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Abstract

Objective: To assess the folate status of US women in a study of a folate-fortified
oral contraceptive (OC) using the Short Folate Food Frequency Questionnaire
and plasma and red blood cell (RBC) folate samples.
Design: Sub-analysis from a multi-centre, randomised, double-blind, controlled
contraceptive trial with assessments at baseline and 6 months. We calculated
dietary folate equivalents (DFE) consumed and the proportion of participants
meeting folate adequacy benchmarks.
Setting: Eight centres in the USA.
Subjects: Healthy women aged 18–40 years requesting contraception with no
contraindications for OC use.
Results: Overall, 385 participants were randomised to either a novel folate-
fortified OC or a marketed OC. The 262 (68 %) participants compliant with the
protocol were included in the analysis set. Baseline daily DFE consumption was
529?8 (SD 342?1) mg and similar in both groups. At follow-up, the fortified OC
group had higher intake than the conventional OC group (1225?9 (SD 346?2) mg
compared with 500?6 (SD 361?2) mg). Mean plasma folate level increased from
44?5 (SD 17?2) to 55?8 (SD 21?1) nmol/l. Mean RBC folate level increased from
996?7 (SD 369?8) to 1311?9 (SD 436?0) nmol/l. The proportion meeting selected
folate adequacy benchmarks increased in the fortified OC group (P , 0?001).
Conclusions: Lack of adequate folate intake in reproductive-aged women from
dietary sources or supplements alone suggests the need for novel approaches.
Use of folate-fortified OC ensures adequate folate levels and meeting of folate
benchmarks.

Keywords
Dietary folate

Folate status
Folate-fortified oral contraceptive

Reproductive-aged women

The B vitamin, folate, and its synthetic form, folic acid,

have a number of beneficial effects for both women of

reproductive age and the general population. The most

well-established benefit of folic acid supplementation is a

reduction in the primary incidence(1) and recurrence(2) of

neural tube defects (NTD). A dose–response relationship

exists between red blood cell (RBC) folate level and NTD

risk, with women having RBC folate level of $906nmol/l

having the lowest risk(3). Possible reproductive benefits at

birth include a decrease in the prevalence of severe con-

genital heart defects(4), a reduction in the risk of cleft lip(5)

and a reduction in the incidence of preterm birth(6). Folic

acid may also reduce the risk of incident hypertension(7),

improve cognitive function(8) and decrease depression

scores in adults(9,10). Few of these additional potential

benefits have been conclusively established(11,12). A poten-

tial risk is masking of vitamin B12 deficiency with long-term

neurological sequelae(13). Folic acid may protect against

colorectal(14,15) and breast(12,16) cancer, but a procarcino-

genic effect is postulated in individuals with presence of

neoplastic cells and high folate intake. Systematic reviews

recommend ongoing surveillance and longer-term studies

including high-dose intake(17,18).

Since 1992, in an effort to decrease the incidence of

NTD, the US Preventive Services Task Force has recom-

mended a daily supplement of at least 400 mg of folic acid

for all women of reproductive age, commencing folic

acid supplementation at least 1 month before conception

and continuing with daily supplements through the first

2–3 months of pregnancy(19). Furthermore, since 1998, the

US Food and Drug Administration has mandated fortifica-

tion of grain products, flour and pasta (140 mg/100 g cereal

product, in order to increase folic acid intake in the general

population by 100 mg/d)(20). The American Congress of

Obstetricians and Gynecologists also recommends folic

acid supplementation for all women of reproductive age,
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particularly during the periconceptional period(21), a time

when many women may rely on oral contraception

for pregnancy prevention. Similarly, the Healthy People

2010 Objective in place at the time the present study was

conducted was that 80% of women of reproductive age

consume 400 mg of folic acid from fortified foods and

supplements daily(22); this was revised in the Healthy

People 2020 Objective to a more attainable 26%(23).

