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Introduction
In 1991 the Medical Research Coun-

cil Vitamin Study showed that recur-
rence of neural tube defects could be
prevented by daily supplementation of the
diets of high-risk mothers with 4 mg of
folate around the time of conception.'

After the publication of this report,
there was controversy over the dosage of
folate supplementation and particularly
the possible toxic effects of circulating
unmetabolized free folate on the devel-
oping embryo.26 In addition, differences
of opinion existed worldwide as to what
may be considered a folate-replete diet.9

In Jamaica, the incidence of obvious
live-birth neural tube defects (spina
bifida cystica and encephalocele) is low,
averaging 1.4 per 10 000 live births over
10 years (an average of 2.0 referrals per
quarter). In the aftermath of Hurricane
Gilbert (September 12, 1988) there was
an increase in live-birth neural tube
defects with a peak of 5.0 per 10 000 (7
referrals) in one quarter. This increase,
which has been reported elsewhere,'0
was significant (Poisson model;P < .005)
and coincided in periconceptional time
with an overt, significant increase in folic
acid deficiency in a vulnerable group:
homozygous sickle cell patients."

The overwhelming, all-island devas-
tation in the aftermath of Hurricane
Gilbert greatly enhanced recall of events
around that time. The results presented
here, despite the retrospective nature of
the information and the small numbers,
shed light on the dosage controversy and
the range of daily dietary folate that is
inadequate to prevent neural tube defects.

Methods
The cases were the 17 mothers of

babies with obvious live-birth neural
tube defects (spina bifida cystica and
encephalocele) born in the third and
fourth quarters of 1989 and the first
quarter of 1990 who were referred for
treatment within the Jamaican hospital
system. All cases of neural tube defects
were clinically confirmed in tertiary
institutions. Anencephaly was excluded
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because such cases are not usually
referred and reports of this diagnosis
could not be confirmed. No record of an
anencephalic live birth or stillbirth was
available from the main hospitals nor
from the Ministry of Health. The record-
ing of such birth defects is known to be
deficient.12

Each case subject was matched with
three control subjects, mothers of babies
with a birthweight of > 2.5 kg and
without any apparent physical or devel-
opmental defects. Case and control
subjects were matched for maternal age,
month and year of conception, pericon-
ceptional geographic location (Figure 1),
parity, and educational level. All of the
subjects were of similar socioeconomic and
ethnic background (African descent).

A 56-item questionnaire was used
in a structured personal interview of
each of the case and control subjects by
the sole investigator (E.M.W.D.). Blind-
ing of the identities of the case and
control subjects was not feasible. Each
interview was completed within 11-18
months of the subject baby's birth. The
questionnaire was developed, pretested,
and precoded to explore 32 health,
environmental, and dietary variables in
the postdisaster periconceptional period
of each subject's pregnancy (see Appen-
dix). Question 55 consisted of a "food
folate content scale" that listed 34
common food items and their estimated
folate content, designed to give an
approximate indication of the subject's
daily intake of free folate (in micro-
grams) in that period for comparison
between case and control subjects. This
scale was developed from food composi-
tion tables'3 and prorated for local
dietary servings.
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FIGURE 1-The periconceptional geographic locations In Jamaica of the case

subjects and their matched control subjects.

TABLE 1-Mean Daily Folate Intake Reported in the Periconceptional
(Post-Hurricane) Periods of Neural Tube Defect Case Subjects and
Control Subjects

Mean ± SD
Group No. Daily Folate Intake (,g) 95% Cl

Case subjects 17 153.6 ± 49.3 123,185
Control subjects 50a 253.9 ± 64.3 233, 275

Note. t = -5.86; df = 65; P < .0001.
aOne high outlying score was omitted from analysis.

The periconceptional period was

defined as an 18-week period starting 12
weeks before conception and ending 6
weeks after conception.

Information on postdisaster food
availability and relief supplies was ob-
tained from the Salvation Army, the
main relief agency.

The mean folate scores of group 1
(case subjects) and group 2 (control
subjects) were compared by using the t
test for independent samples. Fisher's
Exact Test and the corrected chi-square
test were also used where applicable.
Possible confounding variables such as

minor trauma and oral contraceptive use

were controlled for with multiple logistic
regression analysis.

Results

The mean daily dietary intake of
folate was significantly lower (P < .0001)
in group 1 (case subjects) (154 ,ug/day,
95% confidence interval [CI] = 123, 185)
than in group 2 (control subjects) (254

,ug/day, 95% CI = 233, 275) (Table 1,
Figure 2). The range for group 1 was

60-220 ,ug/day. The range for group 2
was 140-410 p,g/day with a high outlying
intake of 616 ,ug/day, that of the only
mother (control subject) who in addition
to a dietary intake of 445 jg/day
supplemented herself with a multivita-
min "liquid food" preparation contain-
ing folic acid (approximately 170 ,ug/
day). For each case subject the mean

folate intake of the matched control
subjects was higher (Figure 3).

There was no association with ma-

ternal smoking; alcohol, marijuana, or

other substance abuse; pesticide expo-
sure; intake of previously suspected
teratogenic foods (i.e., ackee,14 potato,'5
cassava, Jamaican white yam'6); bush
teas; pica; sources of drinking water;
clinic attendance; environmental or psy-
chosocial stress; hyperemesis; hyperten-
sion; spacing of pregnancies; incestuous
parenting; or previous birth defects.

There was no apparent relationship
with maternal medication use, but oral

FIGURE 2-The mean folate Intake
scores (micrograms/
day) forthe two groups,
the upperand lower
limits, and the upper
and lower quartiles of
the two distribudons.

contraceptive use17 was higher among

the case subjects, and this difference
approached statistical significance (odds
ratio [OR] = 3.8, 95% CI = 0.95, 15.44,
P = .058).

No previous birth defects were

reported by any of the subjects in either
group. Stillbirths were reported to have
occurred in previous pregnancies of two
of the case subjects and none of the
control subjects. Trauma (minor trauma
from blows and falls) was reported only
by subjects in group 1 (OR = 5.3, 95%
CI = 3.16, 8.73, P < .0005). There was

no apparent explanation for this.
Population fertility (live births) in-

creased by 4.3% over the same months
of the previous year (Statistical Institute
of Jamaica, 1988-1990, unpublished
data). Although there was no general
shortage of food reported by the sub-
jects, there was a change in eating
patterns at that time, towards the use of
prepared and packaged foods (relief
supplies consisting of rice, flour, sugar,

cornmeal, tinned corned beef, sausages,

sardines, and mackerel) with a consider-
ably reduced intake of fresh produce.

Discussion
We recognize the limitations of

retrospective data and a study in which
blinding of case and control identities
was not practicable, but the special
opportunity presented by this experi-
ment of nature mandated the investiga-
tion.
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FIGURE 3-The detary foate Intake
scores (mlc s/
day) of each case sub-
ec comparnd wUi the
mean dietary folate In-
take scores ofthe three
matched control sub-
pucs.

Within these limitations, the results
show that this post-Hurricane Gilbert
increase in neural tube defects was
associated with a diet comparatively low
in folate in the periconceptional period.

The range of reported daily dietary
folate intakes among the case subjects
(60-220 ,ug/day) and among the control
subjects (140-410 ,ug/day) gives an ap-
proximate indication of the folate con-
tent (i.e., micrograms of free folate
daily) of the individual diets of the
mothers in their post-hurricane pericon-
ceptional periods. From this result it
may be suggested that a dietary intake of
< 220 ,g of folate per day in the
periconceptional period may be inad-
equate to prevent neural tube defects in
the babies of Jamaican mothers. No
estimate of the converse, the intake that
is protective, can come from a case-
control study such as this one.

The MRC Vitamin Study Research
Group suggested that the United King-
dom may have a lower folic acid intake
than other countries.1 The usual daily
mean intake of folate for British women
is 209 ,ug/day.8
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The U.S. recommended daily allow-
ance for folate is 180 ,ug/day for nonpreg-
nant women and 400 pLg/day during
pregnancy. In the 1976-1980 US Health
and Nutrition Survey, median folate
intakes were 166 ,ug/day and 146 pLg/day
for White and Black women, respec-
tively.6

Scott et al.8 and Leeming4 empha-
sized the danger of exposure of the
developing embryo to circulating unme-
tabolized folic acid arising from high-
dose supplementation. They recom-
mend that a woman contemplating
pregnancy could avoid neural tube de-
fects in her baby by either taking a
low-level folic acid preparation or eating
an improved or even fortified diet high in
folic acid. Strief8 suggested that orange
juice was a good dietary supplement for
folic acid. This suggestion was endorsed
by Lucock et al.,3 who demonstrated in
their experiments an enhanced absorp-
tion and metabolism of folic acid after
ingestion of 500 mL of pure orange juice.

In view of possible adverse reac-
tions to high-dose folic acid supplemen-
tation and the recognized interrelation
of nutrients in a varied diet adequate in
folic acid and related nutrients (such as
ascorbate, pyridoxine, and cobalamin), it
has been suggested that dietary sources
of folate may be preferable to high-dose
supplementation.7

The Jamaican diet usually includes
a wide variety of tropical fruits and
vegetables throughout the year. Many of
these (e.g., ripe bananas and oranges)
contain appreciable amounts of folate
and ascorbate. Chicken and beef liver
and kidney, eggs, callaloo (a local veg-
etable similar to spinach), avocados, and
steamed rice are also popular in the
Jamaican diet. That may account for the
usually low incidence of neural tube
defects in the Jamaican population.

The massive destruction of crops
and livestock wrought by Hurricane
Gilbert had immediate impact on the
diets of the people of Jamaica. Fresh
produce was scarce and therefore expen-
sive.11 Many of the mothers reported
returning to their usual diets 3 to 4
months after the hurricane. O
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The Use of Commercial Tanning
Facilities by Suburban Minnesota
Adolescents
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Introduction
Exposure to ultraviolet radiation,

such as that from artificial tanning
devices, is a risk factor for a variety of
health problems including erythema,
vesiculation, photosensitizing reactions,
actinic elastosis, keratoses, basal cell
and/or squamous cell carcinoma, and
malignant melanoma.1-3 Exposure to
ultraviolet radiation can also result in
compromised immune response, eye
burns, and cataracts.

The risk of many health problems is
higher when ultraviolet radiation expo-
sure occurs prior to adulthood.4 The
damage begins with a child's first expo-
sure and accumulates through his or her
lifetime.5'6 It is estimated that up to 78%
of the risk from ultraviolet radiation
exposure is completed by age 18.7

Indoor tanning is not safer than
tanning in natural sunlight. Commercial
tanning devices emit either mostly ultra-
violet A or mostly ultraviolet B.2'8'9
Although ultraviolet B injures the skin
faster, ultraviolet A penetrates the skin
more deeply.9"0 Some commercial tan-
ning beds may emit as much as 10 times
more ultraviolet A than natural sun-
light.2

Artificial tanning produces no
known health benefits,3 nor is it thought

possible to tan safely.6 Exposure to
ultraviolet radiation from indoor tanning
increases the chances of developing
cancer from natural sunlight.1""2 The
sun protection factor from tanning in-
doors is only about 4, which offers no
significant protection from sun expo-
sure.'3 Moreover, severe ultraviolet radia-
tion burns (those that cause pain for 48
hours or more14) increase the risk for
malignant melanoma.4'15

Despite the serious risks associated
with artificial tanning, fewer than half of
the states currently regulate commercial
tanning facilities. The US Food and
Drug Administration (FDA) regulation
requires only that the device be equipped
with a calibrated timer, protective eye-
wear, and a small warning label.'6 A
previous study found that 45% of all
commercial tanning devices examined
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