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Advertising Laws Regarding Dietary Supplements

GCOQORP strives to ensure that members are not mislead through
unlawful or deceptive advertising methods.

We ask for your cooperation in this matter. Please refer to the
guidance below to avoid unlawful or deceptive advertising methods.

rl’lll

Labels or advertisements that may be perceived as effective in the prevention or treatment of disease.

Labels or advertisements that may mislead consumers to recognize foods or dietary supplements as drugs.

Labels or advertisements that may mislead consumers to recognize products that are not dietary supplements as dietary supple-ments.
False or exaggerated statements and or signage/markings/logos.

Misleading statements and or signage/markings/logos.

Advertising against other companies or their products.

Unfairly comparing one’s own products against another sales force member or their products without objective factual evidence.

Using unlawful or deceptive representations to encourage and solicit consumers and or using obscene language that significantly infringes pu
blic morals or social ethics.

Advertising methods that are noncompliant to or in violation of regulations for business participants (manufacturing facilities, expiration dates,

encouraging unethical methods)

[Source] MFDS Policy Info “Food Advertising Guideline”
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General

Balance 1. Vitamin D
S’

1) Vitamin D Deficiency in South Korea

0% of South Koreans are Vitamin D Deficient

Vitamin D deficiency in South Korea, Korea Center for Disease Control and Prevention 2017 National Health Statistics

Source: Korea Center for Disease Control and Prevention Agency
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General

Ballgnce 1. Vitamin D 1) Vitamin D Deficiency in South Korea

Increased indoor activity and concern over UV ray exposure has left 90% of South Koreans vitamin D deficient

Mean 25(OH)D (ng/mL) by country and descending latitude (North to South)

(n=2589) - :
B Summer Patients by Year @ Patients
40 I Equatorial
T as |k MRS 150,000
- T 128,446
5130 II - I]-'— L L
Sl e (R i 125,000 _
3 105,903~
S 20 0,
E 15 | TP 1 g
- 5738 75551 P
] e
e 75,000 *e— o
L 5
=
*22=z2z22z22%%2%3333%3%22%32 50,000
o i ; <+ = ; 5 : : - v — @ @ <
AR R R I IR E R RN 20129 20139 20149 20159 2016
= = o [ - R — = o = = ® = @
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“ £ 5 £ & @ £ £ = 3 E = s Source: Korea Health Insurance Review and Assessment Service
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The Most Vitamin D Deficient Country, South Korea Number of Vitamin D Deficiency Patients by Year
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General

Ballgnce 1. Vitamin D 2) Functionality of Vitamin D

Vitamin D Daily Value
3~10 pg (120-400 IU")

Vitamin D

“He %)

Necessary for calcium Necessary for bone
and phosphorous formation and
absorption and utilization. maintenance.

*1U

International Unit

Internationally uniform measure
1pg =401U

v
L

Helps reduce the risk of

developing osteoporosis.
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General

Balance
S”

1. Vitamin D

3) Types of Vitamin D — Vitamin D, D;

Vitamin D used as dietary supplements are Vitamin D, and Vitamin Ds.
They are absorbed differently by the body.

Vitamin D; (Ergocalciferol) Vitamin D3 (Cholecalciferol)

Plant-based Vitamin D> Animal-based Vitamin D3

Vitamin D

Source Plant-based (Ex : Yeast, Mushroom) Animal-based, Sunlight synthesized

Native Vitamin D | Products marked “Natural Vitamin D” contain Vitamin D, extracted from yeast

Active Vitamin D behavior 50%(Receptor affinity) 100%(Receptor affinity)

Half-life 13 days 21 days

"paniasay sy ||V d00DD 2202 © LHOAIOD



General

Balance 1. Vitamin D 4) Vitamin D
N’

[Vitamin D;] is highly active and bioavailable

There are five forms of vitamin D (D1-D5). D2 and D3 are the most
widely studied. Vitamin D2 (ergocalciferol) is synthesized primarily
in plants and invertebrates, while vitamin D3 (cholecalciferol) is
synthesized in vertebrates. Both are utilized as nutritional

supplements.

Of the two, vitamin D3 has the highest bioavailability and
absorption rate among vitamin Ds. As a result, vitamin D3 is

commonly recommended worldwide.

Vitamin D2 Is Much Less Effective than Vitamin D3

in Humans @

Laura A. G. Armas, Bruce W. Hollis, Robert P. Heaney &%

The Journal of Clinical Endocrinology & Metabolism, Volume 89, Issue 11, 1 November
2004, Pages 5387-5391, https://doi.org/10.1210/jc.2004-0360

Published: 01 November 2004

25 +

20 4

A 25(OH)D (nmol/ L)

40 4

16 4

10 4

Article history v

When D2 and D3 are taken in equal
amounts, D3 is absorbed 4-5 times more
than D2

10 15 20
TIME (days)
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General

Ballgnce 1. Vitamin D 5) Vitamin D Synthesis

| Vitamin D per Serving |

I

2o |193 Synthesis of Vitamin D from Food
tomin () 15 - “11,4 . Foods rich in vitamin D include eggs, mushrooms, bluefish, and animal
i - - liver.
B.8 {.T_‘Q‘ 4
5 B
B e T ” . To get 1000 U of vitamin D3 from food, you would need to eat 40 eggs,
o : . : . - - . — e 10 cups (250 ml) of milk, or 3 salmon.

Salmon  Saury Mackerel  Anchovy Vitamin D Milk Egg ~ Matsutake Shiitake Milk

It is not recommended to consume the foods above in such quantities

due to the amount of saturated fat and excess cholesterol.
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5) Vitamin D Synthesis

General . .
Balance 1. Vitamin D
p

The summer sun is the perfect opportunity to get a vitamin D boost - but how does the sun
help you with this? Here’s a quick look at the chemical transformation it kicks off in your skin.
Synthesis of Vitamin D f UV light

Sunlight helps the synthesis of vitamin D from
7-dehydrocholesterol, a compound found in our
skin. It is capable of absorbing UVE radiation at
wavelengths between 290-315 nm, kicking off a
reaction that produces previtamin Di. Previtamin
D3 then isomerises to produce vitamin Do
Vitamin Dj itself doesn't have significant
biclogical activity in the body, but it can be
metabolised, first in the liver, then in the kidneys,
to produce the active form of the vitamin.

Vitamin D is the only vitamin that is synthesized in the skin through

sunlight without dietary intake.

To prevent vitamin D deficiency, it is recommended to spend at least

S
30 minutes outdoors without sunscreen on the arms and legs

nH

Isomerisation

290-218 nim

between 10 a.m. and 3 p.m., at least twice a week.

HO™

SOCC

© COMPOUND INTEREST 2015 - WWW.COMPOUND CHEM.COM | @COMPOUNDCHEM
Shared under & Creative Commons ATRibutian-NonCo mmerdal-RoDerivalives Boence
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General

Ballgnce 1. Vitamin D 6) Vitamin D Metabolism

R T . Solar UVB radiation Solar UVB radiation
7-Dehy Previtamin Dy

—_—
90-315 nm)
Skin @ Heat —I i OB cadistet
Vitamin Dy =
Chylomicrons

Diet ————————» Vitamin D Fat cell

|
GCi r:uiatian |
s \ " ),

<«——— Circulation

Inactive photoproducts

7-dihydrocholesterol, one of the metabolites of

cholesterol, is present in skin cells. Pro-vitamin D3 is
Yitamin Dy
converted to vitamin D3 when exposed to ultraviolet

HO™™

radiation from sunlight. Once synthesized in the skin,

Reference range
20-100 ng/mi >150 ng/ml
=

25(OH)D
(major circulating metabolite)

<20 ngfml

vitamin D3 is metabolized in the liver to 25-

Deficiency Preferred range Intoxication
30-60 ng/ml

hydroxyvitamin D3 (calcidiol), which is further metabolized s Uy

FGF-23, and other factors +/— ———>

in the kidneys to 1,25-hydroxyvitamin D3 (calcitriol).

1,25(0H),D 1,25{0H),0 —» 24-OHase — Calcitroic

S ! Calcium Absorption a]ld
Calcium-related Benefits from Vitamin D et et

Active Vitamin D,

s rr®

Osteoclast >

01. Aids in the absorption of calcium and phosphorus in the small

‘Bone  Ca?*and HPO,>~  Parathyroid glands

intestine.

