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Neural tube defectsNeural tube defectsNeural tube defectsNeural tube defects

 Serious birth defects Serious birth defects 
–– spinaspina bifida and anencephaly bifida and anencephaly 

 > 1 of 1,000 pregnancies > 1 of 1,000 pregnancies 
 > 300,000 yearly worldwide> 300,000 yearly worldwide

 Serious birth defects Serious birth defects 
–– spinaspina bifida and anencephaly bifida and anencephaly 

 > 1 of 1,000 pregnancies > 1 of 1,000 pregnancies 
 > 300,000 yearly worldwide> 300,000 yearly worldwide, y y, y y

 Comprehensive, robust dataComprehensive, robust data
–– Randomized controlled trialsRandomized controlled trials
–– Consistent caseConsistent case--control studiescontrol studies
–– Occurrence and recurrenceOccurrence and recurrence
–– Both multivitamins and folic acid aloneBoth multivitamins and folic acid alone

, y y, y y

 Comprehensive, robust dataComprehensive, robust data
–– Randomized controlled trialsRandomized controlled trials
–– Consistent caseConsistent case--control studiescontrol studies
–– Occurrence and recurrenceOccurrence and recurrence
–– Both multivitamins and folic acid aloneBoth multivitamins and folic acid alone

 Increased consumption of folic acid Increased consumption of folic acid 
can prevent 50can prevent 50--80% NTDs80% NTDs

 Fortification targets NTD prevention, Fortification targets NTD prevention, 
not classical deficiencynot classical deficiency

 Increased consumption of folic acid Increased consumption of folic acid 
can prevent 50can prevent 50--80% NTDs80% NTDs

 Fortification targets NTD prevention, Fortification targets NTD prevention, 
not classical deficiencynot classical deficiency
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Before fortification

Selected serum folate changes (ng/mL)
before and after folic acid fortification
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Selected worldwide NTD prevalence changes
before and after folic acid fortification
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United States United States 
Economic Evaluation of Folic Acid Fortification Economic Evaluation of Folic Acid Fortification 

United States United States 
Economic Evaluation of Folic Acid Fortification Economic Evaluation of Folic Acid Fortification 

In 1998 U.S. fortified wheat flour at 140 mcg/ 100g flourIn 1998 U.S. fortified wheat flour at 140 mcg/ 100g flour

• Reduction in NTDs -- 43% 

• Cost of fortification- $3 million per year      ($ 1)

• Direct cost averted- $145 million per year  ($45)

Grosse, Waitzman, Romano, Mulinare (Am J Public Health, 2005)

In 2004, S. Africa fortified flour with folic acid: In 2004, S. Africa fortified flour with folic acid: 
Wh t fl t 150 /100Wh t fl t 150 /100

In 2004, S. Africa fortified flour with folic acid: In 2004, S. Africa fortified flour with folic acid: 
Wh t fl t 150 /100Wh t fl t 150 /100

South AfricaSouth Africa
Economic Evaluation of Folic Acid Fortification Economic Evaluation of Folic Acid Fortification 

South AfricaSouth Africa
Economic Evaluation of Folic Acid Fortification Economic Evaluation of Folic Acid Fortification 

–– Wheat flour at 150 mcg /100gWheat flour at 150 mcg /100g
–– Maize meal at 220 mcg /100gMaize meal at 220 mcg /100g

 Reduction of NTDs Reduction of NTDs ---- 31%31%

 Cost of fortification Cost of fortification ---- R$1.4 million/yr   (R$1)R$1.4 million/yr   (R$1)

–– Wheat flour at 150 mcg /100gWheat flour at 150 mcg /100g
–– Maize meal at 220 mcg /100gMaize meal at 220 mcg /100g

 Reduction of NTDs Reduction of NTDs ---- 31%31%

 Cost of fortification Cost of fortification ---- R$1.4 million/yr   (R$1)R$1.4 million/yr   (R$1)

 Est. direct costs averted Est. direct costs averted ---- R$40 million/yr   (R$30)R$40 million/yr   (R$30) Est. direct costs averted Est. direct costs averted ---- R$40 million/yr   (R$30)R$40 million/yr   (R$30)

(Sayed, Bourne, Nixon, and Henderson, BDRA 2008)
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Evaluation and monitoring of the impact of 
flour fortification with folic acid

to prevent spina bifida and anencephaly

SBA prevalence rates

Cost benefit analyses +

Blood folates

+ +Cost benefit analyses ++ +

Folic acid safety

History of masking and the ULy g

Other considered adverse outcomes
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History of “masking” B12 deficiency History of “masking” B12 deficiency 
and pernicious anemia (1940’s)and pernicious anemia (1940’s)

History of “masking” B12 deficiency History of “masking” B12 deficiency 
and pernicious anemia (1940’s)and pernicious anemia (1940’s)

 1926 1926 –– Minot and Murphy reported 45 patients Minot and Murphy reported 45 patients 
with pernicious anemia (PA) cured by eatingwith pernicious anemia (PA) cured by eating

 1926 1926 –– Minot and Murphy reported 45 patients Minot and Murphy reported 45 patients 
with pernicious anemia (PA) cured by eatingwith pernicious anemia (PA) cured by eatingwith pernicious anemia (PA) cured by eating with pernicious anemia (PA) cured by eating 
raw liver.raw liver.

 1930s 1930s –– Liver extracts developed to treat PALiver extracts developed to treat PA

–– Taken orally or by injectionTaken orally or by injection
 1943 1943 –– Pure crystalline form of folic acid (FA)Pure crystalline form of folic acid (FA)

 19451945 –– FA shown to treatFA shown to treat megaloblasticmegaloblastic anemiaanemia

with pernicious anemia (PA) cured by eating with pernicious anemia (PA) cured by eating 
raw liver.raw liver.

