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1997 Dietary Guidelines Vitamin D: DRI

« Adequate Intake ( Al) :

<] to 50 years -- 5 ug/Zd or 200 IU

51 to 70 years -- 10 pg/d or 400 1U

e 71 to 90 years -- 15 upug/7d or 600 1U

e Pregnancy/Lactation -- 5 ng/Z/d or 200 1U

 Tolerable Upper Level (UL):

e 0tolyear--25pug/7Zd or 1000 1U
1 to 90 years - - 25 ug/Zd or 1000 1U

1993 FDA Labeling Guidelines : RDI/DV

« Reference Dalily Intake (RDI)
e Daily Value - - 10 ng or 400 1U

Copyright 2007, Mona S. Calvo, mona.calvo@fda.hhs.gov



For many North Americans poor vitamin
D status resulting from inadequate sun

exposure, can not be optimized to
g levels

B associated

| with disease
B prevention
by current

B food
fortification
| or dietary
supplement
use that
follow the
DRI’s.
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Solar UV Risk Factor Considered by DRI as a Significant
radiafion Absence of Sun Exposure:
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Effects of Latitude and Season: Cities

of Vitamin D Wintero
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Solar VB | A significant risk factor for
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absence of sun exposure not
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Measurement of Vitamin D
Status

Level associated with
reduced risk of disease

Optimal
Vitamin D
Status

Vitamin D Vitamin D Insufficiency
Deficiency I I

]
0---20----30----5

Serum 25(0O

Insufficiency Cut-off Values:
37.5 nmol/L
40.0 nmol/L
50.0 nmol/L
80.0 nmol/L

Adapted from: Heaney, R.P. (2003) AJCN. 78:912-9109.
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Adeqguate Vitamin D Intake Does Not
Prevent Wintertime Vitamin D
Insufficiency Iin Young Canadian Women

Seasonal Median Serum 250H D Levels
Grouped According to Vitamin D Intake

80
\ 60

250HD,
\ 40 nmol/L
-20

0 O Winter

No vit D 0.5-5.0 >5.0 O summer

Classification of Total Vitamin
D Intake, mcg/d

Source: Vieth et al.(2001) European J. of Clin. Nutr.,55:1091-7.
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Efficacy of 12.5ug Vitamin D to Maintain 250HD with
Seasonal Sun Exposure in a Northern Latitude
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Vitamin D Intake Needed to Maintain 250HD
Levels Associated with Reduced Risk of Disease

12.5 — 50 pg vitamin D/day
. : Optimal
V't"’}”?'” D Vitamin D Insufficiency Vitamin D
Deficiency I I Status
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Serum 25(0O
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Prevalence of Insufficiency
% with < 50 nmol/L Serum 250H D by
Race/ Ethnicity, Age 30-59y

B Male
B Female

NHW NHB MexAm

Source: Looker, Dawson Hughes, Calvo, Gunter, Sahyoun, (2002)
Serum 25-hydroxyvitamin D status of adolescents and adults in two

seasonal subpopulations from NHANES I11. Bone ;30:771-777.
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Vitamin D Intakes from Foods

B Canada

1-8SMF 9-18M 9-18F 19-50M 19-50F 51+M  51+F

#CCHS 2004 data: Vatanparast et al.; NHANES 2000-01 Moore et al
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Source: Holick, M.F.
(2007) Vitamin D
Deficiency.
NEJM.357:266-281.

