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Abstract

Background—The United States implemented mandatory folic acid fortification of enriched
cereal grains in 1998. Although several studies have documented the resulting decrease in anemia
and folate deficiency, to our knowledge, no one has determined the prevalence of folate-deficiency
anemia after fortification.

Objective—We determined the prevalence of folate deficiency and folate-deficiency anemia
within a sample of the Reasons for Geographic and Racial Differences in Stroke (REGARDS)
cohort.

Design—The REGARDS cohort is a prospective cohort of 30,239 black and white participants
living in the contiguous United States. We measured serum folate concentrations in a random
sample of 1546 REGARDS participants aged =50 y with baseline hemoglobin and red blood cell
mean corpuscular volume measurements. Folate deficiency was defined as a serum folate
concentration <6.6 nmol/L (<3.0 ng/mL), and anemia was defined as a hemoglobin concentration
<13 g/dL in men and <12 g/dL in nonpregnant women (WHO criteria). Folate-deficiency anemia
was defined as the presence of both folate deficiency and anemia.

Results—The mean hemoglobin concentration was 13.6 g/dL, and 15.9% of subjects had
anemia. The median serum folate concentration was 34.2 nmol/L (15.1 ng/mL), and only 2 of
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1546 participants 0.1%) were folate deficient. Both subjects were African American women with
markedly elevated C-reactive protein concentrations, macrocytosis, and normal serum cobalamin
concentrations; only one subject was anemic. Overall, the prevalence of folate-deficiency anemia
was <0.1% (1 of 1546 subjects).

Conclusion—Our data suggest that, after mandatory folic acid fortification, the prevalence of
folate-deficiency anemia is nearly nonexistent in a community-dwelling population in the United
States.

INTRODUCTION

The global prevalence of anemia in the elderly (aged >65 y) has been estimated to be 23.9%,
resulting in ~164 million elderly people being anemic worldwide (1). Anemia estimates in
the elderly US population have ranged from 9% to 11% depending on the population being
studied (2, 3). Some of the common causes of anemia in the elderly include nutritional
deficiencies (deficiencies of folate, vitamin B-12, and iron), chronic inflammation, and renal
insufficiency (3). Before the implementation of mandatory folic acid fortification, nutritional
anemia accounted for approximately one-third of all anemia cause in the elderly US
population (3). Folate deficiency alone accounted for 6.4% of anemia, the combination of
folate and cobalamin deficiency accounted for 2% of anemia, and the combined deficiencies
of iron with folate or vitamin B-12 or both accounted for an additional 3% of anemia as
shown in an analysis of the NHANES |11 phase 2, 1991-1994 (3). Clinically, anemia of
folate deficiency manifests as megaloblastic anemia (4, 5).

In March 1996, the US Food and Drug Administration required mandatory fortification of
enriched cereal grains with folic acid to be implemented by January 1998 (6). This
requirement has resulted in Americans consuming an average of 138 g folic acid/d from
mandatory fortification (more than one-third of the recommended daily intake of 400 pg/d)
(7). According to the estimates from the Flour Fortification Initiative, worldwide, 69
countries have policies requiring the fortification of wheat or maize flour with folic acid (8).

Mandatory folic acid fortification and the resulting decrease in the prevalence of neural tube
defects (NTDs) were recently called one of the 10 greatest public health achievements of the
decade by the CDC (9). Although the effects of folic acid fortification on NTD prevention
have been well recognized (10-13), the additional benefits of fortification on the anemia of
folate deficiency have not been well explored. Several studies from the United States and
Canada after mandatory folic acid fortification have shown a decline in the prevalence of
both folate deficiency and anemia in general (14-19); however, to our knowledge, the effect
of folic acid fortification on the prevalence of folate-deficiency anemia has yet to be
determined. This study aimed to determine the prevalence of folate deficiency and folate-
deficiency anemia in a sample of the Reasons for Geographic and Racial Differences in
Stroke (REGARDS) cohort after fortification.
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SUBJECTS AND METHODS

Study population and participants

The REGARDS trial is a prospective, longitudinal study of 30,239 subjects aged =45 y and
recruited between January 2003 and October 2007 with the goal to better understand
geographic and racial differences in stroke incidence in the United States. Participants were
selected from a commercial, nationwide list of >250 million individuals in the United States
(Genesys Incorporated) (20, 21). Approximately 50% of the cohort was selected from the
stroke belt (ie, North Carolina, South Carolina, Georgia, Tennessee, Alabama, Mississippi,
Arkansas, and Louisiana), ~50% of the cohort was black, and 50% of the cohort was women
(20, 21).

