
Introduction

Bioavailability is a critical feature in the assessment of
the role of micronutrients in human health. Studies of
the bioavailability of vitamins and related compounds
(i.e. carotenoids) are difficult due to the endogenous

presence of these substances in plasma and tissues,
and most methods only yield information regarding
the relative bioavailability (relative to a reference dose
or control), not the absolute bioavailability of the
vitamins [9].

Major challenges in the study of bioavailability
include the release of these compounds from the food
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j Abstract Background Bio-
availability is a critical feature in
the assessment of the role of
micronutrients in human health.
Although postprandial behaviour
does not predict long-term re-
sponses and acute responses, it is
accepted that the study of triglyc-
eride-rich lipoprotein fractions
reflects newly absorbed lipids
from recent meals. Aim To assess
the predictive value of a 3-point
versus 7-point post-prandial re-
sponse (area under the curve) in
nutrient bioavailability studies in
humans. Methods We used re-
sults from a human bioavailability
study (n = 19) that consisted of a
single-dose pharmacokinetic assay
involving three types of commer-
cially available vitamin A and E
fortified milk. Results Correlation
coefficients between 3-point AUC
(AUCp, predictive) versus 7-point
AUC (AUCc, conventional) ranged
between r = 0.81 (P < 0.001) for
vitamin A-fortified skim milk and
r = 0.95 (P < 0.001) for whole

milk. Bland-Altman representa-
tions showed a good agreement
between the two methods with
95% of the differences within the
concordance limits. More than
90% of the subjects were correctly
classified in the same or adjacent
quartiles and he calculated relative
absorption of vitamin A from the
foods was, on average, <5% lower
using the AUCp compared to that
estimated using AUCc. Conclu-
sion The use of the 3-point
approach may be a reliable alter-
native to assess the relative post-
prandial lipid response in human
bioavailability studies. Neverthe-
less, since this approach has been
studied considering one nutrient
(i.e. preformed vitamin A) and
one type of food (i.e. milk), its
applicability to other nutrients
and foods should be tested.
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matrix, micellization, the measurement of the plasma
response and the inter-individual variability [6]. It is a
well-known fact that humans can be divided into
‘‘responders’’ and ‘‘non-responders’’ according to
their plasma response. Although postprandial
behaviour does not predict long-term responses and
acute responses (after a single dose) usually show
larger inter-individual variability than chronic (mul-
tiple) intakes [6, 9], it is accepted that the study of
triglyceride-rich lipoprotein fractions (TRL) reflects
newly absorbed lipids from recent meals [2, 7, 10].

In vitro models based on human physiology have
been developed as simple, inexpensive and reproduc-
ible tools to predict the bioavailability of different food
components [5] (i.e. ascorbic acid, carotenoids, chlo-
rophylls, polyphenols) but their potential predictive
value regarding human absorption of phytochemicals
should be validated in different in vivo situations [13].
In this respect, most of the in vivo studies rely on the
statistical significance of the changes observed which,
in turn, depend on the number of subjects involved and
the magnitude of the change. Thus, a reliable and cost-
efficient approach to assess the relative postprandial
response would allow its applicability, in comparative
terms, in human nutrient bioavailabilty studies using
larger groups of subjects and using different foods
while reducing the costs associated and minimizing the
invasiveness of the method. Within this context, our
aim was to assess the potencial predictive value (i.e.
concordance and exchange value) of a 3-point post-
prandial response (area under the curve) approach in
nutrient bioavailability studies in humans.

Subjects and methods

We approach the predictive value of the 3-point AUC
using results from a human study to study the bio-
availability of vitamins A and E from foods [12] that
consisted of a single-dose pharmacokinetic assay
involving three types of commercially available milk:
whole milk, whole milk fortified with vitamins A and
E and skim milk fortified with vitamins A and E.
Nineteen apparently healthy volunteers (nine men
and ten women) were enrolled in this bioavailability
study and, for the three assays, a common breakfast,
consisting of 430 ml of milk plus 10 unfortified bis-
cuits, was provided. The three types of milk were
consumed by all the subjects at 1-week intervals. The
volunteers were asked to consume the breakfast after
which blood samples were taken 90 min later and
hourly for 5 hours. The response was evaluated by
measuring the retinyl ester concentrations in the tri-
acylglycerol-rich lipoprotein fractions (TRL) that

were prepared from plasma (EDTA 7.5%) according
to the protocol described by Griffiths et al. [10]. The
study procedures were performed in accordance with
the Ethical Committee for Clinical Investigation of
Hospital Universitario Puerta de Hierro. Subjects
were informed about the study and gave their written
consent.