 1930s 1930s –– Liver extracts developed to treat PALiver extracts developed to treat PA

–– Taken orally or by injectionTaken orally or by injection
 1943 1943 –– Pure crystalline form of folic acid (FA)Pure crystalline form of folic acid (FA)

 19451945 –– FA shown to treatFA shown to treat megaloblasticmegaloblastic anemiaanemia 1945 1945 FA shown to treat FA shown to treat megaloblasticmegaloblastic anemiaanemia

 1947 1947 –– First case reports of “masking”First case reports of “masking”

 1948 1948 –– Pure vitamin BPure vitamin B1212 producedproduced

 1945 1945 FA shown to treat FA shown to treat megaloblasticmegaloblastic anemiaanemia

 1947 1947 –– First case reports of “masking”First case reports of “masking”

 1948 1948 –– Pure vitamin BPure vitamin B1212 producedproduced

Historical Reviews. British J Haemat, 2000, 2001

State of medical knowledge about State of medical knowledge about 
megaloblasticmegaloblastic anemia in 1940sanemia in 1940s

State of medical knowledge about State of medical knowledge about 
megaloblasticmegaloblastic anemia in 1940sanemia in 1940s

 Diagnosis Diagnosis 

–– Blood smear was the only diagnostic testBlood smear was the only diagnostic test

 Diagnosis Diagnosis 

–– Blood smear was the only diagnostic testBlood smear was the only diagnostic testy gy g

–– No idea that there would be more than one causeNo idea that there would be more than one cause

–– No bioassays for vitamin BNo bioassays for vitamin B1212 or or folatefolate

 TreatmentTreatment

–– Raw liver and liver extract effectiveRaw liver and liver extract effective

y gy g

–– No idea that there would be more than one causeNo idea that there would be more than one cause

–– No bioassays for vitamin BNo bioassays for vitamin B1212 or or folatefolate

 TreatmentTreatment

–– Raw liver and liver extract effectiveRaw liver and liver extract effective

–– Folic acid became available before vitamin BFolic acid became available before vitamin B1212 was was 
available available 

–– Folic acid was seen as a “wonder” treatmentFolic acid was seen as a “wonder” treatment

–– Folic acid became available before vitamin BFolic acid became available before vitamin B1212 was was 
available available 

–– Folic acid was seen as a “wonder” treatmentFolic acid was seen as a “wonder” treatment
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Impact of changes in therapy of Impact of changes in therapy of 
megaloblasticmegaloblastic anemia in 1940sanemia in 1940s
Impact of changes in therapy of Impact of changes in therapy of 
megaloblasticmegaloblastic anemia in 1940sanemia in 1940s

 Patients with pernicious anemia switched from liver Patients with pernicious anemia switched from liver 
extract therapy to high dosage folic acidextract therapy to high dosage folic acid --

 Patients with pernicious anemia switched from liver Patients with pernicious anemia switched from liver 
extract therapy to high dosage folic acidextract therapy to high dosage folic acid --extract therapy to high dosage folic acid extract therapy to high dosage folic acid --
usually 5,000 to 20,000 mcg/day usually 5,000 to 20,000 mcg/day 

 Varied clinical response to many years of treatment Varied clinical response to many years of treatment 
with high dose folic acidwith high dose folic acid

1.1. No anemia No anemia -- Probably did not have pernicious anemiaProbably did not have pernicious anemia

2.2. Developed anemia within months Developed anemia within months -- Switched back to liver Switched back to liver 
extract therapyextract therapy

extract therapy to high dosage folic acid extract therapy to high dosage folic acid --
usually 5,000 to 20,000 mcg/day usually 5,000 to 20,000 mcg/day 

 Varied clinical response to many years of treatment Varied clinical response to many years of treatment 
with high dose folic acidwith high dose folic acid

1.1. No anemia No anemia -- Probably did not have pernicious anemiaProbably did not have pernicious anemia

2.2. Developed anemia within months Developed anemia within months -- Switched back to liver Switched back to liver 
extract therapyextract therapy

3.3. Developed anemia slowly Developed anemia slowly -- (“masking”) (“masking”) --
usually after more than 2 years and irreversible vitamin Busually after more than 2 years and irreversible vitamin B--12 12 

neuropathy progressedneuropathy progressed

3.3. Developed anemia slowly Developed anemia slowly -- (“masking”) (“masking”) --
usually after more than 2 years and irreversible vitamin Busually after more than 2 years and irreversible vitamin B--12 12 

neuropathy progressedneuropathy progressed

Summary of evidence for “masking”Summary of evidence for “masking”Summary of evidence for “masking”Summary of evidence for “masking”

 255 case reports contained in 23 articles255 case reports contained in 23 articles
Most had pernicious anemia before FA useMost had pernicious anemia before FA use

 255 case reports contained in 23 articles255 case reports contained in 23 articles
Most had pernicious anemia before FA useMost had pernicious anemia before FA use–– Most had pernicious anemia before FA useMost had pernicious anemia before FA use

–– 155 cases had neurological manifestations 155 cases had neurological manifestations --
the same neurological manifestations seen in the same neurological manifestations seen in 
pernicious anemiapernicious anemia

–– Case studies could not  distinguish between Case studies could not  distinguish between 
preexisting damage from pernicious anemiapreexisting damage from pernicious anemia

–– Most had pernicious anemia before FA useMost had pernicious anemia before FA use

–– 155 cases had neurological manifestations 155 cases had neurological manifestations --
the same neurological manifestations seen in the same neurological manifestations seen in 
pernicious anemiapernicious anemia

–– Case studies could not  distinguish between Case studies could not  distinguish between 
preexisting damage from pernicious anemiapreexisting damage from pernicious anemiapreexisting damage from pernicious anemia preexisting damage from pernicious anemia 
and damage attributed to use of 5,000 and damage attributed to use of 5,000 g folic g folic 
acid per day acid per day 

