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Iron-Deficiency Anemia and Thalassemia Trait Differentiated by Simple
Hematological Tests and Serum Iron Concentrations

Carlos V. Jiménez

The diagnostic value of common hematology tests in dif-
ferentiating between thalassemia trait and iron-deficiency
anemia (IDA) was assessed. Serum iron concentration
was included in a second stage of the diagnostic model
and its predictive contribution was determined. After ap-
plying discriminant analysis to the data, minimization of
Wilks's lambda (A) criterion was used to select the best
predictive. variables. A training sample of 754 subjects
previously classified as either IDA (428) or thalassemia
trait (326) was used to determine the classification rule.
When serum iron concentrations were included, the
model showed a higher predictive capacity than that con-
structed from ical variables only (D = 2.342
RBC - 0.079 Hb + 3.627 log[Fe] — 6.459, where D =
discriminant score). The sensitivity, specificity, and diag-
nostic efficiency associated with this model, as assessed
on.a control sample of 256 patients (137 thalassemia and
119 IDA), were 94.2%, 91.6%, and 93.0%, respectively.
This model, when compared with those of other authors,
has the highest diagnostic efficiency.

indexing Terms: hemoglobin - erythrocytes - discriminant
analysis - heritable disorders

A high incidence of 8- and §B-thalassemia minor oc-
curs in the Mediterranean area (1-8). The thalassemia
trait is characterized by a reduction in or absence of
synthesis of one or more globin chains in the hemoglo-
bin (Hb) molecule.! The early detection of healthy car-
riers of thalassemia (heterozygotes) makes it possible to
provide genetic counseling, which may lead to a reduced
incidence of homozygous status and its fatal outcome.
Thethalassem:atrmtreqmresadlﬂ'erentmldmgnom
from iron-deficiency anemia (IDA), both being micro-
cytic. Subpopulations previously classified by our labo-
ratory as having a high incidence of thalassemia trait (8
and 8p) and IDA were the starting point of the present
study. The statistical technique used to distinguish be-
tween the two microcytic groups according to routine
hematological results was discriminant analysis. The
aim of this study was to determine which variables of
the routine hemogram would best differentiate between
the two microcytic groups, and to develop a classifica-
tion index based on these variables. This index, or dis-

-deficiency anemia;
RBC, redbloodcell,l-lb,h-moglobm,HC'l‘ hematocrit; RCDW, red
bloodeelldlm'ibuhonmdth.MCV mean cell volume; MCH, mean
cell Hb; and MCHC, mean cell Hb concentration.
ReeavedNovember4 1992; aeeeptedJunezs 1993.

criminant score (D), can be used to calculate an individ-
ual’s probability of belonging to each of the groups. With
this approach, objective criteria that improve both the
sensitivity and diagnostic specificity are defined. This
statistical approach eliminates the subjective bias when
those hemograms are selected that require complemen-
tary determinations to arrive at a definitive diagnosis.
Materials and Methods

Subjects

To develop the predictive model, I randomly selected
326 cases of thalassemia minor (92.2% B and 7.8% 68)
and 428 cases of IDA from our database. For validating
purposes, I used a control sample of 256 new cases (137
cases of thalassemia minor and 119 cases of IDA). These
microcytic (mean cell volume <80 fL) samples were
classified according to complementary determinations
such as Hb A, (>3.5% in B-thalassemic trait) and (or)
fetal hemoglobin (Hb F) measurement (>2.0% in 8 or
B-thalassemic trait) and Hb electrophoresis (not struc-
tural Hb), as well as patient monitoring [normalization
of erythrocyte (RBC) indices after appropriate iron ther-
apy in the iron-deficient group]. Patients younger than 3
years and pregnant women were excluded, as were mul-
tifactorial cases and individuals with anemia due to
chronic disease or with other hemoglobinopathies.

The original data were collected over 34 months (be-
tween March 1986 and December 1988). In 1989 the
model was validated and applied in this laboratory with

satisfactory results.

Laboratory Data and Analytical Methods

For both groups of individuals, i.e., those with IDA or
thalassemia trait, the following potential predictor vari-
ables within the hematological constituents were mea-
sured with a Technicon H-6000 continuous-flow auto-
mated analyzer (Miles Technicon, Tarrytown, NY). We
used the manufacturer’s reagents: erythrocyte count
(RBC x 10'%/L), Hb (g/L), hematocrit (HCT, %), and red
blood cell distribution width (RCDW, 1). Derived vari-
ables, such as mean cell volume (MCV), mean cell Hb
(MCH), and mean cell Hb concentration (MCHC), being
linear combinations of these variables, were not consid-
ered. Serum iron (umol/L), determined on a Hitachi-705
automated analyzer with the manufacturer’s commer-
cial kit (iron H-787, cat. no. 791539), was the single
biochemical test, and the result was added later to an-
alyze its contribution to the model.

