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Abstract

Background

Hispanic women have a risk 1.5 to 3 times higher than non-Hispanic White
women of having a pregnancy affected by a neural tube defect. There is now substantial
evidence that folic acid can reduce the risk of neural tube defects (NTDs). When
consumed prior to conception (periconceptionally) and through the first month of
pregnancy, supplemental folic acid reduces the risk of NTDs by 40-70%. Hispanic
women are at an increased risk to have an NTD-affected pregnancy and Hispanic women

have the lowest reported supplemental folic acid consumption of any racial or ethnic

group.

Methods

To better understand periconceptional folic acid (PFA) vitamin use by Hispanic
women in Oregon, data were analyzed from the 1998-1999 Oregon Pregnancy Risk
Assessment Monitoring System (PRAMS). Oregon PRAMS asked women whether they
had taken the vitamin folic acid in the month prior to pregnancy. Comparison of the
knowledge of folic acid in the prevention of birth defects and use of PFA among
Hispanic women and non-Hispanic women was analyzed. Characteristics of Hispanic
women who had recently given birth and had reported taking the vitamin supplement
folic acid in the month before pregnancy was compared to Hﬁspanic women with recent
births who reported not taking PFA daily. Predictors of PFA use by Hispanic mother's

place of birth was also evaluated.
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Results

Of the 443 Hispanic women surveyed by 1998-1999 PRAMS in Oregon, only
15.7% (weighted) reported taking the vitamin folic acid in the month before pregnancy
compared to 35.0% of non-Hispanic women. Among Hispanic women who had recently
given birth, in multivariate analysis, knowledge of folic acid (OR 8.71, 95% CI 3.00-
24.5), intended pregnancy (OR 2.87, 95% CI 1.39-5.94) and mother’s age 30 or older
(OR 2.03, 95% CI 1.00-4.09) were significant predictors of PFA use. When evaluated by
Hispanic mother's place of birth (United States (US)-born or foreign-born) there was no
statistically significant difference between these groups in their PFA use or in their
knowledge of the benefits of folic acid in preventing birth defects. Knowledge (OR 5.47,
95% CI 2.05-14.04), pregnancy intention (OR 3.09, 95% CI 1.29-7.36) and early
initiation of prenatal care (OR 2.80, 95% CI 1.26-6.24) remained significant predictors of
PFA use for foreign-born Hispanics. Knowledge (OR 13.5, 95% CI 1.73-105.81) and
mother’s age 30 or older (OR 4.77, 95% CI 1.53-14.88) remained significant predictors
of PFA use by US-born Hispanic women. Pregnancy intention was not a predictor of

PFA use for US-born Hispanics.

Conclusion

Knowledge of the benefits of folic acid remains the most important predictor of
PF A vitamin use for Hispanic women. In Oregon, targeting public health interventions to
increase knowledge of the benefits of PFA must account for mother's place of birth since
almost 70% of the Hispanics in Oregon are foreign-born (mostly from Mexico) and 30%

are US-born. Substantial differences exist between these Hispanic groups including their

-1X-



incomes, education and even the clinics attended for prenatal care. Further research needs
to also evaluate the difference in pregnancy intention between the two groups since this
can also be an important predictor of PFA use. Increasing our understanding of who
chooses to take PFA, where they could receive the public health message and in what
language they receive the message will be important information to target our public

health interventions.
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Introduction
Neural Tube Defects

Neural tube defects (NTDs) are a group of serious brain and spinal cord
malformations in the developing fetus that include anencephaly and spina bifida.
Prenatal and birth records from before 1998 suggest that approximately 4,000
pregnancies with these abnormalities were identified each year in the United
States resulting in 2500 live or stillbirths of anencephaly or spina bifida. 12)
Although the etiology of NTDs is unknown, randomized controlled trials have
shown a 40-70% decrease in the incidence of these birth defects if 0.4 milligrams
(mg) or more of folic acid was ingested daily prior to and during the first weeks of
pregnancy..>** This puts NTDs among the few birth defects for which a primary

prevention is possible.

The neural tube is the early foundation of the brain and spinal cord. 1t is
formed in a fetus in the first 23 to 28 days post-conception, usually before a
woman knows she is pregnant. Neural development starts as an open tube, but if it
does not close completely during embryogenesis, defects in the brain and spinal
cord result.

