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Suramary- A random Samiple group of 300 chifdren and adolescents faged 0.5 to
i6 years) from a Mediterranean fown of Spain, were investigated as part of a health
education program. Analysis of dietary fran infake and the biochemical parameters of
fran status fred cell volume, erythrocyte protoporphyrin conceniration, trangferrin
saturation percentage aid serum ferriting were meustired.

Bused on dietary assessment, the percentage of children with irpn infake levels Below
the Catrionie Recommended Daily Amounis varied from 24 % 1o 77 % and showed age
and sex differences. The perceniage of children with iron intakes befow their owh in-
dividual requirements varied between 7% and 41%. The aee groups with the highest
risk of iron deficiency were girls ayed hetween 6 and 24 months, and boyvs aged between
I3 and 16 years. '

However, bused ont the Biochermically assessed iron stetus, the resuits reveafed an
overal! prevalence of iron deffciency varying from 0 to 23.3%, The hizhest prevalence
was ericotniered i boys and girls between 6 und 24 months (23.3%), compared with
oniy 3.3% between 13 and 16 years. '

. Despite conducting the investigativn with the recommended. controfled metfodol-
ogy, the resulis from dielary assessed risk of iron deficiency were significantly different
from those ascessed Biochemically. Hence, caution is required when desigring health
prograrume strategies based exclusively on nutritional intake assessments.

Introdoction

Epidemiological studies based on analyses of dietary intake and biochemical evaluz-
tion shows that iron deficiency is one of the most frequent nerritional problems in in-
dustrialized countries. In tecent vears, studies of nutritional iron intake levels in certain
populations have been carried out [8&, 13, 16, 18, 21, 24, 26} using vatious methods to
evaluate dietary intake, such as the 24-hour recall or dietary history. Results, when com-
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pared to [nternational Recommended Draily Amounts, indicate iron deficiency nisk in
various groups. )

When a considerable risk of iron intake insufficiency is observed in any study group,
the next step, to reveal 8 more accurate indication of the prevalenee of iron deficiency,
aught to be & hiocchemical assessmient of iron status using an appropriate technology
applicabie on an epidemiclogical scale.

In & study based on children and adolescents living in @ Mediterranean town in
Catalonia (Spain), we carried out an evaluation of the risk of iron deficieney by analys-
ing dietary intake and, concurrantly, biochemicaily determining the prevalence of iron
deficiency. The aim of our study was to compare the efficacy of the two approaches to
the analysis of nueritional iron deficiency in a defined population.

Material and Methods

300 boys and girls aged horween & monihe and 16 years, resident in the town of Reus, were sendjed, The sub-
jecis were chosen by random sampling from the municipal eensus and stratidiod aceonding o age and sex.
Fach of tiec five age groups {1.5-2, 2-&, &-16, #1-13 and t3-14 yvears) comprised 20 boys and 30 girls.

The evaluarion of tron stares was carricd qur using:

al  DHetary imeke evafuation: esing 24-hours recall method {9] on thoee non-consedulive days including
oqe non-working day. As an aid Ly porlion-sizce assessment, phoropraphic Mles of previouwsly-weighed Tood-
stuffs were used along with kitchen equipment of known capacities. The INSERM-15TA Food stuff Compo-
sition Tables were wsed to calouluie netrieel intakes.

The adeguacy of Lhe notcient incake sstimare was assessed a3 [ofllows, Fist, the propoction of e study
poputation not meeting the Calalonian Becommended Daily Amoonts {RDA-C) 1] was identified. Second,
the distrabution of outrient intakes below the R DA-C was detersined, and combitied with probabiliny siatic-
tics [1] 1o wrbewlare the number of subdects fikely To have intbes below their own individual requirements in
relarion 1o the varions sufficiency fevels estimated in the RDA-C. Third, tevels of ahsorbable inon were esti-
mated using the method of Mowsew et of [20} which considers, sepamately, the observed total irom intake,
heme and noa-hethe iTon irrake, ascortic acid and mear and fish intake, The distribation of absoerbable iron
below the imn reqairements [12] was determined, and combined with probability statistics to caiculate the
nmber of subjects likety 1o have abeorbable iren intakes below their ewn individual ceguirements [L2).