Participants were contacted via telephone, and one resident aged =45 y per household was
randomly screened for eligibility; exclusion criteria included race other than black or white,
active treatment of cancer, the presence of medical conditions that prevented long-term
participation, cognitive impairment as judged by the telephone interviewer, residence in or
being on a waiting list for a nursing home, and inability to communicate in English. Verbal
informed consent and a medical history were also obtained (20, 21). The overall response
rate (defined as the percentage of subjects agreeing to be interviewed among known eligible
candidates contacted plus an adjustment for an estimate of likely eligible participants among
unknown eligible participants) of the cohort was ~40% (22).

Physical measurements and a medication inventory, phlebotomy, and urine collection were
carried out during an in-home visit at baseline. Participants also provided written informed
consent and completed a self-administered questionnaire, including a food-frequency
questionnaire. Participants were followed up and contacted by telephone every 6 mo about
stroke symptoms, hospitalizations, and general health status (21).

From this larger cohort, we selected a random sample of 1547 REGARDS participants aged
>50 y with a baseline complete blood count and measured their serum folate and cobalamin
concentrations for our study. With the use of statistical software (SAS 9.3; SAS Institute
Inc), this sampling scheme involved a simple random-assignment procedure of eligible
subjects from the cohort. One participant had an insufficient stored sample for serum folate
testing and was excluded from the analysis. Our final analytic sample size was 1546
participants.

This study was approved by both the Institutional Review Board of Emory University and
the REGARDS study executive committee, and all research procedures were conducted in
accordance to their ethical standards.

Measurements

A complete blood count was performed the day after sample collection by using an
automated cell counting on a Beckman Coulter LH 755 Hematology Workcell analyzer
(Beckman Coulter Inc); measurement details have been described elsewhere (21). Serum
folate concentrations were measured on stored serum samples collected at baseline by using
the Cobas Folate Il assay, which is a binding assay for the in vitro quantitative determination
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of folate in human serum intended for use on Elecsys and Cobas e immunoassay analyzers
(Roche Diagnostics) in the laboratory for clinical biochemistry research at the University of
Vermont. The concentration range of the folate assay was 1.4—45.3 nmol/L (0.6-20 ng/
mL). Serum vitamin B-12 concentrations were measured retrospectively by using the
Elecsys cobalamin assay (Roche Diagnostics) at the clinical laboratory. The range of the
vitamin B-12 assay was 22—-1476 pmol/L.

Outcome definitions

Folate deficiency was defined as serum folate concentrations <6.8 nmol/L (<3 ng/mL) (23).
Anemia was defined by using both WHO criteria (hemoglobin concentration <12 g/dL for
women and <13 g/dL for men) (23) and age-, sex-, and race-specific criteria defined by
Beutler and Waalen (ie, Beutler's definition) (24). For the purpose of our analysis, folate-
deficiency anemia was defined as the presence of both folate deficiency and anemia by using
either anemia definition. We provide a descriptive overview of individual participants with
folate deficiency.

Statistical analysis

RESULTS

The statistical software (SAS 9.3; SAS Institute Inc) was used to determine the descriptive
statistics and the prevalence of anemia, folate deficiency, and folate-deficiency anemia. Chi-
square and 2-sample #tests were used to determine differences in variables of interest across
white and black races (level of significance was set at £< 0.05), and 95% Cls for prevalence
estimates were calculated by using Poisson's approximation to the binomial distribution. For
the purpose of our analysis, we assigned participants with serum folate concentrations
>45.3nmol/L (>20 ng/mL) (the upper limit of quantification for the assay) a value of 45.3
nmol/L (20 ng/mL). For each individual with folate deficiency, we reported their observed
demographic, clinical, and laboratory values.

The mean (£SD) age of 1546 participants was 65.4 + 8.8 y; 54.1% of participants were
white, and 60.0% of participants were women. A summary of the demographic
characteristics of study participants is shown in Table 1.

The mean hemoglobin concentration of the entire sample was 13.6 g/dL. The lowest mean
hemoglobin concentrations were shown in black women (12.7 g/dL), whereas the highest
hemoglobin concentrations were shown in white men (14.6 g/dL) (Table 2). The prevalence
of anemia in our sample by using the WHO criteria was 16.0% (95% CI: 14.1%, 18.1%);
however, when anemia was classified by age, sex, and race cutoffs (Beutler's definition), the
prevalence was 13.1% (95% CI: 11.4%, 15%) (17). The highest prevalence of anemia by
using the WHO definition in our sample was in black women (25.3%), whereas the lowest
was shown in white men (7.7%). When anemia was classified by using Beutler's definition
(age, sex, and race cutoffs), the highest prevalence of anemia in our sample was shown in
black men (20.0%), whereas the lowest prevalence of anemia in our sample was shown in
white men (10.7%) (Table 2).
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The median serum folate concentration was 35.6 nmol/L (15.1 ng/mL), and the prevalence
of folate deficiency in our sample was 0.1% (95% CI: 0.03%, 0.5%), which was in 2 of 1546
study participants. We used the median measure because 18.2% of our sample had serum
folate concentrations above the upper limit of the assay of 45.3 nmol/L (20 ng/mL).

