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Abstract

Background Thalassemia trait (TT) and iron deficiency anemia (IDA) are the most common conditions of microcytic
hypochromic anemia (MHA) in pregnant women. Accurate discrimination between TT and IDA is an important issue,
and better methods are urgently needed. Although considerable RBC formulas and indices have been developed
since 1973, distinguishing between IDA and TT is still a challenging problem due to the diversity of various ane-

mic populations. To address this problem, we assessed the diagnostic function of 43 different differential formulas

in patients with microcytic anemia by using accuracy measures and recommending a new log-based differential
formula.

Methods The data of 430 pregnant women (229 with TT and 201 with IDA) were enrolled, and 44 formula perfor-
mances were evaluated with receiver operating characteristic (ROC) analysis.

Results The newly introduced logarithm-based formula XS-1 performs better than the general discriminant index
with sensitivity and specificity of 82.10 and 89.05, which are better than other formulas. In the pregnant population,
the Shine and Lal and Roth..SVM. formulas have shown excellent performance, while other formulas showed poorer
discriminative abilities in our study than in the original authors.

Conclusion The logarithm-based formula XS-1 can be used to screen thalassemia and iron deficiency anemia during
the first trimester. Considering the particularity of pregnancy, medical personnel in different regions should choose a
screening formula similar to that of the local region and population when identifying thalassemia in pregnancy. Any
formula should be independently verified locally before use. For the convenience of the health care team and experi-
mental scientists, a web-based tool has been established at http://yyy.yiyly.top/XS-1/ by which users can easily get
their desired screening test result without going through the underlying mathematical and computational details.
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the similar symptoms and signs. Thalassemia is a mono-
genic disease caused by the reduction or inhibition of
hemoglobin chain synthesis [3], while IDA is caused by
iron deficiency. The causes of the two anemia are dif-
ferent, hence need different treatments. Doctors need
to accurately determine the type of anemia of pregnant
women and give medical orders to take iron supplements
or not. Furthermore, although the vast majority of preg-
nant women with TT are asymptomatic and usually not
associated with any clinical disease, early detection can
prevent the birth of a child with homozygous thalassemia
syndrome.

Thalassemia is so called because it was first discovered
among peoples around the Mediterranean Sea. Thalas-
semia is mainly distributed in the tropical and subtropi-
cal areas of high global malaria rate, including the south
of the Yangtze River of China. The carrying rate of the
thalassemia gene is 16.83%-17.83% in Guangdong Prov-
ince and 24.51% in Guangxi [4, 5]. In the first 3 months of
pregnancy, seven provinces and cities in China, including
Chongging, recommend thalassemia screening as a man-
datory item for antenatal care [6].

Whole blood cell testing is the preliminary means for
judging anemia, and serum ferritin and genetic testing
are required to determine its type. However, these tests
are complex and expensive, require professional testing
institutions, thus cannot be used as routine inspection
items, and are more difficult in poor and remote areas.
Thalassemia is incurable, and a routine iron supplement
may cause adverse reactions of iron overload, such as
gestational diabetes [7], placental abnormalities, etc. [8].
Studies have found that the maternal B-thalassemia gene
independently correlates with hematological diseases
in offspring. Identifying thalassemia and iron deficiency
anemia in pregnancy is of great significance for treating
pregnancy anemia and neonatal health care [9].

In recent decades, RBC index and various formulas
derived from it have been widely used to discriminate
between IDA [10-21] and thalassemia in adults or chil-
dren. However, they have not been independently vali-
dated in pregnant women, and there is no discriminant
formula for pregnant women (Discriminant et al. for-
mula, DF). With limited medical facilities, especially for
pregnant women in remote areas, a concise and effec-
tive mathematical formula is an effective tool for screen-
ing TT in pregnancy. Pregnancy is a special process for
the blood of pregnant women will undergo considerable
changes. In order to find a suitable identification for-
mula, this study will construct a logarithm-based iden-
tification formula XS-1 and compare its performance
with the other 43 mathematical formulas published so
far with good performance. We used a hospital database
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containing information on pregnant women with well-
defined thalassemia genes to achieve the two goals.