All of the variables except iron were normally distrib-
uted. Because the results of serum iron determinations
were significantly skewed in the positive direction, log-
transformation was used to normalize the distribution.
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Radial immunodiffusion was used to measure Hb F and
ion-exchange chromatography to measure Hb A, (HbF
Quickplate Procedure and Beta-Thal Hb A; Quick Col-
umn Procedure, respectively, both from Helena Labs.,
Beaumont, TX). Other hemoglobinopathies were ruled
out by means of electrophoresis of blood samples on
cellulose acetate, pH 8.6, and citrate agar, pH 6.2.

Statistical Method

Stepwise discriminant analysis (9—11) was applied to
the study material to differentiate between the two
groups of patients and to select the “best” variables. The
program used to treat the data was SPSS/PC+ (Statisti-
cal Package for the Social Sciences; SPSS Inc., Chicago,
IL, 1986). The selection of variables was based on the
minimization of overall Wilks's lambda (A) criterion.
With this method, after the first variable is entered, the
value of the criterion is reevaluated for all variables not
yet included in the model. Subsequently, the variable
with the best criterion value is entered next, and so on,
until no other variable improves the model.

The minimization of Wilks's A criterion (12) was cho-
sen because of its easy comprehension. It is the ratio of
the within-group sum of squares to the total sum of
squares; thus, it is the proportion of the total variability
of the discriminant function not explained by the differ-
ences among groups. A = 1 when the group means are
equal. Conversely, values are close to zero when the
within-group variability is small compared with the to-
tal variability, that is, when most of the total variability
is attributable to differences between the means of the
groups. In other words, a good discriminant function is
one that has considerable between-group variability in
comparison with within-group variability. In fact, the
coefficients of the discriminant function are chosen so
that the ratio of both sums of squares is as large as
possible. Any other combination of the predictor vari-
ables will have a smaller ratio. The value of A is, there-
fore, inversely related to the F statistic. However, in
contrast to the F statistic, Wilks's A permits a step-by-
step evaluation of the contribution of each variable in
terms of variation not explained by the model (its global
value decreases every time a relevant variable is incor-
porated into the model) independently of its statistical
significance (a significant A does not always improve the
predictive capacity of the model). Other criteris for vari-
able selection are sometimes used, such as Rao’s V (also
known as the Lawley-Hotelling trace) (13, 14) or Ma-
halanobis distance D? (15). These did not present ad-
vantages, at least in this study, over the Wilks's A.

Posterior Probabilities

Once an individual’s discriminant score (D) is known,
the probability of his (or her) belonging to each of the
groups may be calculated. A case is classified in the
group for which the posterior probability is the largest.
For this calculation the mean value for D in each group
must be known. The distance of the individual from
these centers is determined by using the square of the
difference between the subjects’ discriminant score (D)
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to both group centers (C, and Cj). In our study the mean
values for D of the thalassemic and IDA groups were
+1.8268 (C,) and —1.4597 (Cy), respectively. Hence, the
posterior probability of belonging to the thalassemic
group for a given D score, P(T\D), may be determined by
using the following expression:
p . e-Dl’n

p . e-Dl’n+(1 _Pk-Dl”z

where D; = (D — C)) and p is the prior probability (or
prevalence)ofthalassemm.

Results

Table 1 displays means and SDs of all variables in the
study groups, as well as the univariate diagnostic ca-
pacity measured by Wilks's A criterion and the F sta-
variables with the least residual variation (lowest
Wilks's A) and are, therefore, the best choices to differ-
entiate between the groups.

Table 2 shows the pooled within-group correlation
matrix. Because interdependencies among the variables
affect most multivariate analyses, it is worth examining
the correlation matrix of the predictor variables. Thus,
the variables with the best correlation are Hb and HCT
(r = 0.981), RBC and HCT (r = 0.797), and RBC and Hb
(r = 0.759).

Applying stepwise discriminant analysis to the study
material with and without serum iron, the two linear
functions obtained were:

D =2.919 RBC - 0.041 Hb - 10.138 HCT
- 3.808 RCDW - 5.971

PTD)=

D = 2.342 RBC - 0.079 Hb + 3.627 log{Fe] — 6.459

Table 1. Variables In the Training Groups
Thelassemia IDA

(n = 326) (n = 428)

Units Mean SD Mean 8D Wiks'sA F
RBC x10'?L 569 053 4.81 055 0.606(2) 480°
Hb gL 120 128 115 176 0870(5) 23°
HCT % 374 408 351 542 0948(4) 41°
RCDW 1 220 1.86 208 261 0837(3) 50°
Log[Fe] umoll 120 0.15 076 0.21 0.542(1) 647*
Diagnostic power is measured by Wilks's A criterion (rank of each variable
given in parentheses).
2p < 0.0001.
b p = 0.0001.