Additional objectives are that 33% take multivitamins or

folic acid daily for a month prior to pregnancy and that

only 22% have low RBC folate concentration (,195ng/ml

or 441?9nmol/l)(23). Despite these recommendations,

national surveys indicate that, at most, only 40% of women

of reproductive age take supplements containing folic acid

on a daily basis(24). Although nationwide blood folate

levels have increased compared with pre-fortification

levels, a substantial proportion of women of childbearing

potential, including those consuming folate-fortified foods

or taking folate supplements, have an RBC folate level

below 906nmol/l(25–29), the level associated with the

highest NTD protection(3).

Folate intake can be assessed using dietary measures

such as food recall diaries and FFQ(30). Blood folate

markers include plasma folate, a measure of recent

intake, and RBC folate, which reflects long-term folate

stores in the RBC. Correlations between FFQ and plasma

folate levels in women range from 0?186 to 0?63(12,31–38),

and from 0?00 to 0?28 between FFQ and RBC folate

values(34,35). These FFQ request information on the con-

sumption of eighty-four(32) to 145(37) food items for up to

1 year of recall(12,31,32). Previous studies comparing FFQ

with blood folate markers have not focused on women of

reproductive age electing contraception.

Worldwide, women of reproductive age often choose

oral contraceptives (OC) for pregnancy prevention

between pregnancies(39,40). Several circumstances, how-

ever, may lead to pregnancies that do not benefit

from adequate preconceptional folic acid intake: (i) OC

misuse(41); (ii) premature OC discontinuation with a

switch to a less effective method(42,43); (iii) rapid return to

fertility after OC discontinuation(44); and (iv) seeking

pregnancy without a visit to a clinician(45). Given the

sustained RBC folate levels seen up to 5 months after

discontinuation of a similar OC(46), folate-containing OC

could serve as a novel means of providing preconception

folate should a pregnancy occur. As part of a study

evaluating the effect of a novel OC fortified with folate

on the change from baseline in plasma and RBC folate

levels and homocysteine level(47), we sought to assess

the adequacy of folate status, using both dietary recall

and blood folate markers, in a population of women

in the USA – where food is fortified – desiring contra-

ception. Furthermore, we investigated the relationship

between folate intake measured using the Short Folate

Food Frequency Questionnaire (SFFFQ) with blood

folate levels.

Methods

Study design and participants

The current study was part of a multi-centre, randomised,

double-blind, controlled contraceptive trial (Clinical-

Trials.gov identifier: NCT00468481) that enrolled women

from eight sites in the USA(47). The trial was conducted

in accordance with the International Conference on

Harmonization/Good Clinical Practice and the principles

stipulated by the Declaration of Helsinki. Each site

obtained institutional review board approval, and written

informed consent was obtained from all women prior to

study entry. Study inclusion criteria included healthy

women aged 18–40 years requesting contraception with

no contraindications for OC use. The study population

was designed to be representative of the US population;

therefore, we included women of different ethnicities in

rural and urban settings. We targeted a racially diverse

study population in order to assess whether such differ-

ences lead to variations in folate-rich dietary choices. Study

sites were divided into East (Maryland, North Carolina,

South Carolina, Tennessee and New York) and West

(Washington and California). During screening, study

site personnel recorded subject-reported racial/ethnic

groups from the categories: Caucasian, African American,

Hispanic, Asian and Other.

Participants received either: (i) an OC containing 20 mg

ethinylestradiol and 3mg drospirenone for 24 d followed

by 4 d of placebo (YAZ�R ; Bayer HealthCare Pharmaceu-

ticals, Berlin, Germany) and served as controls; or (ii) the

same OC fortified with 451 mg levomefolate calcium

(Metafolin�R ) (BEYAZ�R ; Bayer HealthCare Pharmaceu-

ticals) for 28 d and represented the intervention group

(folate-fortified OC). Unlike folic acid, levomefolate

calcium does not need to be metabolised to be biologically

active and is, therefore, independent of folate-converting

enzymes which control the activation of folic acid.

Furthermore, levomefolate calcium has less potential than

folic acid to mask vitamin B12 deficiency symptoms(48).

