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Abstract

Hispanic women have higher rates of neural tube defects and report lower total folic acid intakes than
non-Hispanic white (NHW) women. Total folic acid intake, which is associated with neural tube defect risk
reduction, has been found to vary by acculturation factors (i.e. language preference, country of origin, or time
spent in the United States) among Hispanic women. It is unknown whether this same association is present for
blood folate status. The objective of this research was to assess the differences in serum and red blood cell (RBC)
folate concentrations between NHW women and Mexican American (MA) women and among MA women by
acculturation factors. Cross-sectional data from the 2001-2010 National Health and Nutrition Examination
Survey (NHANES) were used to investigate how blood folate concentrations differ among NHW or MA women
of childbearing age. The impact of folic acid supplement use on blood folate concentrations was also examined.
MA women with lower acculturation factors had lower serum and RBC folate concentrations compared with
NHW women and to their more acculturated MA counterparts. Consuming a folic acid supplement can minimize
these disparities, but MA women, especially lower acculturated MA women, were less likely to report using
supplements. Public health efforts to increase blood folate concentrations among MA women should consider
acculturation factors when identifying appropriate interventions.
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Introduction

Consuming adequate amounts of folic acid, the syn-
thetic form of folate, can reduce the risk of having a
serious birth defect of the brain or spine (called a
neural tube defect) (MRC Vitamin Study Research
Group 1991; Berry et al. 1999). Research has found
that compared with non-Hispanic white (NHW)
women, Hispanic women have a higher reported
prevalence of neural tube defects (Williams et al.
2005). Additionally, some studies indicate that lower

acculturated Hispanics are at an even higher risk for
neural tube defects compared with their more accul-
turated counterparts (Velie et al. 2006; Canfield et al.
2009).

Acculturation is a term that has been used to
describe an individual’s integration into a dominant
culture (Thomson & Hoffman-Goetz 2009). This
process has been studied for multiple behaviours
and health outcomes in the Hispanic population,
including dietary intakes, birth outcomes, obesity, dia-
betes and alcohol use (Flores et al. 2007; Carmichael
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et al. 2008; Canfield et al. 2009; Sofianou et al. 2011;
Buttenheim et al. 2013). Several studies have reported
differences by acculturation factors in folate intake or
in consumption of foods that are high in folate among
Hispanic women (Guendelman & Abrams 1995;
Dixon et al. 2000; Neuhouser et al. 2004; Harley et al.
2005; Hamner et al. 2011). Although these studies’
findings have not always been consistent, it is impor-
tant to understand whether acculturation factors
could impact overall folate intake. Further, it is critical
to understand the factors that can impact total folate
intake from synthetic sources (folic acid) and natural
sources (natural food folate). However, assessing
total folate intake has several limitations. Dietary
assessment tools have been found to have measure-
ment error (Henriquez-Sanchez et al. 2009; Subar
A'F. etal. 2003), and it can be difficult to compare
findings when two different tools have been used
(Kowalkowska eral. 2013). Many tools are also
unable to differentiate between natural food folate
and synthetic folic acid intake. This can be problem-
atic when trying to assess whether a woman is
meeting the US Public Health Service recommenda-
tion of 400 ug of folic acid [Centers for Disease
Control and Prevention (CDC) 1992]. As a result of
these imprecisions, the use of biomarkers such as
serum folate or red blood cell (RBC) folate concen-
trations could provide a more accurate picture of a
woman'’s folate status. However, no study has assessed
how acculturation factors impact blood folate status
among women of childbearing age.

Given the higher prevalence of neural tube defects
among Hispanic women (Williams et al. 2005), the
link between folic acid and neural tube defects, (MRC
Vitamin Study Research Group 1991; Berry etal.
1999) and the suggestion of differences in folate

Key messages

intake by acculturation, we wanted to investigate
whether there was also an association between
biomarkers of folate status and acculturation. The
objective of this research was to investigate differ-
ences in serum and RBC folate concentrations
between NHW women and Mexican American (MA)
women and among MA women by acculturation
status. This information could help inform prevention
efforts and potentially provide another factor that
should be considered when assessing blood folate
status.