Materials and methods

Criteria for selecting the patient groups

We reviewed the profiles of all pregnant women who gave
birth at People’s Hospital of Chongqing Liang Jiang New
Area from January 2018 to December 2021. All 546 preg-
nant women who received prenatal thalassemia DNA
testing were enrolled, in which 32 women aged < 20 years
or >40 years old, 5 delivered twins and multiple births,
and 1 had a stillbirth were excluded. Also, 53 cases with
thalassemia gene and serum ferritin (SF) <20 pg/L were
excluded, and 25 cases without thalassemia gene and
serum ferritin (SF)>20 pg/L were excluded. Finally, a
total of 430 cases were included in this study. This study
was reviewed and approved by the Ethics Review Com-
mittee of People’s Hospital of Chongqing Liang Jiang
New Area (No. LLYY-LL2022-037), and all methods were
performed following relevant guidelines and regulations.

Definition and outcomes

Routine blood data was obtained from pregnant women
in the first trimester (0—12 weeks), fasting venous blood
for about 3 mL. The full blood count was completed
by Sysmex XN-1500 automatic blood analyzer in the
Laboratory Department of the First People’s Hospi-
tal of Chongqing Liang Jiang New Area, the evaluation
included: WBC, RBC, Hb, HCT, MCV, MCH, MCHC,
RDW-CV, RDW-SD, and PLT.

The characteristics of thalassemia were determined
by DNA detection. 2 mL of fasting venous blood was
drawn from pregnant women, from which three common
deletion a-thalassemia genes (-SEA, -a3.7, -a4.2) were
detected with the gap-PCR amplification method, and
eight common sites and nine uncommon sites of 3-globin
gene mutation were detected by PCR-membrane reverse
dot hybridization technique. The detection instrument is
Eppendorf Mastercycler Gradient. The parallel joint anal-
ysis was used: any positive result of the two indicators is
determined positive.

Pregnant women who carried the thalassemia gene and
serum ferritin (SF) > 20 pg/L were divided into the study
group, and those without the thalassemia gene and serum
ferritin (SF) <20 pg/L in the control group [22].

Development of the new index

The fission limit to the growth of blood cells principle
(Formula 1) was used to detect the index between the two
groups with strategies developed by logarithm-based for-
mula with e as the base, with the maximal area under the
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curve (AUC) displayed by the index as a single parameter
to construct a formula.

The red blood cells, as a natural object, has a growth
process satisfies the natural growth limit, that is, the
growth per unit time can expand at most e times of the
natural constant (Formula 1). Pregnant women with
thalassemia or iron deficiency anemia have the problem
of insufficient hemoglobin or morphological defects, leads
to unable to effectively carry oxygen molecules. The body
will solve the problem by increasing the number of red
blood cells and changing the cell morphology. However,
different diseases have different rules of red blood cell
growth. Logarithm of Natural logarithm (exp-base) was
used to develop several strategies to explore the difference
of red cell growth in different diseases, and the maximum
area under the differential expression curve (AUC) is
taken as a single-parameter construction formula.

) 100"
exp = lim, ,  (1+ - ) = 2.718281828... ...

Statistical analysis

Using SPASS15 to calculate the sample size, 200 posi-
tive and negative results, respectively, would provide a
power of 80% to detect the difference under the invalida-
tion AUC of 0.85 and validation AUC of 0.9. The receiver
operating characteristic (ROC) curve was used for analy-
sis, with the data points exclusively from subjects with
thalassemia characteristics. Descriptive data are pre-
sented as numbers (percentages). Measure index of the
relationship between exposure and result was expressed
as odds ratios (ORs) with 95% confidence intervals
(CIs). A value of P<0.05 was considered statistically sig-
nificant. Data analysis was performed using R version
4.1.3. Using epiR of R package to calculate the measure
of accuracy and 95% confidence interval( 95% CI). ROC
curve analysis was performed using the pROC software
package. Also, the Optimal Cutpoints package used the
Youden index to calculate new cutoffs of the discriminant
formula.

