obesity compared with controls. In adults with MetS 25(OH)VitD levels were
inversely associated with triglycerides. In adolescents with obesity 25(OH)VitD was
inversely associated with leptin. VitD supplementation plus dietary intervention in adults
with MetS was not associated with any significant change in classic and emerging CVD
risk factors, compared with dietary intervention alone. VitD supplementation in
adolescents with obesity and hypovitaminosis D effectively increased their 25(OH)VitD
levels and was associated with marginal decreases in HbAic and leptin as well as an
increase in LDL-C levels. Also, unlike rosuvastatin and simvastatin other lipid-lowering
drugs like ezetimibe, fenofibrate, omega-3 fatty acids and nicotinic acid seem to have

minimal if any effect on 25(OH)VitD serum concentrations in patients with dyslipidemia.
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XYNTOMH IIEPIAHYH

Ewoayoynq: H vrofrrapivoon D €xel ovoyetiotel pe d1@opovg moapdyovieg Kivdvvou
kapdlayyelakng voocov. Emiong, ot otativeg pmopei va ennpedoovy ta emineda VitD otov
0p0O, 0ALQ Ogv LIAPYOLV EMOPKN oTOYElD Yoo TNV EMIOPACT GAA®V VTOMITIOOUUKDV
QUPUAK®OV.

Yxkomog kot péBodor: H mapovoa perétn amotedeitarl amod 2 puépn:

Ykomog kol péfodor cvyypovng perétng: Ilpocsodiopiopoc emmédowv 25(OH)VitD otov
op6 EAMvev a) evniikov pe petafoid ocdvopopo (MetS) (N = 52) kar B) epnfov pe
nayvoapkio (N = 69) kot og avtiototyovg paptoupes (58 eviihikes, 34 £pnPor). Aepedhvnon
™G TBavNg cvoyétiong Tov emmédwv VitD pe to dtyvootikd kprrinplo MetS ko dAieg
Bloymukég TapapéTpoug.

YKomog Kol pgB0doL TPOONTIKNG PEAETNG:

A) A&ohdynon g emidpaong TV VIOMTOAUK®OV eopudkmy ota enimeda 25(OH)VitD
0pov 6 eviAIKeg aoBevelg e duvohMmdaipia, oty apyn Kot 3 Uveg HeTd v Evapén e
Oepamnciog, pe Pdon 3 BepamevTiKd TPOTOKOALOL.

B) A&wloynon g emidpaong g yoinkoAcswpepoing (VitD3) otig petafoiukég
TapaUETPOVG EVNAIK®V pe MetS, mov tuyatomomnkay va epappocovy gite pévo odnyieg
vyewng swrpoeng (N = 25), eite va Aappdavoov 2000 TU VitD/muépa pos pali pe odnyieg
v vyewvn stpoen (N = 25). Ermiong peretOnkav Epnpor pe moyvoapkio (BMI = 35,0 +
7,9) ka1 avendpkewo VitD [25(OH)VitD <20 ng / mL] (N = 15) mov élafav 2000 TU
VitD/muépa pos poll pe odnyieg vyewng datpoeng kot emaveletdotnkoyv 3 pUnveg
apyoTEPQ.

Amnoteiéopartos:

AmoteréopaTo TNG SVYYPOVIG NEAETNG:

A) Ot eviihikeg pe MZ elyav onuovtikd yopnAdtepa eninedo 25(OH)VitD opod oe
oyéomn pe tovg pdptopeg [11.8 (0.6-48.3) ng/mL vs 17.2 (4.8-62.4) ng/mL, p=0.027]. Ztov¢
evilkeg e MX 1 povomapayovtikn avdivon £€d€iEe 0Tt ta emineda g 25(OH)VitD opov
elyov apvnTIK GLOYETION UE TO TPIYAVKEPIOLL, OALA OYL LE TO AAAL SLOYVAOCTIKA KPLTHPLoL

tov MZ. EmutAéov ta emineda g 25(OH)VitD giyav apvntikn cucyETion pe to emineda
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tov sdLDL-C kot tng PTH. Qo160 1 moAvmapayoviikn avdivor £6eiée OtL T enimeda

twv sALDL-C ennpedlovtav onpaviikd poévo omd ta enineda Twv TPLyAvKePLOimV Kot Oyt

and to enineda g 25(OH)VitD.
B) Ot épnPot pe moyvoapxio eiyav youniotepa enineda 25(OH)VitD opov og oyéon

He Tovg euctoloykol Papovg pdptopeg [12.0 (3.0-36.0) versus 34.0 (10.0-69.0) ng/mL

avtiototya, p=0.000]. Xtovg gpnPovug pe moyvoapkio ta eninedo g 25(OH)VitD opod

Bpébnke va Exel apvnTIKN GLOYETION LE TO EMIMESD TNG AENTIVIG OPOV, AVEENPTNTMOS TOL

BMI.

ATOTELEGPATO TNG TPOOTTIKI G PELETG:

A.1) Tpeig pfvec PeTd T QOPUOKELTIKY] oy®Y ] EVNMK®V pe peTh SvoAumdouio, To
enineda g 25(OH)VitD opod avEndnkav onuovtikd kot otig 3 opdoes: oty opuddo
mov élofe poocovPactativn 40 mg avéndnkav kotd 53%, omv oudda mov élofe
pocovPactativn 10 mg pali pe pavopiumpdtn katd 64%, kot oty opddo mov EAafe
pocovPactativn 10 mg poli pe ®3 Mmopd o&éa katd 61%. Ot avENcelg ToV emmEdwV
25(OH)VitD opo¥ Ntav cuykpicipeg Kot 6TIG 3 ORAOES POPUOKEVTIKNG OLY®YNC.

