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Introduction

Vitamins and minerals are essential for normal
growth and health, and because they are present at
low concentrations in the diet they are known as
micronutrients. For the risk manager, estimating the

Minimising the population risk

of micronutrient deficiency and
over-consumption: a new approach using
selenium as an example

Abstract Background At the
present time the recommended
daily intake or allowance (RDA)
and the safe upper level (UL) of
intake of micronutrients are given
as single values. The recom-
mended daily intake is considered
to cover the requirements of
97.5% of the population while the
safe upper level is a value for the
whole population. These values
provide only limited guidance to
risk managers. Aim of the study
and methods A method has been
developed recently which models
the relationships between intake
and risks of either deficiency or
excess using an observed inci-
dence for each effect and popula-
tion distribution characteristics.
Using this model it is possible to
formulate advice to risk managers
on the incidence (prevalence) of
adverse effects, due to either defi-
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ciency or excess, at different levels
of intake. Application of the model
to the data used to derive the RDA
and UL for selenium shows that it
can predict the impact of changes
in nutrient intake on the balance
between benefit (absence of defi-
ciency) and risk (development of
toxicity). Results and conclusions
Application of the model has
illustrated the utility of this ap-
proach, but highlighted the need

for a comprehensive evaluation of
the data and a critical appraisal of

the validity of the relationships
that are analyzed. In addition, the
derived incidences will usually
relate to effects with different
biological or health impacts, so
that the final balance between
benefit and risk should be devel-
oped by a dialogue between the
risk assessor and the risk man-
ager.

Key words risk-benefit
analysis — micronutrients -
selenium - recommended daily
allowance - upper intake level -
population-based analysis

optimal intake of a micronutrient in a given popula-
tion is problematic, because different individuals have

different requirements and intakes for any given
nutrient as well as differences in susceptibility to
adverse effects at very high intakes. Few objective
tools exist to help the risk manager balance the risk of
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deficiency in some individuals, with the risk of over-
consumption in others in the same population. Part of
the problem has been that nutritionists have histori-
cally focused on preventing dietary deficiencies,
requiring a particular set of clinical and statistical
approaches; the main reference point for nutritional
deficiency being the concept of the recommended
daily intake or allowance (RDA). In contrast, the
study of adverse effects at high intakes has been the
province of toxicology, which has developed different
tools and principles in order to set a tolerable upper
intake level (UL), an intake that should avoid adverse
effects. The main problem with the UL is that it
provides risk managers with no indication of the
magnitude of any adverse health impact when the
intake exceeds the UL due to excessive intake from
foods or food supplements. In addition, it is not
possible to set a UL for some nutrients, such as so-
dium because there is a continuum of increasing risk
with increasing intake over the normal range of in-
takes from foods.

This paper describes a new approach to the esti-
mation of optimal intakes, which uses both of the
above reference points to calculate a directly compa-
rable measure of risk for both deficiency and over
consumption. The detailed statistical methods have
been previously reported [9]. This paper sets out to
illustrate the approach using selenium as a case study.

Traditional methods for setting the recommended
IcIaiI)I/ intake or allowance and the safe upper
eve

The amount of a micronutrient necessary for normal
health varies slightly from person to person because
of their different individual physiological and meta-
bolic status. Thus some individuals may require low
intakes for normal health, while others need higher
intakes. This is taken into account in the recom-
mended dietary allowances, which are established to
cover the needs of 97.5% of the population. This is
illustrated in Fig. 1.

The normal distribution given in Fig. 1 can also be
plotted as a cumulative distribution, in which the total
proportion of the population covered by any level of
intake is plotted against the intake level. Figure 2
shows the cumulative distribution as the proportion
of the population NOT covered by a particular level of
intake, i.e. as the intake increases so a smaller and
smaller proportion of the total population does not
have their requirements met.