Food Sources of Vitamin D

Matural sources

Salmaon
Frash, wild (3.5 oz)
Frash, farmed (3.5 oz)

Canned (3.5 az)
Sardines, canned (3.5 oz)
Mackerel, canned {3.5 oz)
Tuna, cannad (3.6 az)
Cod liver oil {1tsp)
Shiitake mushrooms

Frash (3.5 oz}

Sun-dried (3.5 oz}
Eggvolk

Exposure to sunlight, ultraviclet B
radiation (0.5 minimal
arythemal dose)

Fortified foods

Fortified milk
Fortified crange juice
Infant formulas
Fortified yogurts
Fortified butter
Fortified margarine
Fortified cheases

Fortified brealfast careals

About 600-1000 U of vitamin D,

About 100-250 [ of vitamin D,
ar O,

About 300600 U of vitamin Dy,
About 303 1L of vitamin D,
About 250 IU of vitamin D,
About 230 1L of vitamin D,
About 400-1000 U of vitamin D,

About 100 U of vitamin D,
About 1600 U of vitamin D,
About 201U of vitamin D, or D,
About 3000 U of vitamin D,

About 100 1U/8 oz, usually vitamin D
About 100 1U/3 oz vitamin D,

About 100 U8 oz vitamin D,

About 100 1U/8 oz, usually vitarmin D,
About 501U/3.5 oz, usually vitamin Dy
About43010U73.5 az, usuallyvitamin Dy,
About 100 103 oz, usually vitarmin D,

About 100 1 jserving, usually
witamin Oy
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Vitamin D Intake from Fortified Food
and from Natural Sources
NHANES (1999-2000)

M Total
B Fortified
B Natural

ug Vitamin D

M9-18 M 19-50 M 51+ F 9-18 F 19-50 F 51+

Sources: Calvo and Whiting (2006) and Moore et al. (2005) J Nutrition
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Vitamin D Fortification of Food In

CANADA
Category of Food Required/ Maximum
Optional Level in Food
U (ug)/100g
Milk, cow required 42 (1.0)
Milk, plant-based required 42 (1.0)
Margarine required 530 (8. 2)

Source: Calvo, Whiting and Barton (2004) AJCN; 80:1710S-1716S.

Copyright 2007, Mona S. Calvo, mona.calvo@fda.hhs.gov



Vitamin D Fortification of Food In the

USA
21CFR 184.1950 (b) (2)

Category of Food Required/ Maximum

Optional level

In Food IU (ng)/100g
Breakfast cereals optional 350 (8.7)
Grain products and pastas optional 90 (2.2)
Milk, non-fortified optional 42 (1.0)
Milk, fortified required 42 (1.0)
Milk products optional 89 (2.0)
Margarine optional 330 (8.2)
Calcium fortified fruit juice optional 40 (1.0

Source: Calvo, Whiting and Barton (2004) AJCN; 80:1710S-1716S.
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Foods Commonly Misunderstood to be
Naturally Rich in or Fortified With Vitamin D
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Food Group

Ethnic Foods

Snacks

Meals, Entrees and Sidedishes
Fast Foods

Cereal Grains and Pasta

Sweets

Baked Products

Lamb, Veal, and Game Products
Legumes and Legume Products
Finfish and Shellfish Products
Beverages

Beef Products

Nut and Seed Products
Vegetable and Vegetable Products
Pork and Pork Products

Fruits and Fruit Juices

Breakfast Cereals

Sausages and Luncheon Meats
Soups, Sauces, and Gravies
Poultry Products

Fats and Oils

Baby Foods and Infant Formulas

Spices and Herbs

Dairy and Egg Products

USDA SR 20 Nutrient Content of Foods

= —=Total number
+— of items in
—F‘ Food Group
_.:' mmm Number of
— : items with
_ . vit D =0
. .
i ]
::I
. ]
_— |
T .
T | |
_:I
- .
1 500 1000

Number of Food Products
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i \
ARD
USA Label
Nutrition  AnoutSening%0V'  AmouniSening % DV
Fﬂ§t§ Total Fat7g 1% Total Carb. 0g 0%
g%’;gggssggm SalFal15 T Fiberdy (%

Servings: About 2

Calories 120 Sodium 350mq 14% Prot
gl g g‘ ‘a 10 eIn132
Pt sl Vkes OV Vitamin A 2% * Vitamin C 2%  Calcium 8%
basedona200caore e, on 8%