At equimolar doses, levomefolate calcium and folic acid

(451 mg levomefolate calcium is equivalent to 400 mg folic

acid) have also been shown to be similarly effective at

increasing plasma and RBC folate levels in women

of childbearing potential(49–51). To ensure blinding, both

medications had identical packaging. Randomisation was

allocated in a 3:1 ratio (fortified OC:control) and study sites

received treatment group assignment via an interactive

voice response system.

Participants underwent the following visits: two

screening visits, a baseline visit, six study visits over the

course of 24 weeks, and a final visit at 26–28 weeks. We

assessed dietary intake at the baseline and final visits for

participants using the SFFFQ. Plasma and RBC folate

samples were collected at the pretreatment and week

24 visits. The per protocol (PP) participants reported at

least 75 % study medication compliance per cycle, had no
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major protocol deviations and completed 24 weeks

of treatment.

The Short Folate Food Frequency Questionnaire

The SFFFQ (r Columbia University 2007) is similar

in design to widely used FFQ(52). However, it assesses

only folate-rich foods consumed in the last week and,

therefore, contains fewer items and takes less time to

complete(53). It was developed to serve as a rapid self-

administered assessment of dietary folate status in dietary

folate equivalents (DFE), units that account for the

differences in bioavailability of natural food folate and

synthetic folic acid(13). The SFFFQ is used to collect

information about vitamin and supplement intake and the

number of servings of multiple preparations of thirty-nine

folate-containing foods consumed in the past week.

Where available, we obtained mg of DFE for food

preparations from the US Department of Agriculture’s

National Nutrient Database for Standard Reference(54); for

others, we utilised product labelling or contacted the

manufacturer. For fortified foods, we did not record

separately the individual contribution to total mg of DFE

from natural food folate and synthetic folic acid. For

vitamins and supplements, we multiplied standard values

of folic acid in mg (400 mg and 800 mg, respectively) by

1?7 to obtain mg of DFE. For individuals who specified

other supplements that contain folic acid, we obtained

folic acid values from product labelling prior to multi-

plying by the conversion factor. For the fortified OC, we

calculated mg of DFE by multiplying 400 mg by week 24

compliance and by the folate conversion factor. We then

calculated daily consumption for diet plus vitamins/

supplements plus the contribution from the fortified

OC. We assigned participants consuming at least 320 mg

DFE/d to meeting the Estimated Average Requirement

(EAR), a dietary reference intake measure of adequate

dietary intake for a group(13). As we did not collect

separately the folic acid contribution (in mg) in fortified

foods, we were unable to calculate the Healthy People

2020 Objective regarding ideal intake of folic acid(23).

Only 0?35% of SFFFQ items had an unspecified number

of servings or were missing brand names. We imputed 27%

of the missing values based on individual intake from

another visit with comparable intake and the remaining

73% from the median for all participants who consumed

that item if no comparable visit data were available.

Blood assessments

We obtained all blood samples after a reported 12 h

period of fasting. Baseline values reflect the mean of the

three pretreatment values. Samples for RBC and plasma

folate were drawn in separate lithium-heparin coated tubes.

RBC folate samples were prepared by dilution with fresh

1 % w/v ascorbic acid solution, followed by centrifugation

and incubation in the dark for 30 min before storing

at 2808C. Plasma folate samples were centrifuged and

stored at 2808C. Specimens were shipped to the refer-

ence laboratory, TNO Quality of Life, The Netherlands,

for analysis. Plasma and whole-blood folate concentra-

tions were determined using a validated microbiological

assay. Each plate included a WHO folate standard control.

RBC folate concentrations were calculated using the

equation(47): {(whole blood folate 3 100) 2 [plasma

folate 3 (100 – haematocrit)]}/haematocrit.

We assigned participants with RBC folate level of

$906 nmol/l to having optimal folate status for NTD

protection(3). Similarly, participants with RBC folate

.441?9 nmol/l met the Healthy People 2020 Objective

regarding low RBC folate concentration(23).