–– Almost  no reports since 1960Almost  no reports since 1960

preexisting damage from pernicious anemia preexisting damage from pernicious anemia 
and damage attributed to use of 5,000 and damage attributed to use of 5,000 g folic g folic 
acid per day acid per day 

–– Almost  no reports since 1960Almost  no reports since 1960

Institute of Medicine 1998
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Tolerable Upper LevelTolerable Upper LevelTolerable Upper LevelTolerable Upper LevelTolerable Upper LevelTolerable Upper LevelTolerable Upper LevelTolerable Upper Level

IOM Definition of IOM Definition of 
Tolerable Upper Intake LevelTolerable Upper Intake Level

IOM Definition of IOM Definition of 
Tolerable Upper Intake LevelTolerable Upper Intake Level

 “Maximum daily intake levels at which “Maximum daily intake levels at which no no  “Maximum daily intake levels at which “Maximum daily intake levels at which no no yy
risk of adverse health effects is expected risk of adverse health effects is expected 
for almost all individuals in the general for almost all individuals in the general 
populationpopulation--including sensitive individualsincluding sensitive individuals--
when the nutrient is when the nutrient is consumed over long consumed over long 
periods of timeperiods of time..””

yy
risk of adverse health effects is expected risk of adverse health effects is expected 
for almost all individuals in the general for almost all individuals in the general 
populationpopulation--including sensitive individualsincluding sensitive individuals--
when the nutrient is when the nutrient is consumed over long consumed over long 
periods of timeperiods of time..””pppp

Institute of Medicine 2000
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 Lowest Observed Adverse Effects Level Lowest Observed Adverse Effects Level 
(LOAEL) of 5,000 (LOAEL) of 5,000 g of folic acid daily is used g of folic acid daily is used 

 Lowest Observed Adverse Effects Level Lowest Observed Adverse Effects Level 
(LOAEL) of 5,000 (LOAEL) of 5,000 g of folic acid daily is used g of folic acid daily is used 

Tolerable Upper Intake Level (UL)Tolerable Upper Intake Level (UL)Tolerable Upper Intake Level (UL)Tolerable Upper Intake Level (UL)

( ) ,( ) , g yg y
as as usual intake, above which risk begins.usual intake, above which risk begins.

 55--fold uncertainty factorfold uncertainty factor divided into LOAEL divided into LOAEL 
to derive UL for folic acid. to derive UL for folic acid. -- 1,000 1,000 g/dayg/day

( ) ,( ) , g yg y
as as usual intake, above which risk begins.usual intake, above which risk begins.

 55--fold uncertainty factorfold uncertainty factor divided into LOAEL divided into LOAEL 
to derive UL for folic acid. to derive UL for folic acid. -- 1,000 1,000 g/dayg/day

 UL intended to be usual intake level at which UL intended to be usual intake level at which 
no one would exceed the LOAEL of 5,000 no one would exceed the LOAEL of 5,000 
g/day.g/day.

 UL intended to be usual intake level at which UL intended to be usual intake level at which 
no one would exceed the LOAEL of 5,000 no one would exceed the LOAEL of 5,000 
g/day.g/day.

Institute of Medicine 1998, 2000

Summary of meaning of ULSummary of meaning of ULSummary of meaning of ULSummary of meaning of UL

 UL is not a limit UL is not a limit  UL is not a limit UL is not a limit 

 UL is not a level where potential risk UL is not a level where potential risk 
begins.begins.

 Only synthetic folic acid important.Only synthetic folic acid important.

 UL for folic acid is not based on direct UL for folic acid is not based on direct 
toxicity, but is an attempt to prevent a toxicity, but is an attempt to prevent a 

 UL is not a level where potential risk UL is not a level where potential risk 
begins.begins.

 Only synthetic folic acid important.Only synthetic folic acid important.

 UL for folic acid is not based on direct UL for folic acid is not based on direct 
toxicity, but is an attempt to prevent a toxicity, but is an attempt to prevent a to c ty, but s a atte pt to p e e t ato c ty, but s a atte pt to p e e t a
vitamin B12 problem.vitamin B12 problem.
to c ty, but s a atte pt to p e e t ato c ty, but s a atte pt to p e e t a
vitamin B12 problem.vitamin B12 problem.
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Sources of folic acidSources of folic acidSources of folic acidSources of folic acid

INTERVENTIONS ADVANTAGES CHALLENGES

Supple-
mentation  Immediate effects

 Higher costs

 Requires compliance/change 
in behavior 

 Covers only certain groups of

Comparing the Strategies

 Covers only certain groups of 
population

Fortification
 Highly cost-
effective


 Sustainable

Wide coverage

 Requires participation of 
many groups - food industry, 
government, scientists, etc

Higher costs

Dietary 
Diversification

 Natural
 Other added 
health benefits 

g
 Requires change in eating 
behavior 

 Requires economic 
development 

 Requires changes in 
agriculture policy 
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How much folic acid needed to cause 
an adverse outcome?

What are the sources of folic acid?

Folic Acid

Is folic acid from supplements 
and breakfast cereals?

I f li id f f tifi dIs folic acid from fortified 
foods?