Cholest. 20mg 7% Sugars 0g

1
L \\\ 1
Nutrition Facts Anost/Tenew

%O0V/%V0* Amount/ Tenewr % DVI% ¥ 'ML
Fat Liides 12 1% Sodiom /Sodium 260mg_11% WA 2%
Valeur nutritive =g = civerss . % W 2%

oy, o T S 5

%

Sarving Scs | on + Trans / trans 0 um 25

LS uTmmmE-ﬁaq Fibre / Fibres 0 g 0% ipolEaris%
Portion 1 bolte Omega-3/ oméga-3 15 Sugars / Sucres 0 g

(92 g égouttée) Monounsaturated / monoinsaturés 5 Protein / Protéines 20 g

Calories 190 Cholesterol | Cholestérol 110 mg * DV = Dally Value / VQ = valeur quotidienne

Canadian Label
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Lack of Consistency in Vitamin D Coptent
Labeling or Use of Fortification Options

e with Co’b

wod
W,

NET WT
16 OZ (1LB) 454¢

Serving Size: 1 Tbsp (14g)
Servings per container: about 32

NO CHOLESTEROL -

Nutrition Facts

MARGARINE

Calories 40 Calories from Fat 40

Amount Per Serving YDV *
Total Fat 4.5¢ 7%
Saturated Fat Og 0%

Trans Fat Og
Polyunsaturated Fat 1g

2006

Amount Per Serving ZeDV*
Cholesterol 0mg 0%
Sodium 90mg
Total Carbohydrate 0Og 0%

Protein Og

“Percent Daily Values (DV) are based on
a 2,000 calorie diet

e of Dietary Fiber, Sugars, Vitamin C, Calcium and Iron

@) PAREVE

aht Bygee
i Taste; ary

NO SATURATED FAT

CANOLA OIL, PARTIALLY HYDROGENATED CORN OIL, SALT
MONOSTEARATE AND VEGETABLE MONOGLYCERIDES
(EMULSIFIERS), XANTHAN GUM, POTASSILM SORBATE AND SODIUM BEN-ZOATE
AND CALCIUM DISODIUM EDTA (TO PRESERVE FRESHNESS), CITRIC ACID
(ACIDULANT), ARTIFICIAL FLAVOR, VITAMIN A PALMITATE, COLORED WITH BETA
CAROTENE (SOURCE OF VITAMIN A), VITAMIN D3 ADDED.

BY:
ConAgra Foods, Inc.
PO Box 3768 Dept. F
Omaha, NE 68102-0768 U.S.A. g1244c

Ouestions or comments? Write to us at ConAgra Foods, P.O. Box 3768, Dept
FLM, Omaha, NE 68103-0768 or call 1-800-988 7808 weekdays 10 am to
7 pm CST. www. fleischmanns. com

MUST BE REFRIGERATED = DO NOT FREEZE

SRR Y2z007 1221
Z2ATEZZEO0 19

INGREDIENTS: WATER, CANOLA OIL, PARTIALLY HYDROGENATED CORN OIL, SALT
. a . PR
GLYCOL MONOSTEARATE AND VEGETABLE MONOGLYCERIDES fEMULSlFIERE;SJ P“%T#E:E

N utrition Amountl-.rvlng VoW Amnuwu!ﬁnﬁ_ "}ZDF
Facts Total Fat 4.5, 7%  Cholesterol Om o° VE FRE S ORBATE AND SODIUM B
3 , EN. 1
s s " T T — = omg ] s PRESE!;EE FRESHNESSJ;II_;RIC AC&AC!&[?I:HE#ER%%&T gll_iegwl\‘ﬂ;flwﬁflo
r contai - f
m"’% pe ner Trans Fat 0g Total Carbohydrate 0g 0% . 4
C: e 40 Polyunsaturated Fat 1
alories from Fat 40 My ConAgra Foods,
'kpercoﬂr Daily Values (Dv) an - il 2.59 oo
3858 on a 2,000 ek itamin A 10% (25% as Bata Carotene) om m“\:g%%‘m D;EE usa
Not a significant source of Dietary Fiber, Sugars, Vitamin C, Calcium and Ir; SATISFACTIONWTED : .
Fleischmann's Light Margarine is best as o 0r topping. Use Fleischmann's
: argarine for baking or frying, “*---*«H___‘__________,-
MUST BE REFRIGERATED = DO NOT FREEZE SELL BY w
2007 NOUZEZ007 21: 25

