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Differential diagnosis of thalassemia and iron deficiency anemia
in pregnant women using new formulas from multidimensional
analysis of red blood cells
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Background: Iron deficiency anemia (IDA) and thalassemia trait (T'T) are the most common conditions
of microcytic hypochromic anemia (MHA) in pregnant women. We used the BC-6800Plus analyzer to study
the utility of erythrocyte and reticulocyte parameters for distinguishing T'T' from IDA in pregnant women.
Methods: A total of 454 anemic pregnant women, including 340 with IDA, 66 with B-thalassemia trait
(B-TT) and 48 with a-thalassemia trait (a-TT), were included. Multiple comparisons among groups were
performed, and diagnostic performance of parameters was determined using receiver operating characteristic
(ROC) curve analysis, with P<0.05 indicating statistical significance.

Results: Reticulocyte production index (RPI) and the average volume of mature red blood cells (MCVm)
in the IDA group were significantly higher than in the p-TT and o-TT groups. Red blood cell (RBC),
reticulocyte percentage (Ret%), and RPI in the IDA group were significantly lower than in the a-TT and
B-TT groups. We devised MHA 1=0.42x MCH -0.57x RPI -0.08x %MICROr -9.38 to distinguish IDA from
a-T'T. With a cut-off value of 0.61, the area under the receiver operating characteristic curve (AUC), sensitivity,
and specificity were 0.868, 90.9%, and 68.5%, respectively. We devised MHA 2=0.04x %MICROr +0.12
x MCVm -13.76x Ret# -6.29 to distinguish IDA from B-TT. With a cut-off value of 0.55, the AUC, sensitivity,
and specificity were 0.878, 81.3%, and 80.3 %, respectively.

Conclusions: Erythrocyte indices and formulas can be used as initial methods for the differential diagnosis
of TT and IDA. MHA 1 and MHA 2 were the most useful indices in the differential diagnosis of a-TT from
IDA and B-TT from IDA in pregnant women.
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Introduction

Iron deficiency anemia (IDA) and thalassemia trait (T'T) are
the most common conditions of microcytic hypochromic
anemia (MHA). IDA is the most common complication
during gestation. The estimated occurrence rate is
30% among non-pregnant women and more than 42%
among pregnant women (1,2). Thalassemia is a common
monogenic disease caused by defects in the synthesis of
hemoglobin chains (3), and is highly prevalent in the
tropics and subtropics (4). In China, the incidence rate of
thalassemia mutations along the coastal areas of southern
China is higher than that in inland regions (3,5). Therefore,
in Guangdong Province, the identification of thalassemia
carriers is important in premarital counselling to prevent
the inheritance of severe and potentially lethal forms of
thalassemia (6). For the diagnosis of thalassemia, a complete
blood count is first performed. Then, for confirmation of
the thalassemia diagnosis, a hemoglobin and/or genetic
analysis is required, and an analysis of iron status parameters
is needed to confirm IDA. However, these confirmatory
assays are expensive, and the process is complex. Thus,
to improve the accuracy of further diagnostic tests, T'T
and IDA can be preliminarily identified more accurately
and effectively through a complete blood count, to avoid
unnecessary iron therapy in thalassemia carriers or to
provide an indication for iron supplementation in IDA
patients (7). Furthermore, this approach could facilitate the
rational allocation of health-care resources, as well as early
and accurate treatment interventions.

The Mindray BC-6800Plus analyzer applies the Mie
theory in the RET channel, and the measured forward
scatter (FSC) signal and side scatter (SSC) signal (SF-Cube
technology) for each red blood cell (RBC) are converted
into the volume and hemoglobin concentration (HC). The
HC of the sample is used as the X-axis, and the volume
(VOL) is used as the Y-axis to draw a scatter diagram
(VHF map). The RBC VHF map shows the different
characteristics of erythrocytes and reticulocytes one by one,
and may be useful in the differential diagnosis of MHA.

In recent decades, erythrocyte indices and the various
formulas derived from them have been used to distinguish
TT from IDA in adults or children (8-29). However, few
hematological indices have shown significance for the
screening of pregnant women with T'T. Therefore, the aim
of the present study was to distinguish T'T from IDA in
pregnant women based on SF-Cube technology in order to
obtain more detailed signal characteristics of mature RBCs
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and reticulocytes.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7896).

