Using the
Tolerable Upper Intake Level
for Nutrient Assessment of
Groups

This chapter bricfly describes the concepts underlying the develop-
ment of the Tolerable Upper Intake Levels (Uls). It also provides
guidancc on the usc of the UL in conjunctlion with the appropriate
usual intake distributlion to determine the proportion of individuals
in a group who may be potentially at risk of adverse cffects duc o
excessive intake of a nutrient.

THEORY AND DEFINITIONS

Just as quantitative guidclines are needed o help ensure adequacy
of nutricnt intake, guidclines arc needed (o help ensure that usual
intake levels are not so high that they posc a risk of adverse health
cffcets 1o an individual or group of individuals, The introduction of
the Tolerable Upper Intake Level (UL) is a long overduc contribu-
tion o nutritional ¢valuation. Great cffort has been taken in cvalu-
ating thc published litcrature relevant o adverse health cffeets of
overconsumption of specific nutrients, The UL is meant 1o inform
the public of risk of excess nutrient intakec—it is not a recommended
intake level,

The UL is determined using a risk asscssment modcl that was
devcloped specifically for nutrients (IOM, 1998a). The modcl con-
sists of a sysicmalic scrics of scientific considerations and judgments
madc by cxperts knowledgeable in both the nutrients of interest
and the practice of risk asscssment. These Uls reflect the maxi-
mum daily intake levels at which no risk of adverse health cffects is
expectled for almost all individuals in the gencral population—
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including scnsitive individuals—when the nutrient is consumed over
long pcriods of time. In other words, the UL is the highest usual
intake level of a nutrient that poscs no risk of adverse cffects. In
some cascs subpopulations with extreme and distinct vulnerabilitics
may be at risk with intakes at or even below the ULD The process
uscd Lo sct the UL considers the intakes from all sources: food,
walcr, nutricnt supplements, and pharmacological agents, although
in somc cascs the UL may apply only Lo spccific sourccs.

The dosc-responsc asscssment, which concludes with an estimate
of the UL, is buill upon thrce toxicological concepts commonly
uscd in asscssing the risk of exposures 1o chemical substances: no-
obscrved-adverse-cffect level (NOAEL), lowest-observed-adversecffect
level (LOAEL), and uncertainty factor (UF), These arc defined as:

* NOAEL is thc highest continuing intake of a nutricnt at which
no adverse cffects have been observed in the individuals or groups
studicd. In somc cascs it may be derived from experimental studics
in animals. When the available data arc not sufficient to reveal the
NOAEL, it is nccessary to rcly on a LOAEL.

* LOAEL is thc lowcst continuing intake at which an adverse
cffcct has been identified. For some nutrients, it may be derived
from cxpcrimental studics in animals,

* UFs arc applicd to the NOAEL, and if nccessary 1o the LOAEL,
in an attempt to address both gaps in data and incomplcic knowl-
cdge regarding the inferences required (c.g., the expected variability
in responsc within the population, or cxtrapolation from cxperi-
mental animal 10 human data).

Scientific judgments arc used Lo assign UFs for cach of the specific
sources of uncertainty associated with the data available for a nutri-
cnl. A Composuc UF for that nutrient is derived by multiplying the
assigned UFs, Larger UFs arc apphcd when animal data arc used
rather than human data, and in instances where the consequence
of overconsumption is scrious discasc. A UF uscd (o estimate a UL
from a LOAEL will be larger than onc used if a NOAEL is availablc.
UFs cstablishcd when this document was written arce presented in
Table 6-1; they range from 1 (expressing great confidence in the
NOAEL) 1o 36 (rcflecling extrapolation from cxperimental animal
to human data and from a LOAEL to a NOAEL and othcr limitations

1 In this case, the subpopulations are identified and discussed in the individual

chapters of the DRI nutrient reports (IOM, 1997, 1998b, 2000).
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TABLE 6-1 Tolcrable Upper Intake Levels, No-Obscrved-

Adversce-Effccet Levels, Lowest-Obscerved-Adverse-Effect Levels,
Unccertainty Factlors, and Critical Adverse Effccts for Various
Nutricents, by Lifc Stage Group