[ i i i | aleification Ca2*and H_PO.E‘ \‘ Intestine
02. Promotes calcium reabsorption in the kidneys, reducing the amount b BlllommmmphomusP/Abw.m

that is lost through urine.

03. Prevents calcium loss in bones.
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General

Ballgnce 1. Vitamin D 7) Causes of Vitamin D Deficiency

v~ Why Occurs

Age uf Pollution
Vitamin D synthesis decreases up to 75% in persons over . /an\ Pollution blocks UVB rays from the air.
ey 70 years old.
Hyperpigmentation - Time of Day
L4 1 ]
Increased amount of melanin pigment interferes with Exposure to sunlight with UVA index of 3
vitamin D synthesis or higher is needed to produce Vitamin D
Obesit O
esl . .
y h Altitude

Q
Because Vitamin D is fat-soluble, fats cells can absorb it. ] ]
At low-altitude locations, the atmosphere
Fat-soluble vitamins are stored in adipose tissue when they enter O L absorbs the UV rays

the body. For every 1% increased in body mass index (BMI), blood
vitamin D decreases by 1.15%.

o Sunscreen
ﬁ An SPF of 15 blocks 99% of vitamin D synthesis.
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General

Balance 1. Vitamin D
S’

7) Causes of Vitamin D Deficiency

v~ Latitude and Seasons

South Korea is not at a latitude where optimal vitamin D synthesis can occur. Vitamin D is difficult to synthesize except in the summer.

If you live above the orange line the sun might be too weak during winter/spring months to give
you enough vitamin D, above the red line it will be very hard to be sufficient in vitamin D without

food or supplements! image taken and modified a bit from:
http:/ /www.vitamindwiki.com/Review+of+Vitamin+D+Deficiencies+in+developing+countries+-+Oct+2011

Europe and Central Asia

(developing countries 24) Mo data
Insufficient
mast of the year
Insufficient
at least one month
East Asia and Pacific
i - ;%) (developing countries 23)
3 R oifll e s
X developing e :.]
: a3 I N
.1_ "' ' ¥ % Sufficient all year
LA
Wt M
7]
i Insufficient
at least one month

South Korea

37 degrees latitude

UV rays are less concentrated in higher latitudes. Persons living above 35 degrees north of the equator are usually able to optimally synthesize vitamin D only from late spring to early fall

—p A cause of vitamin D deficiency in South Korea

GCooP
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General

Ballgnce 1. Vitamin D 8) The Need for Vitamin D Supplements

The Healthy Eating Pyramid

01.
According to the 2020 Korean Nutrient Intake Guidelines

published by the Ministry of Health and Welfare and the Korean

CrAILY RALILTIV TARAIN
FLUS EXTRS VITAMIKN O
Far most peaple)

DAY {1-2 servings o =14
AMIN D/ EALCIUM SUFPLEMINTS

S e Dietetic Association, the average Korean diet does not contain

foods that provide optimal amounts of Vitamin D.

% - | B 02.

According to the food pyramid from Harvard T.H. Chan School of
Public Health's Public Health Dietary Guidelines, it is difficult to get

HEALTHY FATS/CHLS

L

DAILY EXERCISE & WEIGHT TORNTROL

enough vitamin D from food alone. It is recommended to take

vitamin D supplements when there is insufficient vitamin D from

naturally occurring sources.
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Conditions Caused by Vitamin D Deficiency: Rickets and Osteoporosis

The Effects of Rickets

Shorl Stature
(Stunted Growth)

Odd-shaped Skull

Spine Deformities

Odd-shaped Ribs

Pelvic Deformities

Wide Knea Joinls

Bowlegs

Wide Ankle Joints

Rickets

OSTEOPOROSIS

=7

SRS
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A
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@reb®
Crat]

;ll'?

".l ! -
.‘:a'*" Bone with
ot osteoporosis

Normal bone
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hormone

A hormone is a chemical that is synthesized and secreted by an endocrine
gland to regulate the physiology of a specific tissue or organ. Vitamin D is a

steroidal hormone that is synthesized by the skin in response to sunlight.

GCooP



Vitamin D was thought to be just for bone health and osteoporosis prevention.
Since then, it has been gaining attention in the medical community.

A number of shocking studies on vitamin D deficiency have been published.

It has been found that vitamin D not only affects the musculoskeletal system, but is also
linked to numerous diseases including cancer, cardiovascular disease, and diabetes.

Vitamin D tests have become more common

GCooP
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Balance
S’

2. Latest on Vitamin D Research 1) Vitamin D Deficiency and Disease

Ongoing Worldwide Research on Vitamin D

Colors indicate number of studies with locations in that region

Least T ost

1 abals aive axact stidv connt

2012~ -
oxtrapolated
2011 -
actual
Vitamin D Research
Exponential growth in research
How much evidence is needed?

Publication = PubMed search:

“vitamin d~ [Title/Abstract) ‘”H
.....unlulll“"””I"Il”““I|||I

$YIFB55CEEN BB ERNEEAEE

2300

2000

1300

1000

Number of Publications Per Year

= 106,065 clinical trials on vitamin D (2011)
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paniasay sIYBIY |1V d00DD 2202 @ LHOIMAIOD

F



General

Bg_lgnce 2. Latest on Vitamin D Research

1) Vitamin D Deficiency and Disease

New Research Suggests Vitamin D Affects All Diseases

LN

Regulation of cardiovascular
function and blood pressure

T Muscle strenght

{4 Vitamin D, synthesis

Lol
p! A
\ 7
-

R -
-

J PTH secretion

— —

Autoimmunity
Tolerance

Regulation of innate and
adaptive immune system

G —

- kA
T Calcium uptake !
¥
i
Bone and mineral

homeostasis

J, Proliferation
of cancer cells

i )

-:,Tl,

1 Calcium reabsorption
4 1a,25(0H),D, synthesis

J Diabetes and metabolic syndrome
T Insulin secretion

Diet Sunlight

\

Vitamin D
4 CYP27A1 (iiven

25 (OH)D (

lating form)

* CYP27B81 (kidney & other target organs)

1,25 (OH),D (active form)

CYP24A1

1.24,25 (OH),D
(metabolic degradation)

irget cells
cluding Prostate

VDR Target Genes g

Vitamin D from food or ultraviolet light is eventually converted to the
active form, 1,25(0OH)2D, which is transported in blood into the cells
where it is needed. It triggers specific protein genetic information in
the DNA to help synthesize the proteins needed for that organ. In
summary, vitamin D can affect disease prevention as it affects all cells

with a VDR, not just bones cells.
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General
Bg_’lance 2. Latest on Vitamin D Research 1) Vitamin D Deficiency and Disease
VITAMIN D DEFICIENCY . . . . s
Affects Every Part of the Body Vitamin D Is an Entlre'BOdy Hormone
Newly discovered processes of synthesis and metabolism
wne &,
S m
S C
Brain ) p
‘ e ? p 2
| 96 - v - O
g O |
Depéﬁﬁ?ﬁluﬁém;—'ew ! \ Vitamin Ds Intermediate form
e e B pneu%?ja?n - ARDS (cholecalciferol) 25-hydroxyvitamin D3
| uberculosis
osevlato, ;:“cr'e%

oes tm%

High Blood Pressure
Peripheral Artery Disease
Coronary Heart Disease
Atrial Fibrillation

Type 1 Diabetes

whusc/g Bone
Neuromuscular Pain Rickets
Weakness Osteoporosis
Imjury Fracture
[+
Infertility Cancer

Autoimmune Disease
Multiple Sclerosis
Psoriasis

Preterm Birth &
Prenatal Complications

O 7'

Kidneys Lungs Skin Ovarian Brain

Vitamin D receptors are present in each organ. They become active and "transcribe

genes" (make what they need). The medical community has been investigating the role

of vitamin D receptors in the body.