Sources and amounts of folic acid,Sources and amounts of folic acid,
U.S. U.S. –– NHANES, 2003NHANES, 2003--20062006

Sources and amounts of folic acid,Sources and amounts of folic acid,
U.S. U.S. –– NHANES, 2003NHANES, 2003--20062006

Folic Acid-
Containing

Supplements
(SUP)

~400 µg / supplement
(voluntary)

Folic Acid
Fortified 

“Ready-to Eat” 
Breakfast 

Cereals
(RTE)

Up to 400 µg / serving
(voluntary)

( )

Folic Acid 100 150 µg / dayFolic Acid
Enriched Cereal
Grain Products

(ECGP)

100-150 µg / day
(mandatory)
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 4 slices of fried beef liver 4 slices of fried beef liver  4 slices of fried beef liver 4 slices of fried beef liver 

Are You Hungry? 
Daily Intake Equivalent of 400 µg of Folic Acid

 44½ medium ripe tomatoes44½ medium ripe tomatoes

 14½ cups of raw broccoli14½ cups of raw broccoli

 17½ cups of orange juice17½ cups of orange juice

 19½ cups of raw green beans19½ cups of raw green beans

 5½ cups of black beans5½ cups of black beans

200 medium red apples200 medium red apples

 44½ medium ripe tomatoes44½ medium ripe tomatoes

 14½ cups of raw broccoli14½ cups of raw broccoli

 17½ cups of orange juice17½ cups of orange juice

 19½ cups of raw green beans19½ cups of raw green beans

 5½ cups of black beans5½ cups of black beans

200 medium red apples200 medium red apples 200 medium red apples200 medium red apples 200 medium red apples200 medium red apples

Sources of folic acid worldwideSources of folic acid worldwideSources of folic acid worldwideSources of folic acid worldwide

 Folic acidFolic acid
S l t t i i f li idS l t t i i f li id

 Folic acidFolic acid
S l t t i i f li idS l t t i i f li id1.1. Supplements containing folic acidSupplements containing folic acid

•• Important source in United StatesImportant source in United States

•• Limited use in other areas of the worldLimited use in other areas of the world

2.2. ReadyReady--toto--eat breakfast cereals (RTE)eat breakfast cereals (RTE)
•• Limited use in many areas of the worldLimited use in many areas of the world

33 Mandatory fortificationMandatory fortification

1.1. Supplements containing folic acidSupplements containing folic acid
•• Important source in United StatesImportant source in United States

•• Limited use in other areas of the worldLimited use in other areas of the world

2.2. ReadyReady--toto--eat breakfast cereals (RTE)eat breakfast cereals (RTE)
•• Limited use in many areas of the worldLimited use in many areas of the world

33 Mandatory fortificationMandatory fortification3.3. Mandatory fortificationMandatory fortification
•• Principal source for developing new fortification Principal source for developing new fortification 

policies for populations globallypolicies for populations globally

3.3. Mandatory fortificationMandatory fortification
•• Principal source for developing new fortification Principal source for developing new fortification 

policies for populations globallypolicies for populations globally
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Reported % folic acid 
supplement use

Mean Folic Acid Intake, Enriched Cereal-Grain Products, 
RTE Cereals & Supplements by Serum Folate Quintiles

NHANES 2001-2004, ≥19 years, n=8,655

Enriched cereal grained products
Ready-to-eat cereals
Supplements containing folic acid

Mean* intake 
of folic acid 

(μg/day) 

Proportion 
using 

supplements

200

300

400

500

600

20%

30%

40%

50%

60%

70%

80%

90%

Adapted from Yeung, LY et al. JAMA 2008;300:2486-7

Mean* Serum Folate Quintiles (ng/mL)

0

100

Lowest Q2 Middle Q4 Highest
0%

10%

20%

6 9 12 15 25

25
* Geometric means

Definition: 4 folic acid consumption groupsDefinition: 4 folic acid consumption groupsDefinition: 4 folic acid consumption groupsDefinition: 4 folic acid consumption groups

 ECGP only: ECGP only: 
 ECGP =  ECGP =  Enriched cereal grain Enriched cereal grain 

productsproducts with folic acidwith folic acid

 ECGP only: ECGP only: 
 ECGP =  ECGP =  Enriched cereal grain Enriched cereal grain 

productsproducts with folic acidwith folic acidproducts products with folic acidwith folic acid

 ECGP + RTE:  ECGP + RTE:  
 RTE = RTE = readyready--toto--eat cerealseat cereals with with 

folic acidfolic acid

ECGP + SUPECGP + SUP

products products with folic acidwith folic acid

 ECGP + RTE:  ECGP + RTE:  
 RTE = RTE = readyready--toto--eat cerealseat cereals with with 

folic acidfolic acid

ECGP + SUPECGP + SUP ECGP + SUP: ECGP + SUP: 
 SUP = SUP = supplementssupplements

 ECGP + RTE + SUPECGP + RTE + SUP

 ECGP + SUP: ECGP + SUP: 
 SUP = SUP = supplementssupplements

 ECGP + RTE + SUPECGP + RTE + SUP
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Usual total daily folic acid intake Usual total daily folic acid intake 
by by folic acid consumption groupfolic acid consumption group,,

U.S. nonU.S. non--pregnant adults ≥ 19 years pregnant adults ≥ 19 years 

Usual total daily folic acid intake Usual total daily folic acid intake 
by by folic acid consumption groupfolic acid consumption group,,

U.S. nonU.S. non--pregnant adults ≥ 19 years pregnant adults ≥ 19 years 

Folic acid Folic acid 
Usual total daily folic acid intakeUsual total daily folic acid intake

Median, Median, g/dg/d % (95% CI) % (95% CI) 
consumption consumption 
group:group:

% of US % of US 
adultsadults

(25(25thth –– 7575thth

percentile)percentile)

( )( )
consuming consuming 
>1000 >1000 g/d g/d 

All  All  ≥ 19 years 100%100% 288 (160 288 (160 -- 462)462) 2.7 (1.92.7 (1.9--3.5)3.5)

ECGP onlyECGP only 42%42% 138 (106 138 (106 –– 176)176) 00

ECGP+RTEECGP+RTE 18%18% 274 (230 274 (230 –– 324)324) 00

ECGP+SUPECGP+SUP 25%25% 479 (360 479 (360 –– 610)610) 5.5 (3.05.5 (3.0--8.0)8.0)

ECGP+RTE+SUPECGP+RTE+SUP 15%15% 635 (512 635 (512 –– 797)797) 9.4 (5.59.4 (5.5--13.3)13.3)

Yang QH et.al. AJCN, published online

Usual intake of folic acid, Usual intake of folic acid, 
N=8,258 

NHANESNHANES, 2003 , 2003 –– 20062006

SummarySummary
Median intakes, blood Median intakes, blood folatefolate concentrations and concentrations and 