Table 2. Within-Group Correlation Matrix

RBC H HCT RCOW  Log{Fe]
RBC 1.000
Hb 0.759 1.000
HCT 0.797 0.981 1.000
RCDW  -0.027 -0.338 -0.335 1.000
Logi(Fe] 0.143 0.392 0371 -0.283 1.000




where D is the discriminant score of the functions.

Table 3 summarizes the point estimation of the sen-
sitivity, specificity, and diagnostic efficiency of the two
models (with and without iron measurement) at a con-
fidence interval of 95%. Note that the point estimations
of these characteristics are different in each model (their
confidence intervals do not overlap).

Table 4 gives the results obtained in classifying the
cases of the training and control (validation) samples by
means of the equation above including iron. For the
control sample the diagnostic efficiency is 93.0% (95%
confidence interval: 91.2-94.8%). The sensitivity, speci
ficity, and diagnostic efficiency were not statlstwally
different from those obtained with the training sample.

Table 5 compares the performance of this method
with the results published by other authors. The index
proposed by Shine and Lal (16, 17) is the most sensitive
(100%), followed by those of Srivastava (95.0%) (18) and
those presented here (94.2%); the Green and King (19)
index is the most specific (98.3%) followed by that pre-
sented here (91.1%) and that of England et al. (83.2%)
(20, 21); the indices presented here show the best diag-
nostic efficiency (93.0% and 83.7%), followed by the in-
dex of Mentzer (81.8%) (22).

Table 6 shows the diagnostic performance of the pro-
posed discriminant function when the prevalence of the
thalassemia trait in the microcytic population is taken
into account. The efficiency of the model is particularly
high when the prevalence reaches 10%.

Discussion

On the whole, all the variables considered in this
study showed different mean values in the thalassemia
and IDA groups (Table 1), which could lead to the con-
clusion that they are good discriminant factors for these
groups. This may be explained by the large size of the
groups (high statistical power of the test) or the slight

Table 3. Sensitivity, Specificity, and Diagnostic
Efficiency of the Modeis, with and without iron

Measurement
Discriminant function
(and 96% confidence intervals)
Without log[Fe] With log[Fe]
Sensitivity, % 84.3 (80.5-88.1) 95.1 (92.1-98.1)
Specificity, % 88.3 (85.3-91.3) 94.6 (92.2-97.0)
Efficiency, % 86.5 (84.1-88.9) 94.8 (93.1-96.7)

Table 4. Comparison of Classification Results
(Hematological Variables plus Log[Fe]) between

Training and Control Samples
Training sample Control sample
Predicted group Thalassemia IDA Thalassemia IDA
Thalassemia 310(95.1)* 23 129(84.2) 10
IDA 16 405 (94.6) 8 109 (91.6)
Total 326 428 137 119
# Percent of sampies is given in parentheses.

variability of some of the variables, which, although
small and clinically insignificant, does reach statistical
significance.

However, a consideration of the variables separately
produces only a partial analysis. A primary emphasis in
discriminant analysis and other multivariate statistical
techniques is on analyzing the variables together. It is
interesting that, althoygh both the HCT and RCDW
had a Wilks's A lower than the Hb, they were elimi-
nated from the model when the serum iron variable was
introduced, thus demonstrating the magnitude of the
interdependence among the variables (Table 2).

Table 3 discloses that the introduction of iron deter-
mination improves the classifying capacity and, there-
fore, increases the percentage of cases correctly classi-
fied because of an increase in both sensitivity and
diagnostic specificity (the 95% confidence intervals do
not intersect for sensitivity, specificity, and efficiency).

For validation purposes, the function should also be
applied to a sample different from that which was used
to estimate its coefficients. With this in mind, the model
was applied to a validation sample of 256 new cases. The
sensitivity, specificity, and diagnostic efficiency results
obtained in this control sample were almost identical to
those for the original sample.