o B T
;—‘:“i.‘ i I’-’UJJJ
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African Americans Consume Less Vitamin D
from Current Main Fortified Food Staples

and Dietary Supplements
Mg vitamin D

8 [0 Caucasians
A N=6456

* *P<0.001

AN
T ANANRN

Food + DS pfuig miik  RTE-Cereal

Supplements

Source: Whiting and Calvo (2006) J. Nutr.136:1114-1116.
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Median Vitamin D Intakes: African Americans

Subject DRI Food Alone Food and

Al Supplements
(ng7/d)

Females, y

6-11 5 4.8 5.6

12-19 5 3.5 3.8

20-49 5 2.8 3.5

>50 10-15 3.3 4.0

Males, y

6-11 5 5.5 6.1

12-19 5 4.7 4.9

20-49 5 3.7 4.2

<50 10-15 3.4 3.8

Source: Calvo, Whiting and Barton (2004) AJCN;80:1710S-1716S
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Race/Ethnic Differences in the Effect of Dietary
Supplement Use on 250HD Levels and Prevalence
of Moderate/Severe Vit D Deficiency

Prevalence of
Vitamin D Deficiency

Serum 250HD, nmol/L Moderate | Severe
0

90
Prevalence of Vit D deficiency
80 ite
701 B Hispanic Cut-off Values:
601" 'O Black Moderate <70 nmol/L
i 0/ 50
5071 A) Severe <25 nmol/L
40_/
30_/
20177
10
0] .
0 DS- Non- DS- Non-

DS users Non-users

users user users users

Source: Taureen, N., Martins, D., Zadshir, A. Pan, D., Norris, K.C. (2005) The impact
of routine vitamin supplementation on serum levels of 250HD among the general
adult population and patients with chronic kidney disease. Ethn Dis. 15, S5-102-S5-
106.
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Dietary Guidelines

for ATnericans
2008

Key Recommendations for
Specific Population Groups

Older adults, people with dark
skin, and people exposed to
insufficient ultraviolet band
radiation (i.e., sunlight).

Consume extravitamin D from
vitamin D-fortified foods and/or
supplements.

~400 IU

Vitamin D

Content
~300 IU
Make half your grains whole. Eat at least 3
, ounces of whole-grain cereals, breads, crackers,
~100 IU - rice, or pasta every day. One ounce s about 1 slice
. of bread, 1 cup of breakfast cereal,or 1 cup of
" cooked rice or pasta. Lok to see that grains sch
i ~ aswheat, rice, oats, or corn are referred to as
N "whole”in the ist ofingrediets.
~200 IU
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- Vitamin D Intake
| Naful@Made; s from Dietary
Ll O < Supplement Use

NTACTIV oo r B Vitamin D content
b 4 ”“W Lt range.
ﬂ S Adult: 200-400
- |U/tablet
Fight Osteoparasis Children: 400 |U/tablet

¥ @ . <.
CItracal ~ Upper Limit: 2000

ULTRADENSE" Supplement Facts

CALCIUM CITRATE |Ssoingstze:2 capiets — (50 ug /d ai |y d o) Se)

Dietary Supplement ParSarving Valus
Vitamin Dy
C I t D (as cholecalciferol) 400 IU 100%
ap e S I Calcium (as Ultradense®
calcium citrate) 630 mg 63% |
|
Prormotes inaredierta: Calcium, clirsls, nolysiimiene gl
croscarmell ose sodium, polyvinyl alcohaol-part
hydrolyzed, color added, magnesium silicata, magnesium
t ;Ood Bone stearate, vitamin Dy |