Methods
Study subjects

The study was conducted at the Department of Medical
Laboratory of Shenzhen Baoan Women’s and Children’s
Hospital from July 26 to December 13, 2019. All
samples were obtained from pregnant women with mean
corpuscular volume (MCV) <80 fL. and/or mean corpuscular
hemoglobin (MCH) <27 g/L from routine laboratory
tests. Every patient contributed only a single sample to
the study. This practice is in accordance with laboratory
standard operating procedures (SOPs). The diagnosis of
each patient was retrieved from the hospital information
system (HIS) based on their laboratory test results and
medical records. We excluded samples from patients with
infection or inflammatory disease, patients who were taking
iron tablets at the time of sample collection or had taken
iron tablets during the previous 3 months, and patients who
had received a blood transfusion in the preceding 3 months.
This study was approved by Ethics Committee of Shenzhen
Baoan Women’s and Children’s Hospital (LLSCHY 2019-
10-15-04), and informed consent was not required because
only residual samples were collected and tested in this study.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). Pregnant women were defined
as having IDA when serum ferritin (SF) was <15 g/L and
hemoglobin was <110 g/L (30). B-T'T was confirmed by
polymerase chain reaction-reverse dot blot (PCR-RDB)
analysis for the most common beta gene mutations, o-TT
was detected by gap-PCR analysis for the most common
alpha gene deletions, and point mutations were detected
using PCR-RDB.

Finally, data from 452 pregnant women with MHA were
collected. Based on their diagnostic information, patients
were classified into one of the following groups: IDA (n=340,
58.1%), with an age range of 19-41 years and gestational
age range of 22-41 weeks; B-TT (n=48, 17.6%), with an
age range of 22-41 years and a gestational age range of first
trimester-41 weeks; and a-T'T trait (n=66, 24.3%), with an
age range of 2241 years and gestational age range of first
trimester-40 weeks. The mean HbA2 level in the B-TT
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group was 5.2%=0.3% (min-max: 4.7% to 5.8%). The p-TT
group contained 48 cases, including 1 case of CDs14-15,
3 cases of CD17, 1 case of CD28, 14 cases of CDs41-42,
11 cases of CD654, 2 cases of CD71-72, and 16 others. In
the o-T'T group, 6 patients had single-gene deletions (4 had
a3.7 deletions, 1 had a4.2 deletions, and 1 had SEA deletions),
45 had double-gene deletions (2 had heterozygote
a3.7 deletions, 2 had heterozygote a4.2 deletions, and 41
had heterozygote SEA deletions), and 15 had non-deletional

mutations.

Analytical methods

Venous blood samples were drawn into evacuated tubes
containing K2-EDTA, kept at room temperature and
processed within 6 h from the time of blood collection.
The complete blood count analysis was performed
using the Mindray BC-6800Plus automated hematology
analyzer (Mindray Corporation, Shenzhen, China), which
was calibrated, controlled, and maintained according to
the manufacturer’s recommendations. RPI represents
the reticulocyte production index, which is related to
erythrocytosis of the bone marrow. %MICROTr represents
the proportion of reticulocytes less than 60 fL. in volume.
MCVm represents the average volume of mature RBCs.

For better identification of MHA, we developed 2 new
discrimination formulas using the linear discriminant
analysis (LDA) method based on the IDA and a-T'T groups
or the IDA and B-T'T groups.

In addition, another 8 erythrocyte discriminant functions
defined by the authors of the original published formulas
were calculated and verified in this study (see Table 1).

Biochemical assays of iron status [serum iron (SI),
SE, and unsaturated iron-binding capacity (UIBC)] were
performed using standard methods on a BS-2000m
(determined for SF) and BS-800 (determined for SI and
UIBC) analyzer (Mindray Corporation, Shenzhen, China).
The BS-2000m and BS-800 analyzers were calibrated,
controlled, and maintained according to the manufacturer’s
recommendations. Hemoglobin electrophoresis was
performed by capillary electrophoresis in a Capillary FP
analyzer (Sebia, France). Genetic analysis was performed by
PCR-RDB analysis (o-TT, B-TT, and point mutations) and
gap-PCR analysis (0-T'T, gene deletion).