Statistical analysis

We performed univariate analyses of demographic and

dietary and blood folate data, bivariate analyses (Student’s

t test for comparison of means and Pearson’s x2 test for

comparison of proportions) to determine associations,

paired t tests to determine differences across visits, and

calculated Pearson correlation coefficients to compare

dietary and blood folate values. We performed the ana-

lyses using the statistical software packages SPSS version

18?0 for Windows and SAS version 9?1 for Windows.

Results

Participants were enrolled from 30 April 2007 to 6 Sep-

tember 2008. Overall, 385 participants were randomised, of

whom 379 (98%) received the intervention (either the OC

or the folate-fortified OC), 273 (71%) completed the study

and 262 (68%) completed the study per protocol (Fig. 1). PP

participants reported 100% OC compliance at week 24

(range 89–104%). One participant at baseline and four

participants at the week 24 visit did not complete the

SFFFQ. Due to a sample processing error at two clinical

sites, valid RBC folate values were not attainable for all

participants; valid RBC folate samples were balanced across

treatment groups. RBC folate values were obtained for 196

(75%) participants at baseline and 185 (71%) at the final

visit; 169 (62%) participants had RBC folate values at both

visits. We obtained plasma folate values for all participants at

both time points.

Demographic and baseline participant characteristics

are outlined in Table 1. PP participants did not differ from

the group excluded from analyses in mean age, region

or BMI. Dietary and blood folate values were also similar.

There were racial/ethnic differences, however, with

fewer PP participants identifying as African American (9 %

v. 18 %) and more as Hispanic (14 % v. 9 %) and Asian

(10 % v. 4 %; P 5 0?03).

Dietary folate equivalents

We calculated daily mg of DFE consumption by visit

(Table 2). At baseline, 159 (61 %) participants reported
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Assessed for eligibility (n  572)

Excluded (n 187)
• Not meeting inclusion criteria (n 98)
• Withdrew consent (n 27) 

• Other reasons (n 62)

Excluded from analysis (no week 24 blood
data) (n 7)

 Analysed (PP) (n 196) 

Discontinued intervention (n 82)

 

• Lost to follow-up (n 25) 
• Protocol deviation (n 18) 
•    Adverse event (n 13)
• Withdrew consent (n 12) 
• Other (n 12) 
• Pregnancy (n 2)

Allocated to OC with levomefolate calcium
(n 291)

 

 

• Received allocated intervention (n 285) 

• Did not receive allocated intervention (n 6)
 

Discontinued intervention (n 24)
• Lost to follow-up (n 8)
• Protocol deviation (n 8)
•   Adverse event (n 3)
• Withdrew consent (n 3)
• Other (n 2)

Allocated to OC (n 94)

• Received allocated intervention (n 94)

Excluded from analysis (no week 24 blood
data) (n 4)
 Analysed (PP) (n 66)

Randomised (n 385)

Enrolment  

Allocation

Follow-up

Analysis

Fig. 1 Participant flow through the study (OC, oral contraceptive; PP, per protocol)

Table 1 Demographic and baseline characteristics (per protocol set; n 262): healthy women of reproductive age
enrolled in a randomised trial of a folate-fortified oral contraceptive, eight centres in the USA, 2007–2009

Mean SD

Age (years) 25 4?9

n %

Age (years)
18–19 33 13
20–35 217 83
.35 12 5

Race/ethnicity
Caucasian 166 63
African American 24 9
Hispanic 37 14
Asian 25 10
Other 10 4

Region
East (Maryland, North Carolina, South Carolina, Tennessee and New York) 146 56
West (Washington and California) 116 44

Randomisation
Intervention 196 75
Control 66 25

BMI category (kg/m2)
Underweight (,18?5) 10 4
Normal (18?5–24?9) 158 60
Overweight (25?0–29?9) 75 29
Obese ($30?0) 19 7
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ready-to-eat cereal consumption and their folic acid

intake from this dietary component was 225?7 (SD 190?9)

mg DFE/d. Only 67 (26 %) reported vitamin or supple-

ment intake and their folic acid intake from supplements

was 421?2 (SD 239?8) mg DFE/d. The total DFE intake at

baseline was 529?8 (SD 342?1) mg/d.