Micronutrients in the diet are consumed in small
amounts, but it is possible to make preparations, such
as tablets, capsules and drops, which contain vastly
more than the recommended dietary allowance. When
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50 100 150 200
Daily intake requirement

Fig. 1 The distribution of intake requirements of a micronutrient necessary for
normal health. The X-axis shows the different requirement levels and the Y-axis
shows the numbers of subjects with that level of requirement. Most individuals
have a requirement at or close to the average (Point A, set at 100 in this
theoretical example), and there are very few individuals with very low
requirements (Point B) or very high requirements (Point C). In consequence, the
numbers of subjects at low and high levels tail off to give the shape shown
which is known as a normal or Gaussian distribution. The variation between
individuals, which is described as the CoV, has been set at 15% in this figure

such preparations are consumed the risk to health
changes; there is negligible likelihood of deficiency,
but an increased risk of toxicity. Recommendations
on micronutrient intake include advice on both the
recommended dietary allowance and the maximum
intake that can be taken without significant risk of
toxicity.

Traditionally, safe upper levels have been deter-
mined from analysis of data on the levels of intakes
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Fig. 2 The cumulative distribution of intake requirements of a micronutrient
necessary for normal health. The X-axis shows the different daily intake
requirement levels and the Y-axis shows the cumulative proportion of the
population with a requirement greater than that level of intake. In this
example, essentially 100% of the population requires more than 50 units, while
the needs of essentially the whole population are met by an intake of 150 units
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that cause toxicity, with the lowest dose causing tox-
icity divided by a suitable safety factor. Using the
example illustrated in Fig. 3a, a safe upper level of 200
or 500 units might have been set based on findings
that 10% of subjects showed a mild adverse effect at
an intake of 5,000 units and that none of a group
showed effects when given 2,000 units/day with the
application of an uncertainty factor of 10. Such inci-
dence data may be converted to a distribution curve if
the extent of human variability is known or can be
predicted (Fig. 3b).

The population distribution model

Thus there are two curves that need to be considered
for essential nutrients, i.e. that related to the risk of
insufficiency (Fig. 2) and that related to the risk of
toxicity at high intakes (Fig. 3b). This is shown in
Fig. 4, which for the example chosen shows a clear
separation between the decreasing risk of deficiency
and increasing risk of toxicity as the daily intake in-
creases, and it would be a relatively simple matter to
set a recommended dietary allowance and a safe up-
per level [9].

More sensitive indicators of deficiency and con-
siderations of health benefits above the recom-

Fig. 3 The setting of a safe upper intake level for a A 100
micronutrient. In the example given there are data %0
showing that 10% of subjects show an adverse effect,
or potentially adverse change, at a daily intake of
5,000 units, and that no adverse response was found in
a group given 2,000 units per day (Graph A). Such data
can be converted into a distribution curve (Graph B) if
the CoV for inter-individual variability in susceptibility
to the effect is either known or is assumed. The graph
shown on the right assumes a CoV of 45%
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mended daily allowance will have the effect of
moving the benefit curve to the right. In contrast,
more sensitive indicators of toxicity will move that
curve to the left. In consequence, the separation
between the two intake-response curves (Fig. 4b)
may become narrower in the future. Under these
circumstances the curves may not allow easy defi-
nition of a range of intake that is both beneficial
and safe (Fig. 5a). Under these circumstances it
would be helpful to be able to advise risk managers
on the predicted incidences of both an absence of
benefit and at the same time the risk of toxicity for
specific levels of daily intake (Fig. 5b). For example
the predicted incidences of a lack of benefit and of
toxicity are about 50 and 0.0008% at a daily intake
of 100 units but 0.00015 and 0.07% at a daily intake
of 200 units.