Statistical analysis

Statistical software package SPSS (SPSS; Chicago, IL,
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USA) version 23.0 for Windows was used for statistical
analysis of the results. Descriptive statistics are presented as
the mean = standard deviation (SD) for normally distributed
variables, and other variables are presented as the median
and interquartile distribution range. The Kolmogorov-
Smirnov test was used to assess the normality of data
distributions. The Kruskal-Wallis test was performed for
multiple comparisons among groups. Continuous variables
conforming to a normal distribution were compared
using the independent samples #-test. For non-normally
distributed variables, the nonparametric Mann-Whitney
U test was applied. Receiver operating characteristic
(ROC) analysis was utilized to determine the diagnostic
performance of the single parameters and new formulas
studied for the differential diagnosis of B-T'T from IDA and
a-TT from IDA. A P value <0.05 was considered to indicate
statistical significance.

Results
Hematological parameters compared among groups

Table 2 presents the hematological parameters of the IDA,
a-TT, and B-TT groups. In the IDA group, MCV, MCH,
and MCVm were significantly higher than in the o-TT and
B-TT groups (P<0.05), and RBC, reticulocyte percentage
(Ret%), and RPI in the IDA group were significantly lower
than in the o-TT and B-TT groups (P<0.05). There was no
significant difference between the B-TT and IDA groups
in terms of the hemoglobin (HGB), hematocrit (HCT), or
%MICROFr values (P>0.05). The HGB and HCT values in
the IDA group were significantly lower than in the o-TT
group (P<0.05). The %MICROr and MCVm values were
significantly higher in the IDA group than in the a-TT
group (P<0.05). The reticulocyte number (Ret#) and RBC
distribution width coefficient of variation (RDW-CV)
values were significantly lower in the IDA group than in the

B-T'T group (P<0.05).

Diagnostic efficiency of single and new combined
bematological parameters

Table 3 presents the ROC curve analysis results of single
and combined parameters. ROC curve analysis of single
parameters with significant differences between the groups
was performed. In differentiating a-T'T, RBC as a single
parameter showed the highest diagnostic efficiency. However,
the diagnostic performance of RBC was still very low, so
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Table 1 Discriminant formulas for distinguishing thalassemia trait (T'T) from iron deficiency anemia (IDA) in patients with microcytic red blood
cells (RBCs)

Abbr. DF (reference) Calculation Cut-off thala.
E&F England & Fraser (10) MCV - (5 x Hb) - RBC -3.4 <0

MI Mentzler (11) MCV/RBC <13

Sriv Srivastava (12) MCH/RBC <3.8
S&L Shine & Lal (13) MCV? x MCH <1530
RDWI RDW index (14) MCV x RDW/RBC <220

RI Ricerca (15) RDW/RBC <4.4
G&K Green & King (16) MCV? x RDW/I00 Hb <65
Logit-P1 Logit-P1 (31) -10.14+1.64x RBC + 0.85x Ret% + 0.07x IRF <0.84

Abbr., abbreviation; DF, discriminant formula; thala., thalassemia.

Table 2 Hematological parameters in the iron deficiency anemia (IDA), pB-thalassemia trait (3-T'T), and a-thalassemia trait (0-TT) groups

Parameters IDA (n=340) A-TT (n=66) B-TT (n=48) W;“r:st';:l ) 'DA/eTT (P) IDA/B-TT ()
Age 29.2+4.1 29.5+4.6 28.7+4.0 0.5797 - -
Gestational composition ratio

First trimester 5 (1.5%) 7 (10.6%) 4 (8.3%) <0.01 <0.025 <0.025

Second trimester 70 (20.6%) 24 (36.4%) 10 (20.8%)

Third trimester 265 (77.9%) 35 (53.0%) 34 (70.8%)
RBC (10'2/L) 4.33+0.43 4.60+0.52 4.63+0.49 <0.05 <0.05% <0.05%
HGB (g/L) 99 (93.0-104) 101.00 (95.00-109.75)  98.00 (91.75-105.25) <0.05 <0.05* 0.823*
HCT (%) 31.75 (30.00-33.10) 32.75 (30.15-35.30) 31.75 (30.38-33.38) <0.05 <0.05* 0.671*
MCV (fL) 72.60 (69.20-78.20) 70.85 (67.80-73.40) 68.75 (66.65-71.33) <0.05 <0.05* <0.05*
MCH (pg) 22.45 (21.40-23.93) 22.10 (21.03-23.10) 21.40 (20.78-21.93) <0.05 <0.05* <0.05*
MCHC (%) 311.00 (305.00-315.00) 312.50 (307.00-317.75) 310.50 (305.00-315.25) 0.447 - -
RDW-CV (%) 14.70 (14.00-15.90) 14.45 (13.90-15.50) 15.20 (14.80-15.90) <0.05 0.355" 0.002¢
RDW-SD 38.65 (35.60-43.23) 37.15 (35.60-40.00) 37.20 (35.98-38.85) 0.156 - -
Ret# (10%L) 2.14 (1.85-2.49) 2.13 (1.78-2.61) 2.56 (2.09-3.05) <0.05 0.848" <0.05*
Ret% (%) 0.09 (0.08-0.11) 0.10 (0.08-0.12) 0.12 (0.10-0.14) <0.05 <0.05* <0.05*
RPI 0.90 (0.80-1.10) 1.00 (0.80-1.30) 1.10 (0.90-1.30) <0.05 <0.05* <0.05*
%MICROr (%) 13.99 (8.67-26.29) 7.58 (4.11-11.27) 12.42 (8.32-18.52) <0.05 <0.05* 0.200*
MCVm (fL) 65.69 (61.85-70.78) 64.76 (60.48-67.63) 62.75 (60.28-64.90) <0.05 0.061* <0.05*