% exceeding UL by sources of folic acid % exceeding UL by sources of folic acid 

SummarySummary
Median intakes, blood Median intakes, blood folatefolate concentrations and concentrations and 

% exceeding UL by sources of folic acid % exceeding UL by sources of folic acid 

Folic acid Folic acid MedianMedian
Blood concentrationsBlood concentrations Percentage Percentage 

with usualwith usualRBCRBCconsumption consumption 
group:group:

usual usual 
intake intake µµg/dg/d

with usual with usual 
intake intake 

>1000 >1000 µµg/d g/d 

serum serum 
folate  folate  
ng/mLng/mL

RBC RBC 

folatefolate
ngng//mLmL

ECGP only 138138µµgg 9.49.4 234234 0%0%

ECGP+RTE 274274µµgg 12.112.1 273273 0%0%

ECGP+RTE+SUP 635635µµgg 16.916.9 329329 9%9%

ECGP ± RTE + 
>400 µg/d SUP

983983µµgg 19.019.0 356356 48%48%

Yang QH et.al. AJCN 2010;91:64-72

Usual intake of folic acid, Usual intake of folic acid, 
U.S. nonU.S. non--pregnant adults, pregnant adults, ≥ 19 years≥ 19 years
NHANES, 2003 NHANES, 2003 –– 20062006
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Potential adverse outcomes
associated with higher folic acid intake 

Potential adverse outcomes
associated with higher folic acid intake 

 Mask diagnosis of the anemia of vitamin B12 deficiency 
 “High FA, low B12 status” 
 Mask diagnosis of the anemia of vitamin B12 deficiency 
 “High FA, low B12 status” g ,

– Possibility of neurological damage of B12 deficiency 
(≥5,000 µg/d)

– Insulin resistance (500 µg/d)
 Twinning, miscarriage (supplements)
 Effects on drug therapy of FA sensitive patients 

(epilepsy, chemotherapy)
 Cognitive impairment in seniors (high folate status)

g ,
– Possibility of neurological damage of B12 deficiency 

(≥5,000 µg/d)
– Insulin resistance (500 µg/d)

 Twinning, miscarriage (supplements)
 Effects on drug therapy of FA sensitive patients 

(epilepsy, chemotherapy)
 Cognitive impairment in seniors (high folate status) Cognitive impairment in seniors (high folate status)
 Unmetabolized folic acid (bolus > 200 µg/d)
 DNA methylation
 Respiratory distress/asthma
 Colorectal cancer incidence, recurrence (1,000µg/d)

 Cognitive impairment in seniors (high folate status)
 Unmetabolized folic acid (bolus > 200 µg/d)
 DNA methylation
 Respiratory distress/asthma
 Colorectal cancer incidence, recurrence (1,000µg/d)

Interpreting folic acid studiesInterpreting folic acid studiesInterpreting folic acid studiesInterpreting folic acid studies

 Randomized studies Randomized studies -- use of folic aciduse of folic acid
–– Multivitamin Multivitamin –– users vs. nonusers vs. non--usersusers

 Randomized studies Randomized studies -- use of folic aciduse of folic acid
–– Multivitamin Multivitamin –– users vs. nonusers vs. non--usersusers

 Source of blood Source of blood folatefolate
–– Folic acid in fortified foodFolic acid in fortified food

–– Supplements containing folic acidSupplements containing folic acid

 Folic acid intake required to achieve Folic acid intake required to achieve 
higher blood higher blood folatefolate concentrations.concentrations.

 Source of blood Source of blood folatefolate
–– Folic acid in fortified foodFolic acid in fortified food

–– Supplements containing folic acidSupplements containing folic acid

 Folic acid intake required to achieve Folic acid intake required to achieve 
higher blood higher blood folatefolate concentrations.concentrations.

 Study design limitationsStudy design limitations Study design limitationsStudy design limitations
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Non-randomized
C t ll d St di

Randomized 
Controlled Double  

Blind Studies

Ranking the Quality of Evidence*

(II-1)

(I)

Case Series/Reports

Cross-sectional

Case Control Studies

Cohort Studies

Controlled Studies

(II-2)

(III)

(II-3)

(II-1)

Ideas, Opinions, Hypotheses

p ( )

* Modified slightly from USPSTF Guide to Clinical Preventive Services

(III)

Hi h f l d l i i B12Hi h f l d l i i B12Hi h f l d l i i B12Hi h f l d l i i B12High folate and low vitamin B12 statusHigh folate and low vitamin B12 statusHigh folate and low vitamin B12 statusHigh folate and low vitamin B12 status
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High High folatefolate and low vitamin B12 statusand low vitamin B12 statusHigh High folatefolate and low vitamin B12 statusand low vitamin B12 status

Yajnik, et.al. Diabetologia (2008) 51:29Yajnik, et.al. Diabetologia (2008) 51:29--3838j g ( )j g ( )

MethodsMethodsMethodsMethods

 Longitudinal study in rural IndiaLongitudinal study in rural India Longitudinal study in rural IndiaLongitudinal study in rural India

 Pregnant women (n=700) from 6 villages in IndiaPregnant women (n=700) from 6 villages in India

 Children (n=674) at 6 years of ageChildren (n=674) at 6 years of age

 Measure of insulin resistance: Homeostatic model Measure of insulin resistance: Homeostatic model 
assessment of insulin resistance (HOMAassessment of insulin resistance (HOMA--R)R)

 Pregnant women (n=700) from 6 villages in IndiaPregnant women (n=700) from 6 villages in India

 Children (n=674) at 6 years of ageChildren (n=674) at 6 years of age

 Measure of insulin resistance: Homeostatic model Measure of insulin resistance: Homeostatic model 
assessment of insulin resistance (HOMAassessment of insulin resistance (HOMA--R)R)assessment of insulin resistance (HOMAassessment of insulin resistance (HOMA R)R)