Participants were similar at follow-up for ready-to-eat

cereal consumption (n 156, 60%) and vitamin/supplement

intake (n 63, 24%). The total DFE intake was 534?9

(SD 349?8) mg/d but increased to 1040?3 (SD 471?8) mg/d

when the contribution from the fortified OC was included.

Dietary intake of folate did not differ between the

groups at baseline (P 5 0?6) and at week 24 (P 5 0?4) or

within the groups between these points in time (controls:

P 5 0?8, fortified OC: P 5 0?7). There was no difference

between mean mg of DFE/d at the baseline visit and final

visit by folate consumption category (data not shown).

Furthermore, there were no differences in the change in

total intake mean mg of DFE/d from baseline to follow-up

by age category, race/ethnicity, geographic region, study

group assignment and BMI category (data not shown).

The folate intake categories that contributed the

most DFE to the total consumption at baseline and

follow-up were ready-to-eat cereals (26 % and 25 %,

respectively) and vitamins/supplements (20 % and 23 %,

respectively). Breads (mostly white), pasta, rice, beans

(mostly pinto) and romaine lettuce were the five next

most common contributors to dietary folate at both visits

(all ,9 %).

Blood folate levels

Plasma folate values increased during the study for the

combined study population (P , 0?001; Table 3); this

increase was due to the increase in the fortified OC

group. There was no increase in the mean plasma folate

values in the control group but there was an increase in

the intervention group (P , 0?001). Similarly, RBC folate

values increased during the study in the two groups

combined (P , 0?001); again, this increase was due to the

fortified OC group (P , 0?001). No increase in RBC folate

was observed in the control group.

Subgroup analyses revealed no difference in both

mean plasma and RBC folate levels over the course of the

study in women aged over 35 years and for race/ethnicity

‘Other’. Since these subgroups were small (twelve and ten

individuals, respectively), this may be a chance occur-

rence. Similarly, mean plasma folate did not increase over

time in the ten women who were underweight.

Folate benchmarks

The percentage meeting or exceeding the EAR (320 mg of

DFE/d) in this population was 66 % at baseline (Table 4).

Meeting the EAR did not differ by any of the demographic

variables assessed. Meeting the EAR increased to 90 % at

follow-up (P , 0?001). This was due to the increase in

the fortified OC group. Participants meeting the EAR at

follow-up tended to be older (P 5 0?02). There were no

other differences in meeting the EAR at follow-up by any

of the demographic variables.

At baseline, only 55 % of participants met or exceeded

906 nmol/l, the value of RBC folate associated with

maximum NTD risk reduction. After 24 weeks, however,

83 % overall (91 % in the fortified OC group and 60 % in

the control group) met this value (P , 0?001). We found

low RBC folate in two participants at baseline and one at

follow-up.

Table 2 Mean daily folate intakes (in mg of dietary folate equivalents) by study visit: healthy women of reproductive age enrolled in a
randomised trial of a folate-fortified oral contraceptive, eight centres in the USA, 2007–2009

Baseline Week 24

n Mean SD n Mean SD

Diet plus supplements
Control 66 511?3 341?6 66 500?6 361?2
Fortified OC 195 537?6 343?0 192 546?7 346?0
All 261 529?8 342?1 258 534?9 349?8

Diet plus supplements plus OC contribution
Control 66 500?6 361?2
Fortified OC 192 1225?9* 346?2
All 258 1040?3* 471?8

OC, oral contraceptive.
Mean values were significantly different from those at baseline: *P , 0?001.