Participants and methods

National Health and Nutrition Examination
Survey (NHANES), 2001-2010

Data from the continuous NHANES survey for 2001-
2010 were used for this analysis. NHANES 2001-2010
was conducted in 2-year phases (2001-2002, 2003—
2004, 2005-2006, 2007-2008 and 2009-2010) using a
stratified multistage probability design. Each 2-year
cycle captured a nationally representative sample
of the non-institutionalized civilian population.
Respondents participated in both a household
questionnaire and a physical examination at the
Mobile Examination Center (MEC), with an overall,
unweighted response rate for the examined sample
ranging between 75% and 80% during the data col-
lection period. Data from 2001 to 2010 were com-
bined and analysed and weighted using MEC sample
weights (10-year sample weights for serum folate and
4-year sample weights for RBC folate). The analysis
sample was restricted to non-pregnant female
respondents aged 15-44 years who attended the MEC
and reported being of NHW or MA race/ethnicity.

* This study’s findings suggest that Mexican American women with lower acculturation factors have significantly
lower serum and red blood cell folate concentrations than both their non-Hispanic white and more accul-

turated Mexican American counterparts.

» Consumption of a folic acid-containing supplement has the potential to mitigate differences in blood folate
concentrations by acculturation status among Mexican American women.

» Consideration of acculturation status is important when developing targeted messages, materials, and inter-
ventions to increase blood folate status among Mexican American women.
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NHANES has oversampled MA from 2001 to 2010,
which allows us to present reliable estimates for this
subpopulation. All participants in NHANES provide
written informed consent.

Serum and RBC folate

Serum and RBC folate concentrations were collected
for survey years 2001-2010. From 2001 to 2006, blood
folate concentrations were assessed using the
BioRad (Laboratories Headquarters, 1000 Alfred
Nobel Drive, Hercules, CA 94547) (Quantaphase IT)
radioassay. Beginning in 2007, blood folate concentra-
tions were assessed using the microbiologic assay.
Equations have been developed to convert results
using BioRad to the equivalent values using the
microbiologic assay (Fazili etal. 2007). However,
Fazili et al. have indicated that blood folate concen-
trations measured with the BioRad radioassay
vary depending on an individual’s methylenetetra-
hydrofolate reductase (MTHFR) genotype (Fazili
et al. 2008). These differences are particularly notice-
able for RBC folate concentrations (Molloy et al.
1998; Fazili et al. 2008). Because MTHFR genotype
data are not publicly available for participants with
RBC folate concentrations from 2001 to 2006, and we
could not account for the effect of the BioRad
radioassay measurement error by MTHFR genotype,
we limited our analyses to RBC folate concentrations
from 2007 to 2010 because they were measured with
the microbiologic assay, which is more accurate and is
not as affected by MTHFR genotype. Serum folate
concentrations do differ by analytic method; however,
the ability to convert between the two methods is not
as dependent on genotype (Fazili e al. 2007; Yetley
et al. 2011). Therefore, we utilized data from 2001 to
2010 for serum folate with adjustments to the 2001-
2006 data to account for the differences in methodol-
ogy as recommended by the National Center on
Health Statistics (NCHS) [National Center for
Health Statistics Centers for Disease Control and
Prevention (NCHS CDC) 2006].

Acculturation factors

NHANES collects information on acculturation
factors for individuals who are aged >12 years and

who report being of Hispanic origin. These measures
include primary language spoken in the home,
country of origin and years living in the United States.
As done previously, individuals were classified into
three categories for language spoken: (1) report pri-
marily speaking English all or most of the time; (2)
report speaking equal English and Spanish; or (3)
report primarily speaking Spanish all or most of
the time (Hamner et al. 2011). For country of origin
and time in the United States, variables were
dichotomized, United States vs. Mexico and <15 years
vs. 215 years, respectively (Hamner et al. 2011). For
purposes of these analyses, lower acculturation
groups were considered those women who reported
speaking Spanish all or most of the time at home,
being born in Mexico, or residing in the United States
for <15 years. Each acculturation factor was treated as
an exclusive category because of the high correlation
between the individual factors (e.g. 86% of women
who reported speaking Spanish all or most of the time
were born in Mexico).