Critical

Nutricnt UL%  NOAELY LOAELY UF?  Adverse Effcct

Calcium (mg/d) IIypercalcemia
Infants (0-12 mo) ND¢ —f — — and renal
Toddlers (1-3 y) 2,500¢ — — — insufficiency
Children (4-8y) 2,600  — — — (milk-alkali
Children (9-13 y) 2,5008 — — — syndromc)
Adolescents (14-18y) 25008 — — —

Adults (19-70 y) 2,500 —h 5,000 2
Pregnant women 2,500 — — —
Lactating women 2,500 — — —
Older adults (> 70 y) 2,500 — — —

Fluoride (mg/d) Modcrate cnamel
Infants (0—6 mo) 0.7 — 0.1 1 fluorosis/
Infants (6-12 mo) 09 — 01t 1
Children (1-3 y) 1.3 — 01' 1
Children (4-8y) 292 — 0.1% 1
Children (9-13 y) 10 10 — 1 Skeletal Muorosis
Adolescents (11-18 y) 10 10 — 1
Adults (19-70 y) 10 10 — 1
Pregnant women 10 10 — 1
Lactating women 10 10 — 1
Older adults (> 70 y) 10 10 — 1

Magncsiumk’ (mg/d) Diarrhca
Infants (0-12 mo) ND — — —

Toddlers (1-3 y) 65 — — —
Children (4-8 y) 1100 — — —
Children (9-13 y) 350 — 360 ~1
Adolescents (11-18 y) 350 — 360 ~1
Adulis (19-70 y) 350 — 360 ~1
Pregnant women 350 — — —
Lactating women 350 — — —
Older adults (> 70 y) 350 — 360 ~1

continued
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TABLE 6-1 Conltinucd

Critical

Nutricnt UL*  NOAELY LOAELY UF?  Adverse Effcct

Phosphorus (g/d) Hyperphosphatemia
Infants (0-12 mo) ND — — —

Toddlers (1-3 y) 30 1027 — 3.3
Children (4-8y) 30 1027™ — 3.3
Children (9-13 y) 4.0 102" — 2.5
Adolescents (14-18 y) 1.0 10.2™ — 2.5
Adulis (19-70 y) 1.0 10.2 — 2.5
Pregnant women 3.5 — — —

Lactating women 4.0 102 — 25
Older adults (> 70 y) 3.0 102 — 3.3

Sclenium (pg/d) Sclenosis
Infants (0-6 mo) 157 7pg/kg — 1
Infants (7-12 mo) 60" — — —

Children (1-3 y) gokn — —
Children (4-8 y) 15067 — — —
Children (9-13 y) 9g80kn — —
Adolescents (11-18 y) 100 — — —
Adulis (19-70 y) 100 800 2
Pregnant women 400 — — —
Lactating women 400 — — —
Older adults (> 70 y) 400! — — —

a-Tocopherol ko(m g/d) Increased
Infants (0-12 mo) ND — — — tendency to
Children (1-3 y) 20047 — —_ —_ hemorrhage
Children (4-8 y) 30067 — — seen in rats
Children (9-13 y) 60047 — — —

Adolescents (14-18 y) T L C— — —
Adulis (19-70 y) 1,000"%  — 500 mg/kg 36
Pregnant women 1,000 — — —
Lactating women 1,0007 — — —
Older adults (> 70 y) 1,000 — — —

Choline (g/d) Hypotension
Infants (0-12 mo) ND — — — lishy body odor
Children (1-3 y) Lobn — —

Children (4-8 y) 1.0t — — —
Children (9-13 y) 2.0tn — — —
Adolescents (14 -18 y) 3.0bn — —

continued
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TABLE 6-1 Conltinucd

Critical

Nutrient UL®  NOAELY! LOAELY UF¢  Adverse Effcet
Adulis (19-70 y) 5.5% — 7.5 2
Pregnant women 35" — — —

Lactating women 35" — — —
Older adults (> 70 y) 35" — — —

Folatc® (pg/d) Precipitation or
Infants (0-12 mo) ND — — — cxacerbation of
Toddlers (1-3 y) 300b7  — — — ncuropathy in
Children (4-8 y) 400bn — — vitamin 312
Children (9-13 y) 60047 — — — deficient-
Adolescents (14-18 y) 11 L — — — individuals
Adulis (19-70 y) 1,000 — 5,000 5
Pregnant women 1,000 — — —