GCooP
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Balance
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2. Latest on Vitamin D Research

2) New Insight ©
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APPUCATION NOTE

Vitamin D biomarkers in plasma

208

Sensitive, reproducible itati
, Quantitation with
SOLA HRP 30 mg SPE for clinical research

Author: Matthew Frankin

Thermo Fisher Scientific, Runcorn, UK
Keywords: 25-hydroxysitamin D,,
25-hydroxyvitamin D,, SPE, solid phase
extraction, LC, vitamin D, bioanalysis, triple
Quad, quantitation, Vanquish Horzon UHPLC
system, MS/MS, Hypersi GOLD, VANQUISH,
G18, SOLA, HRP, 30 mg, HRP hydrophobic
refention, TSQ Quantiva, cinical research

Goal

Maximizing the sensitity of viamin D biomarker
quantiaticn asssy in human plasma by leveraging Themna
Scientific™ SOLA" HRP sofd phase exiraction (SPE}
Analysis carriod ot on the Therm Scientéic
Forizon UHPLE system and Therma Scantlic™ TSQ
Guantiva™ mass spociromeles with the Thormo Scientiic™
Fyporsi GOLD'™ VANGUISH™ C18 UHPLC column, 1.9 pm.
21 % 50.mm, o developing a s, robust, reiablo LC-MS

methed
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New Insight into the Action of
Hee-Jeong Choi*

Department of Family Medicine, Eulji University School

Vitamin D deficiency is now recognized as a pan
Traditionally, vitamin D has been associated prin
that adequate vitamin D status is important for oj
discovery has provided new insights into the acti
association between vitamin D deficiency and tt
diabetes, cancers, autoimmune diseases, and infec
Large randomized controlled trials are needed
diseases. Vitamin D deficiency and insufficiency
Recommendation of adequate vitamin D intake sh
In this article, I review its role in skeletal and ext
musculoskeletal system, cardiometabolic health, ir
and treatment of vitamin D deficiency.

Keywords: Vitamin D; Vitamin D Deficiency; Sunligt
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Recent advance on vitamin D

Hyun Ah Park, MD' - Soo Young Kim, MD™

Department of Family Medicine, 'Seaul Paik Hospital, Inje University Callege of Medicine, ‘Kangdong Sacred Heart Hospal, Hallym University
College of Medicine, Saoul, Korea

*Corresponding author: 500 Young Kim, E-mail: pdove@hallym.orkr
Received March [1,2013 - Accepted March 25,2013

min D is not only a nuirient, but also a hormone that affects the musculoskeletal system.
Recently, exiensive afiention has been drawn fo the autocrine and paracrine functions of
vitamin D Consequently, its exiraskeletal effect and its known effects on the skeletal system have
drawn particular interest The socioeconomic development and aging of the population of Korea
have also raised interest in dietary supplements. Because vitamin D deficiency is high among
Koreans, both physi and pati are gu ing whether vitamin D supplements are
needed. This review assessed the skeletal and exiraskeletal eficacy of vitamin D with regard fo
mortality, cancer, cardiovascular disease, and diabetes via an evidence-based approach. The
recent interest surrounding vitamin D can be expected to molivate many more studies on its
effects and adverse effects. and accordingly, the level of evidence and recommendations wil be
adjusted. Clinicians should familiarize themselves with updated evidence sbout vitamin D, and
must counsel patients with that evidence in mind.

Keywords: Vitamin D; Evidence-based medicine; Accidental falls; Osteoporosis;
Neoplasms; Mortality; Cardiovascular diseases

New research has proven that vitamin D is linked to a variety of diseases with the presence

of vitamin D receptors (VDR) in multiple organs within the body.
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American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN

The American Academy of Pediatrics

American Academy

. - s g advit
of Pediatric recommends 0
DEDICATED TO THE HEALTH OF ALL CHILDREN®" Folicy Sae | Journals Sie | Sections | Chapeers | MOGC 3
#* FEATURED -
- i 4
(NS - ) I
[ L J

In 2008, the American Academy of Pediatrics doubled the recommended daily intake for

vitamin D from 200 U to 400 IU for newborns to teenagers. To prevent vitamin D deficiency in healthy infants, children,
_ o o _ and adolescents, a vitamin D intake of at least 400 IU/day is

Announced at the American Academy of Pediatrics meeting in Boston on March 13. This e

change was since Vitamin D is not only important for maintaining healthy bones, but also in

unnecassary calls o vour office + Buy
) i Visit Member Centera
Cuirpren's Hearta Torics

AP Textbook of Adolescent Health

reducing the risk of many diseases, including cancer, diabetes, and heart disease.
NEWY and now availabie! The long- AAP BO STORE
anticipated AAP Textbook of Pediatric BLI!"!‘E'SGllidP

From asthma to immunization, find out more
about what A4F recommeands for your chilldrens

Reatn Adolescent Health Care i now in

* ADHD * DMzaster Preparedness and ready to ship. With a broad scope of over
. . * Autism " |mﬂ|?lﬂflﬂm§ 200 chapters, this comprehensive textbook

* Bright Futures  * Media provedes ustwoethy guidance Spanning every

* Broastfeading  * Dbesily aspect of adolescent health care. < Buy

+ Car Safety Seats + Stress

Find out i your chald is ebgible
for free or low-cost health insurance

m yous state: Insure Kids Now! tal Tl
Listen to experts PEdlan I.u’]_.”\
discuss children’s

Go to Health Topics o

"The new intake recommendations are targeted at babies who are exclusively

breastfed or who receive a combination of breast milk and formula and
children who drink little or no milk, who would need to get will need to take

a vitamin D supplement to meet the 400 |U/day requirement."
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TABLE 3. Vitamin D intakes recommended by the DM and the Endocrine Practice Guidelines Committee

Committes recommendations
quRt for patients at risk for
Life stage 10M recommendations wvitamin D deficiency
group Al EAR RDA UL Daily requiremant UL
Infants
Do months | 400 1010 kg 1,000 IL) (25 gegh 400-1,000 1 2,000 1
e‘“:\a‘\ a‘-’-““g & to 12 months | 400 L (10 wg) 15000 (38 ) A00=1,000 1 2,000
A .\ Pt Chadren
A pre s wical 5 7
ety O 0 MU MUl IRNem || sl e
3 Kales
a‘“°“‘ dﬂd‘
yalu . an BN F-13yr 000 (10 gl GO0 W15 pg) 4,000 I (100 ) 600 =1,000 1 4,000 8
k ei'\:.'\e“‘-‘f‘ . gerta™h st e 14-18 yr 400U (10 gl GO0 R (15 pg) 4,000 U {100 ) 001,000 1U 4,000 1
o ine A s ey 19=30 4000 (10 pug)  GOOW (15 pgl 4,000 (100 wg) || 1,500-200000 10,000 RJ
G“\de\\ 0 welke '\,eﬁ"’\'\ea Qs F1-50 47 400 {10 pg) GO0 R 15 pgl  4,0001L {100 peq) 1,500-2,000
eh & 3\“\"3{“‘\\@ Ro . m\wm?‘“ et 5170 yr 40010 eg) GO0 RIS gl 4000 0100 ) || 1,500-2,000 0 :
_cme\;'\,\a\\;‘:;‘ Ao paid _— “‘Eg“%‘\\i;“““qéa%:;:ga‘““‘giaska Fe:;;rluﬁ ¥ 4001010 gl SO0 R (20 pgl 4,000 10 (100 peq) 1,500-2,000 W Those at risk of
e Bh SR BT e : . o
w\\exmﬂ \pleat® N_;x\)aaagxg\xa\ium“\\:‘\S,‘\)‘\Nﬁf"“\g\,_\,\,\,0‘“3\*?7“\)‘)&5\ G-13yr 40010410 pg) GO0 R (15 pgl 4,000 1L {100 gq) 001,000 U vitamin D deflClency
o Contie T ae\oimei\\c‘g ue S ety sty 14-18yr 40010010 pg) 600 W (15 gl 4,000 IU {100 4eg) 600-1,000 1
ar ‘s\wﬁ‘ﬂ@m\“"ﬂm poson M, L0 e U1 19-30yr 40010 gl GO0 M5 ugh 4,000 000100 wg) || 1,500-2.000 0
B N CM Lt - 31-50yr 400U Q10 pg)  GO0ME(15 pg) 4,000 U {100 wg) || 1,500-2,000 0 ;
e, P e o S1=T0yr ADDI 10 ) GO0 R (15 gk 4,000 L0100 e 1,500-2,000 1 10,000 1
3 =70 yr 400 W {10 gl BOO W20 pgl  4,0001U (100 peq) 1,500-2,000 10,000 R
Pregnancy
14-18yr 400110 pg)  GOORIS pgh 4,000 10 (100 pg) a00-1,000 U 4,000 )
19-30r 400010 wg) GO0 B (15 gt 4,000 10100 wg) || 1,500-2,000 10,000 1
31-B0yr 40010 {10 wg) GO0 (15 pgl 4,000 10100 wgd || 1,300-2.000 0 10,000 1U
Lactation”
1418 yr ADD I ET0 jegg) GO0 RULTS gl 4,000 L0100 e 00-1,000 1 4,000 B
19=30yr ADD I 0 ) GO0 B (15 pgl 4000 1L {100 weg) 1,500 =2,000 0} 10,000 B
31-50 yr 400 W {10 gl GOORI 15 pgl 4,000 1L (100 jeg) 1,500-2,000 10,000 R

Al Adeguate imlake; EAR, edtimated serage regurement; UL, tolersble upper ntsos level.
* Mothes"s requirement, 4,000 -6,000 1L {mather's intake far mfant’s requirement if infant is nal recering 400 ILAd).