With the use of the WHO definition of anemia in combination with folate deficiency, there
was only one participant with folatedeficiency anemia (<0.1%; 95% CI: 0.01%, 0.5%).
There were no cases of folate-deficiency anemia by using the combination of folate
deficiency and anemia according to Beutler's definition (Table 2).

Characteristics of the 2 folate-deficient REGARDS participants are shown in Table 3. Both
participants were black women, had normal serum vitamin B-12 concentrations (280.2 and
208.6 pmol/L), markedly elevated high-sensitivity C-reactive protein concentrations (43.8
and 17.4 mg/L), and macrocytosis (mean corpuscular volume of 113 and 99 fL). These
participants had BMI (in kg/m?2) of 33.5 and 25.8, and both subjects had low daily caloric
intakes (754 and 1056 kcal).

DISCUSSION

Although the contribution of mandatory flour fortification in North America to the reduction
in NTDs has been documented (9, 12, 13, 25-27), not enough information has been
published about its benefits in reducing folate-deficiency anemia in older adults. After
mandatory folic acid fortification in the United States, there has been almost no folate
deficiency and folate-deficiency anemia in an older population of adults in the REGARDS
study. In our study, there were 2 individuals with folate deficiency, whereas only one
individual had concurrent anemia.

The prevalence of folate deficiency was 0.1%, and prevalence of anemia associated with
folate deficiency was <0.1%. Our folatedeficiency prevalence estimate was consistent with
those in other population-based analyses of serum folate concentrations after fortification.
For instance, in a recent study that used data from NHANES, Pfeiffer et al (19) showed that
the postfortification prevalence of low serum folate, which was defined as <10 nmol/L (4.4
ng/mL), was 0.7% compared with 24% prefortification. Data from the Framingham
Offspring Study cohort also showed a postfortification folate deficiency prevalence of 1.7%
in nonsupplement users compared with 22% prefortification (14).

Our folate-deficiency anemia prevalence estimate was >100-fold less than prefortification
estimates of 6.4% in the elderly US population (3, 28). In an analysis of NHANES IlI,
Guralnik et al (3) showed that, in the prefortification period in adults aged =65 y who were
anemic, 6.4-11.8% of the anemia could be attributed to folate deficiency. However, in
subjects with anemia (by the WHO definition) in our REGARDS sample, only 0.4% of
subjects had folate deficiency (1 of 247 participants). When we defined anemia by using
Beutler's criteria, none of the participants with anemia had folate deficiency (0 of 202
participants). These results suggest that mandatory folic acid fortification has improved the
health of the older Americans by nearly eliminating folate deficiency and folate-deficiency
anemia.
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Other countries that have instituted mandatory folic acid fortification have reported findings
similar to those from the United States. For instance, in the Canadian Health Measures
Survey, which is a population-based cohort, MacFarlane et al (29) and Colapinto et al (30)
showed a <1% prevalence of folate deficiency postfortification. A hospital-laboratory—based
study from Australia also showed a 77% decrease (from 9.3% to 2.1%) in the incidence of
low serum folate concentrations after mandatory folic acid fortification compared with
prefortification (31). Hospital-based studies have also documented low to nonexistent folate
deficiency and folate-deficiency anemia after mandatory fortification so much so that
questions have been raised about the utility of screening for folate deficiency in hospitalized
patients with anemia (16, 32, 33).

One of the strengths of this study was that our sample was obtained from a large prospective
cohort. Another strength was that clinical data we had of participants with folate deficiency
were based on information collected by the REGARDS study. This collection enabled us to
examine the possibility of other comorbidities such as cancer, diabetes, hypertension, and
markers of chronic inflammation that may have contributed to anemia and possibly serum
folate concentration in the 2 folate-deficient individuals.