Data are presented as the mean + SD or median with the interquartile range in parentheses. P values were assessed using the
Kruskal-Wallis test (%), independent samples t-test (&), or Mann-Whitney U test (*). #P<0.05 by Kruskal-Wallis test. *P<0.05 by Mann-
Whitney U test. &P<0.05 by independent samples t-test. RBC, red blood cell; HGB, hemoglobin concentration; HCT, hematocrit; HGB,
hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration;
RDW-CV, red blood cell distribution width coefficient of variation; RDW-SD, red blood cell width standard deviation; Ret#, reticulocyte
number; Ret%, reticulocyte percentage; RPI, reticulocyte production index; %MICROr, the proportion of reticulocytes less than 60 fl in
volume; MCVm, mean corpuscular volume of mature red blood cells.
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Table 3 Sensitivity, specificity, and Youden index of single parameters according to optimum cut-off values in the iron deficiency anemia (IDA),

B-thalassemia trait (B-T'T), and o-thalassemia trait (a-TT) groups

Indices Groups AUC (95% ClI) Optimal cut-off Sensitivity (%)  Specificity (%) +LR -LR  Youden index (%)
RBC IDA/a-TT  0.651 (0.575-0.726) 4.51 56.1 68.2 1.76 0.64 24.3
IDA/B-TT  0.680 (0.593-0.766) 4.66 56.25 77.35 2.48 0.57 33.60
HGB IDA/0-TT  0.610 (0.522-0.699) 108 30.30 95.29 6.44 0.73 25.76
IDA/B-TT  0.510 (0.415-0.605) 106 20.83 89.41 1.97 0.89 10.25
HCT IDA/a-TT  0.612 (0.525-0.700) 35 28.79 97.65 12.23 0.73 26.43
IDA/B-TT  0.519 (0.428-0.610) 33.7 22.92 84.71 1.50 0.91 7.62
MCV IDA/o-TT  0.606 (0.540-0.672) 73.8 83.33 43.53 1.48 0.38 26.86
IDA/B-TT  0.715 (0.649-0.780) 69.3 64.58 7412 2.50 0.48 38.70
MCH IDA/a-TT  0.591 (0.522-0.660) 23.5 90.91 32.06 1.34 0.28 22.97
IDA/B-TT  0.714 (0.650-0.779) 21.9 75.0 65.0 2.14 0.38 40.0
RDW-CV IDA/o-TT  0.536 (0.456-0.616) 14.7 62.12 49.71 1.24 0.76 11.83
IDA/B-TT  0.638 (0.573-0.702) 14.7 81.25 50.29 1.63 0.37 31.54
Ret# IDA/a-TT  0.583 (0.498-0.668) 0.116 33.33 88.24 2.83 0.76 21.57
IDA/B-TT ~ 0.781 (0.704-0.859) 0.108 70.83 77.94 3.21 0.37 48.77
Ret% IDA/o-TT ~ 0.507 (0.420-0.595) 3.34 15.15 97.94 7.36 0.87 13.09
IDA/B-TT  0.693 (0.605-0.781) 2.7 45.83 87.06 3.54 0.62 32.89
RPI IDA/a-TT  0.602 (0.518-0.687) 1 45.45 7412 1.76 0.74 19.57
IDA/B-TT  0.711 (0.628-0.794) 0.9 68.75 62.94 1.86 0.50 31.69
%MIRCOr  IDA/a-TT  0.528 (0.460-0.596) 1.02 77.27 35.88 1.18 0.68 13.16
IDA/B-TT  0.587 (0.509-0.666) 1.64 85.42 34.71 1.31 0.42 20.12
MCVm IDA/a-TT  0.573 (0.503-0.643) 68.51 84.85 35 1.31 0.43 19.85
IDA/B-TT ~ 0.686 (0.620-0.751) 66.26 91.67 44.71 1.66 0.19 36.37
MHA 1 IDA/o-TT  0.868 (0.822-0.914) 0.61 90.91 68.63 2.89 0.13 59.44
IDA/B-TT  0.518 (0.738-0.874) 4.39 27.08 79.71 1.33 0.91 48.92
MHA 2 IDA/a-TT  0.772 (0.712-0.833) 0.85 78.79 64.12 2.20 0.33 42.91
IDA/B-TT ~ 0.878 (0.824-0.932) 0.37 72.92 89.71 7.08 0.30 62.62

