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perspectives in nutrition

Assessing iron status of a population’*

James D. Cook,® M.D. and Clement A. Finch,* M.D.

ABSTRACT
developing effective public

tion, transferrin saturation, free erythrocyte protoporphyrin, and serum ferritin
and sensitivity for detecting iron deficiency. In applying these

they vary widely in their specificity

laboratory parameters, the usual approach in nutrition
values outside the normal range. As an alternative,
measurements to estimate the distribution of ir
particularly useful for evaluating the effectiveness o
Am. J. Clin. Nutr. 32: 2115-2119, 1979.

programs.

Iron lack is now recognized as the most
common deficiency state in man, affecting 10
to 20% of the world population. Accordingly,
methods for evaluating iron status in a given
population segment have assumed increasing
importance. Iron deficiency is usually iden-
tified in nutritional surveys by the anemia
that accompanies its later stages. However, in
certain geographic areas and especially in
developing countries, other factors such as
folate deficiency, protein-calorie malnutri-
tion, chronic infection, and hemoglobin-
opathies may cause or enhance anemia. Us-
ing the hemoglobin levels as the only measure
of iron status accounts for much of the diffi-
culty in evaluating prevalence studies.

The level of circulating hemoglobin not
only lacks specificity but is also relatively
insensitive because of the wide scatter of val-
ues in normal subjects. Thus, the hemoglobin
concentration, which averages about 14 g/dl
in nonpregnant women, must fall by more
than 2 g/dl to recognize anemia as defined
by WHO criteria (1). As a result, errors occur

5. frequently when one attempts to separate iron
. deficient and normal subjects on the basis of
hemoglobin measurements. For example,
Garby et al. (2) demonstrated by response or
lack of response to oral iron therapy that
about 20% of either normal or anemic women
were classified incorrectly on the basis of the

Reliable methods for assessing the iron status of a population are essential for
health measures to combat iron deficiency. The hemoglobin concentra-

are all useful but

al surveys is to determine the percentage of
a model is presented here that uses these
on stores in a population. This approach may be
f iron supplementation and fortification

initial hemoglobin concentration. Similar
findings were obtained by analysis of the
frequency distribution of hemoglobin levels
in women in third trimester pregnancy (3).
Roughly one-third of women belonging to
the anemic population had hemoglobin levels
in the normal range, while a similar propor-
tion of normal women were incorrectly clas-
sified as anemic. It is clear from these studies
that the hemoglobin alone is unsuitable as a
screening method for detecting iron defi-
ciency.

Fortunately, several laboratory parameters
have become available in recent years that
are more specific for iron deficiency than the
hemoglobin. The best known of these are the
serum iron and iron-binding capacity. Be-
cause uncomplicated iron deficiency pro-
duces a fall in serum iron and a rise in iron-
binding capacity, the most sensitive parame-
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ter in screening for iron deficiency is the ratio
of these measurements or the transferrin sat-
uration (TS) (4). This measurement can de-
tect about twice as many iron-deficient indi-
viduals as can hemoglobin measurements,
but does have certain limitations. The method
is time-consuming and subject to error from
extraneous iron contamination. Precision is
also limited by wide diurnal variations in
normal individuals. Finally, a fall in TS can
occur with a relatively mild or transient in-
fection and is therefore not specific for iron
deficiency.

Another parameter of iron status which
provides roughly equivalent information to
the TS is the free erythrocyte protoporphyrin
(FEP). Since protoporphyrin is the complex
that combines with iron to form hemoglobin,
any limitation in iron supply to red cell pre-
cursors is reflected by an increase in unbound
protoporphyrin of circulating red cells. Al-
though the ability to detect iron deficiency by
FEP measurements has long been recognized
(5), earlier laboratory methods were too cum-
bersome for survey purposes. However, inter-
est in this parameter has been renewed by the
development of more simplified methods of
analysis (5, 6). The sensitivity of FEP for
detecting iron deficiency anemia is enhanced
by expressing levels in relation to either
packed red cell volume (8) or hemoglobin
concentration (9).