Covariates

Data on race/ethnicity, age, education level, poverty
income ratio, supplement use, language preference,
country of origin and time in the United States were
collected during a household interview survey. Partici-
pants reported their race/ethnicity as either NHW,
non-Hispanic black, MA, other Hispanic or other
race/ethnicity; however, we only included respond-
ents who reported NHW and MA race/ethnicity in
our analyses. Education level was categorized into
three levels: (1) less than high school; (2) high school
or general educational development; or (3) college or
above. A ratio of family income to the poverty thresh-
old was explored and ratios less than 1.0 were consid-
ered below the poverty threshold. Supplement use
was based on whether the participant reported con-
suming a folic acid-containing supplement in the past
30 days.

Statistical analysis

Frequencies of socio-demographic characteristics and
geometric mean blood folate concentrations for each
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race and ethnic group of interest were estimated.
Geometric means were estimated for blood folate
concentrations because the data were not normally
distributed and were logged to improve normality.
Chi-square tests and ¢-tests were used to determine
statistical differences in demographic characteristics
and in blood folate concentrations, respectively. P-
values < 0.05 were considered significant. Addition-
ally, we investigated the proportion of women in our
sample whose RBC folate concentrations fell below a
widely cited blood folate concentration estimate asso-
ciated with a birth prevalence rate of neural tube
defects of 8 per 10 000 live births (Daly et al. 1995).
The analyses were conducted using SAS 9.2 and
SUDAAN 10.0 to account for the complex sampling
design of NHANES. The estimates were weighted
according to NCHS guidelines (NCHS CDC 2006).

Analytic sample

There were a total of 4985 NHW and MA nonpreg-
nant women aged 15-44 years who went to the MEC
during the years 2001-2010. Of these women, 4670
had serum blood folate data available for analysis
from 2001 to 2010 and 1831 had RBC folate data
available for analysis from 2007 to 2010. There were
no differences in demographic characteristics
between women who did or did not provide blood
samples from 2001 to 2010 with the exception that
MA women who provided blood samples tended to
be slightly older than MA women who didn’t provide
blood (data not shown). Therefore, all demographic
analyses are presented for the entire sample
(n =4985).

Results
Demographic characteristics

Among the 4985 NHW and MA women 15-44 years
old in 2001-2010, 86.7% were NHW and 13.3% were
MA (weighted percentages; Table 1). Among MA
women, 50.9% reported primarily speaking Spanish,
53.2% reported being born in Mexico, and 35.1%
reported living in the United States for <15 years
(Table 1). Compared with NHW women, MA women
were more likely to be younger, less educated, live

below the poverty threshold, and not report consum-
ing a folic acid-containing supplement. Regardless of
acculturation factors, MA and NHW women were
significantly different by demographic characteristics
(P <0.05). Among MA women, age, education level,
poverty income ratio and folic acid-containing sup-
plement use differed by language spoken, country of
origin and time in the United States (P < 0.05 for all
comparisons by acculturation; Table 1). However,
almost all reported supplement users consumed a
similar amount of folic acid from supplements (about
300-400 ug d'), regardless of race or acculturation
(Table 1).

Serum folate (2001-2010)

Compared with NHW women, MA women had
significantly lower serum folate concentrations
(16.8 ng mL" vs. 14.9 ng mL!, P < 0.05; Table 2). This
difference was seen regardless of level of accultura-
tion (P<0.05 for all comparisons between NHW
and MA by acculturation). Additionally, compared
with their more acculturated MA counterparts, MA
women with the lowest acculturation factors (i.e.
those who reported primarily speaking Spanish, being
born in Mexico, or living in the United States
<15 years) had significantly lower serum folate con-
centrations (P < 0.05; Table 2).