Results

Baseline characterizes of participant

There were 229 pregnant women (53.26%) with thalas-
semia characteristics (TT) and 201 pregnant women
(46.74%) with iron deficiency anemia in this study.
(Table 1). There was no significant difference in base-
line characteristics between the two groups (p>0.05),
with balanced baseline and comparable data. The three
groups of data are comparable. There were significant
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Table 1 Demographic  characteristics  and
parameters of pregnant women (TT and IDA)

hematological

Variable IDA N=201 TTN=229 Pvalue
Age? 2704450 28.0+4.60 0.0272
Nationality 1

Others 12 (6.0) 14 (6.1)

Han 189 (94.0) 215(93.9)

Bloot Type” 06731

A 71(35.3) 72 (314)

AB 16 (8.0) 24(10.5)

B 45 (22.4) 57 (24.9)

0 69 (34.3) 76 (33.2)

WBC(x 10%/L) 2 78+£1.90 83£220 0.0184
RBC(x 10'%/L) ® 41+036 484054 <0.0007
Hb(g/L) ® 120.0£12.00 110.0£14.00 <0.0001
HCT(%)° 36.0+3.10 34.044.00 <0.0001
Mcv(fL) ° 87.0£5.50 72.0+£9.40 <0.0001
MCH(pg) * 29.042.30 23.0+3.40 <0.0001
MCHC(g/L) ® 340.0+£9.90 320.04+10.00 <0.0001
RDW-CV/(%)* 140£1.90 150£1.80 <0.0001
RDW-SD(fL) ° 44.0+4.70 39.0+440 <0.0001
PLT(x 10°/L) @ 220.0+52.00 240.0£62.00 0.0219
P value were from T-test and Chisquare test respectively

@Mean =+ SD

® N(%)

differences in hematological parameters between TT and
IDA groups (p>0.05).

ROC of 44 discriminant formulas

The discriminant formulas and their cutoff values are
detailed in Table 2. Table 3 shows the diagnostic perfor-
mance of the 44 discriminant formulas, with data of the area
under the curve (AUC), accuracy, sensitivity, specificity, and
Youden index, ranked according to the years of publication
of the formulas. 13 formulas with AUC>0.9, ranked from
high to low: Srivastava, Kerman.I, Alparslan, XS-1, Mentzer,
Ehsani., Nishad, Sehgal, S&L, Sirdah., Kerman.II, Hisham,
and Roth..SVM (Fig. 1). Among the 13 formulas, those with
a sensitivity>70% are Kerman.II (99.56%), XS-1 (82.10%),
S&L (72.93%), and Roth..SVM (72.93%). Except for Kerman.
11, whose specificity is 1%, the specificities of the other three
formulas are all greater than 85%. The ranking of the Youden
index of the four formulas is XS-1 (0.71), S&L (0.66), Roth..
SVM (0.66), and Kerman.II (0.01).