B Biochemical evaluaiior: Mean cell volume (MCY) was measurtd io a Moded 5-7 Couler Counter;
erythrooyts protoporphyrin concentration (EP ) by fluprometry using an Automatic Model § Hematoflaom-
meter { Aviv Biaomedical)y, setum translercin {ST) was assessed by a nephetometric gssay [6] ona Behring Easer
Mephelometer; toval inon bindins capaciy {TIBC) was dedwesd feom the ST readiongs; tratzlercin salecarion
capacity (TSC) was calculared 4z the ratio of serum jron to TIBC and expressad as a percentage; secum ferri-
tin [5F) was measured by an inunetoenzymatic tethod using an Enzyme Linked Immuncabsarbent Assay
[27] and siandardised agatast imerational teference sera (NIBSC, Landan UK.

Capillary blood samples were taken [rom chose sthtc:s'whu wers undér 2 years of age whilé wenous blood
sarnples were taken from the older subjects. All samples wens taken hefween 9 am and 12 mid-day, -

The cot-off Limits wsed bor iron stacus indicators were: for MOY <70 f1 for those subiects under 2 years of
ape, = T3l betwesn {he ages of 2 and 5 wcars, =75 f] for the 6-14 vear age group, and = 30 ft for the over-14s;
fur TEC, =160 Tor ER, £3 ug/g; for SF, <2 pzAdl

Subjects wete sonsidered oo prosent iron deficiency if they possessed bwa or more sbnormal valugs of the
Tollowing parmmeeers: MCY, EF, TSC and 5F.
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Resulis

Figure 1 shows the mean [ +5D) of iron intake grouped according to age and sex in re-
lation 1o the ROA-C {11]. The percentage of children and adolescents with iron inkake
levels below the RDA-C vafues varies considerably in all age groups (Tab. 1), ranging
Frown 24% in the 6-24 month group o 77 % in the 13-16 year cld female group.

. Table I shows the Percentage of children likely to have Iron Intakes below their own
individual requirentents (FI[) and the Percentage of children with Absorvable kron In-
Lakes levels below their own individual needs {PATT). On this basis the percentages of
children, observed, with indications of having an insufficient intake for their needs
{PLI} reaches its Jowest level (7%) in the 13-16 year old male group and also among the
yvoungest children (15%).

The percentage of children with indications of having an insufficient absorbable
iron intake for their needs (PATT) increases with age, ranging from 24% and 22% in the
0.5-6 years groups to 1% in the 13-16 year female group. |

In contrast, the biochemically assessed prevalence of iron deficiency is higher in the
(.5-2 year group with 23%, which coincides with the recall-assessed risk prevalence,
The older age groups show 2 prevalenee which diminishes with age through 8.3, 1.7%
and 0% followed by a slight rise of 3.3% during adolescence in both the male and
femnale groups; the females of this last group showed a marked deviation from the
prevalence risk indicated by the dietary assessment.
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Figure ¢ Mean [+ 504 of iren imake proupsd aceording ta age and sex s 1elation to RDA-C.
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Table £ Risk of iron deticiensy and prevalencs of biochemically iron deficiency.

g greedrs Ceidri

a.5-2 i-h L g1 1-12 13-1%
Enlake below RDA-C ("} 24 ol LE| 55 TI-29
FPIF () 1= ER) n a7 a1- 7
FAIL (M) 24 1 43 47 R
Biochemically . .
prevalence of iron deticiensy (W} 233 8.3 1.7 4] 13
DHscussion

in order to evaluate nutritional intake we gsed the 24-hour recall method as applied
by PEEXARINEN ¢f af [23]} and Biock [4] with modifications which permeit increased
precisien [23].