In June 2011, experts from the American College of Endocrinology issued new
guidelines for the diagnosis, treatment, and prevention of vitamin D deficiency. The
minimum recommended intake of vitamin D is 600 IU for people ages 19-70, 800 IU
for those over 70, and 600 IU for pregnant and lactating women. The guidelines also
emphasize the benefits of vitamin D in the treatment and prevention of bone

conditions and osteoporosis, as well as a variety of other diseases.
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Causal Relationship between Obesity and Vitamin D
Status: Bi-Directional Mendelian Randomization Analysis
of Multiple Cohorts

Karani 5. Vimaleswaran'”, Diane J. Berry'”, Chen Lu’, Emmi Tikkanen®*, Stefan Pilz>*, Linda T. Hiraki’,
Jason D. Cooper®, Zari Dastani”, Rui Li'%, Denise K. Houston'", Andrew R. Wood'?, Karl Michaélsson'?,
Liesbeth Vandenput'®, Lina Zgaga'>"%, Laura M. Yerges-Armstrong'’, Mark 1. McCarthy'®%2°,

Josée Dupuis™*', Marika Kaakinen®?, Marcus E. Kleber™®, Karen Jameson™*, Nigel Arden™>%,

Olli Raitakari*’, Jorma Viikari*®, Kurt K. Lohman®®, Luigi Ferrucci®*®, Hikan Melhus®’, Erik Ingelsson®?,
Liisa Byberg'?, Lars Lind®’, Mattias Lorentzon'", Veikko Salomaa®, Harry Campbell'®,

Malcolm Dunlop®***, Braxton D. Mitchell'?, Karl-Heinz Herzig®*****, Anneli Pouta®’, Anna-

Liisa Hartikainen®®, the Genetic Investigation of Anthropometric Traits (GIANT) consortium’,
Elizabeth A. Streeten'”, Evropi Theodoratou'®, Antti Jula®, Nicholas J. Wareham?, Claes Ohlsson'”,
Timothy M. Frayling'?, Stephen B. Kritchevsky'', Timothy D. Spector®®, J. Brent Richards'®*°,

Terho Lehtimaki®', Willem H. Ouwehand®*>“**%, pater Kraft”, Cyrus Cooper™, Winfried Marz**"%,

Chris Power’, Ruth J. F. Loos®, Thomas J. Wang®’, Marjo-Riitta Jarvelin®***“%, John C. Whittaker="*’,

Ta™

Aroon D. Hingorani®**3, Elina Hypp&nen
Abstract

Background: Obesity is associated with vitamin D deficiency, and both are areas of active public health concem. We
explored the causality and direction of the relationship between body mass index (BMI} and 25-hydroxyvitamin D [25(0H}D]
using genetic markers as instrumental variables (IVs) in bi-directional Mendelian randomization (MR) anakysis.

Methods and Findings: We used information from 21 adult cohorts (up to 42,024 participants) with 12 BMl-related SNPs
tcombined in an allelic score) to produce an instrument for BMI and four SNPs assocdiated with 25(0H)D (combined in two
allelic scores, separately for genes encoding its synthesis or metabolism) as an instrument for vitamin D. Regression
estimates for the Vs (allele scores) were generated within-study and pooled by meta-analysis to generate summary
effects. Associations between wvitamin D scores and BMI were confirmed in the Genetic Investigation of Anthropometric
Traits (GIANT) consortium (n=123,864). Each 1 kg/m” higher BMI was associated with 1.15% lower 25(0H)D
(p=652x10""). The BMI allele score was associated both with BMI (p=6.30x10"%%) and 25{OH)D (—0.06% [95% C1
—0.10 vo —0.02], p=0.004) in the cohorts that undenwent meta-analysis. The two vitamin D allele scores were strongly
associated with 25(0H)D (p=8.07 =107 for both scores) but not with BMI (synthesis score, p=0.88; metabolism score,
p=008) in the meta-analysis. A 10% higher genetically instrumented BMI was associated with 4.2% lower 25(0H)D
concentrations (IV ratio: —4.2 [95% C1 —7.1 to —13], p=0.005). No association was seen for genetically instrumented
25(0OHID with BMI, a finding that was confirmed using data from the GIANT consortium (p=0.57 for both vitamin D scores).

Condusions: On the basis of a bi-directional genetic approach that limits confounding, our study suggests that a higher BEMI
leads to lower 25(0HID. while any effects of lower 25(0HID increasing BMI are likely to be small. Population level
interventions to reduce BMI are expected to decrease the prevalence of vitamin D deficiency.

Please see later in the article for the Editors’ Summary.
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Figure 2. Meta-analysis of the BMI allele score association with BMI (n=32,391), and the vitamin D synthesis [7=35,873) and
metabolism (r=38,191) allele score association with 25(0H)D. 95% confidence intervals given by eror bars.
dol: 10,1371 joumal pmed. 1001383.9002

every 1-point increase in BMI, vitamin D levels decrease by 1.15%

GCooP



General
Bg_lgnce 2. Latest on Vitamin D Research 3) Newly Discovered Effects @

| Vitamin D and Obesity |

Vitamin D can lower weight, blood sugar via the brain, study
finds

Date:  June 23, 2014

Source: Endocrine Society
{a) Laleval hypolbalamis

Summary:  Witamin D treatment acts in the brain to improve weight and blood glucose (sugar) con- Symidrome

trol in obese rats, according to a new study. “Vitamin D deficiency occurs often in obese
people and in patients with Type 2 diabetes, yet no one understands if it contributes o
these diseases." said the study's principal investigator. A region of the brain called the
hypothalamus controls both weight and glucose, and has vitamin D receptors there.

Share: f w @ in ==

Moermnal

RELATED TOPICS FULL STORY Lsiilons
::fﬂl:-'r:::.:lﬂrl-.l:. Lﬂs;ﬂﬁs o B
Health & Medicine Vitamin D treatment acts in the brain to improve ;‘_'le"""""d"ul
yoothalames
> Diet and Weight Loss welight and blood glucose (sugar) control in obese
> Vitamin rats, according to a new study being presented
) Saturday at the joint meeting of the International () Ventromedial hypothalamio
> Vitamin D . R B saTHinoime
- Society of Endocrinology and the Endocrine
> Viiamin B Society: ICE/ENDO 2014 in Chicago.
Mind & Brain
“Vitamin D deficiency oocurs often in obese people and in patients
> Dieting and Weight Gontrol with Type 2 diabetes. yet no one understands if it contributes o ReSUItS
> NutonRean e e e S Sl D, o sy il
> Intelligence Medicing, Houston. “Our resulls suggest that vitamin D may play a Vitamin D was injected into the hypothalamus of the brain of obese rats for 28 days and compared
> Brain-Computer Interfaces role in the onset of both obesity and Type 2 diabetes by its action . . . .
in the brain * to a control group. The vitamin D group did not eat three times as much as the control group and
“The brain is the master regulator of weight,” Sisley said. A region . . . , . .
of the brain called the hypothalamus controls both weight and glu- lost 24% of their body weight in 28 days. In contrast, the control group’s weights did not change at
cose, and has vitamin D receptors there. . . . . .
In this study funded by the National Instiuiss of Health, Seiey and all. There are receptors in the brain's hypothalamus that vitamin D uses to regulate body weight and

partners at the University of Cincinnati delivered vitamin D directhy

reduce blood sugar. Injecting vitamin D into this hypothalamus has been shown to reduce weight
and lower blood sugar.
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National Institute of Health, Helsinki, Finland, 2007

| Vitamin D and Diabetes |

Analysis of 4,000 people followed for 17 years

Vitamin D conc.t Risk of Diabetes |

Serum 25-Hydro

itamin D Concentration

and $ubsequen| R):ZI‘(' of Type 2 Diabetes

Camanxa Matmua, usc
Paut Knex,
S MAstaat, P
Hani RISSANEN

Manrir A LAAKSONEN, M5C
JURKA MONTONEN, pip
AxTrn REUNANEN, D, D

U has been suggested that vitamin D re-
duces the ri pe 2 dubetes. The
finding that vitamin D defictency is as-
sociated with impaired B-cell function
and insulin resistance 1n animals (1,2)
and humans (3,4) is in line with that hy-
pothesis. In the only cohort study pub-
lished, the imake of viamin D
nts was inversely associated

st the developinen of ype 2 dubees
ce vitamin D3 intake covers only a

|1an of the total vitamin D available, the

D (250HD) on subsequent type 2 diabe-
tes incidence.