A.il) Tpelg unveg HeTd ™ QOPUOKEVTIKN Oy®YY] EVNAIKOV UE LITEPYOANCTEPOAQIID, TO.
enineda g 25(OH)VitD opod avéndnkav onuoavtikd kot otig 2 opdoes: 6e aVTn oL
éhaPe oypPactativry/eletipipnn 10/10 mg avénbnkav katd 36.7%, evd otnv opdda
nov éAafe oypPactativn 40 mg katd 79.1%. H adénon tov emmédwv g 25(0OH)VitD
NTAV CNUAVTIKA LEYAADTEPT 0TIV opdda o€ oipufactativn 40 mg 6e GUYKPION UE QLTI
mov ToapatnpnOnke o acbeveic mov mMpav cypactotivn/eletipipnn 10/10 mg.

A.iii) Tpelg pfveg PETA TNV TPOTOTOINGN TG POPUOKEVTIKNG OY®YNG EVNATK®OV [E HEKTN
dvoMmdaipioo ot omoiol dev giyov emTOYEL TOVG OEPAMELTIKOVS OGTOYOVLS HE TN
ovpPatikn d6on otativng, Ta emineda g 25(OH)VitD opov dev dtapopomomidnkav
oNUOVTIKA Kou ot 3 opddeg: otig 0o opddeg mov  €AaPav  avtictoro
pocovPactativy 40 mg kot pocsovfactativn 10 mg pe vikotvikd o&v/Aapommpdvn
napopnOnke pia tdon peiowong tov emmédwv g 25(OH)VitD (-4.7% and -14.8%,
avTioTolY0) MOV OEV MNTOV GTOTIOTIKO OTNUOVTIKY, VM OTnV opddo mov EAafe
pocovPactativn 10 mg pe pavopumpdrn damotddnke pa avénon (+13%) n omoia
eniong d0ev Mtav otatoTikd onuovtiky. Ot avetépw ollayés oto emineda Tng

25(OH)VitD opo? dev dtépepav 6TATIOTIKA ONUOVTIKE HETAED TV 3 OpAdWV.
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B.i) Ztoug evijhkeg pe MX mov éhaPav per os VitD, ta emineda tg 25(OH)VitD
avéNdnkav katd 91%, eved 6cot dev éhaPav VitD mapovsiocav poa un otatiotikd
onuavtiky avénon katd 30%. v opdda mov érape per os VitD n cvotoikn All
petmdnke katd 3.7%, evd otnv opdda mwov dev Ehafe VitD peiddnke povo xotd 1.5%
(p=NS kot o115 2). Zmv opdda mov éAafe per os VitD n avénon g 25(OH)VitD
ovoyetiotnke pe T peiwon Mg ovotoAkng AlIl. Emiong, 1o emimeda twv
oompootaviov ovpav petmdnkov onuaviikd Katd 22.7% otnv opdda mov £hafe per
os VitD, gvd o téon peimong katd 14.4% damiotdbnke otnv opdda mov dev EAafe
VitD, n omoia dev NTaV GTATIOTIKA ONUOVTIKY. Q0TOC0 N LEIWOT TOV EMTESOV TOV
10OTPOCTAVIOV 0VP®V O&V SEPEPE GTATIOTIKA GNUOVTIKG HETAED TV 2 OHAd®V.

B.ii) Ztovg gpnpovg pe mayvoapkio ko avendpkera VitD wod éhafav per os VitD ta
enineda g 25(OH)VitD avénbnkav onuoviwkd xotd 88.4% 3 unvec petd.
[MopdAAnia dSomicTOONKOY CONUAVTIKEG UEIDCELS oTo emimeda tng HbAic kot g
Aemtivng, evd avtiBeta ta enineda g LDL-C avéndnkav.

Yopnepacpata: Ot evidikeg pe MetS eiyav onuaviikd younAotepa enineda 25(OH)VitD

o€ oVvyKplon pe ekeivoug yopic MetS. H averdpkela VitD fitav eniong mo 6100ed0puévn

otovg ‘EAAnveg epnfoug e mayvoopkioo 6€ GUYKPION LE TOLG UAPTLPES. Xe EVAMKEG LE

MetS to emimeda 25(OH)VitD ocvoyetiotnkav avtictpopa pHe To TPLyAvkepiow. Xe

epnpovg pe mayvoapkio, ta eminedo 25(OH)VitD ovoyetiomkav avtiotpopa pe

Aemtivn. H vrokatdotaon VitD ko n dwatpogikn moapéuPaon oe evihkes pe MetS dev

ouoYETIOTNKOV HE KOpio ONUOVTIKY OAAOY O©TOVG KAOGIKOUS KOl oVOOLOUEVOLG

TAPAYOVTEG KOPOLOYYEIKOD KIVOUVOVL, GE GUYKPION UE TN STpoPikn mapéupocn povo,

mopd T onuaviikn avénon ota eminedo 25(OH)VitD  omv mpod oupddo. H

vrokatdotaon VitD oe  egpnPouvg pe mayvoopkio ko  EAdewym  VitD  avénoce

amoteleopatikd ta enineda 25(OH)VitD opov kot GUGYETIOTNKE PE OPLOKES HEIDGELS TNG

HbAc ko tng Aemtivng kabdg kou pe avénon tov emmédwv LDL-C. Eniong, oe avtiBeon

pe ™ pocsovfactativ kot T SPactativr, To GAAN VTOATIOOUIKE QAPHAKN OTMOS M

eleTipuipumn, EovoQUIPATY, OUEYO-3 AMmapd 0EEa Kol VIKOTIVIKO 0ED QaiveTol va €YoV

eldyiom M kapia enidopaon ota enineda 25(OH)VitD opod og acBevidv pe Svchmdaio.
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