An important advantage of FEP as com-
pared to TS measurements is greater stability.
While the TS can change in a matter of hours,
the FEP increases only after several weeks of
erythroid iron deprivation and returns to nor-
mal only slowly after treatment of iron defi-
ciency. A recent study in 20 anemic and 20
normal infants was performed to compare the
sensitivity and reliability of FEP and TS mea-
surements in the detection of iron deficiency
(9)- The FEP produced a sharper distinction
between the two groups and showed a more
consistent and uniform response to iron ther-
apy. However, the FEP may be less sensitive
in detecting milder degrees of iron deficiency
in the adult.

The most sensitive parameter of iron status
is the serum ferritin (SF). Although ferritin
has long been recognized as the major intra-
cellular form of iron, the protein has only
recently been detected in serum by sensitive
immunoradiometric assays (10, 11). The SF
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averages about 90 and 30 pg/liter in normal

men and women, respectively, a difference
which accurately reflects the well-known sex

difference in iron stores (12). High correla-

tions have been demonstrated between SF
and body iron stores as measured either dj-
rectly by quantitative phlebotomy (13) or
indirectly by iron absorption (12). In various
clinical disorders SF correlates with marrow
iron stores assessed histologically (14) sug-
gesting that the reticuloendothelial cell is the
immediate precursor compartment for the
SF. An important feature of SF measure-
ments is their ability to distinguish between
true iron deficiency and the anemia of
chronic infection; in contrast with the FEP
and TS that are similarly affected by these
two conditions, the SF falls with iron defi-
ciency but rises with inflammation (14). In a
recent study of patients with juvenile rheu-
matoid arthritis who may have anemia due
to chronic inflammation, iron deficiency, or
both, the SF could predict a response to oral
iron therapy whereas the hemoglobin, FEP,
and TS could not (15). Although the SF level
‘that signifies iron deficiency may be altered
by chronic inflammation, it is still a useful
measure of iron status.

Each of these three parameters of iron
status reflects change in different body iron
compartments and is affected at different
levels of iron depletion. It is convenient to
define three stages of iron deficiency (Fig. 1).
The least severe stage of iron depletion, de-
fined as iron stores less than 100 mg, is iden-
tified by a SF level less than 12 pg/liter mg;
only the SF is affected at this stage of iron
lack. With continued iron loss, iron stores
become exhausted and the second stage of
iron deficient erythropoiesis ensues which is
recognized by a fall in the TS and/or a rise
in FEP. In the final stage red cell production
becomes further impaired and iron deficiency
anemia can be identified by a significant fail
in the circulating hemoglobin.

It is apparent from Figure 1 that no single
iron parameter monitors the entire spectrum
of iron status. Indeed the distinction between
three levels of iron deficiency is entirely ar-
bitrary since iron stores in a population un-
doubtedly form a continuum ranging from
severe iron deficiency to iron overload. We
wish to propose the following model by which
the distribution of body iron in a population
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. FIG. 1. Parameters of iron status in relationship to
. body iron stores (milligrams). Negative iron stores indi-

. iron status.
Except in geographic areas where iron de-
ficiency is highly prevalent, the largest seg-
# ment of a population has at least some body
ﬁ iron reserves and thus a SF above 12 pg/liter.
7 In normal individuals, quantitative phle-
botomy studies have shown that 1 pg/liter SF
§ is equivalent to between 8 and 21 mg iron
E stores (10, 13, 16) with a weighted mean of
9.9 mg. Thus, in individuals with a normal
2 TS, FEP, and hemoglobin concentration, iron
§ stores can be calculated by multiplying the
SF by 10. Once iron stores are exhausted, the
- SF falls below 12 ug/liter and then no longer
- reflects the true deficit in body iron.
§ At the other end of the spectrum, individ-
§ uals with severe iron deficiency have a de-
§ crease in hemoglobin which is directly pro-
portional to the deficit in essential body iron.
In an adult woman weighing 70 kg for ex-
ample, 1 g/dl circulating hemoglobin repre-
' sents about 150 mg body iron. Assuming a
mean hemoglobin in normal women of 14 g/
- dl, a deficit in essential body iron of at least
- 300 mg must occur before the hemoglobin
 falls below the cut-off level for anemia of 12
- g/dl. Lower levels of hemoglobin can be con-
- verted directly; thus, a hemoglobin of 10 g/dl
due to iron deficiency represents an iron def-
icit in relation to iron stores of 600 mg. It
. should be added that while these calculations
E lack precision in the individual subject, no
. Systematic errors should occur when applied
o the population at large.
As discussed previously, the hemoglobin