Table 3 Mean blood folate levels (nmol/l) by study visit: healthy
women of reproductive age enrolled in a randomised trial of a
folate-fortified oral contraceptive, eight centres in the USA,
2007–2009

Baseline Week 24

n Mean SD n Mean SD

Plasma folate
Control 66 43?1 16?1 66 41?0 17?6
Fortified OC 196 45?0 17?6 196 60?8* 19?9
All 262 44?5 17?2 262 55?8* 21?1

RBC folate
Control 52 1014?3 308?2 47 1027?2 292?3
Fortified OC 144 990?4 390?4 138 1408?9* 435?2
All 196 996?7 369?8 185 1311?9* 436?0

OC, oral contraceptive; RBC, red blood cell.
Mean values were significantly different from those at baseline: *P , 0?001.
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Correlations

Total dietary intake in mg of DFE/d correlated with both

plasma and RBC folate at baseline (r 5 0?34 and r 5 0?35,

respectively) and remained correlated at follow-up (r 5 0?43

and r 5 0?41, respectively; Table 5). When evaluating

demographic variables for week 24 (data not shown),

correlation of dietary intake measured by the SFFFQ with

plasma folate was highest in those women who were of a

younger age (r 5 0?47), lived in the West (r 5 0?53) and

had a normal BMI (r 5 0?48). For RBC folate, the highest

correlation was in women who were older (r 5 0?52),

Caucasian (r 5 0?43) and overweight and obese (r 5 0?52

and r 5 0?43, respectively). There was more variability in

correlations at the final visit than at baseline (Fig. 2).

Discussion

In a racially and geographically diverse group of US

women exposed to fortified foods who elected to use oral

contraception, mean daily dietary intake of folate calculated

from the SFFFQ in DFE remained stable over the 6-month

study period. Dietary folate levels increased in the group

assigned to an OC fortified with levomefolate calcium.

Similarly, while plasma and RBC folate levels remained

stable in the control group, those in the fortified OC group

had an increase in these short- and long-term blood folate

stores. These increases improved performance of this

population on two folate benchmarks we assessed: meet-

ing the EAR and the NTD protection threshold.

The current study enrolled only women of reproduc-

tive age, the age group that stands to benefit the most

from adequate folate stores. This is also the age group

that often selects an OC as their form of contraception(39).

Unfortunately, OC discontinuation is high(55–57), often

occurs without consulting a physician(45) and leaves

women at risk for an unintended pregnancy. Therefore,

attaining adequate folate stores in this population is very

important. The percentage of participants meeting the

EAR measure of group folate intake adequacy was low

(66 %) when assessed using the SFFFQ at baseline, but

100 % in the folate-fortified group at 6 months. The

percentage not meeting the EAR at baseline was higher

than in an analysis of data from the National Health

and Nutrition Examination Survey(58). This may reflect

differences in methodology of dietary assessment between

these two studies.

We demonstrated that fortified OC use in a food-fortified

population increased the proportion of participants with

RBC folate $906nmol/l from half (51%) to almost all

(91%), thus decreasing their risk of a pregnancy affected by

an NTD. Folate stores above baseline would be expected to

persist for several months after OC discontinuation(46). A

woman discontinuing such an OC and becoming pregnant

within a few months would likely receive the protective

reproductive benefits of folate use. A folate-fortified OC

could thus serve as a proxy for a daily folic acid supplement

and help a woman meet the Healthy People 2020 Objective

of daily supplement for a month prior to pregnancy(23).

This population met the Healthy People 2020 Objective

for reducing the proportion of women with low RBC

folate concentrations at baseline(23). The high RBC folate

concentration in our population at both time points may

reflect the effect of fortification and supplement intake.

While we did not intend to validate the folate-specific

SFFFQ in our study, it performed well in this population.

It correlated with plasma and RBC folate levels as well as,

if not better than, other FFQ in the existing literature with

fewer items and shorter recall requirement. The correla-

tion between the dietary assessment and blood values

was positive and highest in the fortified OC group.