DIRECTIONS FOR USE: Take 1 to 2 caplets|
Hea/th two times daily or as recommended by your|
physician, pharmacis t or health professional.
|
TWO CAPLETS PROVIDE:
630 mg calcium, 63% of the Daily Value for

60 Coated Caplets adults and children 4 or more years of age
= G

nd 100%: vitamin D

TS SRS =N |
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UL limits content of Vitamin D
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Sources naturelles
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Poor Efficacy of Vitamin D Supplementation in
African American Postmenopausal Women in
Northern Latitudes

40906 of the
Women
had serum
250HD
levels < 80
nmol/L

even with

2000 1U D,
for 1 year

Baseline 800 IU 2000 1uU
Vitamin D Supplementation

Source: Aloia et al. A Randomized Controlled Trial of Vitamin D4
Supplementation in African American Women. Arch Intern Med
2005;165:1618-1623.
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Usual Vitamin D Intake from Supplements
INn African-American and Caucasian Adults
NHANES 111 1988-1994

Usual 4 o
Vitamin D 5 5 ++ P< 0.0001
Intake,
pg/d 3
+* 4
2.5
2] . OWhite
mBlack
1.51
1 4
0.5
0

2049 F 50+ F 20-49 M 50+ M
Age and Gender

Source: Calvo and Barton, 2005
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Vitamin D Usual Intake Status
NHANES 111 (1988-1994)

 Globally, North Americans have the highest vitamin D intakes
from both fortified food and supplements:

Age group Mean intake (ug/d)
6-11y 8.02 F, 9.07 M
12-19y 6.19 F, 7.88 M
20-49 y 6.97 F, 7.66 M

50+y 7.97F, 7.84 M

 Use of dietary supplements are associated with increases in
daily vitamin D intakes of approximately 2 to 3 ug

Source: Calvo, Whiting and Barton (2005) J. Nutr. 135:310-316.
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50th Percentile Usual Intakes of Vitamin D
NHANES 111: FOOD Plus SUPPLEMENTS

Men Women

Y2y W
L E Yy il e,
3455 5%

White Black Mex-Am White Black Mex-Am

Calvo, Whiting, & Barton. Am J Clin Nutr. 2004; 80: 1710s-6s.
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Additional Risk Factors for a Significant
Absence of Sun Exposure

Salar UVB
e | Elderly, Home-bound,
| Ethnic dress and

Skin - ¥ 0 )
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Modified from: Holick, M.F. (20Q6) J. Clin Invest. 116:2062-2072
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Japanese Women Maintain Healthy 250HD
Serum Levels Even in Winter by Frequent
Fish Consumption

100
90
80+
70+

Serum 25{OH)D,mean + SD

=4 X wk 1-3Xwk None

n=80 n=65 h=3

Source: Nakamura et al., (2000) Am. J. Clin Nutr. 71:1160-1165
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Eat more Fish!
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Supplement Use (20) by Older
Adults In the Slone Survey
(1998-99, 65 + vy)

70
60 50
- 47 H any
O multivitamin
40 H Vitamin E
= 3l @ Vitamin C
13 O Calcinm
19 W Vitamin B12
.14 T B Vitamin D
3

AMen Women

From: Kaufiman DW et al. JAMNA 2002:287-337-344 N: Men=243: women=331
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Independent of Race, Vitamin D Supplements
Can Not Maintain Adequate Status in the
Complete Absence of Sunlight

" Serum 250HD (nmol/L)

£ 400 1u/d
O Placebo

Baseline 49 days 6 days 20 days
Submerged Sunlight Submerged

Source: Dupless et al. Vitamin D Supplementation in Underway
Submariners. Aviat Space Environ Med. 2005; 76:569-575.
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Vitamin D Intake
micrograrns/dary

Global Perspective:

Importance of

Food Fortification to Vitamin D Intake

L
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Source: Calvo, Whiting & Barton. Vitamin D Intake: A Global
Perspective of Current Status. J Nutrition 2005;135:310-316.