In anencephaly, there is partial or complete absence of the brain and
calvarium. This defect is always fatal before or shortly after birth. Spina bifida is
a herniation of neural tissue and meninges on the spine. It is compatible with
survival, but individuals can be severely handicapped and sometimes suffer from

mental retardation. Disabilities of spina bifida can range from chronic



1.2

hydrocephalus, lower limb paralysis, bowel or bladder problems, to a minor form
causing fewer problems known as spina bifida occulta. Extensive information
exists on the classification of neural tube defects and their consequences, but little
is known about why the neural tube does not close.®

Prevalence estimates of 3.6-4.6/10,000 live births from 1985-1994 are
believed to underestimate the true prevalence of NTDs because many affected
pregnancies are spontaneously or electively aborted.“” Active population-based
surveillance programs using prenatal diagnosis with ultrasound screening and
measurements of maternal serum alpha-fetoproteins have reported NTD rates as
high as 7.2-15.6/10,000 live and stillbirths."*”

There are high personal costs to an individual and family associated with
any birth defect. Even in mild cases with early surgical intervention, severe
disability may result. It has been estimated in 1998 dollars that one new case of
spina bifida costs $295,000 per individual lifetime.®> With estimates prior to1998
of 1500 new cases of spina bifida per year, a cumulative lifetime cost of $489

million for that year’s cohort of spina bifida cases can be projected.®” Prevention

of these birth defects eliminates the economic burden to affected families.

Risk factors for NTDs

For couples who have had a previous NTD-affected pregnancy, the risk of
recurrence in subsequent pregnancies is 3%-5%, but more than 95% of NTDs are
the pnimary occurrence in a family with no previous history of this birth defect.
Rates of NTDs vary by population, geography, and selected maternal

characteristics. Factors such as socioeconomic status, maternal heat exposure,



maternal obesity, maternal antibodies and genetics have been associated with the
occurrence of NTDs.@1%1H12139)

The single most important nutritional factor for the prevention of NTDs is
a sufficient level of the B-vitamin folic acid in women at the time of
conception.*> Folate is the naturally occurring water-soluble vitamin found in
many foods that is easily denatured by cooking, heat, storage and processing.
Folic acid is the synthetic preparation of folate and is not denatured by these
methods.

A study by Daley et al. reported an inverse dose-response relationship

between red cell folate levels and NTD risk ¥

and in a study comparing dietary
regimens of synthetic folic acid and natural food folates, Cuskelly et al. " found
that higher levels of folate in red cells was achieved only with folic acid vitamin
supplementation or with folic acid fortified foods. They found that the cohort of
women who ate foods containing the natural folate equivalent of 0.4 mg (such as
10 servings of broccoli) with no supplementation of folic acid, and those women
who only received dietary advice to increase consumption of natural folate, did
not increase their red cell folate levels to an amount thought adequate to prevent
NTDs. Even though 10 servings of broccoli might contain 0.4 mg of folate, the
amount of folate absorbed is actually much less. In an Institute of Medicine
(IOM) report on dietary recommendations, they assess the bioavailability, or
absorption of natural food folates at almost half that of folate’s synthetic

counterpart, folic acid.'® This makes estimation of the dietary intake of natural

food folates difficult because of the varying bioavailability.
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Folic acid and NTDs, the evidence

As early as 1964 there were studies that showed an association between a
deficiency of folate and human congenital malformations and in 1976, Smithells
et al. reported that women with NTD-affected pregnancies had lower levels of
serum folate than their unaffected controls.””> Many other observational studies
showed similar associations between folic acid and decreased NTDs.®'”

In 1991, the Medical Research Council (MRC) of the United Kingdom
reported the results of a multi-center randomized double blind study of folic acid
supplementation for the prevention of NTDs in women with a previously affected
child. The data conclusively demonstrated a 71% reduction in the recurrence of
NTDs in the cohort of women that took daily doses of 4 milligrams of folic acid
before and during the early part of their pregnancy.”” To assess the effect of folic
acid on the first occurrence of NTDs, Czeizel et al. conducted a large randomized
study with 4,753 women in Hungary that showed a decrease in NTDs in the
cohort of women receiving 0.8 milligrams of folic acid periconceptionally. He
found 0 cases of NTDs in the cohort of women taking folic acid compared to 6
cases NTDs in the cohort of women not receiving folic acid (p=0.029).)

