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25-OHD
Main status indicator 
and circulating 
intermediate of 
vitamin D

Solar Exposure is the main source of 
circulating 25-HydroxyVitamin D

Modified from: Holick, M.F. (2006) J. Clin Invest. 116:2062-2072
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1997 Dietary Guidelines Vitamin D: DRI

• Adequate Intake ( AI) :
•<1 to 50 years -- 5 µg/d  or 200 IU 

•51 to 70 years -- 10 µg/d  or 400 IU

• 71 to 90 years -- 15 µg/d  or 600 IU

• Pregnancy/Lactation -- 5 µg/d  or 200 IU

• Tolerable Upper Level (UL):
• 0 to 1 year - - 25 µg/d  or 1000 IU

•1 to 90 years - - 25 µg/d  or 1000 IU

1993 FDA Labeling Guidelines : RDI/DV
• Reference Daily Intake (RDI)
• Daily Value - - 10 µg or 400 IU
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levels levels 
associated associated 
with disease with disease 
prevention prevention 
by current by current 
food food 
fortification fortification 
or dietary or dietary 
supplement supplement 
use that use that 
follow the follow the 
DRIDRI’’s.s.

For many North Americans poor vitamin For many North Americans poor vitamin 
D status resulting from inadequate  sun D status resulting from inadequate  sun 
exposure, can not be optimized toexposure, can not be optimized to
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Vitamin D WinterVitamin D WinterVitamin D Winter

25OHD

Modified from: Holick, M.F. (2006) J. Clin Invest. 116:2062-2072

Risk Factor Considered by DRI as a Significant 
Absence of Sun Exposure: :
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Effects of Latitude and Season: Cities 
of Vitamin D WinterVitamin D Winter¤¤
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Melanin

A significant risk factor for 
absence of sun exposure not 
considered by the DRI’s:

Darkly Pigmented Skin

X

25OHD

Modified from: Holick, M.F. (2006) J. Clin Invest. 116:2062-2072
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Measurement of Vitamin D 
Status

Serum 25(OH)D nmol/L
0---20----30----50-------80---100--120

Vitamin D Vitamin D 
DeficiencyDeficiency Vitamin D InsufficiencyVitamin D Insufficiency

Optimal Optimal 
Vitamin D Vitamin D 
StatusStatus

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

Level associated with 
reduced risk of disease

Adapted from: Heaney, R.P. (2003) AJCN. 78:912-919.
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Adequate Vitamin D Intake Does Not 
Prevent Wintertime Vitamin D 

Insufficiency in Young Canadian Women

Source: Vieth et al.(2001) European J. of Clin. Nutr.,55:1091-7.

0

20

40

60

80

25OHD, 
nmol/L

No vit D 0.5 - 5.0 >5.0
Classification of Total Vitamin 

D Intake, mcg/d

Seasonal Median Serum 25OH D Levels 
Grouped According to Vitamin D Intake

Winter
Summer

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



Source: Meier et al.,(2004) JBMR

Year 1Year 1 Year 2Year 2

Vitamin D Intervention:  Vitamin D Intervention:  
12.5 12.5 µµg/g/ d in Year 2d in Year 2

30

Efficacy of 12.5Efficacy of 12.5µµg Vitamin D to Maintain 25OHD with g Vitamin D to Maintain 25OHD with 
Seasonal Sun Exposure in a Northern LatitudeSeasonal Sun Exposure in a Northern Latitude
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Vitamin D Intake Needed to Maintain 25OHD 
Levels Associated with Reduced Risk of Disease

Serum 25(OH)D nmol/L
0---20----30----50-------80---100--120

Vitamin D Vitamin D 
DeficiencyDeficiency Vitamin D InsufficiencyVitamin D Insufficiency

Optimal Optimal 
Vitamin D Vitamin D 
StatusStatus

12.5 12.5 –– 50 50 µµg vitamin D/dayg vitamin D/day
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Source: Looker, Dawson Hughes, Calvo, Gunter, Sahyoun, (2002) 
Serum 25-hydroxyvitamin D status of adolescents and adults in two 
seasonal subpopulations from NHANES III. Bone ;30:771-777.

Prevalence of Insufficiency                Prevalence of Insufficiency                
% with < 50 nmol/L Serum 25OH D by % with < 50 nmol/L Serum 25OH D by 

Race/ Ethnicity, Age 30Race/ Ethnicity, Age 30--59y59y

%

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



Vitamin D Intakes from Foods
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Source: Holick, M.F. 
(2007) Vitamin D 
Deficiency. 
NEJM.357:266-281.

Food Sources of Vitamin D
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Vitamin D Fortification of Food in
CANADA

Category of Food      Required/          Maximum 
Optional Level in Food

IU (µg)/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.
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Vitamin D Fortification of Food in the
USA

21CFR 184.1950 (b) (2)

Category of Food Required/ Maximum 
Optional level 

in Food IU (µg)/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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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

Food Group

1                                500                            1000 
Number of Food Products

Total number 
of items in 
Food Group

Number of 
items with 
vit D >0

USDA SR 20 Nutrient Content of FoodsUSDA SR 20 Nutrient Content of Foods
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USA LabelUSA Label

Canadian LabelCanadian Label

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



Lack of Consistency in Vitamin D Content 
Labeling or Use of Fortification Options

2006

2007

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



African Americans Consume Less Vitamin D 
from Current Main Fortified Food Staples 

and Dietary Supplements
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Source: Whiting and Calvo (2006) J. Nutr.136:1114Source: Whiting and Calvo (2006) J. Nutr.136:1114--1116.1116.