Lactating women 1,000 —_ —_ —_
Older adults (> 70 y) 1,000 — 5,000 5

Niacin® (myg/d) Vasodilation
Infants (0-12 mo) ND — — — (Mlushing; can
Toddlers (1-3 y) 1T L — — — involve burning,
Children (4-8 y) 1560 — —_ —_ tingling, and
Children (9-13 y) 20tn — — itching sensation,
Adolescents (14-18 y) R — — — as well as
Adults (19-70 y) 35 — 50 1.5 reddened skin;
Pregnant women 35 — — — occasionally
Lactating women 35 — — — accompanicd by
Older adults (> 70 y) 35 — — — pain)

Vitamin Bg (mg/d) Sensory
Infants (0-12 mo) ND — — — neuropathy
Toddlers (1-3 y) 30bn — —

Children (1-8 y) 10— — —
Children (9-13 y) 6047 — — —
Adolescents (14-18 y) gokn — —
Adults (19-70 y) 100 200 — 2
Pregnant women 100 — — —
Lactating women 100 — — —
Older adults (> 70 y) 100 — — —

continued
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TABLE 6-1 Conltinucd

Critical

Nutrient UL®  NOAELY LOAELY UF?  Adverse Elfcet
Vitamin G (mg/d) Osmotic diarrhca

Infants (0-12 mo) ND — — — and

Children (1-3 y) 400bn — — Gastrointestinal

Children (4-8 y) 65047 — — disturbances

Children (9-13 y) 1,2006%  — — —

Adolescents (11-18 y) 1,8006m — —

Adulis (19-70 y) 2,000 — 3,000 1.5

Pregnant women 2,000 —_ —_ —_

Lactating women 2,000 — — —

Older adults (> 70 y) 2,000 — — —
Vitamin D (pg/d)? Hyperealcemia

Infants (0-12 mo) 25 15 — 1.8

Toddlers (1-3 y) 506 — — —

Children (4-8 y) 508 — — —

Children (9-13 y) 508 — — —

Adolescents (14-18 y) 508  — — —

Adulis (19-70 y) 50 — —

Pregnant women 50 60 — 1.2

Lactating women 50 — — —

Older Adults (> 70 y) 50 — — —

a L. = Tolerable Upper Inlake Tevel: The highest level of daily nutrient intake that is
likcly 1o posc no risk of adverse health cifects to almost all individuals in the genceral
population. Unless otherwise specilied, the UL represents total intake from [ood, water,
and supplements. Because of lack of suitable data, ULs could not be established [or
thiamin, riboflavin, vitamin B)9, pantothenic acid, biotin, or any carotenoids. This sig-
nifies a need for data. It does not necessarily signify that people can tolerate chronic
intakes of these vitamins al levels exceeding the RDA or AT,

b NOAEL = no-obscrved-adverse-cfleet level: the highest intake (or experimental oral
dosc) of a nutricnt at which no adverse clfects have been obscerved in the individuals
studicd.

¢ LOAEL = lowest-observed-adverse-effect level: the lowest intake (or experimental oral
dose) at which an adverse effect has been identified.
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dUF = uncertainty factor: a number that is applied to the NOAEL (or LOAEL) to
obtain the UL, The UF incorporates uncerlainties associated with extrapolating from
the obscrved data to the general population. UFs established at the time this document
was writlcn, some of which are presented in this table, range [rom 1 (expressing great
confidence in the NOAEL) to 36 (rellecting extrapolation from animal to human data
and significant limitations in the data).

¢ ND = not determined or identified. Except for vitamin D, selenium, and fluoride, ULs
could not be established for infants, Because of the unique nutritional needs and toxi-
cological sensitivity of infants (0-12 mo), the UL for adults was not adjusted on a body-
weight basis to derive a UL for infants (as was donc for children and adolescents).
JFNo data available to identify NOAELs or LOAELs.

& Increased rates of bone formation in toddlers, children, and adolescents suggest the
adult UL is appropriate for these age groups.