RBC, red blood cell; HGB, hemoglobin concentration; HCT, hematocrit; HGB, hemoglobin; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-CV, red blood cell distribution width coefficient of
variation; RDW-SD, red blood cell width standard deviation; Ret#, reticulocyte number; Ret%, reticulocyte percentage; RPI, reticulocyte
production index; %MICROr, the proportion of reticulocytes less than 60 fL in volume; MCVm, mean corpuscular volume of mature red
blood cell; MHA 1, formula for distinguishing a-TT carriers from IDA cases; MHA 2, formula for distinguishing B-TT carriers from IDA cases.

we developed a new combined parameter, MHA 1=0.42x
MCH +0.08x %MICROr - 0.57x RPI -9.38, to differentiate
o-T'T, which showed better diagnostic efficiency. The area

under the ROC curve (AUC) of MHA 1 was 0.868 with a
maximum Youden index (YI) of 59.44% and an optimum
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cut-off value of 0.61, and the corresponding sensitivity and
specificity were 90.9% and 68.5%, respectively (Figure 1A).
Similarly, in differentiating B-T'T, Ret# as a single parameter
showed the highest diagnostic efficiency. However, the
diagnostic performance of Ret# was still very low, so we
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Figure 1 ROC curve analysis of MHA 1 and MHA 2. (A) ROC curve of MHA 1 for differentiating o-thalassemia trait carriers (n=66) from

iron deficiency anemia cases (n=340), (B) ROC curve of MHA 2 for differentiating B-thalassemia trait carriers (n=48) from iron deficiency

anemia cases (n=340). Se., sensitivity; Sp., specificity; AUC, area under the curve; cut-off, optimum cut-off value; ROC, receiver operating

characteristic; MHA, microcytic hypochromic anemia.

developed another new combined parameter, MHA 2
=0.04x %MICROr +0.12x MCVm -13.76x Ret# -6.29,
to differentiate B-T'T, which showed better diagnostic
efficiency. For MHA 2, the AUC was 0.878 with a maximum
YI of 62.62% and an optimum cut-off value of 0.37, and the
corresponding sensitivity and specificity were 72.92% and
89.71%, respectively (Figure 1B).

Comparison of diagnostic efficiency with other reported
indices

The diagnostic performance of multiple other discriminant
functions used to distinguish T'T from IDA according to
the proposed cut-off values reported in the literature are
summarized in Table 4. Accordingly, the indices with the
highest YI for distinguishing a-TT from IDA are indicated
by MHA 1, and those for distinguishing p-TT from IDA
are indicated by MHA 2. The discriminant efficiency of the
Green and King (G&K) index, RBC distribution width index
(RDWI), and Ricerca index (RI) were significantly low.

The revised cut-off values of the formulas used to
differentiate T'T from IDA were determined. The sensitivity,
specificity, and YI values according to the revised cut-
off values are summarized in Table 5, and MHA 1 and
MHA 2 were also determined for the comparison with other
formulas. In differentiating a-TT from IDA, the ranking
of the formulas from the highest to the lowest according to
their AUC values was MHA 1, MHA 2, Srivastava index,
England and Fraser (E&F) index, Mentzer index (MI), R,
RDWI, G&K, Logit-P1, and Shine and Lal (S&L) index.

© Annals of Translational Medicine. All rights reserved.