RESEARCH DESIGN AND
METHODS — Thc scudy population
collected from 1978 Lo 1980 as part of the
Mini-Finland Health Survey (6), con-
sisted of +423 men and women aged
4060 years. After exclusion of 247 indi-
viduals with type 2 diabetes at bascline
(ie., fasting plasma glucose >7.0 mmal/l

o eccasions of >11.0 mmold on a
single occasion) and 79 individuals with
missing values of serum 250HD, the final

ple size was +,097. Data on educa-
tion, smoking, leisure-time exercise, and
hypertension medication were collected
in a healt (6). Height,

follow-up, 187 incident type 2 disbetes
cases were idenuified from a nationwide
regsiry of patients receiving medication
reimbursement (7), and these cases were
linked to the study population by the
unique social security numbers assigned
to Finnish cit
thm: risks of type 2 diabees be-
riles of serum 250HD, ad-
{isizd Dok coaraining e, waie
ated using Cox's model. The fol-
up time was defined as the time [rom
the baseline examination 1 the date of
type 2 diabetes oceurrence, death, or end
of follow-up—whichever came first. Four
models were defined (Table 1). The ca
olaons were perorsned wish SAS (ver-
sion 9,13, SAS Institute, Cary, NC).

RESULTS — The proportion of men
was 47%, the mean age 53 years, and the
mean = 5D serum 250HD concentration
436+ 19.5nmol. The correlation coef-
ficients between serum 250HD and ty &G

Trom ~0.13 100,21 Paricipans I the

e had lower

Mis than those in the Jowess quarale
(26.0 vs. 26.4 kg/m?, Py,

0.001). Alter adjustment fof age, séx. .

the month when ihe hluud samples were

llected. inverse

weight, and blood pressure were mea-
sured. and blood simples were collected
and siored a1 ~20°C. In 20032004, ra-
diotmmunoassay (1 RIA lat, DiaSorin,
Stillwater, MN) was used 10 assess serum

SOHD in thawed samples. The coelfi-
cient of vartation for serum 250HD var-
8 10 13%. During 17 years of

From the Mational Public Health Instkate, Heb

cortespandence and reprant requests o Tl
et 166 00300 Helank, Fiid. el sl kel
2 ety 2007 i et v o

Recetved for publi

v e

Esosciation was eerved befueen senum
SOHD concentration and incidence of
type 2 diabetes. The relative risk (RR) be-
tween the highest and low
250HD quartile was 0.60 (95% C10.36—
0.98; P,,,,,; = 0.01) (Table 1). This assa-
ciation was attenuated after further
adjustments for BML, leisure-time exe

ttonal Public Healis nstituie. Mansie.

ABbrevisions: J50HD. 25 ydrcxyrirein D

y 2007
2 July 2007. DOL 10 233714070292

KA it i e v Systbine Iiternational (S1) '
ctors lor many substan

© 2007 by the American Disberes As

r e R ——
mirhed aerscment aen T et T3 oy b e

cise, smoking, and education .RR 070
597% CLOA42-1.16]; Pyyng 07). The

rclusion of blood pressure or exclusion
ol the Bt 5 s o Tllow s 441 ot
otably s the el

CONCLUSIONS — W found = sig-
nificant inverse assoctation between sa-
rum 250HD and risk of type 2 diabetes in
the simple model. However, the associa
Hon was gsemare i e kbt
analysis. adjusing for povenal 1
tors ol type 3 dalstes, To our koeiodge,
this is the first cohort study investigating
the association between serum 250HD
and incidence of type 2 digbetes. Out re-
sults are in line with those from the
Nurses' Health Study (5), where an in-
werse association was observed for the in.
take of vitamin D supplements. We could
not differentiate whether the results de-
pended on the effect of vitamin D defi-
ciency on B-cell function or on insulin
resisance
The strengths of this study include its
longitudinal design and the use of serum
50D concentration 2s an indicatar of
vitamin D status, reflecting vitamin D ob-
tained from diet, supplements, and cuta-
neous synthesis (8). Also, several
limitations are related 1o the usé of serum
SOHD. First, 250HD levels in one indi-
vidual fluctuate from one scason 1o an
other. Blood samples were collected only
once, and this took place throughout the
year except for high summer, which
mean that the 250HD levels for individ-
uals might not be fully comparable. How-
ever, adjustment for ume when blood
samples were collected did not notably
change the results, Second, the serum
samples were stored at —20°C before as-
sessing J50HD. It cannot be excluded
that the 250HD coneentrations might
have changed during stora
study (10), the average plas:
concentration was significantly lowered
storage a1 —18°C, whercas an-
other study (11) did ot observe any no-

P lor rend,

=408tandn= 14,

ke for Calctum, Phosphores,
am, Vitarin D and Fluoride. Wash-
DC. Natioral Academy Pres,

{Chapuy MC, Dawson-Hughes B,
Holic MF: Anintemational com-
of serum 25-hycroxyitamin D

Osteoporos It 39437

IRL, Thomas MJ, Craswell PW: As

deiferol and 25-hydroy-
ol in human serum o phsta
381:53-61, 1980

Our earlier s
gu()dsublhl)' for selenium and a-tocoph-
erol (12), which gives indirect evidence
about the sability of 250HD in our se-
rum samples. Third, we observed low av-
erage serum 250HD concentrations
comparcd with those of other cohorts

Diases Care, voctwe 30, ssce 10, OCTonEs 3007

proves impaired ghcose oleranceand

e

FaNB. Insttute of Medicine: Dietary Ref-

lung, cancer? Am J Epidemiol
5.0m, 1008
JAC, Dawson- Hughes B, Calvo Ms,

L. Bone 3077

JE, Skeall CM, Willans SM,

ye:
1713821389, 2000
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Vitamin D has been shown to be involved in the enzyme

AMPK, an enzyme that reduces insulin resistance.
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Studies using human cells and laboratory mouse models
have shown that vitamin D is useful in treating damaged
beta cells.

Enhanced vitamin D activity inhibits the progression of type 2 diabetes in animal
models. On the left are the damaged insulin-positive beta cells (red) in the pancreas of
a rat with diabetes. On the right, the beta cells are protected by the combination of
vitamin D activator and BRD9 inhibitor.

Vitamin D Switches BAF Complexes

to Protect B Cells

Zong Wei," Eiji Yoshihara,” Manhai He," Nasun Hah,” Weiwei Fan,” Antonio F.M. Pinto,* Timothy Hu:ldy ¥uhao Wang,®
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SUMMARY

A primary cause of disease progression in type 2 dia-
betes (T2D) is B cell dysfunction due to inflammatory
stress and insulin resistance. However, preventing
B cell axhaustion under diabetic conditions is a major
therapeutic challenge. Here, we identify the vitamin D
receptor (VDR) as a key modulator of inflammation
and B cell survival. Altermative recognition of an
acetylated lysine in VDR by bromodomain proteins
BRDY and BRDY directs association to PBAF and
BAF chromatin remodeling complexes, respectively.
Mechanistically, ligand promotes VDR association
with PBAF to effect genome-wide changes in chro-
matinaccessibility and enhancer landscape, resulting
i an anti-inflammatory response. Importantly, phar-
macological inhibition of BRDY9 promotes PBAF-
VDR association to restore B cell function and amelio-
rate hyperglycemia in murine T2D models. These
studies reveal an unrecognized VDR-dependent tran-
scriptional program underpinning B cell survival and
identifies the VDR:PBAF/BAF association as a poten-
tial therapeutic target for T2D.