The preventive effect of folic acid was more recently demonstrated in the
largest prospective trial so far involving more than 200,000 women in China from
areas of high and low prevalence of NTDs. In those women who took 0.4 mg of
folic acid periconceptionally, the study showed a reduction in NTDs of 85% in the

high-risk region and a reduction of 41% in the low-risk region.!'®
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Folic acid supplementation has also been associated with a decrease in
other birth defects such as conotruncal heart defects, urinary tract abnormalities,
orofacial clefts and imperforate anus among others.?*?%2%222) Although the
primary outcome of the randomized trial in Hungary was the presense of NTDs,
Czeizel also found 42% fewer birth defects overall in the cohort taking folic acid
compared to the cohort without folic acid supplementation.”

The underlying biologic mechanism of folic acid in protecting against
NTDs is unknown.”’ Folic acid participates in DNA synthesis and acts as a
methyl donor in the methylation process of homocysteine to methionine. Some
studies suggest that increased maternal homocysteine levels, which increase when
methylation to methionine is not occurring, might interfere with neural tube
closure.”” Other theories involve replenishment of a nutritional deficiency (poor
diet or malabsorption) or physiologically overcoming an enzyme lack with an
increased substrate.”” More recently, there are studies showing maternal
antibodies to folate receptors and this been theorized as a reason for an increased

need for folic acid in some populations.!”

Government Recommendations

Based on the solid evidence of the randomized control trials described
above, in 1992 the United States Public Health Service (USPHS) recommended
that "all women of reproductive age in the United States who are capable of
becoming pregnant consume 0.4 milligrams folic acid per day for the purpose of
reducing their risk of having a pregnancy affected with spina bifida or other

NTD".%? Since the neural tube starts development before a woman usually



knows that she is even pregnant, and noting that 50% of pregnancies are
unplanned, the recommendation included all women of reproductive age, not just
those planningspregnancy. Subsequently, in 1998, the Food and Drug
Administration (FDA), understanding the importance of decreasing the
prevalence of a preventable birth defect, made fortification of enriched flour and
grain products mandatory at 140 micrograms of folic acid /100 grams of grain.*”
One slice of bread averages about 30-40 grams and provides about 6% to 10% of
the daily value percentage of folic acid. The FDA theorized that if someone ate a
healthy diet following the United States Department of Agriculture (USDA) Food

® and with fortification of enriched grain products, there would

Pyramid Guide
be an adequate increase in blood folate levels, but still remaining below the
maximum 1 mg of daily folic acid intake that the FDA felt was a safe upper limit
for the majority of the population. Increased levels of fortification were rejected
by the FDA because some scientists and the FDA believed that grains fortified
with more folic acid could mask the hematologic picture of pernicious anemia, a
vitamin B-12 deficiency that affects 10-20% of older adults and can lead to
irreversible neurologic problems.*"*>% This assumption of folic acid
fortification masking a B-12 deficiency has been contentious since the medical
diagnosis of pernicious anemia rarely relies on a hematologic picture.®'”? In
fact, nearly 1/3 of patients with a B-12 neurologic disease present without an

anemia and almost 1/2 have only a mild anemia to no anemia.®»
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~
Dilemma and controversy

The 1994-1995 Continuing Survey of Food Intakes by Individuals found
the average American diet contained about 0.2 mg/day of dietary folate prior to
fortification.®* The mandated fortification level of 140 micrograms/100 grams of
grain only increased folate levels approximately 0.1 mg/day in the average
American diet for a total of 0.3 mg of folate/day in an average diet. This fortified
diet level of 0.3 mg/day is below the levels shown to be effective in decreasing
NTDs 40-70% as seen in randomized control trials.>> Honein reported in 2000
that, since fortification, there has been a decrease in NTDs in the United States
overall of 19% compared to pre-fortification prevalence, and the CDC in 2002
reported a 20-30% decline in NTD prevalence compared to pre-fortification
levels.®*?® Other countries have seen a similar trend with fortification. Chile has
fortified their grains to a level of 240 micrograms/100grams of grain and noticed
a 37% decrease in NTDs.®” Many believe there is a direct dose-response
relationship between folic acid fortification and decreased NTDs.®**” The more
fortified the grain, the fewer NTDs.

With the current level of fortification insufficient to prevent the maximal
number of NTDs, the USPHS as well as the Centers for Disease Control (CDC)
and the IOM still recommend that women of reproductive age take supplemental
folic acid. Women who are at high risk to have a child with a neural tube defect,
such as those who have a NTD themselves, or who have borne a previously

affected infant, women who take antiepileptic drugs, or women with diabetes,
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should take 4 mg of folic acid daily. Women with a lower risk should take 0.4 mg

Y

of PFA daily in addition to a dietary folate intake of 0.2- 0.3 mg per day."'?