Compared with NHW women who were sup-
plement users, MA women who were supplement
users and reported primarily speaking Spanish or
being born in Mexico had significantly lower serum
folate concentrations (P < 0.05; Table 2). Among MA
women who were supplement users, differences by
acculturation factors were attenuated and not statis-
tically significant.

Compared with NHW women who did not report
consuming a supplement, MA women who did not
report consuming a supplement and reported pri-
marily speaking Spanish, living in the United States
<15 years, or either being born in the United States or
in Mexico had significantly lower serum folate con-
centrations (P <0.05). Among MA women who did
not report consuming a supplement, there were no
significant differences in serum folate concentrations
by acculturation factors.
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RBC folate (2007-2010)

Geometric mean RBC folate concentrations were
464 ng mL™" and 424 ng mL~! for NHW women and
MA women, respectively (P < 0.05; Table 2). Com-
pared with NHW women, MA women with lower
acculturation factors (i.e. those who reported pri-
marily speaking Spanish, being born in Mexico, or
living in the United States <15 years) had significantly
lower RBC folate concentrations. Among all MA
women, those who reported primarily speaking
Spanish, being born in Mexico, or living in the United
States for <15 years had significantly lower RBC
folate concentrations compared with their more
acculturated MA counterparts (P < 0.05; Table 2).

Among NHW women and MA women who
reported consuming a supplement, there were no sig-
nificant differences in RBC folate concentrations,
with one exception: MA women who reported pri-
marily speaking Spanish had lower RBC folate con-
centrations than NHW women.

RBC folate concentrations for NHW and MA
women who did not report consuming a supplement
did not differ (424 ng mL™" vs. 407 ng mL™, respec-
tively). MA women who did not report consuming a
supplement and who had the lowest acculturation
factors (i.e. those who reported primarily speaking
Spanish, being born in Mexico, or living in the United
States <15 years) had significantly lower RBC folate
concentrations than NHW women who did not report
consuming a supplement and their more acculturated
MA counterparts (P < 0.05; Table 2).

Discussion

Monitoring of blood folate concentrations on a
national scale has occurred for many years in the
United States (Pfeiffer efal. 2007, 2012; Yetley &
Johnson 2011). An apparent racial/ethnic disparity in
blood folate concentrations between NHW women
and MA women has been observed both before and
after folic acid fortification (Pfeiffer eral. 2012).
Looking at post-fortification data in the present study,
our results show that this disparity is even more pro-
nounced when blood folate concentrations for MA
women are stratified by acculturation factors. In fact,

MA women with lower acculturation factors (those
who reported primarily speaking Spanish, being born
in Mexico, or living in the United States < 15 years)
had significantly lower serum and RBC folate concen-
trations than both NHW women and their more
acculturated MA counterparts.

Consumption of a supplement containing folic acid
can have an impact on blood folate status. To account
for this effect, we stratified our analyses by sup-
plement use and found that regardless of use, MA
women with lower acculturation factors tended to
have lower serum folate concentrations than NHW
women. The impact of supplement use on RBC folate
concentrations was slightly different; among sup-
plement users, differences by race/ethnicity and accul-
turation were attenuated or no longer present.
However, among women who did not report consum-
ing a supplement, MA women with lower accultura-
tion factors had significantly lower RBC folate
concentrations than both their more acculturated MA
counterparts and NHW women. RBC folate concen-
trations are a better indicator of long-term folate
status (Chanarin 1986; Gibson 2005). Therefore, these
results suggest that among women who did not report
consuming a supplement, race/ethnicity and accul-
turation factors might greatly contribute to the pres-
ence of disparities.