INTRODUCTION

Already at epidemic proportions, the incidence of type 2 dia-
betes (T2D is expected to continue largely unabated over the
coming decades. Initiated by nsulin resistance, | cell dysfunc-
tion is characterized by defective insulin secretion, endoplasmic
reticulum (ER} stress, eventual # cell loss. and dissase progres-

at al., E iy
proaches are cleployen o combat hyperglycemia, few {if any)

treatments. directly target |5 call pathogeneais. Thus, long-term
control of disease progression remains & penaistent challange.

Although the molecular underpinnings of obesity-induced
B cell dysfunction are poorly understood., progress iz being
made. Increasing evidence linka inflammation and specifically,
the innate immune response of pancreatic isiets to metabollc
stresa, to T20 pmq;essuon [{n] =
ichoy n in parhc:ular_
nﬂammam stress associted with Incressed Interisukin g
L1 and other cytokines reduces insulin secretion and leads
to [ cell damage and kess of kentity (Herd . Block-
ing IL1 3 signaling by antagonists has shown rnol:lest |5 cell func-
tional mp{overnem alt*uougn the long term efticacy remains to
be detesmined (Donath et al., 2013

While witamin D i wlceiy knowen: fior its rode in bone homeosta-
sis, interest in its anti-inflammatory potential continues o grow.
In addition, epidemiciogical and human genetic atudies ||nkmg
vl!amnn D and the VDR to both type 1 and 2 diabetes (Tz
suggest & potem.al :nerapeu'c role in nuabetes

ar 2 )

Indeed, vitamin o supnlernents are claimed to reverse many
diabeatic pheﬂotypes in TID rodent models by supp!eesmg

for roclentsa has yat to be establiahed (Takiiah
Distinct from the general role in suppreasing Done{!err\-ecl |nr|ele
and adaptive immune cells, tha function of VDR in fi cella remains
unclear. Moreover, arnougnVDFlnasbeensnnnntobemvnwed
In anti-inflammatory responses in various contexts (D
man et al_, 2014), how VDR reaponds to s:gnals aﬂa
Initt the downsfream transcriptional cascade at the chro-
matin level remains largely a mystery.
Bromodomain-containing proteins 7 (BROT) and 9 (BRDY) are
closaly related members of a diverse nuclear and cytoplasmic
I‘amlly of pfoinms that recngmzn acetylated lysines
p ). Interestingly, BRDO has
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| Vitamin D and Diabetes |

Clinical trial in Koreans, jointly published by Seoul National University and Harvard Medical School, USA, 2013

©.30—
R "DWL__’ BIOOd Ievel under 10ng/mL 25(0H)D ng/mL mmm
b e
©.25
1.84 3.22

Model 1 1

5 ©.20— fa?;sﬂngnﬁc—V Blood level under 10-19ng/mL
% 015 Model 2 1 18 3.25
E 0 10— Model 3 1 2.06 3.23
(=]

0 05—

—>
Blood level under 20ng/mL *MV : Age, gender, tobacco and alcohol use, exercise level, lifestyle/hypertension/hyperlipidemia
©.00— Model 1 : considers MV

Model 2 : considers MV and obesity
Model 3 : considers MV and obesity, insulin resistance (IR) and insulin secretion rate (IGl)

8
8
3
£
&1

Time (months)

FIGURE 1. Kaplan-Meier plot for incident type 2 diabetes according
o 25(0OH)D smms: <10, 10-199, and =20.0 ng/ml. 25(0H)D, 25-
hydroxyvitwmin [ .
* Blood level of 20ng/mL classified as normal

Those with lower blood vitamin D levels are more likely to develop type 2 diabetes.
Even without risk factors such as obesity, high blood pressure, or high cholesterol,
low blood vitamin D levels have been shown to cause type 2 diabetes. Low vitamin D levels were associated with a 3.2-fold
increased risk of diabetes after 5 years.
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Balance 2. Latest on Vitamin D Research  3) Newly Discovered Benefits (3

| Vitamin D and Hypertension |

Increased
Blood Pressure

Role of Vitamin D
Inhibits renin and angiotensin Il, maintains vascular elasticity,
secretes vasodilating factors, inhibits blood pressure rise

Over 30 ng/mL 1.0 . .
2 Blood vitamin D conc. |

2.67 times the risk of

Over 15 ng/mL >
hypertension

2.67

| A collaborative study including Oxford University Medical School, UK |

‘_ Author manuscript
- Lancet Diabeies Endocrinol. Author manuscript; available in PMC 20135 September 25.

Published in final edited form as:
Lancet Diabetes Endocrinol. 2014 September ; 2(9): 719-729. doi:10.1016/S2213-8587(14)70113-5.

4 HHS Public Access

Association of vitamin D status with arterial blood pressure and
hypertension risk: a mendelian randomisation study

A full list of authors and affiliations appears at the end of the article.

Summary

ground—Low plasma 25-hydroxy D (25[OH]D) concentration is associated with
high arterial blood pressure and hypertension risk, but whether this association is causal is
. Weused a ion approach to test whether 25(0OH)D concentration is
causally associated with blood pressure and hypertension risk.

In this mendel ion study, we d an allele score (25[OH]D
synthesis score) based on variants of genes that affect 25(0H)D synthesis or substrate availability
(CYP2R1 and DHCR?), which we used as a proxy for 25(0H)D concentration. We meta-analysed
data for up to 108 173 individuals from 35 studies in the D-CarDia collabaration to investigate
associations between the allele score and blood pressure measurcments. We complemented these
analyscs with previously published summary statistics from the Intemational Consortium on
Blood Pressure (ICBP), the Cohorts for Heart and Aging Rescarch in Genomic Epidemiology
(CHARGE) consortium, and the Global Blood Pressure Genetics (Global BPGen) consortium.
Findings—In phenotypic analyses (up to n—49 363). increased 25(0H)D concentration was
associated with decreased systolic blood pressure (8 per 10% increase, 0-12 mm Hg, 95% CI
—0:20 to —0-04; p—0-003) and reduced odds of hypertension (odds ratio [OR] 0-98, 95% C1
0-97-0-99; p=0-0003), but not with decreased diastolic blood pressure (B per 10% increase, —0-02
mm Hg, —0-08 to 0-03; p=0-37). In meta-analyses in which we combined data from D-CarDia and
the ICBP (n=146 581, after exclusion of overlapping studics), cach 25(0H)D-increasing allele of
the synthesis score was associated with a change of —0-10 mm Hg in systolic blood pressure

Vitamin D deficiency was associated with hypertension in
140,000 subjects tested. For every 10% increase in vitamin D
levels, the risk of hypertension decreased by 8%.

GCooP

"paniasay sIYbY ||V dOODD 2202 © LHOAIOD



General
Ba\lgnce 2. Latest on Vitamin D Research 3) Newly Discovered Benefits @

@ Vitamin D reduces muscle pain
Blood Vitamin D Conc. (ng/mL)

Common Side Effects of Hyperlipidemia Medications Risk of statin-related muscle disease Under 20 Under 30

. . 62.10% .609
Statin drugs, the most common class of drugs used to treat high 17.60%

blood cholesterol, can destroy muscles. It initially causes muscle
pain but can also cause kidney disease (kidney failure) and death.