The areas under the curves (AUC) of the post-
prandial responses in TRL fractions versus time were
calculated by the trapezoidal method after correction
for baseline concentrations. The AUC were calculated
using the conventional approach (AUCc) with all the
samples collected (7-points; baseline, 1.5, 2.5, 3.5, 4.5,
5.5, 6.5 hours) and using 3 points (baseline, peak
concentration and 6.5 hours), referred to as ‘‘predic-
tive AUC’’ (AUCp) as previously reported [11]. For
the 3-point curve, the time to the maximum concen-
tration (3.5 hours) was established on the basis of
previously bioavailability studies [3, 4, 14]. Percent-
ages of relative absorption during the study period
(6.5 hours) were calculated on the basis of the AUC
values for retinyl esters in TRL fractions, correcting
for plasma volume (assuming 4% body weight) [8],
and expressed against the dose supplied for each type
of milk, as determined by HPLC analysis [12].

There were no gender statistical differences
regarding the AUC (using the trapezoidal method
after correction for baseline concentrations) for the
three types of milk (ANOVA) and, thus, the men and
women were grouped for the subsequent analyses
[12]. Pearson correlation coefficients were calculated
and the concordance between AUCc and AUCp values
was established using Bland-Altman diagrams and the
predictive value by calculating linear regression
equations. All calculations were performed for each
type of milk consumed. Statistical significance was set
at P < 0.05, and the analysis was performed with SPSS
13.0 statistical software for Windows (SPSS Inc.,
Chicago, IL).

Results

Correlation coefficients between AUCc and AUCp were
r = 0.952 (P < 0.001) for whole milk, r = 0.886
(P < 0.001) for vitamin-A fortified whole milk and
r = 0.810 (P < 0.001) for vitamin A-fortified skim milk.
Bland-Altman representations (Figure 1) showed a
good agreement between the two methods with 95% of
the differences within the concordance limits. The
predictive and exchange value of the 3-point AUCp is
shown by the regression equations (Table 1). Overall,
more than 90% of the subjects were correctly classified
in the same or adjacent quartiles (17 or 18 out of the 19
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participants in each assay) and the calculated relative
absorption of vitamin A was, on average, <5% lower

using the 3-point AUCp (6–36%) compared to that
estimated using 7-point AUCc (8–41%).

Discussion

The present results show that, as previously reported
[11], a simplified approach can be used for the estima-
tion of the post-prandial response. Compared to the
more expensive and invasive conventional method, the
use of a 3-point AUC may provide reliable information
regarding the relative response of fat-soluble compo-
nents in human bioavailability studies, both among
subjects and foods, and especially, in comparative terms,
i.e. assessing the effect of different matrices, absorption
modifiers, processing methods, chemical forms, …

Although other simple approaches, i.e. a 1-point
response, have been also used to monitor post-pran-
dial responses upon nutrient intake [1, 3], these results
have been interpreted in qualitative rather than
quantitative terms. In this respect, the present study
shows that a 3-point AUC may be used for quantitative
purposes as well, since it can reliably the relative
absorption, with <5% of deviation from a reference
method, and also correctly classified >90% of the
group according to their response. In addition, to the
best of our knowledge, this is the first report to assess
the validity of a brief approach to study in humans the
bioavailability of nutrients from foods at achievable
dietary levels and using different commercially avail-
able foods (i.e. whole versus fortified skim milks).

As previously mentioned, most in vivo bioavail-
ability studies are performed in a small group of sub-
jects and rely on the statistical significance of the
changes observed which, in turn, depend on the num-
ber of subjects involved and the magnitude of the
change. In this context, the use of the 3-point approach
may be a reliable alternative to assess the relative
postprandial response in human studies. This method
is less invasive, reduces the number of samples to be
processed and the costs (>50% in material, solvents
and time) and, thus, makes it possible to increase the
number of subjects, which, in turn, improves the reli-
ability of the results. Nevertheless, it should be noted
that this approach has been studied considering one

Fig. 1 Bland-Altman representations. Concordance between AUC of retinyl
palmitate using 7-point versus 3-point measurements during the post-prandial
response. a Whole milk; b vitamin A-fortified whole milk; c vitamin A-fortified
skimmed milk

Table 1 Relationship between the postprandial responses measured using the
conventional (7-point) and the predictive (3-point) approach

Beta Slope Significance

Whole milk (n = 19) 0.475 0.850 AUCp P < 0.001
Vitamin A-fortified whole milk (n = 19) 2.803 0.776 AUCp P < 0.001
Vitamin A-fortified skim milk (n = 19) 0.957 0.872 AUCp P < 0.001

Regression equations for conventional AUC as a function of predicted AUC
(AUCp)
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nutrient (i.e. preformed vitamin A) and one type of
food (i.e. milk) and, therefore, its applicability to other
nutrients and foods should be tested.
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