A national health objective in Healthy People 2010 is to increase folic acid
consumption, measure an increase in red cell folate levels before pregnancy, and
to measure a decrease in birth defects“*” For most women, the easiest way to
obtain an optimum folic acid blood level prior to pregnancy is to take folic acid in
vitamin supplement form or to eat a fortified cereal with 100% the recommended

daily allowance (RDA) of folic acid.

Vitamin Supplement Intake
Adequate fortification of the US food supply could have been the ultimate

answer to prevent a majority of NTDs because adequate fortification would not
have required any dietary or behavior modification, such as taking a daily vitamin,
on the part of the individual. Adequate fortification of grains with folic acid was
also the perfect solution for providing PFA for planned and unplanned pregnancies
since most women would have received adequate folic acid daily from their
fortified diets. With inadequate folic acid fortification of the food supply to prevent
the maximal number of NTDs, most public health experts believe that folic acid
vitamin supplementation is necessary in women of reproductive age. The 19-30%
decrease in the prevalence of NTDs re;;orted by Honein and the CDC seen in the
US after fortification was thought to be the result of fortified foods only and not
folic acid vitamin use. There was no substantial change or increase in the reported
use of folic acid vitamin supplements among women from 1998-2002. Vitamin use

remained fairly constant at about 30-35% among the population of reproductive



women 18-44 years of age.”®® With such a low percentage of women of
reproductive age reporting vitamin use (most multivitamins contain folic acid) and
low levels of fortification, reduction in the NTD prevalence has not been what was
predicted.

Since the USPHS recommendation in 1992, there have been multiple
public health campaigns, most notably by the March of Dimes as well as the CDC,
to increase the use of PFA in vitamin form and also increase awareness of folic
acid to prevent birth defects. The CDC evaluated changing awareness of the
benefits of folic acid and found that although overall awareness had increased
since 1992, women with a high school education or less, those who were Black or
Hispanic, or women who had had unintended pregnancies were less likely to be
aware of a folic acid benefit. “*» The March of Dimes/Gallup Survey in 2000
found overall use of PFA vitamins occurred in only about 33% of the population of
US women of reproductive age.*” The National Health and Nutrition Examination

Survey III found that use was lowest among Mexican—-Americans, at 19.5%.*?

1.7 Hispanics and NTDs

Hispanic women have an increased risk 1.5-3 times the risk of non-
Hispanic Whites of having a pregnancy affected by an NTD.“*> In 1994, case
control studies along the Texas-Mexico border reported Hispanics to be at an
elevated risk for NTDs. “Hispanic mother” was the predictor variable most
significantly associated with spina bifida and anencephaly when compared to non-
Hispanics.“**” The high prevalence seen along the Texas-Mexico border of

13.4/10,000 was thought to reflect the higher rate among Hispanics.“*® Shaw et



1.8

al. in California found similar findings of increased risk among Hispanics
compared to non-Hispanic Whites, except that the odds of having an affected
infant were only higher in Mexico-born Mexican women, and not US-bom
Mexican women.“* Socioeconomic differences, nutritional deficiencies in folate,
pesticide exposure, and a gene mutation in methyl-tetrahydrofolate reductase,
found more prevalent in the Hispanic population, are all currently under

investigation as possible reasons for the increased NTD risk.'?

Demographics in Oregon

Oregon’s Hispanic population grew approximately 66% from 1990-2000,
to almost 200,000, or 8% of the total population. Since 1989, the number of births
to Hispanic women has increased 191% to almost 13.2% of the total births in

-

Oregon in 1998.“” Two Oregon counties, Malheur and Hood River, reported in
1998 that almost 50% of the births in their districts were to Hispanic women.“*”

The CDC and the March of Dimes have issued reports that effective
interventions for folic acid begin by understanding the target populations to which
they are directed.®” Oregon’s Hispanic women are an important target for
intervention because they represent not only a large and growing share of the
births in Oregon, but also because they have been identified as a group at higher
risk for NTDs.