To the authors’ knowledge, this is the first report to
assess the relationship between acculturation and
blood folate concentrations among MA women of
childbearing age. Other acculturation literature on
women of childbearing age has focused on changes in
dietary or other health outcomes. Changes in dietary
and supplemental folate intake as a result of accul-
turation could influence blood folate concentrations.
A systematic review of acculturation and diet among
Latinos reported that lower acculturated individuals
had higher overall intakes of folate and greater
intakes of foods rich in natural folate (Ayala eral.
2008). Contrary to these findings, Hamner et al.
reported that folate intake from natural food folate
did not differ by acculturation factors among MA
women, but total folic acid intake (folic acid coming
from enriched cereal grain products, ready-to-eat
cereals, and dietary supplements) was lower among
MA women who reported lower acculturation
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factors, 283 ug folic acid per day [95% confidence
interval (CI): 211, 353] among MA women who
reported primarily speaking English compared with
206 ug folic acid per day (95% CI: 164, 248) and
224 ug folic acid per day (95% CI: 175, 272) among
MA women who reported speaking equal English/
Spanish and primarily Spanish, respectively (Hamner
etal. 2011). Although the findings in these previous
studies do not necessarily agree, they do suggest the
existence of differences in dietary folate intake by
acculturation. Our study supports these earlier con-
clusions in that we found evidence of differences in
serum and RBC folate concentrations by both race/
ethnicity and acculturation, but the impact is different
depending on which biomarker is assessed and
whether supplements are consumed or not.

Public health relevance is an important issue to
consider when looking at the differences in our
reported serum and RBC folate concentrations.
Although statistical differences between groups
were observed, the overall clinical relevance between
RBC folate concentrations of geometric means of
464 ng mL™! and 424 ng mL™" might not be readily
apparent. However, a paper by Daly et al. reported
that the lowest risk of having a neural tube defect-
affected pregnancy was associated with women
who had RBC folate concentrations =906 nmol L™
(2400 ng mL!; Daly ez al. 1995). Analytic differences
in measuring RBC blood folate concentrations should
be taken into account as the method for assessing
RBC folate concentrations differed slightly between
Daly et al. (1995) and the method used for analysing
NHANES samples (NCHS CDC 2006). Therefore,
we have converted this value (Daly et al. 1995) into
the equivalent value if the same analytic method
as used in NHANES had been used (Equation:
Y = (X0.7876 + 34.2802)/2.266, where Y is the Daly
converted RBC folate concentration and X is the
RBC folate concentration from the NHANES data;
Daly converted: 330 ng mL!; unpublished formula
from the data presented in Pfeiffer er al., 2011). Using
this cut-point, we can put our reported NHANES
values into a larger public health context. Overall, the
geometric mean RBC folate concentration of our
sample is above the Daly et al. value. However, a
greater proportion of MA women who did not report

consuming a supplement and who had lower accul-
turation factors did not meet the Daly et al. value
(330 ng mL!; Fig. 1). Nearly a quarter of MA women
overall (24.5%), and approximately 30% of MA
women with lower acculturation factors (i.e. those
who reported primarily speaking Spanish, being born
in Mexico, or living in the United States <15 years)
who did not report consuming a supplement, are at
risk of having a RBC folate concentration below a
value associated with the lowest risk for having a
neural tube defect-affected pregnancy. Even among
supplement users, about twice as many MA women
with lower acculturation factors (11.4-12.5%), com-
pared with NHW women (6.0%), did not meet the
Daly et al. value (Fig. 1), indicating the potential for
this population to be at increased risk for a neural
tube defect-affected pregnancy.

This study was subject to several limitations. First,
we were unable to use a validated scale to measure
acculturation because the variables needed were not
available in NHANES. However, we did use several
variables that are often utilized in developing accul-
turation scales, and language use has been found to be
a strong indicator for explaining a large proportion of
the variation in acculturation (Cuellar efal. 1980;
Marin et al. 1987). Second, our findings cannot be gen-
eralized to the entire Hispanic population, but only
to MA women living in the United States. Third,
NHANES is a cross-sectional survey, and we were
unable to assess temporal or causal relationships.
Fourth, the intention of this paper was to describe the
current blood folate status among women by race/
ethnicity and acculturation status and determine to
what degree folic acid supplement use may affect this
relationship; therefore, we conducted bivariate analy-
ses only. Multivariate analyses would be important for
determining the main predictors of blood folate con-
centrations in this population and could be explored
in future research. Lastly, statistically significant dif-
ferences might not equate to a biological or clinically
significant difference. We do attempt to put our find-
ings into a public health context by comparing our
findings to reported RBC folate concentrations asso-
ciated with the lowest risk of having a neural tube
defect-affected pregnancy. This study also had several
strengths. NHANES is a nationally representative