Web-based tool implementation

An accessible Web-based tool was established with the
XS-1 model to help the medical team quickly determine
whether pregnant women have the characteristics of
thalassemia or not during the outpatient phase (Fig. 2).
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Table 2 44 discriminant formulas and their cut-offs of thalassemias and iron-deficiency anemias
No DF (Reference Publication) Calculation Thalassemia Cut-off Year of
Value publication(Year)
1 England and Fraser (E&F) [17] MCV - RBC - (5 Hb) - 34 <0 1973
2 RBC [17] RBC >5 1973
3 Mentzer [23] MCV / RBC <13 1973
4 Srivastava [24] MCH / RBC <38 1973
5 Shine and Lal (S&L) [25] MCV? x MCH/100 <1530 1977
6 Bessman [10] RDW <15 1977
7 Ricerca [26] RDW / RBC <33 1987
8 Green and King(G&K) [19] MCV? x RDW / 100 Hb <65 1989
9 Das Gupta [20] 1.89RBC-0.33RDW-3.28 >0 1994
10 Jayabose(RDW index) [27] (MCV x RDW)/RBC <220 1999
Il TI (MCHD) [28] MCH/MCV <0.34 1999
12 TI (MDHL) [28] (MCH x RBC)/MCV >15 1999
13 Huber— Herklotz [29] (MCH x RDW x 0.1/ RBC) +RDW <20 2004
14 Sirdah [30] MCV - RBC - (3 Hb) <27 2007
15 Kerman | [14] (MCV x MCH)/RBC <300 2008
16 Kerman Il [14] (MCV x MCH x 10)/(RBC x MCHC) <85 2008
17 Ehsani [31] MCV - (10 RBC) <15 2008
18 Keikhaei [32] Hb x RDW x 100/ RBC? x MCHC <21 2010
19 Nishad(Thal) [33] 0.615 MCV +0.518 MCH 4 0.446 RDW <59 2012
20 Wongprachum [34] (MCV x RDW/RBC) — 10 HB > 104 2012
21 Sehgal [15] MCV2 /RBC <972 2013
22 Sargolzaie [35] 125.643 +44.304 x RBC-20.932 x Hb-2.501 x <0.5 2014
MCV +20.302 x MCH-12.183 x MCHC
23 Pornprasert [36] MCHC <31 2014
24 Sirachainan [37] 1.5 HB - 0.05 MCV >14 2014
25 Plengsuree [38] RDW/RBC <33 2015
26 Bordbar [11] | 80-MCV | x | 27-MCH | >44.76 2015
27 Hisham [18] MCH x RDW / RBC <67 2015
28 Hameed [18] MCH x HCT x RDW / (RBC x Hb)2 <220 2015
29 Chandra [13] RBC x MCHC x MPV / RDW x PLT >0.22 2016
30 Matos and Carvalho(M&QC) [39] 1.91 x RBC+0.44 x MCHC >23.85 2016
31 Ravanbakhsh -F1 [40] MCV /HCT <20 2016
32 Ravanbakhsh-F2 [40] RDW — 3 x RBC <15 2016
33 Ravanbakhsh-F3 [40] MCV x RDW - (100 x RBC) <600 2016
34 Ravanbakhsh-F4 [40] MCV x Hb / RDW x RBC <10 2016
35 Zaghloul-1 [41] Hb+HCT+RBC >525 2016
36 Zaghloul-2 [41] Hb +HCT 4 RBC —RDW >37.1 2016
37 Kandhro-1 [21] RBC/HCT+0.5 x RDW <82 2017
38 Kandhro-2 [21] RDW x 5/ RBC <168 2017
39 Merdin-1 [42] RDW x RBC/ MCV >1.27 2018
40 Merdin-2 [42] RDW x RBC x Hb / MCV >14.7 2018
41 Alparslan [42] 10log (MCH x MCHC x RDW / RBC) <334 2018
42 Roth (SVM) [43] 145 x (MCV—82.8) / 10.28 4 0.66 x (MCH —27.0) / <00 2018
394098
43 Cruise [44] MCHC+0.603 RBC+0.523 RDW >4263 2019
44 XS-1 Combination of log(e) from 3 indices <4 2022
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True postive fraction

Method
~ Alparsian
= Ehsani
= Hisham
= Kerman.|
= Kerman.ll
= Mentzer.index.
= Nishad
== Roth..SVM.
— Sengal
= Shine.and.Lal. S.L.
Sirdah

- Srvastava

- XS-1

False postive fraction

Fig. 1 Performance comparisons among 13 discriminant formulas using ROC curves

Enter the Hct, RBC and Hb data of the pregnant woman,
click the button to start the calculation process, and then
the prediction result will be displayed in the interface.