The discriminant function that I obtained summa-
rizes the information from all the relevant variables in
the model in a single unobserved variable (D, or dis-
criminant score). Other authors have done the same,
although with different approaches. Thus, Mentzer (22),
and Srivastava (18) proposed the ratios MCV/RBC and
MCH/RBC, respectively. Shine and Lal (16) considered

Table 5. Comparison of Different indices to Predict

Thalsssemia Trait
Sensitivity  Specificly  Efficlency
%
England and Fraser (1973) 743 83.2 784
Srivastava (1973) 95.0 62.2 799
Mentzer (1973) 86.4 765 81.8
Shine and Lal (1977) 100.0 11.8 59.5
Green and King (1988) 20.7 98.3 56.4
Jiménez (present study)* 86.9 80.1 83.7
Jiménez (present study) 94.2 91.6 93.0
“ Hematological parameters only.

Table 6. Diagnostic Performance of Discriminant
Function According to Prevalence of Thalassemia Trait

in the Microcytic Population
Prevalence Sensitivity Speoificity Efficlency
%
5 80.5 99.3 90.9
10 875 98.4 935
15 90.1 97.4 94.2
20 91.0 97.0 94.3
25 92.1 96.5 94.5
50 85.1 94.6 94.8
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only derived determinations (MCV? x MCH x 0.01),
and Green and King (19) incorporated a red cell volume
distribution (100 x MCV? x RCDW/Hb). England and
Fraser (21) proposed a function with a constant term
(MCV - RBC - 5 Hb — 3.4), whereas Makris (23)
combined erythrocyte and platelet variables [((MCV/
RCDW)RBC/(MPV/PDW)], where MPV is mean platelet
volume, and PDW is platelet distribution width.

Fieschi et al. (24), England (25), Cesana et al. (26),
and Han and Fung (27) developed functions based on
discriminant analysis. The Fieschi model (D = 0.7 HCT
-~ 23 Hb + 14 RBC + 0.4 MCV - 1.056 MCH - 22)
discriminates between the thalassemic population and
the nonthalassemic population in general with excellent
efficiency (98.5%), but does not differentiate the
thalassemic microcytic population from that with IDA.
England does not validate the model (D = -3.0 +
0.23 MCV - 0.22 RBC - 0.93 Hb) or describe its diag-
nostic efficiency. The model proposed by Cesana (D =
12.722 + 0.096 MCV + 0.415 RCDW - 0.139 RBC)
reaches a diagnostic efficiency of 88.8%, with a sensitiv-
ity and diagnostic specificity of 86.7% and 90.9%, respec-
tively. With the Han proposals, two functions with the
same three variables are required, one useful for the
hospital-patient population (D = 0.82791 RBC +
0.47269 MCHC - 0.15576 RCDW, with standardized
coefficients), with a sensitivity, specificity, and diagnos-
tic efficiency of 88.56% (n = 104), 75.6% (n = 26), and
83.2%, respectively, and another for healthy donors (D
= 0.95667 RBC — 0.26565 MCHC - 0.10722 RCDW,
with standardized coefficients), with a sensitivity, spec-
ificity, and diagnostic efficiency of 96.7% (n = 58), 94.1%
(n = 17), and 96.1%, respectively. Other authors have
inclined toward developing expert systems (28, 29) to
differentiate thalassemic patients from those with IDA
and (or) other hematological illnesses.

When these indices, except those based on discrimi-
nant analysis, are processed over the same validation
sample, the one I present here shows the greatest diag-
nostic power; the next most powerful is that of Mentzer:
93.0% and 81.8% of correctly classified cases, respec-
tively. The Shine and Lal index detects 100% of
thalassemia cases but gives 88.2% false positives. The
Srivastava proposal identifies 95.0% of the patients with
thalassemic trait but gives 37.8% false positives. The
Green and King index correctly detects 98.3% of the IDA
patients but gives 79.3% false negatives. The indices with
fewer classification errors within each group are those
proposed by England and Fraser, by Mentzer, and by me.

It is important to evaluate the diagnostic performance
of this model for the different levels of prevalence that
the thalassemia trait can have in the Mediterranean
area and especially in the microcytic population. Recent
studies have indicated an incidence of 14.3% in Greece
(30) and as much as 24% in Sardinia (24). In Spain the
maximum percentage (5.0%) was found on the island of
Minorca (2). Thus the prevalence of the thalassemia
trait is much higher in microcytic subjects than in the
general population. This fact improves the performance
of the discriminant function. With a prevalence of 10%,
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the diagnostic efficiency is similar to that obtained in
conditions where prevalences are equal (i.e., 50%), al-
though it implies an increase in specificity and a de-
crease in sensitivity. After 10%, the sensitivity, speci-
ficity, and diagnostic efficiency values are harmonized.
In some areas of the Mediterranean, the diagnostic per-
formance may be superior to that presented in this
study. Thus, I conclude that, of the proposed options, the
function described here gives the best overall perfor-
mance for screening the microcytic population.
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