Our study was not without limitations. Within the REGARDS cohort, only white and black
races were represented. Although the REGARDS cohort was selected from a nationwide list
of 250 million individuals in the United States, the cohort was over-sampled from the stroke
belt region and excluded persons with selected medical conditions such as cognitive
impairment, persons residing in or awaiting admission to a nursing home, as well as persons
who do not speak English. Thus, the generalizability of our study to the entire US population
may be limited. However; despite these limitations, our results were consistent with a recent
analysis of a nationally representative sample of the US population in NHANES that showed
that the prevalence of low serum folate was <1% irrespective of age, sex, or race (19). Also,
because REGARDS data were only collected after mandatory folic acid fortification in the
United States, we did not have prefortification estimates from the same population for
comparison. Hence, we had to use prefortification estimates from other studies such as the
NHANES. In addition, we defined folate-deficiency anemia as the concurrent appearance of
low serum folate with anemia, and therefore, we could not be certain that the anemia was a
result of folate deficiency. The participant who had both folate deficiency and anemia also
had an elevated C-reactive protein concentration, and as such, chronic inflammation and
anemia of chronic disease could not be ruled out as potential causes of anemia. The 2
participants in our sample with folate deficiency also had a previous history of stroke on
entry to the study. In addition, they both had low caloric intake and, thus, poor diet or
undernutrition may have played a role in the cause of their folate deficiency and folate-
deficiency anemia. As a result, our estimate of the prevalence of folate-deficiency anemia
after mandatory folic acid fortification as being <0.1% may have been an overestimate.
Information on folate-only supplements was not available in our REGARDS dataset.
Although 36% of our sample reported the consumption of multivitamin supplements, this
amount was not sufficient to explain the overall low prevalence of folate deficiency in our
population. Also, we could not be certain that all these multivitamin supplements contained
folic acid.
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In conclusion, both folate deficiency and anemia associated with folate deficiency may have
been eliminated postfortification in an ambulatory and relatively healthy population.
Although other factors such as increased supplement use and perhaps improved nutrition
may have contributed to a decline in folatedeficiency anemia, reductions in both the
prevalence of folate deficiency and folate-deficiency anemia are an added benefit of
mandatory flour fortification. In addition to preventing spina bifida and anencephaly,
mandatory folic acid fortification has contributed to the near elimination of folate deficiency
and folatedeficiency anemia in individuals aged =50 y. Thus, regulators in countries around
the world considering folic acid fortification need to take into account the benefits of
mandatory folic acid fortification on both newborns in preventing NTDs and in older adults
in preventing folate-deficiency anemia
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TABLE 1

Characteristics of study participants in the REGARDS study, 2003-2007"

Characteristics All (n = 1546) summary

Demographics

Age (y) 65.37 +8.8°
White [17(%)] 837 (54.1)
Female [77(%)] 928 (60.0)
Education [77(%)]
College 550 (35.7)
Some college 419 (27.2)
High school 381 (24.7)
Less than high school 192 (12.5)
Income [77(%)]
<$20,000 272 (17.6)
$20,000-$34,999 350 (22.6)
$35,000-$74,999 490 (34.7)
2$75,000 229 (14.8)
Not reported 205 (13.3)
Multivitamin use [n(%)]3 559 (36.1)
Comorbidity
C-reactive protein4 217(4.2)
Previous stroke [ (%)] 93 (6.0)
Previous transient ischemic attacks [/7(%)] 59 (4.1)

1The REGARDS study had 30,239 participants; from this larger cohort, we selected a random sample of 1547 REGARDS participants aged =50 y
with a baseline complete blood count and measured their serum folate and cobalamin concentrations for this analysis. One participant was excluded
because of an insufficient stored sample for serum folate testing; the final analytic sample size was 1546. REGARDS, Reasons for Geographic and
Racial Differences in Stroke.

2
Mean + SD.
3 . T
On the basis of a medication inventory.

Median; IQR in parentheses. The median is reported because the variable C-reactive protein was not normally distributed. This variable was
assessed by using statistical tests for normal distribution.
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TABLE 2

Hematologic variables of study participants in the REGARDS study, 2003-2007"