@ Hyperlipidemia Medication (Statin) + Vitamin D - Increased Effect

* Injection of Atorvastatin (45 mg/day)

The more myoglobin, the darker the meat

Blood vitamin D conc. (ng/mL) No vitamin D used 800 IU vitamin D used
Total Cholesterol (mlg/dl) 169 157
LDL Cholesterol (mlg/dl) 97 83

@ Vitamin D deficiency is associated with higher amounts of triglycerides

Triglyceride level based on Blood Vitamin D Level

Active vitamin D Conc. 21.03 ng/mL 37.06 ng/mL

Gasoeges Frsdench 1o LawaSomrsos Sources . Dv. Daenes L Flitohes. Ursvernsty of Cormactroull. Unseansty of Llosdans Alwmsouia

irnitencs Bbl Livirarsity Triglyceride level 159 mg/dl or higher 32.80% 23.80%
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Bg_lgnce 2. Latest on Vitamin D Research

3) Newly Discovered Benefits ®

| Vitamin D and Immune System |

1.25(0H),VD,

I (=) TH1 cell response TH cell activity
(+) TR1 cell response (indirect effect)

o ey

Monocytes and Dendritic cells

Effector or memory T cells B cells
macrophages (~) Maturation (=) IL-2, INFy, IL-17 (=) Proliferation
(-1 (-) MHC Class Il (~) Cytotoxicity (+) lgG, IgM production
(+) Proliferation (-) CD40, CD8O, CD86 (-) Proliferation () Plasma cell
(+) Cathelicidin () IL-12 () CD4+/CD8+ rate differentiation
(+) VDR, CYP27B1 (+) IL-10 (+) IL-4, IL-10 (+) VDR
(+) TR1 cells and (+) CYP24A1
(-) = Decreases VDR = Vitamin generation of TReg

(+) = Increases D receptor

Vitamin D affects immune cells, macrophages, T-cells (cellular
immunity), and B-cells (humoral immunity), Dendritic cells (most
important for immune cells).

Medscape

Microbe

Upregulation of
Tu-hydroxylase
expression

1.25(0H )0

Macrophage

cell surface

TLR2/ \‘
lipopeptide Upregulation of l

complex VDR expression

Cathelicidin )

produced by
vitamin D

Cathelicidin-induced killing or microbes
e.g. Mycobaclerium fubercuiosds

Source: Curr Opin Allergy Clin Immunel @ 2012 Lippincott Williams & Wilkins

When a virus or bacteria invades and binds to the TRL receptor on the cell membrane,
it triggers the inflammatory signature factor NfkB, which triggers vitamin D to activate
genes that trigger the endogenous immune system to synthesize cathelicidine, a
natural antibiotic. The antibiotic kills atopy-causing staphylococci, which can help

improve atopic conditions.

GCooP
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General

Helps Reduce Asthma

Vitamin D deficiency leads to more patients with severe asthma

25(0H) conc. (ng/mL) 30+ 20-30 |Under 20| Pvalue

Patients with severe asthma 50 % 74 % 91.4% 0.02

Balance 2. Latest on Vitamin D Research 3) Newly Discovered Benefits ®
Helps Prevent Pediatric Otitis Media
Placebo Vitamin D3 P value
Initial blood
vitamin D levels 25.8ng/mL 26.5ng/mL <0.001
ANTRICRODIAL RESPONSE e Blood vitamin D levels
 25(0H)D, .:Z‘}';m;::: e 25(0H)D, after 4 months 18.7ng/mL 36.2ng/mL <0.001
Dofensin (4 LS (G oHase " P
Irlﬂi;:_l?w]—lgrv ﬁiﬁewwemwnm Wz \ 1& 4 Change in vitamin D level 7.1ng/mL 9. 7ng/mL <0.001
‘ Cotes C“,"’\f'c com;\t Onset of non-refractory
/ _ é 7 acute otitis media 50% 17.2% <0.001

aunga 1uOHase

‘c \‘ JER ooing
TARGET TISSUE m ar
G|

ADAPTIVE
IMMUNITY

Helps decrease Th1 (triggers asthma) and
Th17(triggers inflammation). Helps
regulate T-cells that suppress
hypersensitivity.

Criteria for severe asthma: 21 mg/day inhaled or
oral corticosteroids

For pediatric otitis media, supplement of 1000 IU of vitamin D
for 4 months reduced the recurrence rate of otitis media from
50% to 17%.

Helps Reduce Atopic Symptoms

Helps Increase Respiratory Function

Jan.- March 2010 2000 IU vitamin D/day (3 months)
Double-blind trial Before After P Value
Blood 25(OH)D Range 4-15 5-24 0,001

ng/mCjlevel Avg 7.43 13.05 '
Avg 26-78 10-49
SCORAD Index 0.001
Range 4512 19.90

Increase in vitamin D level can improve respiratory function
25(0OH)D conc. (ng/mL) 30+ 20-30 |Under 20| P Value
Avg age 474 46,1 54.1
% with obesity > 30 33.3% 41.1% 44 4%
Function (FEV1 %) 81.6% 73.4% 68.4% 0.08

Taking 2000 IU vitamin D every day for 3 months reduced the area
affected by eczema and reduced SCORAD Index (eczema index)
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Vitamin D Level

Disease Incidence Prevention by Serum 25(OH)D Level

Serum 25(CH)D, ng/ml | 6 | 8 |10 12 14 16 18|20 22 |24 |26 28 (30 |32 34 36 38|40 42 44 46 48|50 52 54 56 58|60 62 64 |66 68

= - - 40-60 ng/ml suggested range - — p=|

Studies of Individuals

Cancers, all combined 77% with calcium

Breast Cancer 30% 83%

Ovarian Cancer 12% 17%
Colon Cancer 3% 38% | ﬁ 60%

12% - 18%

25% 66%

MNon-Hodgkins Lymphoma

Type 1 Diabetes

Fractures, all combined

Falls, women

72% I

] Multiple Sclerosis

Heart Attack (Men)

-
L]
"
Serym Referende Lpve

30%

Natural Experiments

Kidney Cancer 23% 49%

Endometrial Cancer 37%

Rickets 50%
99%
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2) Vitamin D Test

il AL U= :
L matoc! : nDCUﬂ\bﬂ‘
H%hmruh"‘ (1068

Jood 925

i

@@ ©

Most Koreans are
vitamin D deficient
(15~18ng/ml)

Vitamin D Test

- Vitamin D test done with a blood test
- Blood vitamin D levels can be accurately monitored

- Vitamin D deficiency: blood vitamin D level < 20ng/ml

25-OH Vitamin D Blood Test Results

- under 10ng/ml : severely deficient
- 10-20ng/ml : deficient

- 20-30ng/ml : below average

- more than 30ng/ml : average

- 40-70ng/ml : optimal

- 150ng/ml : intoxication

HIEFRI D HAHZ DL Ol A])
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Bg_lgnce 3. Intake Guidelines 3) Recommended Daily Intake

Daily Value of Vitamin D in South Korea Recommended Daily Values

§ Vitamin D ug/day i
Sex _Age Avg intake Rec. intake Adequate intake UL
0-5 (mo) , 5 25 Category Daily Value Source
Infants e = S y
Child 2o ; = " Infants, children, |
ildren i

= | | = =5 nfants, children, 4001U American Academy of Pediatrics (APP) (2008)
6-8 yr) 5 40 adolescents
9-11 | [ 5 60 i

12-14 10 100 Korea Women's Health and Osteoporosis

Male 15-18 | 10 100 Foundation

19-29 | 10 100 Adults & Korean Osteoporosis Society

30549 . 10 100 Pregnant Women 800U Korean Society of Obstetrics, Gynecology
50-64 | [ 10 100 and Endocrinology

654 | | 15 100 Join Enactment Recommendation (2011)
75 + | 15 100

6-8(yr) 5 40
9-11 5 . 80 Adults 50+ & 800-1.000 IU Korean Society of Bone Metabolism

¥
12714 | 10 100 Menopausal Women Bone Health & Osteoporosis Foundation
Female 16-18 | 10 100 (NOF) (2014)

19-29 | | 10 100 [ T i

i | ! 10 100 'lelted 2 000 U International Osteoporosis Foundation
50-64 ; _ 10 100 Sunlight Exposure : (I0F) (2010)

65-74 | 15 100 |

75+ | 15 100

Pregnant . +0 100 Vitamin D deficient 1.500-2.000 U Endocrine Society (2011)
. ’ £ y
Breastfeeding | +0 100 30ng/m| or less

10mcg = 400IU / 100mcg = 40001U

Several studies have recommended 800 to 1,000 IU of vitamin D per day
. for the average adult, but for those with increased indoor activity,
Adequate intake : amount required to maintain health sunscreen use, and limited sun exposure or blood vitamin D levels of
30 ng/mL or less, 2000 IU per day is recommended.