A solid value for the NQOAEL is nol available; however, researchers have observed that
daily calcium intakes of 1,500 to 2,400 mg did not result in hypercalcemic syndromes.
iIn mg/kg/day.

J7Modcrate and scvere forms of cnamel [(Inorosis are characterized by csthetically objcc-
tionable changes in tooth color and surface irregularities. This is regarded as a cosmetic
effect rather than a functional adverse effect.

kUL represents inlake from supplements, food fortificants, and pharmacological agents
only and docs not include intake from [ood and water.

I'The UL value for adulis was adjusted on a body-weight basis 10 estimate the UL [or
children.

" The NOAEL of 10.2 g/d for adults was used to set ULs for all other life stage groups
except for pregnant women. The UL for pregnant women was set by decreasing the UL
for adults by 15 percent,

% UL valucs have been rounded.

2 The UL lor a-tocopherol applics to any form of a-tocopherol.

# As cholccalciferol. 1 pg cholecalciferol = 40 IU vitamin D.

SOURCES: IOM (1997, 1998b, 2000).
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in the data). UFs greater than 100 may be required for some nutri-
cnts in future cvaluations, particularly if data on humans arc not
available, great uncertaintics arc found in the dosc-responsc curve,
and thc adverse cffect is not reversible, At a UF of 1, the NOAEL
cquals the UL,

Information uscd to cstablish ULs is summarized in Table 6-1.
Readcrs arc rcferred o the report Dietary Reference Intakes: A Risk
Assessment Model for Establishing Upper Intake Levels for Nutrients (IOM,
1998a) and thc individual nutrient reports (IOM, 1997, 1998b,
2000) for additional information.

EVALUATING THE RISK OF ADVERSE EFFECTS
USING THE UL

How to Use ULs

Becausce the actual risk curve (probability of adverse cffect at cach
level of intake) is unknown, it is not possible 1o determinge the actual
risk (likclihood) of adverse health effects for cach individual in the
general population. Until more rescarch is done in this arca, the
UL is mcant to be used as a guidepost for potential adverse cffects
and 1o help cnsurce that individual intakes do not cxceed a safe
intake or do so only rarcly.

The procedure for applying the UL in asscssing the proportion
of individuals in a group who arc potentially at risk of adverse health
cffccts from excess nutrient intake is similar 1o the EAR cut-point
mcthod described carlier (Chapter 4) for asscssing nutrient inadc-
quacy. In this casc, onc simply determines the proportion of the
group with intakes above the UL. Howcever, because the Uls for
nutricnts arc bascd on diffecrent sources of intake, onec must be
carcful Lo usc the appropriailc usual intake distribution in the asscss-

Box 6-1 Factors io consider when assessing the risk of high intakes:

¢ the accuracy of the intake data

* the percentage of the population consistently consuming the nutrient
at intake levels in excess of the UL

* the seriousness of the adverse effect

e the extent Lo which the adverse effect is reversible when intakes are
reduced Lo levels less than the UL.
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ment. For some nutrients (c.g., fluoride, phosphorus, vilamin C) the
distribution of usual intake would nced 1o include intake from all
sourccs, while for others (c.g., magnesium, folate, niacin, vitamin E)
only the distribution of usual supplement intake would be needed.

Figurc 6-1 provides a hypothctical example of the rclationship
between population median intakes and the risk function for intakes
at all levels. It can be scen that the percentage of the population at
risk would diffcr depending on the steepness of the risk function,
As noted above, however, the risk function (the dosc-responsc
curve) for all nutrients is unknown.,

Figurc 6-2 illustrales a distribution of usual nutrient intakes in a
population; the proportion of the population with usual intakes
abovc the UL represents the potential at-risk group. An cvaluation
of the public health significance of the risk (o the population con-
suming a nutricnt in excess of the UL would be required to deter-
minc if action was nccded.