Oregon does not have an active birth defects registry and estimating the
number of birth defects such as NTDs can be difficult. Shriner’s Hospital and

Doernbecher Children’s Hospital in Portland, Oregon are reported to be carrying

the major caseload of people with spina bifida for the state. They report the

-10-
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number of identified persons in Oregon who currently have spina bifida to be

approximately 1600 (personal communication, Shriner’s Hospital)

Purpose of study

This study examines folic acid use by Hispanic women who had recently
given birth in Oregon using data from the 1998-1999 Pregnancy Risk Assessment
Monitoring System, or PRAMS. The study:

1) Compares PFA use and knowledge of Hispanic women with
recent births to PFA use and knowledge by non-Hispanic women
with recent births.

2) Identifies characteristics of Hispanic women with recent births
who had taken PFA acid compared to Hispanic women with
recent births who had not taken PFA.

3) Compares PFA use and characteristics among foreign-born
Hispanic women and US-born Hispanic women.

4) Makes recommendations for targeted interventions based on
these findings to increase the use of folic acid vitamin

supplements among Hispanic women.

11-



2.1

Methods

PRAMS

This investigation was a cross-sectional study of women who participated
in the Oregon Pregnancy Risk Assessment Monitoring System, PRAMS, in 1998-
1999. The women who participated in this study had recently given birth and
agreed to answer a mailed survey or a telephone interview.

PRAMS is a state-administered, mixed mode surveillance tool that collects
data from mailed surveys or telephone interviews on maternal experiences before,
during and after pregnancy (see Appendix A: PRAMS Survey questionnaire). It
was developed by the Oregon Department of Human Services in 1998 and
modeled after the CDC’s PRAMS surveys in other states. Oregon joined the
national CDC PRAMS system in 2002.

Oregon eligible women who had recently given birth were first identified
from their child’s birth certificate received at the Oregon Department of Human
Services, then stratified by race/ethnicity and randomly selected. Over-sampling
for statistical analysis of minority racial and ethnic groups assured adequate
representation of minority births in Oregon. Women selected from the birth
certificate data were contacted 2 to 6 months postpartum with a pre-survey letter
explaining PRAMS and the questionnaire that would follow. Mothers reported as
ethnicity Hispanic on the birth certificate were sent questionnaires in Spanish and
English. If there was no response from the first mailing, a second mailing was

sent. If there is no response from the second mailing, a telephone interview was

-12-
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attempted. As an incentive to respond, names of the women who participated in
the survey were entered into a monthly random drawing to win a $200 gift
certificate at Fred Meyer stores.

Data from the returned PRAMS surveys were collected and compiled by
the Oregon Department of Human Services and then linked back to selected
demographic and prenatal information from the birth certificates. The birth
certificate data was gathered by hospital personnel at the time of birth directly
from the parents, the prenatal clinic and hospital records. (see Appendix B: Birth
certificate)

All data were de-identified to protect confidentiality of respondents. The
Institutional Review Board at Oregon Health and Science University approved

this study.

PRAMS Sampling Methods and Stratification
Using birth data of Oregon from 1997, sampling proportions were

calculated to get the needed sampling sizes adequate for representation of the six
strata classifications in 1998-1999. Birth certificates were stratified into the
categories listed below and a random sample drawn with the sampling ratios:
(Appendix C: Sampling Plan for 1998)

1) 1 of every 65 births with normal weights to non-Hispanic White women

2) 1 of every 4 births with low weight to non-Hispanic White women

3) 1 of everylO births to Hispanic women

4) 9 of every 20 births to non-Hispanic African American women

5) 1 of every 4 births to non-Hispanic Asian/Pacific Islanders women

13-
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6) 1 of every 2 births to non-Hispanic American Indian/Alaskan Native

women

Weighting Process

PRAMS data are weighted to estimate how a random sample of women
who had recently given birth might answer the survey.(SI) The PRAMS analysis
was weighted for over-sampling, non-response and non-coverage.

The over-sampling weight was the reciprocal of the sampling fraction and
restored demographic proportions back into the data set. For example, in non-
Hispanic White women with a sampling ratio of /s, €ach non-Hispanic White
respondent’s over-sampling weight was 65. The weight for each Asian/Pacific
Islander respondent was 4. (see 2.2, PRAMS Sampling Methods and
Stratification)

The non-response weight was an attempt to compensate for certain
maternal characteristics that the CDC had identified as indicators of a woman’s
relative inclination to respond to the PRAMS survey. The assumption was that a
non-responder might have responded in a similar way to other women in her
stratum sharing a given indicator. The CDC identified variables of marital status,
education, age and 1st trimester prenatal care as indicators of a mother's
inclination to respond by a process of Classification and Regression Tree (CART)
analysis.®? For wom