White (n = 837) Black (n = 709)
Variable All(n=1546) M (n=363) F(=474) M (=255 F(n=454) P
Hemoglobin (g/dL) 13.6 + 1.42 146+12 134+12 138+14 127+1.2 <0.001
Anemia by using the WHO definition [7(%)] 247 (16.0) 28 (7.7) 42 (8.9) 62 (24.3) 115 (25.3) <0.001
Anemia by using Beutler's criteria [ (%)]° 202 (13.1) 39 (10.7) 52 (11.0) 51 (20.0) 60(13.2)  0.005
Corpuscular volume (fL) 89.7+6.0 91.9+45 91.0+4.9 88.7+6.9 87.2+6.6 <0.001
Macrocytosis [ (%)]4 282 (18.2) 92 (25.3) 93 (18.6) 46 (18.0) 51(11.2) <0.001
Serum folate (nmoI/L)5 34.2 (15.1) 35.6 (15.7) 37.8(16.7) 29.9 (13.2) 13.9 <0.001
Folate deficiency [11(%)]® 2(01) 0(0.0) 0(0.0) 0(0.0) 2(0.4) 0.12
Serum vitamin B-12 (pmol/L) 661.7 (353.8) 559.5(292.1) 632.4(331.8) 699.5(374.3) 752.7(383.3) <0.001
Vitamin B-12 deficiency [17(%)] 7 4127 12+33 15+£3.2 4+16 10£22 0.12
Folate deficiency and anemia [ (%)]
WHO criteria 1(<0.1) 0.0 0.0 0.0 1(0.9) —
Beutler's criteria 0.0 0.0 0.0 0.0 0.0 —

JThe REGARDS study had 30,239 participants; from this larger cohort, we selected a random sample of 1547 REGARDS participants aged =250 y
with a baseline complete blood count and measured their serum folate and cobalamin concentrations for this analysis. One participant was excluded
because of an insufficient stored sample for serum folate testing; the final analytic sample size was 1546. P values for differences between black
and white races were analyzed by using the chi-square test for categorical variables and the independent #test for continuous variables. REGARDS,
Reasons for Geographic and Racial Differences in Stroke.
2

Mean + SD (all such values).

3Beut|er's criteria for anemia were defined as follows: white male aged 20-59 y, 13.7 g/dL; white male aged =60 y, 13.2 g/dL; white female aged
220y, 12.2 g/dL; black male aged 20-59 y, 12.9 mg/dL; black male aged =60, 12.7 g/dL; and black female aged =20y, 11.5 g/dL.

4
Defined as a mean corpuscular volume >95 fL.
5 . .
All values are medians; IQRs in parentheses.
6 .. .
Defined as a serum folate concentration <6.8 nmol/L (<3 ng/mL)

7 . - ] . .
Cobalamin deficiency was defined as a serum cobalamin concentration <148 pmol/L.
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TABLE 3

Characteristics of the 2 folate-deficient participants in the REGARDS study, 2003-2007"

Characteristics Participant 1  Participant 2

Demographics

Age (y) 54 66
Sex F F
Race Black Black
Region2 Stroke buckle Stroke belt
Education Some college  High school
BMI (kg/m2) 335 25.8
Smoking Current Never
Alcohol use Past Never

Dietary intake

Daily energy intake (MJ) 314.8 x 10° 442.3 x 10°
Estimated folate intake from fortified foods (FFQ) (ug/d) 50.3 169.9
Estimated folate intake from natural foods (FFQ) (ug/d) 97.3 67.5
Multivitamin use
Multivitamin use in medication inventory No No
Multivitamin use in FFQ No Yes

Hematologic variables

Serum folate [nmol/L (ng/mL)] 6.1(2.7) 4.3 (1.9)
Serum vitamin B-12 (pmoI/L)3 280.2 208.6
Hematocrit (%) 36.3 36.1
Hemoglobin concentration (g/dL) 12.6 11.8
Mev(L)? 113 99
Anemia by using the WHO definition No Yes
Anemia by using Beutler's definition (24) No No
C-reactive protein concentration (mg/L)5 438 17.4

Past medical history

Participant reported stroke at baseline Yes Yes
History of cancer diagnosis No —
Self-reported health Good Good
Self-reported hypertension Yes No
Self-reported diabetes No No

1 - . -
The REGARDS study had 30,239 participants; from this larger cohort, we selected a random sample of 1547 REGARDS participants aged =250 y

with a baseline complete blood count and measured their serum folate and cobalamin concentrations for this analysis. FFQ, food-frequency
questionnaire; MCV, mean corpuscular volume; REGARDS, Reasons for Geographic and Racial Differences in Stroke.

ZThe stroke buckle is a region within the stroke belt that has a higher stroke mortality rate than the rest of the stroke belt. The stroke buckle
includes the coastal plains of Georgia, North Carolina, and South Carolina. The stroke belt is a region in the Southeastern part of the United States
with high stroke mortality. It comprises the following 8 states: Georgia, North Carolina, South Carolina, Mississippi, Tennessee, Alabama,
Louisiana, and Arkansas.
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3Vitamin B-12 deficiency was defined as a serum vitamin B-12 concentration <148 pmol/L.
4MCV >95 fL was used as the cutoff for macrocytosis.

5 . . . ]
Elevated C-reactive protein concentration was defined as >10 mg/L.
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