Tolerable upper intake level (UL) : maximum level of intake with no harmful effects
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Ba\lgnce 3. Intake Guidelines 4) Intake Guideline @

After Vitamin D Testing *Vitamin D levels should be measured every 6 months to determine doses based on desired vitamin D level.
Blood vitamin D level 10-20ng/mL Blood vitamin D level 20-30ng/mL Blood vitamin D level 30-40ng/mL
Goal Daily Intake Goal Daily Intake Goal Daily Intake
20 ng/mL 500 1U 30 ng/mL 600 U 40 ng/mL 800 IU
30 ng/mL 1,7001U 40 ng/mL 2,000 IU
40 ng/mL 3,200 1U S0 mgnl 2500 1Y
50 ng/mL 3,700 U
50 ng/mL 4,900 U 60 ng/mL 4,600 1U
60 ng/mL 7,000 IU S0 MY 00
70 ng/mL 9,700 IU 70 ng/mL 8,600 IU 70 ng/mL 7,300 IU

Statistically, taking 1,000 IU of vitamin D daily for 3 months will increase blood vitamin
D level by 10 ng/mL

ex) If starting at 20ng/mL, take 2,000 IU for 3 months to reach 40ng/mL
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Bg_’lance 3. Intake Guidelines 4) Intake Guideline @

No Vitamin D Test or Long-Term Supplement Intake

- 4,000 - 5,000 IU daily intake for 6 — 12 months
- After 6 — 12 months, 2000 IU daily is recommended for maintenance
- Blood vitamin D levels will drop again if 2000 1U daily intake is discontinued

5,000 1U Daily Intake Group 10,000 U Daily Intake Group
™
L]
"o
0 o 0 o S
:E 100 . ., 5-month intake of 5,000 IU daily ? @ e. ! __-,..{-;-r?“"':"g“;" 2t o OK 5-month intake of 10,000 IU daily
5 - s AT P * X -
E » ‘_.,,'.---"“". """" AR T increases blood vitamin D levels to E w{ -':"'i"*“'f_“*“f“ increases blood vitamin D levels to
g s ::.:i‘ : the normal range of 40 ng/mL. B i 4--*3-!-:-—--{*5--'---‘"‘--- the normal range of 60 ng/mL.
L :_‘____‘ --__'_‘.T___q. ______ i KR ] '.n . ] . .
K - o ¥ il Increases to 60 ng/mL after 10 a ol Continued supplementation pushes
~ N
- :,/ months. ] blood vitamin D levels to maximum.
. ° s 19 5 0 i 50 °1a 4 0 M » = 0
Months ;
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OPEN a ACCESS Freely available online

5) Concerns of Overconsumption

G PLOS |one

The Importance of Body Weight for the Dose Response
Relationship of Oral Vitamin D Supplementation and
Serum 25-Hydroxyvitamin D in Healthy Volunteers

John Paul Ekwaru', Jennifer D. Zwicker?, Michael F. Holick®, Edward Giovannucci®, Paul J. Veugelers'~

1 School of Public Health, Uni f Alberta, Edmonton, Alberta, Canada, 2 School of Public Policy, University of Calgary, Calgary, Alberta, Canada, 3 Section of
Endocrinology, Nutrit iabetes, Department of Med School of Medicin ssachusetts, United States of America, 4 Harvard Scheol
of Public Health, Departments of Nutrition and Epidemiclogy, Boston, Massachusetts, United States of

Crombiad

America
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Fistwd enlasonatip o s af 1,265 svbesind
fou 22,214 pents of ol 17,614 {sew Figuem 1)

17,000 subjects followed for 5 years in Canada (2009-2013)

5,000 U intake for 5 years maintained blood vitamin D levels around 40 ng/mL.

Even with high intakes, blood levels remained steady rather than continuously

rising.
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10,000 IU daily is still safe
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15 studies of adults
receiving vitamin D
supplementation
(means)

A 8 studies reporting
toxicity (individual
values)

10,000 100,000 1,000,000
Vitamin D Intake (IU/day)
cu ll.'. ORC mm™™ ™
* Hatheock JN et al. Am J Clin Nutr. 2007;85:6-18,

Graph shows that exceeding blood vitamin D level of 100 ng/mL is difficult

Even with high IU intake for multiple months.
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Ballgnce 4. General Information 1) Synergistic Supplements

Vitamin D can help calcium uptake

Calcium supplementation can lose effectiveness without sufficient vitamin D.
The active form of vitamin D, calcitriol, helps the body absorb and utilize calcium.
Korean Food and Drug Safety Administration has recognized vitamin D as

“necessary for the absorption and utilization calcium and phosphorus.”

General

Balance
General
Balance - Y
| ool wEE
| e Raiue
*1g !l&ﬁi General Balince o i
woug . < B
S
el alance ull:f;_,
Magnesium i
]
= e
€} T
= #.-J:
= e B
o]
SN—r
— %.;7}

Combine with fats like omega3 for better absorption

Vitamin D is a fat-soluble vitamin. When looking to take vitamin D supplements,
a healthy fat supplement such as omega3 can help increase vitamin D absorption.

When cooking food with vitamin D, it is recommended to use high quality oil.

General

Balance

|2 g A
YE UE|X| QHD}3

General Balance

Red rTG Omega3 '

L.
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4. General Information 2) FAQ

Q.

Is Pharmaceutical Active Vitamin D or Supplemental Vitamin D more Effective?

99.95% of Vitamin D in the blood exists in its intermediate active form. The remaining 0.05% becomes active form vitamin D after
being converted in the liver. Most cells in the body take up the intermediate active form for use, so it is not necessary to take
active form vitamin D supplements as the active form is only effective in fulfilling calcium-related functions and cannot fulfill the
other recently discovered roles.

Is Natural or Synthesized Vitamin D more Effective?

There are two major forms of vitamin D. Vitamin D3 (synthetized by the body from sunlight) is better absorbed by the body and
more effective than Vitamin D2 (natural). Vitamin D2 is usually derived from yeast or mold.

If | currently take calcium supplements, are vitamin D supplements still necessary?

The body maintains a constant blood calcium concentration (calcium homeostasis). When vitamin D levels become low and the
amount of calcium absorbed into the bones decreases, bone calcium enters the blood stream, which can weaken the bones. It is
recommended to take vitamin D supplements as optimal blood vitamin D levels cannot be met from food alone.

Which foods and how much of it is the daily recommended allowance for disease prevention?

1,000 IU of vitamin D3 is roughly 40 eggs, 10 cups of milk, 3 salmon, or 4 tablespoons of cod liver oil. It is not recommended to
eat the foods above in listed quantities daily as it increases the risk of hyperlipidemia. Supplementation is recommended.

GCooP
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Bg_’lance 4. General Information 3) Recommended for

Those looking for a quality vitamin D3 supplement

Those looking to boost calcium absorption in their bodies

Those who are lacking adequate sunlight exposure

Older adults looking to improve bone health

Those who are vitamin D deficient and wish to raise blood vitamin D levels

Those with certain conditions that may disrupt vitamin D absorption in their bodies
Those looking to maintain an optimal blood vitamin D level.

Those looking forward to the newly discovered benefits of vitamin D, excluding bone health.
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5. Product Introduction

1) General Information

General
Balance

R EEETEPN
H|E}T

General Balance

Vitamin

Product Name
Product Type
Net Wt.

o Suggested Use

Ingredients

Storage Instructions

Supplement Facts

General Balance Vitamin D

Dietary Supplement

400mg * 60 tablets (249)

Take 1 tablet daily with water

Vitamin D3 mixed formulation, Dextrin, glucose,
Corn starch, Chicory root extract powder,
Rapeseed oil, Corn protein extract

Store in a cool, dry place away from sunlight

[Vitamin D] Assists with the absorption of calcium and
phosphorous within the body. May improve bone health.

Daily Serving Size : 1 Tablet (400 mg)

Amount Per Serving % Daily Value*

Calories 1 kcal
Carbohydrates 0g 0 %
Protein 0g 0 %
Fats 0g 0 %
Sodium 0 mg 0 %
Vitamin D 50 49 500 %

* % Daily Values are based on a 2,000 calorie diet.
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Ba\/lance 5. Product Introduction 2) Product Features

DSM

BRIGHT SCIENCE BRIGHTER LIVING.

% Daily Value 500% (2000IU)

A formula based on the latest vitamin D research.

Excipient Free

No silicon dioxide, magnesium stearate, HPMC, synthetic flavors or colors.

Vitamin

GCooP
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