DS RTE-Cereal

**

*

*
*

*P<0.001*P<0.001

µg vitamin D

N= 4316

N=6456
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Median Vitamin D Intakes: African Americans

Subject DRI Food Alone           Food and 
AI Supplements  

(µg/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 25OHD Levels and Prevalence 

of Moderate/Severe Vit D Deficiency 

0
10
20
30
40
50
60
70
80
90

DS users Non-users

White
Hispanic
Black

Serum 25OHD, nmol/L

0
10
20
30
40
50
60
70
80
90

DS-
users

Non-
user

DS-
users

Non-
users

Prevalence of 
Vitamin D Deficiency

Moderate    Severe

%

Source: Taureen, N., Martins, D., Zadshir, A. Pan, D., Norris, K.C. (2005) The impact 
of routine vitamin supplementation on serum levels of 25OHD among the general 
adult population and patients with chronic kidney disease. Ethn Dis. 15, S5-102-S5-
106.

Prevalence of Vit D deficiency

Cut-off Values:

Moderate  < 70  nmol/L

Severe   < 25 nmol/L
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Vitamin D 
Content

~300 IU

~100 IU

~200 IU

Key Recommendations for 
Specific Population Groups

Older adults, people with dark 
skin, and people exposed to 
insufficient ultraviolet band 
radiation (i.e., sunlight). 
Consume extra vitamin D from Consume extra vitamin D from 
vitamin Dvitamin D--fortified foods and/or fortified foods and/or 
supplements. supplements. 

~400 IU~400 IU
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Vitamin D Intake 
from Dietary 

Supplement Use

– Vitamin D content 
range:

Adult: 200-400           
IU/tablet

Children: 400 IU/tablet
– Upper Limit: 2000 

IU/dose                          
(50 µg/daily dose)
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UL limits content of Vitamin D
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Poor Efficacy of Vitamin D Supplementation in 
African American Postmenopausal Women in 

Northern Latitudes
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40% of the 40% of the 
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had serum had serum 
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levels < 80 levels < 80 
nmol/L nmol/L 
even with even with 
2000 IU D2000 IU D33
for 1 yearfor 1 year

Source: Aloia et al. A Randomized Controlled Trial of Vitamin D3
Supplementation in African American Women. Arch Intern Med 
2005;165:1618-1623.

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



Source: Calvo and Barton, 2005

Usual Vitamin D Intake from Supplements Usual Vitamin D Intake from Supplements 
in Africanin African--American and Caucasian Adults           American and Caucasian Adults           

NHANES III 1988NHANES III 1988--19941994
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Vitamin D Usual Intake Status 
NHANES III (1988-1994)

• Globally, North Americans have the highest vitamin D intakes 
from both fortified food and supplements: 
Age group Mean  intake (µg/d)
6-11 y                         8.02 F, 9.07 M
12-19 y                      6.19 F, 7.88 M
20-49 y                       6.97 F, 7.66 M
50+y                         7.97 F, 7.84 M

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

Source: Calvo, Whiting and Barton (2005) J. Nutr. 135:310-316.
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50th Percentile Usual Intakes of Vitamin D
MenMen WomenWomen

NHANES III:  FOOD Plus  SUPPLEMENTSNHANES III:  FOOD Plus  SUPPLEMENTS

Vitamin D Vitamin D 
Intake,Intake,

IU/dIU/d

WhiteWhite Black      Black      MexMex--AmAm

Vitamin D Vitamin D 
Intake,Intake,
IU/dIU/d

Calvo, Whiting, & Barton. Am J Clin Nutr. 2004; 80: 1710sCalvo, Whiting, & Barton. Am J Clin Nutr. 2004; 80: 1710s--6s.6s.

WhiteWhite BlackBlack MexMex--AmAm

Vitamin DVitamin D
Intake, IU/dIntake, IU/dVitamin D Intake, IU/DVitamin D Intake, IU/D Vitamin D Intake, IU/DVitamin D Intake, IU/D
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Elderly, HomeElderly, Home--bound,  bound,  
Ethnic dress and Ethnic dress and 
PregnantPregnant

Additional Risk Factors for a Significant 
Absence of Sun Exposure

25OHD

Modified from: Holick, M.F. (2006) J. Clin Invest. 116:2062-2072
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Source: Nakamura et al., (2000) Am. J. Clin Nutr. 71:1160Source: Nakamura et al., (2000) Am. J. Clin Nutr. 71:1160--11651165

Japanese Women Maintain Healthy 25OHD Japanese Women Maintain Healthy 25OHD 
Serum Levels  Even in Winter by Frequent Serum Levels  Even in Winter by Frequent 

Fish ConsumptionFish Consumption
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Supplement Use (%) by Older 
Adults in the Slone Survey     

(1998-99, 65 + y)
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Global Perspective: Importance of 
Food Fortification to Vitamin D Intake

Source: Calvo, Whiting & Barton. Vitamin D Intake: A Global 
Perspective of Current Status. J Nutrition 2005;135:310-316.
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Evidence Supporting Efficacy of Vitamin 
D Fortification of Milk In Tropical 

Malaysia
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months supplementation with vitamin D fortified 
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Control

)

P<0.01P<0.01

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
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Serum 25OHDSerum 25OHD33 LevelsLevels
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.

2003 Initiated fortification of milk and 2003 Initiated fortification of milk and 
margarine: 0.5 margarine: 0.5 µµg/100 ml milkg/100 ml milk

10 10 µµg/100 gm margarineg/100 gm margarine
~ 7 ~ 7 µµg/d on averageg/d on average
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Source: Holick, M.F. 
(2007) 
NEJM:357:266-281.
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