J
§ can be estimated from various parameters of
&
|

NORMAL ERYTHROPOIESIS ANEMIA
+600
IRON
stores O
= - e
SF 60 <12 <12 <12
TS 35 35 <16 <16
FEP 30 30 >100 >100
HGB >12 >12 >12 <12

cate the amount of iron that must be replaced in circu-
lating red cells before iron reserves can reaccumulate.

alone cannot be used to identify iron defi-
ciency because other factors such as folate
deficiency or chronic infection may cause
anemia and even iron replete women may
have a low hemoglobin. The TS, FEP, and
SF must, therefore, be incorporated into the
definition of iron deficiency anemia to ex-
clude other causes of anemia. The use of
these parameters to define iron deficiency
was evaluated in a recent survey of 1564
subjects living in Northwest United States
(8). It was observed that if only one of these
parameters was in the iron deficient range
and the other two normal, the prevalence of
anemia was only slightly higher (10.9%) than
in the population as a whole (8.3%). However,
when any two of the three parameters were
abnormal, the prevalence of anemia in-
creased to 28% and when all three parameters
were abnormal, to 63%. Thus, the cause of
anemia can be reasonably attributed to iron
deficiency only when at least two iron param-
eters fall within the iron deficient range.

To test the validity of these calculations at
the extremes of iron status, we analyzed a
survey of nutritional anemia in 426 adult
women living in the United States (8). The
cumulative frequency distribution of iron
stores is shown in Figure 2. Assuming that 1
pg/liter SF represents 10 mg storage iron,
iron stores were less than 150 mg in 40%, less
than 300 mg in 60%, less than 450 mg in 76%,
less than 600 mg in 84%, and less than 750
mg in 91%. At the other extreme, 74 women
(17.4%) had at least two abnormal iron pa-
rameters. Of these, 7.3, 3.3, and 1.2% had
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FIG. 2. Cumulative frequency distribution of iron
stores in 426 women, In various regions of the curve, the
points were derived from serum ferritin ( W), transferrin
saturation and/or free erythrocyte Protoporphyrin (4),
and hemoglobin concentration (@) as described in text.

hemoglobin levels less than 12, 11, ang 10 g/
dl, respectively, representing deficits of 300,
450, and 600 mg.

To obtain the frequency distribution shown
in Figure 2, two more points were added ar

This model offers certain advantages over
conventional methods for estimating iron sta-
tus in prevalence Surveys. An obvious advap-

The most usefu] application of this mode]
for evaluating iron stagyg will be to measure
the impact of intervention strategies to com-
bat iron deficiency. Becayse iron absorption
Is maximal in those with severe iron defi-
ciency, fortiﬁcati'on iron supplied to an entire
Population shouid have lesser effect in iron
replete individualg and thereby produce a
change in the slope of the probability curve
shown in Figure 2. However, fortification
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An issue that often arises in iron supple-
mentation or fortification trials is the choice
of laboratory measurements of iron status.
The frequency distribution in Figure 2 indi-
cates that the best parameter depends largely
on the basal iron status of the population. In
populations where iron deficiency is highly
prevalent, as in pregnant women, the critical
parameter is the hemoglobin although other
parameters are needed to establish that the
anemia is due to iron deficiency. However, in
a relatively iron replete population such as
that shown in Figure 2, the SF monitors the
largest segment of the population and is,
therefore, the most useful measurement. At
either extreme of iron status, the TS and FEP
enhance the precision of estimates at inter-
mediate levels of iron deficiency. Indeed,
there is strong argument for including all four
parameters of iron status because in doing so,
the results of a field trial become less depen-
dent on the basal iron status of the popula-
tion.
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