Even with assiducusly collected ritake data, the subsequent stage in the assessmertt
process (the use of tabies indicating the nutritional composition of foadstuffs} can be
a source of variation and error as illustrated by Biack et of [3). For example, compari-
son of the estimates of iron contents of meat, fish, scafood, milk, cereals and other
commaon commrodities of the average diet in the UK. and France differ by as much as
200-300% depending un the information source (McCance Widowson tables [22] of
the UK. and the INSERM-ISTA tables from France). We opted For the INSERM-ISTA
rables as they are more recent and are derived from anabysis of foodstuffs very similar to
QUT OWTL,

Similarly, International Recommended Dailv Amounts {RDA) for fron intake also
vary widely even for groups of the same age and sex. For example, the iron RDA levels
tor females of 10-12 years of age in industrialized countries vary between 10 mg and
18 mg according to the RDA consulted [28]. Because of these inconsistencies in RDA
values, they should only be considered as a term of referetice i that an intake below the
recommended [evels only indicates a possible risk of a putritional deficiency and that a
low intake should not necessarily mean that the intake level is insafficient for the in-
dividual subject’s necds; interindividual processing of invested material varies con-
siderably and ¢can marked!y affect the conclusions,

Based on the recall method the calculations of the sk of iron deficiency in our inves-
tigation appear high throughout the various age groupings; the towest numbers at ap-
parant risk being the 0.5-7 year old group.

In grder to arrive at better estimates of the risk of ron deficicncy among the general
population, we proceeded to calculate the PII among these children. These calcula-
tions are based on the supposition that intake levels far removed from recommended
levels have a higher probability of being insuficient than other values which might be
lower, but not notably s, than the recommended levels [2]. This method in cur study
reduces the calculated percentage of children at risk of an iron intake deficiency. The
most favoured groupings are now the 0.5-2 year ald group and the 13-16 vear old male
gremep | Tab. TN
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Even though this method leads to a more sensitive evaluation ol deliciency risks, it
shares the same limitations with the previous method in that it continues to be based on
use the RDA.

In assessing the effect of the bioavailability of iron, we estimaled the amounts of
total iron absarption [20]. This method introduces 5 dietary variables inthe caleulagion
without correcting for other nutritiona! factors which may act a5 inhibiting agents not
ior other factors such as the iron reserves already within the organism 112]). Even though
mare complex, this method of analysing Lhe percentage of individuals at risk of an iron
absorption deficiency (PAIL) has the same limitations as previous methods and does
not materially alter the findings (Tab. 1) were the risk of insufficient iron absorption in
retation to the individual needs is again high, especially in the 13-16 year female group.

The evaluation of iron status by the biochemical indicators, although considerably
more teliable on an individuat basis, involves a number of handicaps and limitations,
Firstly, in order to evaluate biochemical iron status in the organism, one needs to select
varlous iror indicators 1o evaluate the different phases and stages relatin Bt iron
metabolism. The indicator which offers the best diagnostic sensitivity is the SF which
measures 1eserves. The least sensitive is the hemoglobin which frequently evaluates
only the most advanced stage of anaemia [7, &, 14]. Secondly, biochemical sensitivity
represents a further problem since 3 percentage of false positives or false negatives can
accur when the child under investigation is suffering from certain ailments such as the
stight infections and inflamnmations which are so frequent during infancy [7, 8, 14]. Fi-
nally, the reference Tanges take on greater significance during infancy and adolescence
since these values are influenced by body-growth requirements. For the indicators of
iron levels we used the lower limit of the normality parameters which are intermation-
ally recognised [7, 8, H4]. Even so, the biochemically assessed prevalence of iron defi-
ctency reveals only one group of individuals with a high percentage of def: teiency ie the
6-24 month age group; a finding which has been observed in other epidemiological
studies it industrialized countries [3,.10, 15, 17, 19].

In conclusion, identification and classification of children «at risk» from iro defi-
ciency varies considerably with the type of assessment used and can be profoundly mis-
leading since, atleast in the present study, groups considered as high risk using a dietary
assessment are shown to e at low risk or even at optimum jron status when assessed
biochemically. Hence caution should be excersed if such data is to be used as a basis of
nutrtiona) intervention,
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