The sensitivity, specificity, and YI of MHA 1 and MHA 2
were higher than those of the Srivastava index and MI
(Table 5). In differentiating B-T'T from IDA, the ranking of
the formulas from highest to lowest according to their AUC
values was MHA 2, MHA 1, Logit-P1, Srivastava index, S&L,
MI, E&F, G&K, RDWI, and RI. The sensitivity, specificity,
and YI of MHA 1 and MHA 2 were higher than those of
the other indices (Table 5). We found an MHA 1 of 0.61 to
be optimal for distinguishing o-TT from IDA, with 90.9%
sensitivity and 68.6% specificity, resulting in a high AUC
(0.868) and a high YI (59.4%). The sensitivity and specificity
of other discriminant functions are shown in Table 5.
At the optimal cut-off, the MHA 1 AUC was significantly
higher than the Srivastava index (0.66), whereas the YI was
identical (27.25%). However, MI had higher sensitivity
and lower specificity than MHA 1. The MI appeared to
be very sensitive (92.42%) but showed poor specificity
(Tuble 5). The other discriminant functions had lower
diagnostic performance (not shown).

Discussion

In general, iron deficiency, T'T, anemia of chronic disease,
and sideroblastic anemia are the four conditions that can
cause microcytic anemia. The former two conditions are
more common, particularly in outpatient populations in
areas such as the Mediterranean basin and Southeast Asia.
Regarding thalassemia disease in women, physiological
changes during pregnancy worsen the severity of anemia
and are significantly associated with an increased risk
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Table 4 Receiver operating characteristic (ROC) curve analysis of different discriminant formulas according to cut-off values in the literature in
the iron deficiency anemia (IDA), p-thalassemia trait (B-TT), and a-thalassemia trait (0-TT) groups

DF Groups AUC (95% ClI) Proposed cut-off Sensitivity (%) Specificity (%) +LR -LR  Youden index (%)
E&F IDA/o-TT 0.651 (0.579-0.723) 0 6.1 99.4 15.45 0.91 5.5
IDA/B-TT 0.677 (0.593-0.761) 0 6.2 99.4 10.63 0.94 5.6
Ml IDA/o-TT 0.650 (0.583-0.718) 13 10.6 92.4 1.39 0.97 3.0
IDA/B-TT 0.710 (0.634-0.785) 13 16.7 93.5 2.58 0.89 10.2
Sriv IDA/a-TT 0.660 (0.592-0.727) 3.8 6.1 97.7 2.58 0.96 3.8
IDA/B-TT 0.718 (0.644-0.793) 3.8 8.3 97.6 3.54 0.94 8.0
S&L IDA/o-TT 0.604 (0.537-0.672) 1,530 93.9 20.6 1.13 0.36 14.5
IDA/B-TT 0.717 (0.652-0.783) 1,530 97.9 20.6 0.22 0.11 18.5
RDWI IDA/a-TT 0.615 (0.543-0.687) 220 40.9 72.9 0.51 0.81 13.8
IDA/B-TT 0.637 (0.559-0.714) 220 43.7 72.6 1.52 0.79 16.3
RI IDA/o-TT 0.626 (0.544-0.708) 4.4 87.9 8.5 0.99 1.08 26.2
IDA/B-TT 0.559 (0.476-0.641) 4.4 97.9 9.7 1.10 0.20 7.6
G&K IDA/a-TT 0.611 (0.537-0.685) 65 19.7 86.2 1.29 0.95 5.9
IDA/B-TT 0.617 (0.536-0.697) 65 18.8 86.8 1.42 0.94 5.0
Logit-P1 IDA/o-TT 0.606 (0.521-0.690) 1.26 24.2 90.6 2.58 0.84 14.8
IDA/B-TT 0.782 (0.707-0.858) 1.26 41.7 90.0 417 0.65 31.7
MHA 1 IDA/a-TT 0.868 (0.822-0.914) 0.61 90.9 68.6 2.89 0.13 59.4
IDA/B-TT 0.806 (0.738-0.874) 0.69 83.33 65.59 2.42 0.25 48.92
MHA2  IDA/a-TT 0.772 (0.712-0.833) 0.85 78.8 64.1 2.20 0.33 42.9
IDA/B-TT 0.878 (0.824-0.932) 0.37 72.9 89.7 7.08 0.30 62.6

DF, discriminant formulas; AUC, area under the curve; Sensitivity, true positive/(true positive + false negative); Specificity, true negative/
(true negative + false positive); E&F, England and Fraser Index; G&K, Green and King Index; MI, Mentzer Index; RDWI, red blood cell
distribution width index; S&L, Shine and Lal Index; Srivastava, Srivastava Index.

of foetal growth restriction, preterm birth, and low
birthweight. In pregnant women, early identification and
correct classification have important implications for genetic
counselling and proper treatment intervention (32,33).