 Use of folic acid not randomizedUse of folic acid not randomized

assessment of insulin resistance (HOMAassessment of insulin resistance (HOMA R)R)

 Use of folic acid not randomizedUse of folic acid not randomized

Yajnik, et.al. Diabetologia (2008) 51:29Yajnik, et.al. Diabetologia (2008) 51:29--3838
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“Low maternal vitamin B12 and high folate “Low maternal vitamin B12 and high folate 
status may contribute to the epidemic ofstatus may contribute to the epidemic of

“Low maternal vitamin B12 and high folate “Low maternal vitamin B12 and high folate 
status may contribute to the epidemic ofstatus may contribute to the epidemic of

Results

status may contribute to the epidemic of status may contribute to the epidemic of 
adiposity and type 2 diabetes in India”adiposity and type 2 diabetes in India”

status may contribute to the epidemic of status may contribute to the epidemic of 
adiposity and type 2 diabetes in India”adiposity and type 2 diabetes in India”

YajnikYajnik, et.al. , et.al. DiabetologiaDiabetologia (2008) 51:29(2008) 51:29--3838

High folate and low vitamin B12 statusHigh folate and low vitamin B12 statusHigh folate and low vitamin B12 statusHigh folate and low vitamin B12 status

Stewart CP, et.al J Stewart CP, et.al J NutrNutr 139: 1575–1581, 2009.
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CommunityCommunity--based randomized control trial based randomized control trial 
with 5 arms of antenatal micronutrients with 5 arms of antenatal micronutrients 

in rural Nepal, 1999in rural Nepal, 1999--2001  2001  

CommunityCommunity--based randomized control trial based randomized control trial 
with 5 arms of antenatal micronutrients with 5 arms of antenatal micronutrients 

in rural Nepal, 1999in rural Nepal, 1999--2001  2001  

 Control Vitamin A (1 mg RE)Control Vitamin A (1 mg RE)

 Vitamin A + FA (400Vitamin A + FA (400µg)µg)

 Vitamin A + FA + iron (60 mg)Vitamin A + FA + iron (60 mg)

 Vitamin A + FA + iron + zinc (30 mg)Vitamin A + FA + iron + zinc (30 mg)

 Vitamin A + FA + iron + zinc + 11Vitamin A + FA + iron + zinc + 11

 Control Vitamin A (1 mg RE)Control Vitamin A (1 mg RE)

 Vitamin A + FA (400Vitamin A + FA (400µg)µg)

 Vitamin A + FA + iron (60 mg)Vitamin A + FA + iron (60 mg)

 Vitamin A + FA + iron + zinc (30 mg)Vitamin A + FA + iron + zinc (30 mg)

 Vitamin A + FA + iron + zinc + 11Vitamin A + FA + iron + zinc + 11 Vitamin A + FA + iron + zinc + 11 Vitamin A + FA + iron + zinc + 11 
additional vitamins and mineralsadditional vitamins and minerals

 Vitamin A + FA + iron + zinc + 11 Vitamin A + FA + iron + zinc + 11 
additional vitamins and mineralsadditional vitamins and minerals

Stewart CP, et.al J Stewart CP, et.al J NutrNutr 139: 1575–1581, 2009.

FollowFollow--up assessments up assessments -- 20062006FollowFollow--up assessments up assessments -- 20062006

 Children 6 to 8 yearsChildren 6 to 8 years Children 6 to 8 yearsChildren 6 to 8 years
 3,900 children surviving to 6 months3,900 children surviving to 6 months
 3,524 enrolled (3,524 enrolled (~~ 93%:93 to 95% by group)93%:93 to 95% by group)
 Measurements: BP’s, anthropometry, Measurements: BP’s, anthropometry, 

waist, skinwaist, skin--folds, triglycerides, folds, triglycerides, 
cholesterol, glucose, HBA1c, insulin, cholesterol, glucose, HBA1c, insulin, 
creatininecreatinine microalbuminuriamicroalbuminuria

 3,900 children surviving to 6 months3,900 children surviving to 6 months
 3,524 enrolled (3,524 enrolled (~~ 93%:93 to 95% by group)93%:93 to 95% by group)
 Measurements: BP’s, anthropometry, Measurements: BP’s, anthropometry, 

waist, skinwaist, skin--folds, triglycerides, folds, triglycerides, 
cholesterol, glucose, HBA1c, insulin, cholesterol, glucose, HBA1c, insulin, 
creatininecreatinine microalbuminuriamicroalbuminuriacreatininecreatinine, , microalbuminuriamicroalbuminuria

 67% 67% -- fasting (insulin) fasting (insulin) 
creatininecreatinine, , microalbuminuriamicroalbuminuria

 67% 67% -- fasting (insulin) fasting (insulin) 

Stewart CP, et.al J Stewart CP, et.al J NutrNutr 139: 1575–1581, 2009.
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“None of the micronutrient supplement “None of the micronutrient supplement 
combinations affected bloodcombinations affected blood

“None of the micronutrient supplement “None of the micronutrient supplement 
combinations affected bloodcombinations affected blood

Results

pressure, cholesterol, triglycerides, glucose, pressure, cholesterol, triglycerides, glucose, 
insulin, or HOMA. … a insulin, or HOMA. … a reducedreduced risk of risk of 

metabolic syndrome in the folic acid group”metabolic syndrome in the folic acid group”

pressure, cholesterol, triglycerides, glucose, pressure, cholesterol, triglycerides, glucose, 
insulin, or HOMA. … a insulin, or HOMA. … a reducedreduced risk of risk of 

metabolic syndrome in the folic acid group”metabolic syndrome in the folic acid group”

Stewart CP, et.al J Stewart CP, et.al J NutrNutr 139: 1575–1581, 2009.

The India study data are observational and The India study data are observational and 
should not be used to make causal should not be used to make causal 

inferences.inferences.