If no discernible portion of the population consumes the nutrient
in cxcess of the UL, no public health risk should cxist. However, if

Distribution of usual intake /

/
l / +—— Hypothetical risk curve
for adverse effacts

Frequency of intake

Risk of adverse health effects {%)

UL NOAEL LOAEL

L J

Increasing intake

FIGURE 6-1 Hypothetical example of risk of adverse effects compared Lo popula-
tion intake, The fraction ol the population having usual nutricnt intakes above the
Tolcrable Upper Intake Level (UL) is potentially at risk; the probability ol adverse
cllects increascs as nutricnt intakes increasc above the UL, although the true risk
function is not known for most nutrients. NOAEL = no-observed-adverse-etfect
level, LOAEL = lowest-observed-adverse-effect level.
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Population distribution of
usual intake

Population potentially at
risk at adverse effects

Frequency of intake

Mean UL

L 4

Increasing intake

FIGURE 6-2 Population polentially al risk from excessive nulrient intakes. The
fraction ol thc population consistently consuming a nutrient at intake levels in
cxcess of the Tolerable Upper Intake Level (UL) is potentially at risk ol adverse
hcalth cllccts. Additional information is nccessary to judge the signilicance of the
risk.

somc portion of the population has intakes above the UL, a risk
may cxist and the nced to ake action to reduce population intakes
should bc cvaluated. For cxamplc the UL for niacin for adults is 35
mg/day The LOAEL for niacin is 50 mg/day and the uncertainty
factor is 1.5 (indicating a good level of confidence in the data). The
adversc cffeet noted is a relatively benign vasodilation causing flush-
ing of the skin that may be accompanicd by a burning, itching, or
tingling scnsation; this cffect is rcadlly reversible by a reduction in
intake, The UL for vitamin B, is 100 mg/day for adults and the
NOAEL is 200 mg/day with a UF of 2. The adversc cffect observed—
scnsory ncuropathy—is a scrious and irrcversible condition, There-
fore, public health concern over a segment of the population rou-
tincly consuming niacin in ¢xcess of the UL would not be as great
as if a scgment of the population were routinely consuming vitamin
B in cxcess of the UL,

F1gurc 6-3 illustrates a situation in which usual dictlary intake from
foods represents no discernible risk but the addition of intakes from
supplement usage makes a fraction of the population potentially at
risk. Figurc 6-4 represents the type of analysis that would apply when
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Population distribution

of usual intakes

(from diet only) Population distribution
of usual intakes

(from diet plus
supplements)

T

— Population potentially
at risk of adverse effects
(from diet plus supplements)

-

Frequency of intake

Mean Mean uL
intake intake
(diet only)  (diet plus
supplement)

L 2

Increasing intake

FIGURE 6-3 Effect of including supplement intakes on the population potentially
at risk. In this case, nutrient intakes from diet alone are risk-free, but intakes from
supplement plus diet put a fraction of the population at risk. The Tolerable Upper
Intake Level (UL) here applies to all sources of intake. The significance of the risk
is judged by consideration of additional factors.

Population distribution
of usual supplement intakes

Population potentially at
risk for adverse effects
from supplement use

Frequency of intake

1
Mean supplement intake UL

Increasing supplement intake
FIGURE 64 Risk analysis when the Tolerable Upper Intake Level (UL) applics

only to supplements. The significance of the risk is judged by consideration of
additional factors.
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the data reveal that only supplement usage poscs a risk (the UL
applics only to the supplement); in this casc only the supplement
intake distribution requires analysis. For example, for nutrients such
as magncsium, folaie, niacin, and vitamin E no information cxists
on adverse cffccts occurring from the nutrient when consumption
is from foods; adverse cffects have been seen only when the nutri-
cnt was consumcd as a supplement, as a fortificant added 1o food
(c.g., folalc), or in over-the-counter medications (c.g., magnesium
in antacids). In cach of thesc cascs the significance of the risk
rcquires consideration of more than the fraction of the population
that ¢xcceds the UL, Currently, population usual intake distribu-
tions can bc cstimated, but the shape of the UL risk curve is
unknown. When this information is availablc, however, the proba-
bility approach, as described in Chapter 4, can be used (o asscss the
proportion of the population potentially at risk of adverse cffects.
The underlying assumption is that there is a threshold below which
there is ncgligible risk from overconsumption and above which
dosc-responsc curves for toxicological asscssment can be lincar,
cxponcnlial, or some other shape.