Red blood cell indices, and the various formulas derived
from red blood cell parameters, have been proposed as
simple, rapid, and inexpensive test methods that can be
initially used to distinguish T'T" from IDA (8,34,35). Thus,
the corresponding indices show unsatisfactory applicative
value. Studies addressing these characteristics in pregnant
women are extremely limited, and their results are
controversial.

In recent decades, reticulocyte parameters have been
applied to screen for thalassemia more frequently, but few

© Annals of Translational Medicine. All rights reserved.

hematological formulas based on reticulocyte parameters
have been designed to date. Thus, to screen out o-TT
or B-TT carriers from IDA cases, we designed two novel
functions in our study to distinguish the a-TT or p-TT
carriers among microcytic anemic pregnant women. These
formulas accounted for both erythrocyte and reticulocyte
parameters rather than only erythrocyte parameters, as
in the previous hematological indices. The two formulas
demonstrated superior diagnostic performance compared
to the previous hematological indices. It has been verified
that erythrocytosis and severe microcytosis, together with a
moderate increase in immature reticulocyte fraction (IRF),
constitute the B-TT carrier profile, whereas anisocytosis
and hypochromia correlate with IDA. RPI, % MICROr, and

Ann Transl Med 2021;9(2):141 | http://dx.doi.org/10.21037/atm-20-7896



Page 8 of 11

Xiao et al. Differentiation of thalassemia trait from IDA

Table 5 Receiver operating characteristic (ROC) curve analysis results and sensitivity, specificity, and Youden index of each discriminant formula
according to revised cut-off values in the iron deficiency anemia (IDA), B-thalassemia trait (B-TT), and o-thalassemia trait (a-TT) groups

DF Groups AUC (95% ClI) Revised cut-off ~ Sensitivity (%)  Specificity (%)  +LR -LR  Youden index (%)
E&F IDA/a-TT 0.651 (0.579-0.723) 17.43 78.79 47.94 1.51 0.44 26.73
IDA/B-TT 0.677 (0.593-0.761) 9.29 47.92 84.41 3.07 0.62 32.33
Ml IDA/o-TT 0.650 (0.583-0.718) 18.38 92.42 34.71 142 0.22 27.13
IDA/B-TT 0.710 (0.634-0.785) 14.45 52.08 83.53 3.16  0.57 35.61
Sriv IDA/a-TT 0.660 (0.592-0.727) 5.48 86.36 40.88 146  0.33 27.25
IDA/B-TT 0.718 (0.644-0.793) 4.56 58.33 81.76 3.20 0.51 40.10
S&L IDA/o-TT 0.604 (0.537-0.672) 1,276.45 84.85 39.71 1.41 0.38 24.55
IDA/B-TT 0.717 (0.652-0.783) 1,187.32 89.58 49.12 1.76 0.21 38.70
RDWI IDA/a-TT 0.615 (0.543-0.687) 231.67 59.09 65.88 1.73  0.62 24.97
IDA/B-TT 0.637 (0.559-0.714) 249.48 72.92 52.65 154  0.51 25.56
RI IDA/o-TT 0.626 (0.544-0.708) 3.24 60.61 65.59 1.76  0.60 26.19
IDA/B-TT 0.559 (0.476-0.641) 3.33 58.33 57.65 138 0.72 15.98
G&K IDA/a-TT 0.611 (0.537-0.685) 75.14 60.61 62.94 1.64 0.63 23.55
IDA/B-TT 0.617 (0.536-0.697) 82.85 72.92 48.24 1.41 0.56 21.15
Logit-P1 IDA/a-TT 0.606 (0.521-0.690) 0.56 51.52 70.29 1.73  0.69 21.81
IDA/B-TT 0.782 (0.707-0.858) 0.66 75.00 74.71 297 033 49.71
MHA 1 IDA/a-TT 0.868 (0.822-0.914) 0.61 90.91 68.53 289 0.13 59.44
IDA/B-TT 0.806 (0.738-0.874) 0.69 83.33 65.59 242 025 48.92
MHA 2 IDA/o-TT 0.772 (0.712-0.833) 0.85 78.79 64.12 2.20 0.33 42.91
IDA/B-TT 0.878 (0.824-0.932) 0.37 72.92 89.71 7.08 0.30 62.62

DF, discriminant formulas; AUC, area under the curve; Sensitivity, true positive/(true positive + false negative); Specificity, true negative/
(true negative + false positive); E&F, England and Fraser Index; G&K, Green and King Index; MI, Mentzer Index; RDWI, red blood cell
distribution width index; S&L, Shine and Lal Index; Srivastava, Srivastava Index.