The study had some limitations. The SFFFQ relies on

self-reported consumption of selected folate-rich foods

and assumes unbiased reporting of intake. We collected a

single SFFFQ at each time point and thus could not adjust

for within-person variability. The SFFFQ collects a week’s

Table 4 Participants meeting folate benchmarks by study visit:
healthy women of reproductive age enrolled in a randomised trial of
a folate-fortified oral contraceptive, eight centres in the USA,
2007–2009

Baseline Week 24

N n % N n %

EAR
Control 66 42 64 66 40 61
Fortified OC 195 131 67 192 192* 100
All 261 173 66 258 232* 90

NTD protection
Control 52 34 66 47 28 60
Fortified OC 144 74 51 138 126* 91
All 196 108 55 185 154* 83

Healthy People 2020 Objective 15
Control 52 52 100 47 47 100
Fortified OC 144 142 99 138 137 99
All 196 194 99 185 184 100

N, total number of participants in the group; n, number of participants in the
group meeting the benchmark; EAR, Estimated Average Requirement 5 320
mg of dietary folate equivalents/d; OC, oral contraceptive; NTD protection,
participants meeting maximum neural tube defect protection threshold of RBC
folate $906 nmol/l; Healthy People 2020 Maternal, Infant, and Child Health
Objective 15 5 participants with RBC folate .195 ng/ml (441?9 nmol/l).
Significantly different from baseline: *P , 0?001.

Table 5 Correlations between blood folate levels and dietary folate
as assessed via the SFFFQ by study visit: healthy women of
reproductive age enrolled in a randomised trial of a folate-fortified
oral contraceptive, eight centres in the USA, 2007–2009

Baseline Week 24

n r n r

Plasma folate 261 0?34 258 0?43
RBC folate 196 0?35 184 0?41

SFFFQ, Short Folate Food Frequency Questionnaire; r, Pearson correlation
coefficient; RBC, red blood cell.
All correlations were significant at P , 0?05, r 6¼ 0.
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worth of intake data, however, and dietary intake remained

stable throughout the study period. We relied on a national

database and, infrequently, product labels for mg of DFE.

Databases and product labels can underestimate real folate

values because of limitation of analytical methods(13,59) and

product labels are not regulated; however, neither of these

should have differed by group assignment. In converting to

mg of DFE, we assumed fortificants/supplements were

consumed with food and not fasting (1?7 conversion factor).

This could be an underestimate if supplementary folate was

consumed while fasting (2?0 conversion factor).

Our data set included only total folate intake in DFE.

For fortified foods it did not collect separately the folic

acid and natural food folate contributions. Our food folate

benchmark calculations were thus limited to the EAR

and we were unable to directly calculate the Healthy

People 2020 Objective 14 of 26 % with an intake of at least

400 mg of folic acid/d from fortified foods or supplements.

Given that 26 % of the study population reported supple-

ment use at baseline, we can infer that this population

likely met this benchmark. Lastly, our results may not

be generalisable to countries with different (or no) food

fortification or with food consumption that is not captured

by the SFFFQ.

The strengths of the study include a geographically and

demographically diverse study population of US women of

reproductive age. Further strengths are that, as would be

expected for diet, reported folate consumption, excluding

the fortified OC, was stable during the course of the study.

Furthermore, based on diet alone, meeting the EAR did not

differ from the beginning to the end of the study. Dietary

findings are strengthened by correlation with blood values.

These results underscore the importance of food forti-

fication for achieving adequate DFE. Fortified foods

contributed the most to dietary intake; vitamins also

contributed a large proportion of DFE. However, neither

diet, including fortified foods, nor routine supplement

intake alone was sufficient for all women to meet the EAR

despite nationwide attempts to increase awareness and

intake of folate. Worldwide, folic acid health campaigns

have similarly increased knowledge and awareness with

moderate increases in consumption(60). Ongoing lack of

adequate folate intake from dietary sources or supplements

alone suggests the need for novel ways of providing

supplementation to ensure adequate folate levels. The

folate-containing OC tested here provides an example

of supplementation targeted at a population (women of

reproductive age) that does not always have adequate

levels with their current diet and supplementation, and

which is the intended beneficiary of improvement in folate

status. Furthermore, the SFFFQ performed well in this

study population and should be considered when a rapid

assessment of dietary folate status is needed.
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