The India study data are observational and The India study data are observational and 
should not be used to make causal should not be used to make causal 

inferences.inferences.e e cese e cese e cese e ces

The Nepal data are from a followThe Nepal data are from a follow--up up study study 
of of an RCT, in which antenatal use of folic an RCT, in which antenatal use of folic 

acid was randomized.acid was randomized.

The Nepal data are from a followThe Nepal data are from a follow--up up study study 
of of an RCT, in which antenatal use of folic an RCT, in which antenatal use of folic 

acid was randomized.acid was randomized.acid was randomized.acid was randomized.acid was randomized.acid was randomized.
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Potential adverse outcomes of 
folic acid from mandatory fortification

Potential adverse outcomes of 
folic acid from mandatory fortification

 Colorectal cancer incidenceColorectal cancer incidence
–– Mason 2007 Mason 2007 –– United States and CanadaUnited States and Canada
–– Hirsch 2009 Hirsch 2009 –– ChileChile

 Colorectal cancer incidenceColorectal cancer incidence
–– Mason 2007 Mason 2007 –– United States and CanadaUnited States and Canada
–– Hirsch 2009 Hirsch 2009 –– ChileChile

Is flour fortification with folic acid related to causing cancer? 

Proposed effect of folic acid
Hypothesized Risk: Increase Colorectal Cancer 

4/21/2010 42
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A temporal association between folic acid fortification and 
an increase in colo-rectal cancer rates: A hypothesis.

1985 2000

MasonJ et al.Cancer Epidemiol Biomarkers Prev 2007;16:1325-9

1990 1995

Fortification of foods with folic acid
Kaiser Permanente, S. CA, 1994-1999
LawrenceJM et al. (Letter) NEJM 2000;343:970-72

12.7

11.7

18 7

14.9

1995

1996

1997

1998

1994 12.6

Folates measured using Advia Centaur immunoassay system, Bayer Diagnostics

18.71998

1999 20 +
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Jan 1998
FA fortification

mandatory

1997
Inflection 

point
1995

March 1996 – Jan 1998
FA fortification optional

13 12 15 19 20+ 20+13

6%

4/21/2010 46Analysis by Sir Nicholas Wald, Jan 2009
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12%

4/21/2010 47Analysis by Sir Nicholas Wald, Jan 2009

NCI Surveillance Epidemiology and End Results (SEER) Age-Adjusted Total US 
Mortality Rates for Colon and Rectum Cancer, All Ages, for 1969-2004 by Sex, 

Age-Adjusted to the 2000 US Std Population
http://seer.cancer.gov/faststats/

Male

Male & Female

FemaleContinual Decrease in 
Colorectal Cancer Mortality

4/21/2010
‘95 ‘00
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Mason et al.  SummaryMason et al.  SummaryMason et al.  SummaryMason et al.  Summary

 Hypothesis that proposes an increase in colon cancer cases in Hypothesis that proposes an increase in colon cancer cases in 
United States in mid to late 1990s from folic acid fortification:United States in mid to late 1990s from folic acid fortification:

 Hypothesis that proposes an increase in colon cancer cases in Hypothesis that proposes an increase in colon cancer cases in 
United States in mid to late 1990s from folic acid fortification:United States in mid to late 1990s from folic acid fortification:

–– Timing of diagnosis and measured blood folates are not Timing of diagnosis and measured blood folates are not 
quite in syncquite in sync

–– 6% increase in diagnosis of colon cancer could be 6% increase in diagnosis of colon cancer could be 
associated to the 12% increase in endoscopy usage associated to the 12% increase in endoscopy usage 

Ob d d h f l ilOb d d h f l il

–– Timing of diagnosis and measured blood folates are not Timing of diagnosis and measured blood folates are not 
quite in syncquite in sync

–– 6% increase in diagnosis of colon cancer could be 6% increase in diagnosis of colon cancer could be 
associated to the 12% increase in endoscopy usage associated to the 12% increase in endoscopy usage 

Ob d d h f l ilOb d d h f l il–– Observed deaths from colon cancer not necessarily Observed deaths from colon cancer not necessarily 
consistent with the hypothesisconsistent with the hypothesis

–– Observed deaths from colon cancer not necessarily Observed deaths from colon cancer not necessarily 
consistent with the hypothesisconsistent with the hypothesis

Crude CRC mortality rate Crude CRC mortality rate 
Chile 1990Chile 1990--20032003

Crude CRC mortality rate Crude CRC mortality rate 
Chile 1990Chile 1990--20032003
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Hirsch, S et al. Eur J Gastro Hepat 2009;21:436-9

Donoso, AD et al. Rev Med Chile 2006;134:152-8
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Donoso, AD et al. Rev Med Chile 2006;134:152-8
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Evaluation of benefits and risks of folic acid 
fortification by other countries

Evaluation of benefits and risks of folic acid 
fortification by other countries

 FSANZFSANZ –– Food Standards Australia andFood Standards Australia and FSANZFSANZ –– Food Standards Australia andFood Standards Australia and FSANZ FSANZ –– Food Standards Australia and Food Standards Australia and 
New ZealandNew Zealand

 FSA – Food Safety Agency – Ireland

 HCN – Health Council of the Netherlands

 FSA – Food Standards Agency – UK

 FSANZ FSANZ –– Food Standards Australia and Food Standards Australia and 
New ZealandNew Zealand

 FSA – Food Safety Agency – Ireland

 HCN – Health Council of the Netherlands

 FSA – Food Standards Agency – UK
– SACN – Scientific Advisory Committee on 

Nutrition

– CoC – Committee on Carcinogenicity

– SACN – Scientific Advisory Committee on 
Nutrition

– CoC – Committee on Carcinogenicity

Scientific Advisory Committee on Scientific Advisory Committee on 
Nutrition (SACN)Nutrition (SACN)

Scientific Advisory Committee on Scientific Advisory Committee on 
Nutrition (SACN)Nutrition (SACN)

 In 2006 SACN recommended mandatory fortification of In 2006 SACN recommended mandatory fortification of 
flour with folic acid to the UK Food Standards Agency.flour with folic acid to the UK Food Standards Agency.