Although members of the gencral population should be advised
not to routinely exceed the UL, intake above the UL may be appro-
priatc for investigation within well-controlled clinical trials. Clinical
trials of doscs above the UL should not be discouraged as long as
subjccts participating in thesc trials have signed informed consent
documents regarding possible adverse cffects, and as long as these
trials employ appropnalc safcly monitoring of trial subjccts. In addi-
tion, the UL is not meant o apply to individuals who arc recciving a
high dosc of a nutricnt under medical supervision,

The UL is typically derived 1o apply Lo the most sensitive members
of the gencral population. For this rcason, many members of the
population may rcgularly consume nutricnts at or cven somewhat
above the UL without expericncing adverse cffects. However, because
there is no way (o cstablish which individuals arc the most sensitive,
it is nccessary Lo interpret the UL as applying o all individuals.

Supplement Use

The need for Uls derives largely from regular, sclf-prescribed usc
of largc amounts of highly fortificd foods, regular consumption of a
large number of modcraicly fortificd foods, or nonfood sourccs
such as nutritional supplements, or any combination of the three,
by significant proportions of thc population. Few nutrients arc con-
sumcd through the food supply in amounts that could causc loxicity.
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When this docs occur it may be duc o composition of the soil,
extremely unusual food choices, or crrors during food fortification.,

The usc of nutrient supplements is growing in the United States
and Canada, with rcports from the Third National Health and Nutri-
tion Examination Survey (NHANES IIT) suggestling that half the
population is using nutritional supplements. Although this infor-
mation is not sufficicntly quantitative for estimations of population
intakes, it is known that in somc population subgroups nutrient
intakes ecxceed the UL, Supplements should not be treated casually
cven though excessive intakes appear to be harmless because they
arc cxcreled or do not incur a toxic responsc. It is important o
rcmember that the Uls arc bascd on chronic exposurcs. The
amounts of a nutricnt considered toxic upon acule cxposurc arc
generally considerably higher than the UL, but have not been cstab-
lished for many nutrients.

SOME FREQUENTLY ASKED QUESTIONS

How serious s the risk of adverse effects for individuals chronically con-
suming nuirients at levels greater than the Tolerable Upper Intake Level
(UL)?

The crilical adverse effecls used lo sel the UL are listed in Table 6-1. The
dose, Lhe seriousness of the adverse effects, and Lhe exienl lo which (he effecls
are reversible upon inlake reduction should be considered in evalualing Lhe
risk of adverse effects.

If the mean intake of a population equals the UL, is there no risk?

A population mean inlake al the UL suggesis thal a large proportion (as
much as half) of the population is consuming levels above the UL. This
would represent a very serious populalion risk of adverse effects.

How different are the ULs from doses that would confer acute toxicity?

The ULSs are the maximum levels thal can be consumed daily on a chronic
basis withou! adverse effects. The ULs will generally be much lower than the
levels thal are necessary lo produce adverse effecls afler a single exposure.
Few evalualions of the acule loxic inlake of nulrienls have been made.
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Houw close are the Recommended Dietary Allowances (RDAs) and ULs?

There is no standard or definable mathematical relationship between the
RDA and the UL. For some nutrients, the two values are widely separated
(for example, the RDA for vitamin B, for adult women is 1.3 mg/day,
whereas the UL is 100 mg/day). In some cases the two standards cannot be
compared dirvectly because the UL is to be applied only to sources of the
nutrient that are not naturally in foods (e.g., the UL for magnesium is only
Jor intake from supplements).

Will we find out in a few years that the RDA and Adequate Intake (Al)
are too low and that higher nutrient intakes are better to prevent specific
diseases such as cancer?

As our ability to study the chronic effects of various levels of nutrient
intakes on humans improves, our knowledge of the relationships between
single nutrients and disease prevention will improve. As a vesull, suggested
desirable intake may increase or decrease. Higher nutrient intakes may not
be found to be better. In some clinical intervention trials, high doses of
B-carotene being studied for cancer prevention were reporied to actually
increase the risk of lung cancer in long-term current smokers. This demon-
strates that it is difficult to speculate about even the direction of an effect
when an individual consumes high doses of a nutrient (those that greatly
exceed the amounts found in foods).