MCVm were included in these equations, indicating the
important clinical applicative value of reticulocyte-related
parameters in distinguishing the two conditions. Formulas
based only on erythrocyte parameters are not reflective
of the important information of reticulocyte parameters.
Therefore, simultaneous analysis of erythrocytes and
reticulocytes can provide more detailed information to
increase the differential diagnostic efficiency between T'T
and IDA.

Furthermore, the diagnosis of a-TT and B-TT was
made based on genetic analysis in our study, and all the T'T
carriers with concomitant IDA disease were excluded. Most
hematological indices described in the previous literature
were developed based on individuals diagnosed without
genetic detection. This might be an important factor

© Annals of Translational Medicine. All rights reserved.

contributing to the differences in diagnostic performance
between our investigation and others.

Recently, Logit-P1 was reported to be an optimal
discriminator of T'T from IDA in pregnant women, and
the authors of the study derived a moderate AUC (0.760)
with a sensitivity and specificity of 86.9% and 56.0%,
respectively (31). According to cut-off values reported
in the previous literature and revised cut-off values, we
assessed the reliability of 8 RBC indices in distinguishing
TT from IDA in our study. In addition, we evaluated
two new formulas that we developed for the differential
diagnosis of TT from IDA. The sensitivity and specificity
values of MHA 1 and MHA 2 used in the differential
diagnosis of a-TT and IDA and B-TT and IDA were higher
than those of the reported cut-off values in the literature

Ann Transl Med 2021;9(2):141 | http://dx.doi.org/10.21037/atm-20-7896
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(Table 5), demonstrating the much more useful of our new
formulas for the differential diagnosis of T'T and IDA
in our patient population. The reliability of erythrocyte
indices in the differential diagnosis of T'T and IDA varies
by the population. For example, in the Thai population, the
Sirdah and Srivastava indices show the highest differential
diagnostic efficacy, while in the Palestinian population, the
Sirdah, G&K, and RDWTI show the highest differential
diagnostic efficacy (8). Furthermore, in the Indian
population, S&L, Srivastava, and MI have been defined as
the indices which show the highest differential diagnostic
efficacy (36), and in the Chinese population, G&F and E&F
show the highest differential diagnostic efficacy (9). These
differences are due to the diversity of genetic mutations
(8,9,22). In addition, the sample size, the average age of
the study group, and the heterogeneity of the included
population may contribute to the perception of reliability
of the different indices for different populations (22). If the
definitive diagnosis is not accurate, for example, selecting
subjects from a population of T'T patients with concomitant
IDA or selecting patients under iron deficiency treatment,
the results may be inconsistent and misleading.

In our study, MHA 1 and MHA 2 were identified as
the most reliable indices for the differential diagnosis of
T'T and IDA according to revised cut-off values. The
differential diagnostic efficacy of the RI was lower than that
of the other indices. Compared with the other 8 indices, the
results of our study showed that MHA 1 had the highest
sensitivity and specificity in differentiating a-TT from IDA
according to the revised cut-off values, and MHA 2 had the
highest sensitivity and specificity in differentiating a-TT
from IDA according to the revised cut-off values.

The limitations of our study included the low number
of patients with T'T and the fact that the data were derived
from a single center. Furthermore, we did not construct a
validation group to verify our formulas in another selected
group of pregnant women, so these results were based
only on the data set of our present study. More clinical
investigations in different populations should be performed
to further assess the efficacy of these formulas.

In conclusion, erythrocyte or reticulocyte indices and
formulas can be used as preliminary methods for the
differential diagnosis of TT and IDA. According to our
study results, MHA 1 and MHA 2 were the most useful
indices for the differential diagnosis of a-TT and IDA,
and B-TT and IDA in pregnant women, whereas S&L
and RI were not as useful. Because cut-off values vary
among populations, it would therefore be more beneficial

© Annals of Translational Medicine. All rights reserved.
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for different populations to use these erythrocyte and
reticulocyte indices or formulas to determine their own
specific and appropriate cut-off values.
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