 In 2006 SACN recommended mandatory fortification of In 2006 SACN recommended mandatory fortification of 
flour with folic acid to the UK Food Standards Agency.flour with folic acid to the UK Food Standards Agency.

 In June 2007, Mason and Cole papers published.In June 2007, Mason and Cole papers published.

 In October 2007, the Chief Medical Officer requested In October 2007, the Chief Medical Officer requested 
advice from SACN on potential adverse effects of folic advice from SACN on potential adverse effects of folic 
acid on colorectal cancer risk.acid on colorectal cancer risk.

 In June 2007, Mason and Cole papers published.In June 2007, Mason and Cole papers published.

 In October 2007, the Chief Medical Officer requested In October 2007, the Chief Medical Officer requested 
advice from SACN on potential adverse effects of folic advice from SACN on potential adverse effects of folic 
acid on colorectal cancer risk.acid on colorectal cancer risk.acid on colorectal cancer risk.acid on colorectal cancer risk.

 A working group comprising members of SACN and A working group comprising members of SACN and 
experts in cancer and cancer epidemiology, was set experts in cancer and cancer epidemiology, was set 
up to evaluate the evidence.up to evaluate the evidence.

acid on colorectal cancer risk.acid on colorectal cancer risk.

 A working group comprising members of SACN and A working group comprising members of SACN and 
experts in cancer and cancer epidemiology, was set experts in cancer and cancer epidemiology, was set 
up to evaluate the evidence.up to evaluate the evidence.
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The Scientific Advisory Committee on Nutrition (SACN):

In 2007 SACN was asked by the UK Food Safety Authority to review potential 
adverse effects of folic acid on colorectal cancer risk. Members of SACN and 
experts in cancer epidemiology reviewed the evidence.

In April 2009 SACN concluded that there were currently insufficient data on the 
Relation between folic acid fortification and cancer. 

In October 2009, the SACN announced its decision to support its previous 
recommendation for mandatory folic acid fortification together with controls 
on voluntary fortification 

Scientific reviews – FFI  2nd Technical Workshop, Stone Mountain, Georgia, 2008

Joint Statement – WHO, FAO, UNICEF, GAIN, MI, FFI

Intention - To set standards for a wide audience including food industry, 
scientists and governments, involved in the design and implementation
of flour fortification programs as public health interventions.
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Iron

Nutrient

Table 1. Average nutrient levels to consider adding to fortified wheat flour based on extraction, 
fortificant compound, and estimated per capita flour availability

Vit B12

Vit A

Zinc

5.0 2.6 1.3 1.05.0 2.6 1.3Folic acid

0.0080.04 0.02 0.01Vit B12

• Blood folate levels have increased substantially

I d f li id i f tifi d fl d f d

Summary of mandatory Summary of mandatory 
fortification with folic acidfortification with folic acid

• At the present time, there are no proven adverse
outcomes of folic acid fortification

• Increased folic acid in fortified flour and foods 
means decreased numbers of babies born with NTD

Very unlikely for usual intake to exceed the ULVery unlikely for usual intake to exceed the UL

Current evidence from research studies shows that  few, if any, 
potential adverse outcomes are associated with folic acid fortification

Very  unlikely (alone) to result in high blood folate concentrations



MulinareJ_Harmonization WrkShop, Nairobi APR19,2010 FINAL

29

• Current decreases in NTD prevalence do not

Summary of mandatory Summary of mandatory 
fortification with folic acid (cont’d)fortification with folic acid (cont’d)

• Current decreases in NTD prevalence do not 
necessarily reflect the full prevention potential

• Fortification of foods with folic acid is a feasible, 
economical, safe and effective public health policy.

Worldwide Wheat Flour Fortification Programs

Mandatory programsMandatory programs

No program activity

Planning programs

Voluntary programs

Flour Fortification Initiative website, July 2009
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Folic Acid Preventable Neural Tube Defects 
in 2008

300,000

330,000

90,000

120,000

150,000

180,000

210,000

240,000

270,000

Prevented

Remain preventable

Other causes

0

30,000

60,000

Global NTD

Important activities to facilitate Important activities to facilitate 
fortification of flour with folic acidfortification of flour with folic acid

Important activities to facilitate Important activities to facilitate 
fortification of flour with folic acidfortification of flour with folic acid

 Improve monitoring of NTDs and other potential Improve monitoring of NTDs and other potential 
adverse health outcomes.adverse health outcomes.

 Improve monitoring of NTDs and other potential Improve monitoring of NTDs and other potential 
adverse health outcomes.adverse health outcomes.adverse health outcomes.adverse health outcomes.

 Provide support for countries preparing to Provide support for countries preparing to 
develop plans to fortify flour with folic acid.develop plans to fortify flour with folic acid.

 Standardize the measurement of blood folate Standardize the measurement of blood folate 
concentrations for different assays.concentrations for different assays.

adverse health outcomes.adverse health outcomes.

 Provide support for countries preparing to Provide support for countries preparing to 
develop plans to fortify flour with folic acid.develop plans to fortify flour with folic acid.

 Standardize the measurement of blood folate Standardize the measurement of blood folate 
concentrations for different assays.concentrations for different assays.concentrations for different assays.concentrations for different assays.

 Determine blood folate concentrations associated Determine blood folate concentrations associated 
with lowest prevalence of preventable NTDs.with lowest prevalence of preventable NTDs.

concentrations for different assays.concentrations for different assays.

 Determine blood folate concentrations associated Determine blood folate concentrations associated 
with lowest prevalence of preventable NTDs.with lowest prevalence of preventable NTDs.
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