A major advantage of this approach is that risk
managers can be informed of the change in pre-
dicted incidences with change in intake and also the
nature of the adverse effect that was modelled to
produce the graphs, ie. the consequences of an
inadequate intake (lack of benefit) and of toxicity.
Such information will provide a secure basis for the
formulation of dietary advice, the consequences of
fortification and the influence of different amounts
in supplements.
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Fig. 4 The relationships between daily intake and the A 100
risk at very low intake (the absence of the essential %
benefit) or high very intake (the risk of toxicity). Using a
linear scale (Graph A) the curve for the risk of absence
of benefit (Fig. 2) is very close to and barely separated
from the Y-axis and most of the graph only represents
clearly the curve for toxicity (Fig. 3b). This can be
avoided if the daily intake axis is given on a logarithmic
scale (Graph B)
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Application and data requirements of the
population distribution model

The model requires only limited data, since it plots
the change in incidence of a defined effect against
intake, rather than the change in severity of an effect
as the intake changes. The only information necessary
is

(1) the intake causing the defined biomarker of a
beneficial effect, such as a 20% change in an en-
zyme activity,

(2) the intake causing the defined adverse effect, such
as an adverse effect on liver function,

(3) the coefficient of variation (CoV) for the change
in beneficial effect with intake and

(4) the CoV for the change in adverse effect with
intake.

There is a history of use of a CoV of 15% for
essentiality when the RDA is established (see above),
while a CoV of 45% was proposed for toxicity by
Renwick et al. [9] based on a meta-analysis of human
pharmaceutical data. The rationale is explained in
more detail in Renwick et al. [9], but in essence as-
sumes that supra-nutritional intakes will be handled
by non-specific elimination pathways; the choice of a
higher CoV for adverse effects than for benefits has the
advantage of making the model more conservative in
relation to the prevention of possible adverse effects.

Risk:benefit analysis for selenium as a worked
example

The following text describes the basic input informa-
tion, the intake-incidence modelling, and the format of
advice that could be provided to the risk-manager. To
allow comparisons with the traditional approaches, the
data used for modelling are those that were used to
establish the RA and the UL in the IOM evaluation; the
impact of recent findings and other data on the appli-
cation of the model are discussed later.

Fig. 5 The relationships between daily intake and the

Selenium was selected for analysis of the utility of
the model, since the database illustrates both the
advantages and limitations of the model.

Essentiality and benefit

Frank deficiency of selenium is associated with Ke-
shan disease, which is a form of cardiac myopathy.
The minimum intakes necessary to prevent this con-
dition have not been defined, and therefore this effect
cannot be used either to set an RDA or for mathe-
matical modelling. The requirement and recom-
mended intakes are not based on prevention of this
adverse effect but on the optimization of plasma
glutathione peroxidase—a selenium-dependent en-
zyme.

There have been two studies that have provided
useful and largely comparable data on plasma gluta-
thione peroxidase.

A study of the effects on plasma glutathione per-
oxidase of supplements from 0 to 90 ng/day given for
8 months to Chinese adult men, aged 18-42 years,
reported that similar enzyme activities were found
after administration of supplements of 30, 60 and
90 pg/day given as selenomethionine [15]. In conse-
quence, 30 pg/day was chosen as the minimum
average requirement from this study. After allowing
for the intake of 11 pg/day from the diet and the
difference in body weight between Chinese and North
American males, the Food and Nutrition Board of the
Institute of Medicine in the USA [6] calculated that
this was equivalent to 52 pg/day. It should be noted
that this value was based on small groups of men (8-
9) with a restricted age range.

The second study was performed in New Zealand
and involved mixed groups of about ten men and
women (aged 17-59 years) administered supplements
over the range 0-40 ng/day given as selenomethionine
for 20 weeks [5]. Analysis of the study data by the
IOM [6] concluded that plasma glutathione peroxi-
dase activity was increased by supplementation in the

100
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range 10-40 pg/day, but that there was no difference
between doses. In consequence, and after allowing for
dietary intake of 28 pg/day, an estimated average
requirement was derived at 38 ug/day based on the
lowest dose given.

The IOM [6] derived an average requirement from
these two studies of 45 ng per day based on this
biochemical effect. Although the database refers to
experiments with selenomethionine no differentiation
between selenium species is made for the average
requirement.