Discussion

TT and IDA are two recognized causes of two prevalent
microcytic anemias in pregnant women, and these two
hematologic disorders are comparable in different clini-
cal and research contexts. Physiological changes during
pregnancy exacerbate the severity of anemia and are sig-
nificantly associated with the increased risk of pregnancy
outcomes. Early identification of TT and IDA among
pregnant women is important for genetic counseling and
appropriate therapeutic intervention. Misdiagnosis of
TT has an impact on possible homozygous offsprings.
Women with TT and ferritin less than 20, should be
given iron replacement therapy and if the ferritin remains
less that <20 a month after oral treatment they should be
treated with an iron infusion. Currently, the screening
method for TT is based on an increase in HbA2, while
the diagnosis of IDA is based on an increase in Total Iron
binding capacity (TIBC) and a decrease in serum fer-
ritin (SF). Since 1973, different mathematical formulas
using only complete blood counts have been consistently
proposed to identify TT and IDA. These formulas have
shown different clinical utility, but no single formula is

recommended in the guidelines, nor are they confirmed
in pregnant women.

Previous studies often selected data from patients
with microcytic hypochromic anemia to construct or
validate formulas [45], and there were two misunder-
standings: the first was to ignore the group of TT com-
bined with IDA [30, 46]; the other was ignoring the
group with TT or ID without anemia. However, ane-
mia during pregnancy develops progressively, which
means anemia may not occur in the first trimester but
the second and later stages of pregnancy. In addition,
human bodies may adapt to environmental changes.
With the changes in hormone levels during pregnancy,
the increase in blood volume leads to an increase in Hb
dilution [47]. The mother will achieve a new dynamic
balance through self-regulation. The consistent and
uninterrupted division of various blood cells generates
new cells all the time and divides immediately. The red
blood cells, as a natural object, has a growth process
satisfies the natural growth limit, that is, the growth
per unit time can expand at most e times of the natu-
ral constant.This is an adaptive process in the human
body, and in order to ensure the normal operation of
the human body, the number of RBC is increased to
carry enough oxygen and implement other functions,
so we used the logarithm algorithm, also based on this
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Preliminary screening for thalassemia in pregnancy

Choose pregnancy status
First trimester

HCT *
33.6

RBC *
5.25

Hb *

102

Notes:
This calculation result is for reference only

Calculation

Calculation Result--first trimester

Risk of thalassemia, further diagnostic tests
recommended. Recommendations for
reference only.
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Preliminary screening for thalassemia in pregnancy

Choose pregnancy status
First trimester

HCT *
37.4

RBC *
4.17

Hb *

115

Notes:
This calculation result is for reference only

Calculation

Calculation Result--first trimester

No risk of thalassemia, further diagnostic
tests recommended. Recommendations for
reference only.

Fig. 2 Screenshots of the web-based tool after submission of laboratory data, which is available at http://yyy.yiyiy.top:28992/XS-1/

natural law. During pregnancy, the body responds to a
progressive decrease in dilutive hemoglobin by gradu-
ally increasing the number of red blood cells or chang-
ing their size to achieve a new balance. By combining
hematological parameters based on natural logarithms,
the maximum difference of erythrocyte increase limit
between TT and IDA can be found, so as to construct
the discrimination formula. Furthermore, the diagnosis
of TT was made based on genetic analysis in our study.
Most of the discriminant formulas described in previ-
ous literature are individually formulated for diagnosis
based on genetic testing. This may be an important fac-
tor contributing to the difference in diagnostic perfor-
mance between our results and others.

In addition, many formulas have been clarified for the
scope of usage since being published. For example, the
England and Fraser formula is used in people suspected of
having microcytosis, and is of little significance to people
with normal MCV [17]. Formulas like England and Fraser
[17], Mentzer [23], Srivastava [24], