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Vitamin

A adequacy

is discussed

in terms

appropriate
for the needs ofthe majority ofindividuals.
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can
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in xerophthalmia

children. Toxicity has been
A supplements.
Acute hypervitaminosis
A
may occur after ingestion of
500 000 IU (over 100 times the RDA) by adults or proportionately less by children.
Symptoms
are usually
reversible
on cessation
of overdosing.
Factors
influencing
chronic
hypervitaminosis
A include dosing regimen,
physical
form ofthe vitamin,
general
health status, dietary factors such as ethanol
and protein
intake, and interactions
with
vitamins
C, D, E, and K. Both excess and deficiency
of vitamin
A in pregnant
animals
was
shown to be teratogenic.
In humans,
congenital
malformations
associated
with maternal
overuse of high doses of vitamin A were reported but no cause-and-effect
relationship
has been
established.
Deficiency ofthe vitamin
during pregnancy
has also been associated
with congeniassociated

with

the overconsumption
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Introduction
A is an essential

it cannot

be synthesized

nutrient
de novo

for humans
within

the

because
body.

It is

provided
by the diet in two forms: preformed
vitamin
A,
found naturally
only in animal
products;
and carotenoid
vitamin
A precursors
(provitamin
A), found primarily
in
foods ofplant
origin.
The term vitamin
A is used generically
for all 3-ionone
derivatives
(other than carotenoids)
that have the biological activity
of all-trans
retinol.
Forms
of vitamin
A indude retinol,
retinal (also cabled retinaldehyde),
and various retinyl
esters (1). Retinoic
acid can perform
some
but not all of the biological
functions
of vitamin
A. The
focus of this report
will be the safety of oral intake
of
naturally
occurring
compounds
with vitamin
A activity.
In this regard,
many of the bevels of vitamin
A cited in
this paper
have been given in IU rather
than retinob
equivalents.
In many
instances
the authors
of the original papers did not indicate
the vitamin
A ester consumed
by their subjects.
Thus, it would not be accurate
to calculate retinol
equivalents
or milligrams
of retinol
based
solely upon information
given in IU.

and have averaged

hypervitaminosis

fewer

A, toxicity,

birth

defects

Vitamin
A, a fat-soluble
vitamin,
is stored in the body
to a much greater extent than the water-soluble
vitamins.
The storage capacity
ofthe human
body for this vitamin
is generally
large enough
to satisfy the normal
requirement for 1-2 y (2). The vitamin
is stored primarily
in the
liver: > 90% of total body stores are found
in this organ(3).
Transport
Vitamin
A is normally
transported
in plasma
bound to
a specific transport
protein
cabled retinol-binding
protein
(RBP).
The vitamin
is mobilized
from the liver and delivered to the tissues in the form ofthe retinob-RBP
cornplex. The mobilization
and delivery
of retinol
are controlled in part by processes
that regulate
the rates of synthesis and secretion
ofRBP
by the liver (4).
Formationfrom
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Vitamin
A is necessary
for vision,
reproduction,
the
integrity
of membrane
structures,
the normal
functioning ofbody
cells, growth,
and development.

carotenoids
are

converted

to

vitamin

A

mainly in the small intestine
during absorption.
The rate
of conversion
is relatively
slow and the efficiency
of caI
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A intake for adults.

rotenoid
absorption
in the intestine
decreases
as carotenoid intake
increases
(5). The efficiency
of carotenoid
conversion
varies among
individuals
(3). There are more
than 400 known
carotenoids
but only an estimated
5060 of these have provitamin
A activity.
fl-Carotene
has
the greatest
provitamin
A activity
of all known
carotenoids.
Other carotenoids
with provitamin
A activity
indude
a-carotene,
-y-carotene,
and cryptoxanthin
(6).
The conversion
of fl-carotene
to vitamin
A is regulated
so that excess vitamin
A is not absorbed
from carotene
sources

Vitamin

(7).

A deficiency

In humans
the most obvious
and clinically
important
manifestation
of vitamin
A deficiency
is the eye disease
xerophthalmia,
which can lead to permanent
blindness
(Fig 1) (8). The early stages of xerophthalmia,
including
the characteristic
symptom
ofnight
blindness,
are reversible but the condition
becomes
irreversible
upon ulceration of the eye tissue (5). The clinical
aspects
were recently reviewed
by Wittpenn
and Sommer
(9).
Deficiency
Vitamin
particularly

Worldwide

in industrially
A deficiency
in

industrially

underdeveloped
is a major

public

underdeveloped

countries
health

problem
countries.

it is the second
most prevalent
nutritional
after protein-calorie
malnutrition.
Vitamin
A deficiency is especially
common
in tropical
and subtropical
regions (10). Each year an estimated
1-5 million
people
throughout
the world, usually infants and preschool
children,
develop
vitamin
A deficiency
and
100 000250 000 become
permanently
blind (1 1).
The deficiency
ofvitamin
A has also been identified
as
a major killer of children
in developing
countries.
Chil-

disease

dren

Adapted

from reference

suffering

substantially

IU

from

this

increased

8.

deficiency
overall

were

found

morbidity

and

to have
mortality

rates, mainly
from increased
rates of respiratory
disease
and diarrhea(l2).
Recently,
supplementation
was shown
to decrease
mortality
and morbidity
associated
with
measles
infections
in marginally
vitamin
A-deficient
children
(13).
Administration

in underdeveloped

countries

In industrially
underdeveloped
countries
where regubar supplementation
is generally
impractical,
high supplementary
oral doses ofvitamin
A are given to children
two to four times yearly preferably
spaced at even intervals. In these instances
each dose would be 100 000 IU
for infants
aged < 1 y and 200 000 IU for children
aged
> 1 y. This type ofvitamin
A supplementation
is of great
benefit in preventing
vitamin
A-deficiency
blindness
and
reducing
mortality
in children
(1 1). Intermittent
supplementation
of this kind occasionally
produces
transient
symptoms
ofhypervitaminosis
A in susceptible
individuals; however,
this is medically
acceptable
under such
circumstances
because
there are no serious or long-lasting effects (14). Other
prophylactic
intervention
measures are vitamin
A fortification
of food and increased
consumption
offruits
and yellow and green vegetables.
Deficiency

in industrially

developed

countries

The habitual
vitamin
A intake ofmost
people in North
America
and Western
Europe
is sufficient
to result in a
rise in liver vitamin
A concentrations
with each decade
oflife (15). Nevertheless,
some individuals
are deficient
in vitamin
A and the problem
may go unrecognized.
In
two major nutrition
surveys-the
First Health
and Nutrition Examination
Survey (NHANES
I, 197 1-74) (16)
and the US Department
ofAgriculture
(USDA)
Nation-
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IU and RE equivalents
1 IU

=

0.3 zg preformed

=

0.6

=

1 RE

=
=
=
=
=

United

retinol

States

under

12 g

carotenoids

is all as retinol

other

mixed

subsequent

3.3 IU activityfrom retinol
10 IU activity

from

half

fl-carotene

in milk

intakes

levels

ofvitamin

A.

Vitamin

Vitamin

A adequacy

recommended

is usually

discussed

designed

to

in terms

meet

of

or exceed

the needs of the majority
of individuals.
Adequacy
is
based on maintenance
ofthe normal
range ofvitamin
A
in serum or plasma
(0.70-2.79
mol/L).
Vitamin
A in expressed
either as international
units
(IU) or retinol equivalents
(RE). In the United
States the
RDA for vitamin
A is now given in RE (18). Because
food composition
tables still employ
the more widely
used IU, however,
this unit is still used in applied
nutrition. Table
I shows the IU and RE equivalents.
To evabuate diets, the following
formula
is applicable:
RE

=

ig retinol
+

+ tg fl-carotene
zg other

when

mixed

X

0.167

carotenoids

X 0.083

first

6 mo

of life.

to be halfas

calculated

are as retinol

from

lUs.

and one-fourth

All

retinob
As

and
REs,

as fl-carotene.

A Toxicity

Worldwide
the incidence
of vitamin
A excess, or hypervitaminosis
A, is a very minor
problem
compared
with the incidence
ofvitamin
A deficiency.
An estimated
200 cases ofhypervitaminosis
A occur annually
whereas
an estimated
1 million
people
develop
vitamin
A defieach

year

(5).

the last 50 y the number

pervitaminosis

allowances

the

Perspective

ciency

A adequacy

during

assumed

A has

of reported

remained

relatively

cases

of hy-

constant

de-

spite the significant
growth in production
and use of vitamm A supplements.
As indicated
in Figure 2, higher incidences
occurred
in 1952-55
and again in 1970-72
(5,
20-38).
The earlier rise coincided
with the use in Europe
of two very potent
vitamin
A-vitamin
D supplement
preparations
administered
by prescription
to infants primariby

in France

cases in which
dermatobogical

and

Spain.

The

second

involved

high doses of vitamin
A were
disorders
either by prescription

many

taken for
or by self-

medication.

The potential
for high intake
The vitamin
is available
without
trations

of 25 000

IU per

capsule:

taken every day would provide
the RDA, which over a period

of vitamin
prescription
four

A does exist.
in concen-

of these

capsules

approximately
20 times
of months
might eventu-

(1)

For comparison,
the equivalent
IU values can be cabcubated by multiplying
the RE values by 3.33 (6). Because
each system
employs
different
assumptions
about
the
efficiency
of conversion
of carotene
to vitamin
A in the
body, conversion
from IU to RE is not straightforward.
The ambiguity
lies in the fact that the term vitamin
A is
used both for preformed
vitamin
A and for dietary
vitamm A, which consists
of a mixture
of provitamin
A carotenoids
and vitamin
A. Thus,
the RDA of 1000 RE for
adult males is equivalent
to 5000 IU of dietary
vitamin
A when the intake consists of2500
IU ofpreformed
vitamm A and 2500 IU of fl-carotene
equivalents.
In terms
of preformed
vitamin
A alone,
the RDA is 3333 IU.
When considering
supplements
ofpreformed
vitamin
A,
the latter value should be used. The 1980 RDAs for vitamm A for the different
age and sex groups,
including
pregnant
and lactating
women,
are listed in Table 2 (18).

TABLE 2
Recommended

daily

dietary

allowances

ofvitamin

A*
RDA

Sex-age

group

RE

IU

aged 1-3 y
aged 4-6 y
aged 7-10 y
men aged
11 y
women aged
11y
allowance
for pregnancy
allowance
for lactation

420
400
400
500
700
1000
800
+200
+400

1400
2000
2000
2500
3300
5000
4000
+1000
+2000

Infantsaged<6mo
Infantsaged6mo-ly

Children
Children
Children
Boys and
Girls and
Additional
Additional

*Fromreference

18.
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Over
Vitamin

stresses.

carotenoids

zg J-carotene

Food Consumption
Survey (1977-78)
(17)-vitamm A was found to be a problem
nutrient,
ie, one in
which
20% of the population
surveyed
was obtaining
< 70%
of the Recommended
Dietary
Allowance
(18)
(RDA).
These
data were confirmed
more
recently
in
NHANES
II data, which were extended
to include
black
and Hispanic
populations
(10). It is obvious,
therefore,
that a significant
proportion
of the US population
is rethan

environmental

1.2 g other mixed
1.0 .tg retinol
6.0 zg fl-carotene

wide

lower

usual

to provide
for individual
persons
as they live in the

In the 1974 tables (19) vitamin
A activity
is given as
REs and IUs. In the 1980 edition (18) only REs are given.
The differences
between
the RE and IU values are based
on the assumption
that the RE for infants
aged < 6 mo

three-fourths

ceiving

are intended
most normal
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>

1900-1938
C’)

w
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1940-1949
1950-1959
1960-1969

1970-1979

________

1 980-1987

50

0
FIG
ments.

2. Cases
Cases

are taken

of overt

reported

1), Fumich

and

=

1), Rosenberg

=

l),Weberetal(35)(n

and

1979

and Erdman

(20) (n

1), LaMantia

=

Essig(27)(n

were

A reported

in the literature

cited

in Bauernfeind

and Andrews

(24)(n

and

=

=

200

resulting
Cases

(28)(n

=

1), Forouhar

=

=

sibility
that publicity
about
the use of vitamin
synthetic
analogues
in the treatment
of acne
dermatobogical
problems
and certain
cancers

branes,

prevention

self-medication

propriate

In 1980 the Food
a national
telephone

with

vitamin

lead to map-

A supplements.

and Drug Administration
survey of an age-stratified

sample
of 299 1 adults
mm-mineral
supplements

to determine
total
as well as intake

exception

of pregnant

conducted
random

a short

lactating

A intake in all groups was between
RDA. Maximum
intakes
(395-500%
recorded
in ‘--5% of all supplement

period
ingestion

of time,
of high

and

chronic,

doses

for

100 and
of the
users

users consuming
of hypervitamin-

hypervitaminosis

Biochemical

changes

believed

in

to be due

Retinol,
however,
when
it is bound

vitamin
A into normal.

biological

mem-

to retinol’s

surface-

does not show surto RBP (4). There-

fore, toxicity
appears
to occur only when the amount
of
vitamin
A present
exceeds
the capacity
of RBP to bind
to it. Vitamin
A that is not bound
to RBP binds to lipo-

resulting
months

from
or even

A

basis

High intakes
(over five times the RDA) of vitamin
A
over short periods
of time (2-3 wk) raise steady-state
serum vitamin
A values from a normal
range of between
0.70 and 2.79 tmol/L
to levels > 2.79 j.tmol/L.
Levels

into

and in this form
it has
contact
with membranes

Symptoms

ofacute

hypervitaminosis

Table 3 lists the most
taminosis
A as identified
of 200 literature
reports.
ble was mentioned
in at
toms

into two categoa very high dose

years.

Acute

active
properties.
face-active
effects

causes

When
return

(30)
(34)

In other words, in vitamin
A toxicity,
plasma
RBP levels
are normal
but concentrations
of vitamin
A not bound
to the specific RBP are increased
(41).

40% of the population
consumed
one or more
and/or
mineral
supplements.
Data on intake
of
nutrients
by supplement
users showed
that me-

continued

retinol

an effect

1), White
and Lecks
=
2).

been reported.
levels rapidly

I),
(26)

and

With

over

=

Lovejoy

=

proteins,
comes

women,
vitamins
specific

(40). Even with 5% of the supplement
three to five times the RDA,
symptoms
osis A were not reported
at these levels.
Hypervitaminosis
A can be divided
ries: acute,
resulting
from ingestion
of

and

1987

(n

usage
of vitaofspecific
nu-

trients.

dian vitamin
200% ofthe
RDA) were

the

might

Excess

and

et al (22)

et al (29)(n

> 62.8 tmol/L
have
take is discontinued,

role in cancer

1), Wason

supple-

1980

(n = 1 ), Silverman
l),andlnkelesetal(38)(n

ally cause toxicity
symptoms
in some individuals.
5everal scientists
(6, 20, 39) expressed
concern
over the pos-

its possible

and/or

1 ), B#{220}rgi
et al (33)

l),Ellisetal(37)(n

A and its
and other
as well as

food

between

1 1), Misbah

=

et al (25)(n

250

from

reported

et al (21) (n

1), James

=

Thomsen

et al (32) (n

et al (3 1) (n = 1 ), Schurr
=
l),Hatoffetal(36)(n

(5).

1), Ramachandran

=

1), Baadsgaard

=

150

ofacute

toxic
effects
and body

when
it
cells (5).

A

common
symptoms
of hyperviby Bauernfeind
(5) in a survey
Each symptom
listed in the taleast 25 reports.
Typical
symp-

hypervitaminosis

A include

bulging

fonta-

nels in infants and headache
in adults (both presumably
resulting
from increased
intracranial
pressure),
nausea,
vomiting,
and occasionally
fever, vertigo, and visual disorientation
(6). Peeling
of the skin may also occur (42).
The symptoms
are generally
transient
and do not lead to
permanent
adverse effects (6). The symptoms
of hypervitaminosis

A may

tim and

on whether

Naturalfood

differ

depending

on the

the condition

is acute

age

of the

vic-

or chronic.

causes

Cases of acute hypervitaminosis
A caused by natural
food sources
are rare but they have a very long history.
It has been hypothesized
that pathological
changes
found
in a Homo
erectus
skeleton
(prehuman
ancestor)
from
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TABLE 3
The most commonly

reported

symptoms

ofhypervitaminosis

AND

A*

Number

of mentions
in 200 case reports

Symptom
Nausea,
vomiting
Fatigue, malaise, lethargy,
weakness,
asthenia

68
somnolence,
64

Headache
Bulging
Elevated

56
fontanel
serum vitamin

51
50

A

46

Anorexia

Mouth

orlip

fissures

or chapping

*

Adapted

from

Bauernfeind

41
37
34
34
33
32
32

miscellaneous

25
25

(5).

overdose

Most cases of acute hypervitaminosis
A result from
overuse
of supplements
rather
than from ingestion
of
food sources:
of the 579 cases reported
from 1850 until
1980, only 129 resulted
from consumption
of unusual
types of animal
liver. The majority
resulted
either from
misuse
of vitamin
A supplements
by the consumer
or
from
overprescribing
of supplements
by a physician.
Overdosing
of children
by parents
or grandparents
was
the primary
example
of hypervitaminosis
A caused
by
the consumer,
accounting
for 25% ofcases
(5).

reasons.

Prescription-related

when
the dangers ofexcessive
vitamin
A levels (for appropriate
levels,
see Table 2), chose to accept
some hypervitaminosis
A
symptoms
in exchange
for therapeutic
benefits,
or failed
to warn dermatobogical
patients
not to exceed the recomphysicians

failed

mended
31
29
27

1 .5 million
years ago were caused by hypervitaminosis
A
attributable
to the consumption
of carnivore
livers. Because carnivores
derive
and store large amounts
of preformed
vitamin
A from
livers
of their
prey,
their
own
livers may contain
> 3.41 mol/g
(43). Normal
levels of
vitamin
A in carnivores
are difficult
to establish.
The
range observed
over time and in different
species varies
from a low ofO.92 mol/g
in the livers ofantarctic
huskies (44) to 36. 14 tmol/g
in halibut
liver(45).
Consumption ofthe
livers ofcarnivorous
animals
or large fish has
caused
severe acute illness in more recent times (2 1, 22,
44-46).
The livers of herbivores
(plant-eating
animals,
such as
chickens,
cows, and lambs) contain
‘-.-O. 17 mol vitamin
A/g. These are generally
safe when consumed
in moderation as part of a mixed diet; however,
regular
consumption oflarge
quantities
ofliver
might contribute
to excess
vitamin
A intakes (43).
Supplement

Bush and Dahms
(23) described
a fatal case of hypercalcemia,
hyperphosphatemia,
bleeding
disorders,
and
pulmonary
insufficiency
in a newborn
baby who had received
more than 60 times the recommended
amount
of vitamin
A per day for I 1 d. The baby’s parents
had
administered
an incorrect
amount
of a prescribed
supplement
ofvitamin
A in an aqueous
solution.
Some
of the preconceptions
or misunderstandings
that led to overdosing
by the public in these reports
may
have included
the belief that if a little is good,
more
should be better, confusion
about product
potency;
confusion over instructions
(eg, drops vs droppersfub);
and
self-medication
for dermatobogical
conditions
or other

time

hypervitaminosis

to stress

period

A occurred

to patients

for taking

or parents

high

doses

of vitamin

A.

in case reports published
since 1980 are described
in Table 4. Representative
or recent cases of acute hypervitaminosis
A
resulting
from abnormal
vitamin
consumption
patterns
in adults and children
are described
in Table 5.

Circumstances

Chronic

causing

hypervitaminosis

hypervitaminosis

A

Chronic
hypervitaminosis
acute
hypervitaminosis
highly

variable

but

A

A.

A is more common
Its symptoms
(Fig

anorexia,

dry

itchy

skin,

loss

than
1) are
of hair

(more prominent
in adults),
increased
intracranial
pressure, hepatomegaby
(more prominent
in children),
and
fatigue
are among
the most common
manifestations.
Women
may show menstrual
disturbances
and children
often
show
bone
changes
(subperiosteal
new bone
growth
and cortical
thickenings,
especially
of the small
bones of the hands and feet and the long bones) that do
not occur in adults (5). Elevated
blood lipid levels are
sometimes
observed
in patients
with chronic
hypervitaminosisA(51,
52).
Chronic
hypervitaminosis
A often goes unrecognized
unless
a careful
history
determined
(23). Serum

is taken

and

serum

vitamin

A is

levels ofvitamin
A are generally
> 3.49 tmol/L
and there are increased
levels of the unbound
retinol
resulting
in a change
in the ratio of free
retinol
to retinol
bound
to RBP as well as increases
in
retinyl esters (6).
A review of the literature
suggests
that among
adults
vitamin
A toxicity
is uncommon
at doses < 100 000 IU/
d (5). Most of the literature
deals with reported
cases of
hypervitaminosis
A in which
dose is not totally reliable.
However,
there are several reports
ofcontrolled
studies:
Wald et al (53), 36 000 IU/d for 6 mo; Kinley and Krause
(54), 36 000 IU/d for
6 mo; Dubin
and Hazen
(55),
100 000 IU/d
for
23 mo; and Van Bruggen
and
Straumfjord
(56), 100 000 IU/d
for
36 mo. Minor
symptomatic
and physical
changes
affecting
the skin and
mucous
membranes,
all ofwhich
are known to be revers-
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Irritability
Ataxia (vertigo, dizziness,
giddiness,
equilibrium
or walking problems)
Dryordryscalyskin
Elevated
CSF pressure,
cranial hypertension,
pseudotumor
cerebri
Alopecia
Hepatomegaly,
palpable
or tenderliver
Tenderness,
aching, or swelling of the
extremities
Pruritis
Double, distorted,
or blurred vision
Hemorrhages,
petechia
(bleeding
gums,
membrane,
nose, skin)
Joint pains
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4

Causes

ofvitamin

A overdose

in cases

reported

Reference

since

1980

Patient

LaMantia
and Andrews,
1981 (24)
Farris and Erdman,
1982 (20)
James et al, 1982 (25)

62-y-old

Silverman

and Lecks,

1982

Dose

man

Circumstances

leading

to overdose

16-y-old boy
5-y-old girl

4 000 000 IU vitamin
A and
10 mg vitamin
D
50 000 IU/d
Capsules
containing
25 000
IU vitamin A and 250 g
vitamin
D

Patient ingested a veterinary
vitamin preparation
on impulse.
Self-medication
for acne.
Supplements
given by mother in
attempt
to improve
eyesight.
Child later took more of the
vitamin
without supervision.

6-y-old

20 000 IU vitamin

Supplements

boy

A

(34)

practitioners

given

by nonmedical

to patient

on very

restricted

and Lovejoy,

1982

7-y-old

Fumich

and Essig,

1983 (27)

boy

25 000-50
000 LU vitamin
d for 1 y plus unspecified
multivitamins

A/

15-y-old

boy

l00

and Thomsen,
1983(28)
Forouhar
et al, 1984 (29)

35-y-old

woman

60 000-100

000 IU/d

for 6 y

37-y-old

woman

75 000 Ri for 4 y and
IU for 2 y

I 50 000

Bush and Dahms,

Newborn

Baadsgaard

White,

1984 (23)

1984 (30)

B#{220}rgi
et al, 1985 (33)

ible,

were

No toxic

reported
effects

reported

90 000 IU/d

man

150 000 IU/d

62-y-old

woman

250

in the

study

by Wald

other

three

(53).

studies.

Fatal toxicity
in adults was only reported
in two cases
and both
were complicated
by extenuating
circumstances
and concurrent
illnesses.
These cases associated

TABLES
Representative

cases ofacute

Age range
ofsubjects
Infants

9-10

Number
ofsubjects

to 7 y

23

y

Females

hypervitaminosis

25-37

y

30-62

y

for 5 y

with

chronic

this

paper

hypervitaminosis
under

the

Status.
Among
children,
to occur at dosages

000 IU

Major
Bulging

adverse

fontanel,

section

A are discussed
entitled

General

later

S 000 IU and 300 000 lU

Pleural effusion,
ascites,
seizure, bone changes

3

75 000 IU, 1 000 000 IU,

Headache,
vomiting,
dermatith,
visual

150 000 IU, 4 000 000 Ri,
and 51 000 000 IU

Headache,
anemia,

vomiting,
dermatitis,

hepatomegaly,
vitamin
A

Reference

nausea,

vomiting

EEG abnormalities,

splenomegaly,
disturbances

ascites,

visual disturbances,
hyperglycemia,

hypercalcemia,

in

Health

chronic
hypervitaminosis
A appears
in the range of 12 000 to > 500 000

effects

headache,

2

3

Over-the-counter
preparation
taken to gain vitality.

A

and 1 300 000 IU
Males

000 IU/d

Dose
300 000-750

Self-prescribed
supplements
for
self-diagnosed
problems
with
night vision.
Parents accidentally
administered
excess doses of prescribed
supplement.
Prescribed
for skin lesions. Patient
permitted
to continue
treatment
indefinitely.

for 1 1 d

44-y-old

in the low-dose
were

000 IU/d

high serum

Marie and See, 193(47)
Marinoni
and Panizon,
1954 (48)
Rosenberg
et al, 1982(31)
Schurr et al, 1983(32)
Furman,
1973(49)
Misbah et al, 1984(22)
Forouhar
et al, 1984(29)

Goeckenjan

et al, 1972(50)

LaMantia
and Andrews,
1981 (24)
White, 1984(30)
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Wason
(26)

protein diet in an
effort to treat allergies.
Supplements
administered
by
parents who customarily
took
large doses of vitamins
themselves.
Patient hoped to improve
athletic
performance.
Self-treatment
of psoriasis
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TABLE
Factors

6
influencing

vitamin

AND

A toxicity

Factor
Vehicle

LANGSETH

Effect

ofadministration

Toxicity

more

rapid

when

vitamin

Reference
administered

in aqueous

Koerner

and Voellm,

Hatoffet

al, 1982(36)

1975 (57)

rather than oily solution.
Liver disease

Excess stores ofvitamin
A in liver increase
hypervitaminosis
A during liver disease.

therapy

Hemodialysis

Patients

may have elevated

hypercalcemic
subjects
than do normocalcemic
Ethanol

vitamin

C
malnutrition

Vitamin

D toxicity

serum

vitamin

between
ethanol
and
no such data available

High doses ofvitamin
A reduce tissue storage ofascorbic
Vitamin
A linked with protein metabolism;
protein
malnutrition
increases
risk ofhypervitaminosis.
A reduces

Vitamin

vitamin

D toxicity

hypercalcemia
and other adverse
in experimental
animals.

Farrington

A levels

et al, 1981 (58)

Blumberg
et al, 1983(59)
Ono, 1984(60)
Leo and Lieber,

1983(61)

on

Bauernfeind,
1980 (5)
Weber et al, 1982 (35)
Silverman
and Lecks, 1982 (34)

acid.

effects of

Arnrich,

1978 (62)

Bauernfeind,

1980(5)

Vitamin

E

Vitamin
E protects against disruption
ofmembrane
lipoprotein
structure
(in animals)
and reduced
number
of
congenital
anomalies
produced
by vitamin
A in rats; no
data in humans.

Glauert et al, 1963 (63)
Lucy and Dingle, 1964(64)
Soliman,
1972 (65)
Bauernfeind,
1980 (5)

Vitamin

K

Possible antagonism
between
vitamins
A and K; animals
humans
with hypervitaminosis
A manifest
hypoprothrombinemia
(a sign ofvitamin
K deficiency).

and

Bauernfeind,

size

mo; for 1 50 000-200
000 IU, 6-85 mo;
000 IU, 1-36 mo; and for 1 000 000 IU,

IU/d,
child

depending

upon

the

and

weight

of

the

(5).

Many
reports
of hypervitaminosis
A depend
on patients’ estimates
of the doses taken,
which
may not be
accurate.
Toxic manifestations
are unlikely
to occur at
some ofthe
lower vitamin
A intakes
reported.
In the instances
pervision

where
vitamin
of a physician

A was administered
(thus
resulting

under
the suin a more
accu-

rate estimate
ofintake),
manifestations
of hypervitaminosis A were
abstract
or slight,
indicating
a higher
tolerated
dose and duration
(5).
There
are great variations
in response
between
mdividuals
and, in addition,
a wide range of health and dietary factors can influence
susceptibility
to chronic
hypervitaminosis
A. Among
these factors (shown
in Table
6) are dosing
regimen
and form in which the vitamin
is
given,
age and body weight
of the consumer,
general
health
status and concurrent
health
problems
(such as
anemia,

malnutrition,

liver,

and

kidney

disease)

that

can

compromise
response
patterns,
and dietary
factors, such
as ethanol
intake,
nutrient
interactions
(eg, with vitamins D, E, C, and K), and protective
nutrient
factors.
Dosing

regimens

An examination
osis

shorter

A in

adults

period

are consumed

associated

with chronic

hypervitaminosis

of75

cases

ofchronic

showed

that

symptoms

of time

when

(5). For

a dose

hypervitamindevelop

in

Form ofihe

vitamin

Aqueous
dispersions
of vitamin
A cause higher plasma
vitamin
A values than do oily solutions
(5) and at comparable doses symptoms
of toxicity
appear
sooner after the
administration
ofvitamin
A in the aqueous
form (57).
Age and body weight
Hypervitaminosis
toxicologic

principles:

A in children
lower

body

corresponds
weight

results

to basic
in toxic-

ity at lower doses than those observed
in adults
with
higher
body weights.
In children,
however,
hypervitaminosis
A develops
quickly
and usually resolves
quickly.
Farris and Erdman
(20) reported
a severe and prolonged
case ofvitamin
A toxicity
in a b6-y-old boy who had consumed 50 000 IU vitamin
A/d for 2 y (chronic
usage).
General health status

A

higher levels of the vitamin
of 100 000 IU, the response

time was 6-108
for 400 000-700
days to weeks.

1980 (5)

a

Anemia.
One of the two fatalities
in adults
that has
been in part attributed
to chronic
hypervitaminosis
A occurred in a 62-y-old
woman
with hemobytic
anemia
(33).
The patient
had taken up to 17 capsules
of a multivitamm preparation
daily (each containing
1 5 000 IU vitamm A) for 5 y, corresponding
to an intake of250
000 IU
vitamin
A/d or 300 million
IU over 5 y. The multivita-
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Vitamin
Protein

A levels and anemia;

have higher
subjects.

Animal studies suggest interaction
vitamin A causing liver damage;
humans.

risk of

SAFETY

mm

preparation

had been

taken

by the woman

OF

because

ofall
reports

proteins,
ofcases

mm A led to hypervitaminosis
tients.
Silverman
and Lecks

including
RBP (5). There
in which low doses of vitaA in protein-deficient
(34) described
a case

mm A toxicity and protein-calorie
boy; 20 000 IU vitamin
A and
administered

daily

et al(35)

described

for

of vitadeficiency
in a 6-y-old
800 IU vitamin
D were

1 y before

a 62-y-old

pa-

hospitalization.

man

Weber

who developed

hyper-

A in the liver
minosis

are at higher

A. A 79-y-old

IU vitamin

A/d

male

who

had

for 17 y but showed

taminosis
A had vitamin
higher
than normal
(66).
y-old

risk of developing

man

vegetarian

hypervita-

consumed

no signs

50000

of hypervi-

A levels
in his liver 40 times
Hatoffet
al (36) described
a 42who

developed

hypervitaminosis

A after an infection
from viral hepatitis.
Upon questioning, it was revealed
that he had consumed
25 000 IU of
vitamin
A/d for 10 y as well as an additional
25 000 IU/
d from food. He had discontinued
use of vitamin
A at
the time ofbeing
diagnosed
with hepatitis.
It is assumed
that
the patient
probably
had
mild,
unrecognized
chronic
hypervitaminosis
A before
his acute
illness;
he
had noted
dry skin, cracked
lips, and fatigue
for the year
preceding
hospital
admission.
It is known
that the level

ofRBP
is reduced
during viral hepatitis.
Because
vitamin
A is more toxic when not bound
to RBP, it has been hypothesized
that the viral hepatitis
was responsible
for the
unmasking

ofhypervitaminosis

A in this

two fatal cases associated
with chronic
A in adults, the second was associated
Leitner
48-y-old

et al (67) described
man
who
had

a fatal
consumed

patient.

Of the

hypervitaminosis
with liver disease.

case of cirrhosis
in a
large
but variable

quantities
of carrot
who intermittently
Starting
with 3000
increased
osis A may

However,
or some
have been
the coroner

juice over a long period of time and
took retinol
supplements
as well.
IU/d as retinyl
acetate
he gradually
this amount
to 5 000 000 IU/d. Hypervitamintherefore
have
it was suggested

other

toxic

responsible.
to carrotjuice

played
a part in his death
(68).
by Sinclair
(69) that falcarinob

substance

found

in carrots,

In fact, death
was
addiction
(70).

might

attributed

by

Kidney
disease.
Patients
undergoing
hemodialysis
for
renal failure appear
to be at increased
risk of hypervitaminosis
A. Investigators
(58-60)
found higher than normal serum
vitamin
A levels in patients
undergoing
hemodialysis
and recommend
monitoring
of serum
vitamm A in this population
Hyperlipoproteinemia.

group.

It is possible

that

hyperlipopro-

may

be associated

with

high

serum

vitamin

A

levels. In a study by Ellis et al (37) it was found that eight
out of nine type V hyperlipoproteinemic
subjects
had
retinol
present
in the chylomicron-very-bow-density
lipoprotein
(VLDL)
fraction
whereas
the nine control
subjects did not. None of the subjects
was using vitamin
A
supplements

and

pervitaminosis

none

had

any

clinical

symptoms

of hy-

could be explained
by the fact that hyperlipoproteinemia
type V is defined
as a mixed hyperlipoproteinemia
ofthe two lipoproteins
that deliver fat and fat-soluble
vitamins
to the body. Individuals
with this condition
may therefore
have a higher
vitamin
A content
in this lipoprotein
fraction.
Dietary

A. This

observation

factors

Ethanol
intake.
In rats, amounts
of vitamin
A that
were innocuous
when administered
alone caused severe
liver damage
when the animals
were also given ethanol
on a chronic
basis (61). The liver lesions included
types
ofdamage
that are not produced
in rats by ethanol
alone:
necrosis,
inflammation,
and fibrosis.
Whether
a similar
interaction
occurs
in humans
is unknown.
Nutrient
interactions.
1) Interactions
between
vitamins A and D. Because
vitamins
A and D are often con-

sumed

together,

it can be difficult

to separate

the symp-

toms
of the two
hypervitaminoses.
Some
symptoms
listed
for hypervitaminosis
A may actually
be caused
by hypervitaminosis
D (for example,
hypercalcemia).
Symptoms
common
to both hypervitaminoses
include,

among
others,
weakness,
fatigue,
lassitude,
headache,
nausea,
vomiting,
diarrhea,
polydipsia,
anorexia,
weight
loss, and conjunctivitis
(5).
2) Interactions
between
vitamins
A and E. Although
many

symptoms

gated

by vitamin

of hypervitaminosis

mins

are not

E, interactions

without

A may

between

unfavorable

effects

be

miti-

these

two vita-

as well.

Animal

studies over a wide range ofdosages
showed
that vitamin
A can reduce vitamin
E activity
by as much as 30% and
can also decrease
plasma
and liver vitamin
E levels (71).
In a human
study, however,
25 000 IU/d of vitamin
A
given for 16 wk (as a retinyl palmitate
supplement)
did
not affect plasma
vitamin
E levels (72).
3) Interactions
between
vitamins
A and C. There may
be an interaction
between
hypervitaminosis
A and vitamm C deficiency
in species requiring
vitamin
C (ascorbic
acid).

In

guinea

pigs

hypervitaminosis

A is associated

with reduced
liver and serum vitamin
C bevels and administration
of ascorbic
acid reduces
hypervitaminosis
A symptoms.
In humans
high intakes
of vitamin
A appear to reduce tissue storage ofascorbic
acid (5).
4) Vitamin
K. There may be an antagonism
between
vitamin
A and K as is indicated
by the appearance
of
hypoprothrombinemia,

in both

animals

a sign

and

of vitamin

humans

with

K deficiency,

hypervitaminosis

A(S).

Protective
nutrientfactors.
1) Vitamin
D. When vitamins A and D are both taken in excess, they appear
to
protect
against
some ofthe other’s adverse
effects. Large
doses

of

vitamin

A have

reduced

hypercalcemia

and
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vitaminosis
A that presented
as liver dysfunction
after
ingesting
40 000-50
000 IU/d for 7 y. The patient
also
suffered
from protein
deficiency
because
ofan
abnormal
diet. When
he was placed
on a normal
diet and ingestion
of4O 000-50
000 IU ofvitamin
A was stopped,
the vitamm A toxicity
symptoms
gradually
disappeared.
Liver disease.
Individuals
with excess stores of vitamin

365

A

teinemia

she thought
it would
increase
vitality.
Protein
malnutrition.
There is a close link between
vitamin
A metabolism
and protein
metabolism
because
an
adequate
protein
intake
is necessary
for normal
synthesis

and functioning
are two recent

VITAMIN
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AND

other adverse
effects ofvitamin
D toxicity
in
tab animals
(5, 62). Experimental
animals
large quantities
of both vitamins
showed
less
ofbone
metabolism
than expected.
2) Vitamin
E. In animal
models
vitamin

experimendosed
with
disruption

against

by hypervi-

the

disruption

of membranes

caused

E protects

taminosis
A (63, 64). In experimental
tration
ofvitamin
E eliminated
some

animals
administoxic effects of vita-

mm

the

A; in one

experiment

it reduced

number

of con-

differences

in the

recovery

time

from

A symptoms,

bone

changes

are among

the most lasting
although
permanent
bone malformations appear
to be relatively
rare (5). There is also some
evidence
that hypervitaminosis
A can cause irreversible
damage
to the liver (73). Long-term
follow-up
studies
have documented
the appearance
of cirrhosis
that was
histologically
similar
to alcohol-induced
cirrhosis
in patients who took very high levels of vitamin
A for very
long periods
of time (74). Inkeles et al (38) reported
cirrhosis in a nondnnking
subject who had consumed
large
amounts
of beef liver over a period
of 8 or 9 y. After
initiation

tion

ofa

returned

low-vitamin

A diet,

by Arnrich

(62).

the patient’sbiver

func-

to normal.

Vorhees

and

was

demonstrated

ings(79).
Teratogenicity
guinea
study

pigs, rabbits,
in hamsters,

vitamin
times

A that

and
it was

Butcher

(78),

and

in mice,

Hutch-

hamsters,

pigs (80).
In a dose-response
found
that the lowest
dose

produced

the requirement

In a study
was required
equivalent

hypervitaminosis

A even when patients
have all consumed
similar
doses
(19, 22).
Long-term
or irreversible
effects of hypervitaminosis
A include
bone changes
and cirrhosis.
Ofall the chronic
hypervitaminosis

14 and 1 5 of gestation.
In a 1974 study Hutchings
and Gaston
(77) gave pregnant
rats 90 000 IU vitamin
A (‘280
000 lU/kg)
on days 17 and 18. No congenital
malformations
were observed
in either study; however,
behavioral
deficits
(including
delay in learning
time)
were observed,
especially
among
offspring
of animals
dosed at days 14 and 1 5. The behavioral
teratogenesis
was attributed
to damage
to the hippocampal
and cerebellar areas in the brain (77). The behavioral
effects of
prenatal
hypervitaminosis
A on rats have been reviewed
days

gross

malformations

for the vitamin

was

in this

of

100

species(8

1).

by Cohlan
(82) the dosage ofvitamin
A that
to cause teratogenicity
in rats and mice was
on a weight

basis

to 4.6

million

IU vitamin

A

given to an adult female (55 kg). Ifthe dosage comparison utilized
surface area equivalents,
the dosage of vitamm A would be equivalent
to 3.7 million
IU in the adult
female.
The correlation
from animal
studies to humans
would therefore
result in a potential
teratogenic
dosage
of vitamin
A that would
be 462 times the current
US
RDA for vitamin
A for pregnant
women,
which is 1000
RE/d. Although
it is not possible
to make direct extrapolations
serve

from
animal
to human
data,
as a point
of reference
providing

such
studies
can
an idea of the

probable
expected
level at which equivalent
dose ranges
might prove teratogenic
in humans
because
there are no
data that define a teratogenic
bevel ofvitamin
A.
Vitamin
A deficiency.
Vitamin
A deficiency
can also
cause
birth
mal studies

defects
in animals.
Carefully
controlled
amusing vitamin
A-deficient
diets have resulted

in incomplete
diets

pregnancies.

marginally

deficient

malformations

were

If the
in vitamin

found

animals

were

A, severe

in the offspring

given

congenital

(14).

Teratogenesis
Humans
Animals

Excessive

Hypervitaminosis

A.

Very

high

doses

have been shown
to produce
more
genital
anomalies
in experimental
varies among
species.

In rats 25 000
genesis

produced

IU/d

during

malformations.

of vitamin

than 70 types
animals.
The

critical

periods

Correcting

A

of condosage

duringpregnancy.

Five

cases

of birth

emphasized,

however,

that

no clear

cause-and-effect

was demonstrated

of organo-

and

(83)

for

scribed
a daily regimen
of 40 000 IU vitamin
A and 15
mg vitamin
D to a woman
from about day 40 to day 70
ofthe
pregnancy.
The woman
gave birth to a child with
urinary
tract abnormalities.
Bernhardt
and Dorsey
(84)
reported
a case in which a woman
who had taken a fish-

the

in-

Scorta

described

in any ofthese

re-

lationship

difference
in body weight, this dose of vitamin
A is equivalent
to > 25 million
IU for a human.
The recommended
intake ofvitamin
A in rats is 100 IU/d (75).
The offspring
of rats given a single large dose of vitamin
A in early pregnancy
(75 000- 150 000 IU on days 9, 10,
and
1 1) had abnormalities
including
absence
of the
brain,
absence
or abnormality
of the eyes, cleft palate,
malformations
of the extremities,
labial fissures,
dental
anomalies,
and cataracts
(2).
In a 1973 study by Hutchings
et al (76), pregnant
rats
were given 60 000 IU vitamin
A (‘-230
000 lU/kg)
on
terspecies

intake

defects were reported
where unusually
large doses of vitamm A had been taken during
pregnancy.
It should
be

a case

in which

cases.

Pibotti

a physician

pre-

oil product
daily that contained
25 000 IU ofvitamin
A
during
the first trimester
of pregnancy
and 50 000 IU
from months
four through
nine gave birth to a child with

congenital
abnormalities
of the urinary
tract. St#{226}ngeet
al (85) reported
a case of malformations
of the central
nervous
system,
hypoplastic
kidneys,
and small adrenal
glands
in a neonate
born in the 42nd week who died
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genital
anomalies
produced
by vitamin
A in rats (65).
The addition
ofa small amount
ofvitamin
E to the vitamm A preparations
used in intermittent
high-level
dosing in developing
countries
has beenjudged
to be ajustifiable practice
(5).
Reversal
ofhypervitaminosis
A. In most
cases, when
vitamin
A intake is discontinued,
many symptoms
of hypervitaminosis
A are relieved
within
a few days or a
week.
Full recovery
usually
follows
within
weeks
or
months
(5)
although
there
appear
to be individual

LANGSETH

OF VITAMIN

SAFETY
shortly

after

vitamin

delivery.

A/d

The

from

mother

gestation

had

day

150 000 IU

taken

19 to day

40 for treat-

of acne. No symptoms
of hypervitaminosis
had
been reported
during
the pregnancy.
Von Lennep
et al
(86) described
a fetus with partial
sirenomelia
detected
by prenatal
diagnostic
techniques
in a mother
who had
taken
barge doses of vitamin
A and vitamin
E daily
(150 000IU
vitaminAand2lO
mgvitamin
E)from
2wk
before until 2 wk after the presumed
date of conception.
Sirenomelia
is a congenital
anomaly
characterized
by fument

sion
boy

of the
with

legs.

Mounoud

Goldenhar’s

dysplasia)

et al (87)

syndrome

whose

mother,

described

a 2-y-old

(ocuboauricubovertebral

a laboratory

assistant,

had

acci-

defects
associated
with
during
pregnancy.
Two
and involved
excessive

(40 000

IU and

unpublished

ated
sure

use of high bevels
ofthe
cases occurred
maternal
vitamin

60 000 IU/d).

cases

that

Nine

of vitamin
A
before
1984
A exposure

10 additional
since
1984 were associA with long-term
expooften in combination

occurred

with high doses of vitamin
before and after conception

ofthe

with

high dosages
ofother
vitamins.
Safe doses of vitamin
A during
pregnancy
and lactation. The overall
evidence
suggests
but does not prove
that excessive
intake
of vitamin
A could
be teratogenic

in humans.

In view

effects,

Bauernfeind

dation

that

massive-dose
lic health

of the potential
for possible
adverse
(5) made
a cautionary
recommenwomen
should
not be included
in

pregnant

supplementation
measure
in some

programs
developing

used as a pubcountries
unless

future research
shows that there is no risk to the fetus.
He recommended
that vitamin
A doses given during
pregnancy
should
not exceed
10 000 IU/d. The safety of
this

dosage

level

is supported

by the work

Begum
(89), who reported
of 10 000 IU/d maintained
mother
without
increasing

of Pereira

and

that vitamin
A supplements
blood vitamin
A levels in the
blood levels in the newborn

infant.

Hrubetz
et al (90) administered
vitamin
A to women
in the last 3 mo of pregnancy
and throughout
lactation
in doses ofSO 000, 100 000, and 200 000 IU/d. Although
these dosages
far exceed
current
recommendations,
there
was no evidence
ofany deleterious
effects to the mothers
or the offspring.
A statistically
significant
increase
in the
vitamin
A content
ofbreast
milk was observed
at the two
higher

only

dosages;

observed

however,

knowingly
current

50 000

IU the

10 d of lactation
significance.
The authors
of supplemental
vitamin

in

the

reached
statistical
that administration
ing mothers
only ifthe
old appears

at

first

affects
the vitamin
A content
dose exceeds
a certain
threshold.
to be
50 000 IU/d.
Nursing
may
become
pregnant
before

nursling

‘

and

hence

high

vitamin

increase

was

and just
concluded
A to nursof their milk
That threshmothers
unweaning
the

A levels

should

be given

beyond

the first

prenatal

month

as a precau-

tionary
measure
(14).
The safety ofthe near-universal
practice
ofgiving
mubtivitamin
supplements
to pregnant
women
was debated
in a series of letters
to the British
Medical
Journal
in
which some authors
contended
that this might increase
the risk of malformations
because
of vitamin
A toxicity
(9 1-93). In a prospective
case-control
study (94) fewer
birth defects
were observed
in a group of mothers
who
used a daily vitamin
supplement
containing
4000 IU vitamin
A before conception
and during
early pregnancy
than in a control
group
not receiving
vitamins.
Both
cases
given

and
birth

controls
were
mothers
who
to offspring
with neural-tube

had previously
defects.

In an earlier
l2-y study of 87 mothers
who had given
birth to offspring
with cleft lip and/or
cleft palate,
Conway (95) reported
no abnormalities
in 59 subsequent
pregnancies
among
39 mothers
who received
vitaminmineral
supplementation
(including
12 500 IU vitamin
A) during
the first trimester.
Four abnormalities
occurred
ceive

in 78 pregnancies
vitamin
therapy.

in these
bevel

beneficial

ofvitamin

of 48 mothers
Whether
vitamin

effects

is not

A intake

who did
A played

known;

reported

not rea role

however,

in this

study,

at the
no tera-

togenic
effects were observed.
The present
review suggests that prenatal
use ofa daily
mubtivitamin
supplement
containing
vitamin
A may result in fewer birth defects.
There has never been a single
reported
case worldwide
ofteratogenicity
associated
with
the bevel of vitamin
A present
in the prenatal
vitamin
supplements

States.
vitamin

given

to

pregnant

women

The supplements
usually
A. In 1980 the National

(NAS)-National

Research

in

the

United

contain
4000-8000
IU
Academy
of Sciences

Council

(NRC)

Recom-

mended
Daily Dietary
Allowance
for pregnant
women
was set at 1000 RE (3300 IU retinol/d)
(1 8). In 1986 the
International

Vitamin

A Consultative

Group

recom-

mended
an intake of650
RE/d during pregnancy
(96).
Many women
ofchildbearing
age do not consume
the
recommended
amount
ofvitamin
A. The National
Center for Health
Statistics
showed
that the 50th percentile
level of consumption
is only 2369-2698
IU (97). The
same survey
also showed
that the female,
income-belowpoverty-level
group
had an even lower vitamin
A status.

This

survey

data

status

may,

in part,

preterm
levels.

infants
A strong

indicating
born

A deficiency

is also a possibility
nancy
(101).

may
Sarma

with

association
in preterm

A deficiency
severity
ofbronchopulmonary
Vitamin

a low

maternal

be an explanation

very
was
infants

for the

low plasma

that vitamin

be associated
(102) described

A
of

vitamin

A

found
between
vitamin
and the incidence
and

dysplasia
and

vitamin
number

human

birth

A deficiency
with
human
a baby with

(98-100).
defects.

during

There
preg-

teratogenesis
microcephaly

and anophthalmia
who survived
for only 24 h. The
mother
herself was vitamin
A deficient
and was blinded
by xerophthalmia.
Another
case involved
a child born
with eye defects,
including
microphthalmia
and coboboma
(103).
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dentally
swallowed
10 mL ofan oily solution
of vitamin
A-IUs
not specified
but estimated
at 500 000 by Rosa
et ab (88)-in
her second month
of pregnancy.
In a recent review of teratogenicity
of vitamin
A congeners, Rosa et al(88)listed
12 unpublished
cases of birth

not
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Summary.
On the basis of all of the current
evidence,
it is recommended
that information
about the possible
hazards
of both deficient
and excessive
levels of vitamin
A be communicated
as widely as possible
to women
of
childbearing
age. There appears
to be little risk of teratogenicity

associated

with

supplements
prescribed
cases these supplements
both mother
and child.

the

correct

use

of the

for pregnant
women.
may be of significant

vitamin

In many
benefit to

LANGSETH
children.
On a global basis reports
of vitamin
A toxicity
are rare and there are few reported
fatalities.
Vitamin
A adequacy
is discussed
in terms of recommended
allowances
appropriate
for the needs ofthe majority ofindividuals:
RDAs established
in 1980 are 1000
RE for men and 800 RE for women
with extra allowances for women
during periods
ofpregnancy
and lactation.
Acute
hypervitaminosis
A may result
from natural
food sources (excessive
consumption
oflivers
of carnivorous

Carotenoids
Overconsumption

not result in hybody converts
carotene
to retinol in a regulated
manner
(68). Carotene
supplements,
when taken in quantities
large enough
to
triple plasma
carotenoid
bevels, did not increase
plasma
pervitaminosis

bevels

(72).

does

because

Consumption

the

of 30 mg/d

of carot-

enoid supplements
may cause hypercarotenemia,
a condition
characterized
by high serum
carotenoid
levels,
large amounts
ofcarotenoids
in the liver, and carotenoid
deposits
in the skin that cause yellow-orange
pigmentation particularly
in the palms and soles (6). The pigmentation of hypercarotenemia
differs from that of jaundice
in that the whites of the eyes remain
white in carotenemia (2).
Hypercarotenemia
is of medical
significance
because
it sometimes
results from conditions
other than carotene
overconsumption
and these
conditions
may require
treatment.
It may occur
in patients
with an inherited
inability
to convert
carotene
to retinob;
such patients
may develop
vitamin
A deficiencies
while eating normal
diets (68). Hypercarotenemia
may also occur as a result
of diabetes
mellitus,
hypothyroidism,
and anorexia
ncrvosa (42).
Hypercarotenemia

has

not

been

shown

to

have

any

adverse
systemic
effects. There was a single report associating carotenemia
with amenorrhea
in some nonanorectic women
(104). However,
in women
taking high bevels
of fl-carotene
(> 180 mg/d) for long periods
of time, no
disruption
in menstrual
function
was observed
(105) and
it was suggested
that substances
other than carotene
in
vegetables
might be responsible.
Carrots,
in particular,
contain
several
substances
that might
be toxic in high
doses (69). The hypercarotenemia
reported
in the amenorrhic women
( 104)
was due to overconsumption
of carotene-containing
vegetables
not to the use of pure carotene supplements;
this is also true for most other
reported cases of hypercarotenemia.

Summary

ately
time.

fish)

or more

frequently

of vitamin
A supplements.
A may occur after ingestion
the RDA) or more by an adult

from

over-

Acute hyperviof 500 000 IU
(or proportion-

smaller
doses
by children)
over a short
period
of
The most common
symptoms
include
nausea
and

vomiting,
fatigue,
headaches,
bulging
fontanel
(in infants),
elevated
serum
vitamin
A, and anorexia.
All of
these symptoms
are usually
reversible
on cessation
of
overdosing.
Chronic
hypervitaminosis
A may occur when excessive amounts
ofvitamin
A are consumed
over long periods of time. Many cases of hypervitaminosis
go unnoticed so that the levels and duration
of intake that may
result in chronic
hypervitaminosis
are controversial:
in
adults
it is doubtful
whether
symptoms
can occur
at
doses < 100 000 IU/d;
in children
the range
is from
12 000 to > 500 000 IU/d
depending
on body size and
weight.
Factors
influencing
chronic
hypervitaminosis
A
include
dosing
regimen,
physical
form of the vitamin,
general
health
status
(anemia,
malnutrition,
liver and
kidney diseases,
and hyperlipoproteinemia),
dietary
factors (such as ethanol
and protein
intake),
and interactions with vitamins
C, D, E, and K.
Vitamin
A given at very high levels (100 times NRC
bevels) is teratogenic
in animals
and a deficiency
of the
vitamin
during
pregnancy
can also cause birth defects.
Several cases ofhuman
congenital
malformations
associated with maternal
overuse
of high doses of vitamin
A
have been reported
but no cause-and-effect
relationship
has been established.
It is recommended
that vitamin
A
doses given during pregnancy
should
not exceed the US
RDA bevel of 2424 RE/d.
Nursing
mothers
should
not
receive > 1 5 1 52 RE/d to avoid excess vitamin
A content
of their milk. Deficiency
of vitamin
A in pregnancy
has
also been associated
with human
congenital
abnormalities.
Overdosing

by the general

public

may

result

from

con-

fusion
over product
potency
or dosing
instructions
or
from inappropriate
self-medication.
Prescribed
supplements
may bead to hypervitaminosis
A if physicians
do
not communicate
the dangers
of excess consumption
to
patients.

Vitamin
A is an essential
nutrient
necessary
for vision,
reproduction,
the integrity
of membrane
structures,
the
normal
functioning
of body cells, growth,
and development.
Deficiency
is a major
public
health
problem
in
some areas of the world and results
in xerophthalmia,
permanent
blindness,
and excess mortality
rates among

or large

13
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