Adverse effects at high intakes

The data most useful for relating high intakes to ad-
verse effects comes from four studies by Yang and
colleagues [13, 14, 16] in China and by Longnecker
et al. [8] in the USA.

The studies by Yang et al. [13, 14, 16] built on an
early publication [12] in which a 50% incidence of
hair and nail loss and mottling of teeth was noted in a
population of 248 subjects from the five most heavily
affected villages with daily intakes in the range of
3,200-6,690 pg. Subsequent studies focused on the
lowest intakes associated with adverse effects. Yang
et al. [16] correlated biomarkers of selenium exposure
with estimates of dietary intakes.

The subsequent study [13] related the presence of
adverse effects to biomarkers of exposure, particularly
whole blood selenium concentrations. The distribu-
tion of selenosis in 349 adults indicated that the first
case diagnosed had a blood selenium concentration of
1.02 mg/l. Prolonged clinical symptoms were found in
five subjects who had blood concentration of 1.05 to
1.85 mg/l. No clinical signs of selenosis were reported
in those with blood concentrations below 1.0 mg/l; a
3-7% incidence of severe clinical effects was noted at
higher blood concentrations, but without a clear
concentration-response relationship.

A subsequent study [14] on the five subjects with
the persistent clinical symptoms showed that these
were lost when the dietary intake was decreased to
about 800 pg/day.

The study by Longnecker et al. [8] compared the
health status of 142 subjects in two cohorts with dif-
ferent dietary selenium intakes. There were no sig-
nificant signs or symptoms in relation to selenium
intake and the authors concluded that there was no
evidence of toxicity from selenium in subjects whose
intakes were up to 724 pg/day.

Finally, the cancer prevention study by Clark et al.
[2] found no evidence of selenium toxicity in the
group of 653 subjects given 200 pg/day as a supple-
ment. A slightly higher number of treated subjects (21
subjects) complained of gastrointestinal upset com-

pared with the placebo group (14 subjects), but this
was not considered to be a significant treatment-re-
lated difference.

The IOM in the USA [6] set a tolerable upper in-
take level for selenium of 400 pg/day for adults. No
differentiation was made between different selenium
species.

Modelling of the data

Essentiality and benefit

The estimated average requirement from the studies
on plasma glutathione peroxidase activity was
approximately 45 pg per day, and this value can be
used as an estimate of the ED50 for this effect (i.e. the
dose or intake giving a 50% response). The CoV has
not been defined for this effect and the proposed
default value of 15% has been assumed. The graphical
representation of the modelled incidence distribu-
tions is given in Fig. 6.

Adverse effects

Although there is an extensive database on adverse
effects in humans, it is difficult to convert the data
into incidences associated with specific intakes. Part
of the difficulty arises from the nature of the intake
estimations, which are ranges arising from dietary
intake, and partly from the focus of studies on small
numbers of individuals with adverse effects.

It can be concluded that the intake-response
relationship should encompass the following points

(1) an incidence of <1 in 653 (<0.15%) for any effect
at a supplemental intake of 200 pg/day [2]

100 5

\ ED50 = 45ug/day

_— Cov=1s%

0.1 4

% Incidence

10 100 1000 10000

Selenium Daily Intake (j1g/day)

Fig. 6 Population distribution for the absence of benefit (optimization of
glutathione peroxidase) for different levels of selenium intake
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Fig. 7 Population distributions for frank selenosis associated with high levels
of selenium intake

(2) an incidence of <1 in 142 (<0.7%) based on no
significant signs or symptoms in 142 subjects
whose intakes were up to 724 pg/day [8]

(3) an incidence of 1 in 248 (0.4%) for signs and
symptoms of selenosis at 910 pg/day [13, 16]

(4) an incidence of 50% for hair and nail loss and
mottling of teeth at 3,200 ng/day [12].