© 2014 John Wiley & Sons Ltd Maternal and Child Nutrition (2016), 12, pp. 39-50



Folate concentrations by acculturation

47

35.0
32.0
N
30.0 353 395 \
25.0 252 245 § S %
g 20.0 % 20.1 % % 19.9 % 19.7
§15.0 % §ls‘l§ 125% % %134§
~ 123 114 \ \ _-\12.2 II'SN -
10.0 N \ \ \ \ % \
NN NN \
o) N N N N
SN AN AN N
vo L N N N N N N NN
s Z Z 2 S g 4 £
== £ v N
E =)
=
Language COlll?tl:y of Tipne in the
use origin United States
Fig. 1. Proportion of women who have red blood cell folate concentrations less than 400 ngmL™' (906 nmol L) by race/ethnicity and acculturation

and supplement use, National Health and Nutrition Examination Survey (NHANES) 2007-2010; The value of 400ng mL™" (906 nmolL™") was
converted to the NHANES equivalency to be consistent with results reported previously (conversion formula: {[(906x0.7876) +34.2802)/
2266} =330 ngml™'; unpublished formula from the data presented in Pfeiffer etal, 201 I).The banded fill pattern in the figure represent supplement
non-users. The Daly etal. value of 400 ng mL™" (906 nmol L™') is associated with a birth prevalence rate of neural tube defects of 8 per 10000 live

births; MA, Mexican American; NHW, non-Hispanic white.

data source, and we are able to provide reliable esti-
mates for different subsets of the population includ-
ing MA women. This study also uses biomarkers to
assess blood folate status, which are not subject to as
many limitations as dietary intake data.

We found that serum and RBC folate concentra-
tions were significantly lower among lower accultur-
ated MA women than NHW women. While folic acid
supplement use has the potential to minimize this
disparity, more than 80% of MA women do not report
using supplements. These analyses suggest the need for
interventions to target the most vulnerable popula-
tions, especially MA women with lower acculturation
factors. While there is great potential to increase sup-
plement use among MA women, previous public
health campaigns to increase consumption of a folic

acid-containing supplement have had limited impact.
Public health campaigns specifically targeting His-
panic women have been attempted previously, but
tend to be costly and result in small increases in sup-
plement use among these women and might not be
sustainable (Flores et al. 2007). One intervention that
may be more effective for this population is folic acid
fortification of corn masa flour, which could poten-
tially increase the folic acid intake of MA women with
lower acculturation factors (Hamner et al. 2013). For
example, nearly 80% of MA women with lower accul-
turation factors (i.e. those who reported primarily
speaking Spanish, being born in Mexico, or living in the
US <5 years) reported consumption of corn masa flour
compared with 50-60% of MA women with higher
acculturation factors (i.e. those who reported
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primarily speaking English, being born in the United
States or living in the United States 215) and 27% of
NHW women (Hamner et al. 2013). While no federal
regulation currently exists to fortify corn masa flour
with folic acid, the first step would be submitting a
petition to the FDA to either develop a new standard
ofidentity for ‘enriched’ corn masa flour products or to
amend the current FDA food additive regulation for
folic acid (Fleischman & Oinuma 2011). The latter has
been submitted as of June 2012 (Gruma Corporation
et al.2012). A final ruling on the food additive petition
for corn masa flour could take several years.

Our findings suggest that acculturation factors could
be an important way to identify women who might be
at risk of having a blood folate concentration that is
below a value associated with the lowest risk of a
neural tube defect-affected pregnancy. This informa-
tion is important for state- and local-level birth defects
prevention activities that include the development of
targeted messages, materials and interventions.
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