Copyright 2007, Mona S. Calvo, mona.calvo@fda.hhs.gov

Al,
RNI



Evidence Supporting Efficacy of Vitamin
D Fortification of Milk In Tropical
Malaysia

Serum 250HD levels (nmol/L) at baseline 12 and 24

months supplementation with vitamin D fortified
milk (10 mcg/50g milk powder)

1001
807
607

O Fortified milk

401 W Control

207

Baseline 12 months 24 months

Source: Chee, et al. The effect of milk supplementation on
bone mineral density in postmenopausal Chinese women in
Malaysia. Osteoporosis International. 2003;14:828-834.
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Milk and Margarine Vitamin D Fortification
2003 Public Health Policy in Finland

%90 men 10 ng/100 gm margarine
T ~ 7 ug/Zd on average

<40 nmol/L 40-59 60-99 >100 nmol/L
nmol/L nmol/L

Serum 250HD, Levels

Source: Laaksi, et al. Vitamin Fortification as Public Health Policy:
Significant Improvement in Vitamin D Status in Young Finish Men. Eur J
Clin Nutrition. 2006; 1-4.
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Reference range
<20 ng/ml 20-100 ng/ml >150 ng/ml

Deficiency Preferred range Intoxication
30-60 ng/ml
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e = 5 Lipopolysaccharide
: _ or tuberculosis
tubercle

Activated T lymphocyte

e_,.

Activated B lymphocyte

Immunomodulation
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Immunoglobulin
synthesis




Source: Holick, M.F.
(2007)
NEJM:357:266-281.

Table 1. Dietary, Supplemental, and Pharmaceutical Sources of Vitamins D,

and D,.*

Source

Matural 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 oz)
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) 1
Fortified foods
Fortified milk
Fortified orange juice
Infant formulas
Fortified yogurts
Fortified butter
Fortified margarine
Fortified cheeses

Fortified breakfast cereals

Supplements
Prescription
Vitamin D, (ergocalciferol)

Drisdol (vitamin D,) liquid
supplements

Ovwver the counter
Multivitamin

Vitamin Dy

Vitamin D Content

About 600-1000 1U of vitamin D,

About 100-250 1U of vitamin D,
or D,

About 300—600 |U of vitamin Dy
About 300 1U of vitamin Dy
About 250 1U of vitamin Dy
About 230 1U of vitamin D,
About 400-1000 U of vitamin Dy

About 100 I1U of vitamin D,
About 1600 IU of vitamin D,
About 20 1U of vitamin D, or D,
About 3000 IU of vitamin D,

About 100 1U/8 oz, usually vitamin Dy
About 100 IU/8 oz vitamin Dy

About 100 1U/8 oz vitamin D5

About 100 IU/8 oz, usually vitamin Dy
About 50 1U/3.5 oz, usually vitamin D,
About 430 1U/3.5 oz, usually vitamin D,
About 100 1U/3 oz, usually vitamin Dy

About 100 IU/serving, usually
vitamin Dy

50,000 IU/capsule
8000 1U/ml

400 |U vitamin D, D, or Dy%
400, 200, 1000, and 2000 U

* IU denotes international unit, which equals 25 ng. To convert values from
ounces to grarms, multiply by 28.3. To convert values from ounces to millili-
ters, multiply by 29.6.

i About 0.5 minimal erythemal dose of ultraviolet B radiation would be ab-

sorbed after an average of 5 to 10 minutes of exposure (depending on the

rect sunlight.

time of day, season, latitude, and skin sensitivity) of the arms and legs to di-

i When the term used on the product label is vitamin D or calciferol, the prod-

uct usually contains vitamin D,; cholecalciferol or vitamin D, indicates that

the product contains vitamin Dy,
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