It should be recognized that these values are con-
servative as they represent the lower end of the intake
ranges for each group showing these characteristics.
The CoV has not been defined for any of these effects
and a default value of 45% as proposed by Renwick
et al. [9] has been used. Modelling an ED50 of
3,200 pg/day for frank selenosis yields the intake
incidence relationship shown in Fig. 7.

The modelled incidences are in excellent agree-
ment with the reported data for all intake levels. The
model predicts that the incidence at 910 pg/day would
be about 0.16%, which is very close to observed
incidence. The incidences at the intakes in the studies
by Longnecker et al. [8] (724 pg/day) and Clark et al.
[2] (200 pg/day) would be too low to detect in the
group sizes studied. The model is consistent with the
loss of symptoms in the five subjects when their in-
take decreased to 800 pg/day.

The overall risk:benefit balance for the effects that
have been used as the basis of setting the RDA and the
UL is illustrated in Fig. 8. It is clear from this that
there is a reasonable range of intakes, from about 90
to 500 pg/day, that would give a very low (<0.001%)
incidence of either inadequate intake or selenosis.

Such a graphical presentation of the information
from the model would be difficult for a risk manager
to use. The paper of Renwick et al. [9] proposed the
development of tabulated incidence data and this is
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Fig. 8 Population distribution modelling of the data that were used as the
basis of setting the RDA and the UL for selenium

discussed further below, after a consideration of less
well substantiated findings.

Other possible beneficial and adverse effects
of selenium that were not used as a basis
for the RDA or UL

The less substantiated effects for both benefit (possi-
ble anti-cancer effect) and toxicity (change in pro-
thrombin) for selenium have been modelled in order
to show the utility of the population distribution
method when more sensitive biomarkers, or other
data, result in a considerable narrowing of the
apparent range of adequate and safe intakes, and
more difficult risk management decisions. Modelling
of these data should not be taken as support by the
authors for the validity of the data used, or that the
findings represent cause and effect relationships.

A potential anti-cancer effect of selenium supple-
mentation was reported in a study on 1,312 patients
with a history of basal or squamous cell skin cancer,
who received either placebo or 200 pg/day for a per-
iod of up to 10.3 years [2]. Treatment did not de-
crease the incidence of these skin cancers but was
associated with significant reduction in total cancers,
total carcinomas and lung cancer (the validity of this
observation is discussed below under advice to risk
managers). The risk ratios for these secondary end-
points were about 0.5 in the treatment group and the
incidences of total cancers were 29/653 in the treat-
ment group and 57/659 in the control group. There-
fore these data could be claimed as showing an
additional benefit at about 200 ng/day (the dietary
intake was not reported). The incidence of the po-
tential anti-cancer effect at 200 pg/day is approxi-
mately a reduction of 28 (57-29) in 650 subjects, or
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4.3%. Conversion of this to a risk of lack of benefit is
difficult because only about 30% of the population is
likely to develop cancer during their lifetime, so that
about 1.3% (4.3% of 30%) of the general population
might be considered as not getting the anti-cancer
benefit at the dose of 200 pg/day. Another difficulty is
generalization of an effect derived from data for an
approximately 10 year intervention to a lifetime in-
take. Ignoring this issue and converting directly the
percentile reportedly experiencing a benefit into an
ED50 (see appendix C of Renwick et al. [9] for details)
requires an assumption about the CoV. The ED50
derived from an incidence of 1.3% at 200 pg/day
equals 143 ng/day. However, the reported anti-cancer
effect is controversial. Subsequent reanalyses of the
data from Clark et al. [2] have not confirmed the
initial findings, and there may even have been an
increase in the risk of certain skin cancers [3, 4]. In
contrast to the data of Clark et al. [2], recent analysis
of data from a number of trials has shown an inverse
association between higher blood selenium concen-
trations and adenoma risk [7]. Thus the current
information indicates that prostate cancer may be
potentially responsive to selenium whereas there is no
evidence that any female-specific cancer responds
beneficially to selenium. Thus the cancer risk may
vary between the genders leading to a need for gen-
der-specific modelling. A further study of selenium
and diabetes risk using the Clark-cohort has indicated
an adverse effect, possibly also dose-related which
would need to be considered in any overview of the
benefits and risk of selenium supplementation [10].

In relation to adverse effects, the study of Yang
et al. [13] reported less severe effects which included a
45% incidence of prolonged prothrombin time in
subjects with whole blood selenium concentrations of
1.0-1.49 mg/l, corresponding to an intake of about
850 pg/day or more and a decrease in blood gluta-
thione at similar concentrations. The ED50 for this
effect, calculated as described in appendix C of Ren-
wick et al. [9], equals 897 pg/day.

The data for modelling of these additional effects is
shown in Fig. 9. The modelling of these data clearly
illustrates the problem that will be faced increasingly
by risk assessors and risk managers as more sensitive
effects (either beneficial or adverse) are detected. The
clear overlap of the data makes the formulation of
advice more difficult, as indicated below.

The impact of data on biomarkers of exposure on
modelling decisions

The form of selenium that is ingested is an important
issue in the interpretations of the RDA, the UL and
the outputs from the proposed model in relation to
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Fig. 9 Comparisons of the population distribution modelling of the data that
were used to set the RDA and the UL for selenium with data for other effects.
The lines for other effects are shown as dotted lines to indicate the unproven
nature of the reported incidence data used for modelling

human intake data. The main form used in supple-
ments is selenomethionine, while that in the diet is
mainly present in organic forms such as selenome-
thionine and selenocysteine. These forms of selenium
have a higher bioavailability than selenite and greater
effects on biomarkers such as plasma selenium, sele-
noproteins and glutathione peroxidase [1, 11]. Other
organic and inorganic forms may have different bio-
availabilities and ideally data should have been
modelled for each selenium species separately. How-
ever, any information of speciation included in
modelling has to be provided in the papers that are
the source of the data that are modelled. The data
modelled here for both beneficial and adverse effects
are all for organic forms of selenium of direct rele-
vance to normal dietary exposures. Speciation and
bioavailability may be even more important for other
micronutrients, and would be a critical consideration
if the form used to define the beneficial or adverse
effect differed from that ingested in the diet.

Formulation of advice for risk managers

The graphical forms are not user-friendly advice for
risk mangers, and a better way to present the data
would be as a table relating intakes to possible effects.
In addition to the intakes and incidences, given in the
table below, it would be necessary to provide the risk
manager with a detailed description of the clinical
data and modelling that is relevant to each endpoint.

In the example of selenium, the potential health
consequences of inadequate or excessive intakes are
not equivalent. The benefit relates to the optimization
of an enzyme activity, and the actual health conse-
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Table 1 The relationship between intakes and the reported and/or suspected
adverse effects of selenium

Intake i Percentage incidence calculated from model
ug/day

Glutathione  Absence of Decreased Frank

peroxidase chemoprevention  prothrombin  selenosis

deficiency effect time
20 >99.999 >99.999 <0.0001 <0.0001
50 33.0 >99.999 <0.0001 <0.0001
100 <0.0001 99.997 <0.0001 <0.0001
200 <0.0001 26.0 0.025 <0.0001
300 <0.0001 0.04 0.54 <0.0001
400 <0.0001 <0.0001 3.00 <0.0001
500 <0.0001 <0.0001 8.7 0.0008
600 <0.0001 <0.0001 17.5 0.0049
700 <0.0001 <0.0001 282 0.020
800 <0.0001 <0.0001 39.5 0.062
900 <0.0001 <0.0001 50.3 0.158
1,000 <0.0001 <0.0001 60.0 0.34
1,200 <0.0001 <0.0001 75.1 1.12
1,400 <0.0001 <0.0001 85.0 2.72
1,600 <0.0001 <0.0001 91.1 533

quences of a sub-optimal intake are not known. In
contrast the modelled adverse effect is for frank sel-
enosis which is a serious effect affecting the quality of
life of the individual.

Considering first the data in Table 1 for glutathi-
one peroxidase and frank selenosis, risk management
decisions would be relatively easy since a very low
incidence of lack of benefit and of lack of toxicity
would occur over the range 100-500 pg/day. For such
clearly separated intake-response relationships,
mathematical modelling is unlikely to be a major
advantage over the setting of an RDA and UL, unless
the intake data show a proportion of the population
with intakes outside this range. In addition, although
a clear description of the nature of each response
should be provided to the risk manager, the fact that
the benefit is a biochemical marker while the adverse
effect is a clinical syndrome would not be of great
significance, because both lack of benefit and toxicity
can be avoided.

Consideration of the other reported effects for
benefit and toxicity would result in a considerable
overlap, with no dose level that would give a negli-
gible absence of the benefit (cancer prevention) and
absence of an effect on prothrombin time. In such
circumstances, advice to risk managers should de-
scribe the strength of the evidence for causality and
the consistency of the evidence. In addition, the nat-
ure and magnitude of the effect reported and its po-
tential health impact should be defined.

In the case of selenium, the primary endpoint in
the study of Clark et al. [2] was unaffected, but there
appeared to be a possible beneficial effect on total
cancers, total carcinomas and lung cancer. This was

the response, which was taken at face value and
modelled above, but the findings are controversial
and the risk manager should be informed of the
strength of any association that is modelled. In
principle only clearly established “cause and effect”
relationships should be used for modelling (or for
setting the RDA or UL using the traditional ap-
proaches). Risk assessors should also provide risk
managers with a critical assessment of the strengths
and weaknesses of the different databases as well as
the nature of the adverse effect.

Discussion

A problem with point estimates, such as the RDA or
UL is that they tend to be regarded as “break points”,
with a dramatic change in risk as intake levels fall
below the RDA or above the UL. A major advantage of
the modelling of incidence data is that it removes this
simplistic interpretation of the risks or lack of them.
The model by Renwick et al. [9] provides a valuable
additional method to compare benefits (or the risk of
absence of benefit) against the risks of adverse effects
at high intakes (toxicity). However, it is a quantitative
method that does not remove the need for critical
decisions that are essential for any risk assessment.
These include considerations of

(1) causality (between exposure and effect),

(2) the nature of the effect and its health impact,

(3) the strength of any reported association,

(4) study design and adequacy,

(5) inter-species extrapolation (which is possible
using this model—see [9],

(6) the applicability of the human data used in the
model to the whole human population.

The main advantages of modelling the available
data relate to

(1) its ability to define the incidence of deficiency
effects both above and below the RDA,

(2) definition of the incidence of adverse effect at
intakes both below and above the UL,

(3) interpretation of the health impact of an esti-
mated range of intakes, for example the normal
intakes of vitamin A cover a range over which
there may be an increasing incidence of adverse
effects on bone metabolism,

(4) interpretation of the health consequences of for-
tification or supplementation,

(5) prioritization of research based on the modelling
of effects with poor data in order to determine if
the effect could become of critical importance if
subsequent studies validated the initial observa-
tions,
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(6) its ability to model incidences in population sub-
groups, providing that suitable data are available.

With a risk:benefit comparison both the incidence of
each effect and the nature and potential health impact
need to be considered. The paper of Renwick et al. [9]
presented a method to compare incidences only and left
it to the risk assessor to explain the nature of the effects
to the risk manager. A full risk:benefit analysis would
also compare the nature and severity of effect using
some “common currency”’. There is a long history of
assessment of risk and benefits for medicines using
methods that “score” the potential health impact of
different effects and the duration of time. These
numerical health scores, such as QALY's (quality of life
adjusted years) could be combined with the quantita-
tive incidences described in this paper to develop a
purely numerical risk:benefit. Such mathematical
analyses will appear to remove subjective judgements,
but in reality expert judgement will be needed to decide
which data are sufficiently credible and robust for
mathematical modelling, while there is a significant
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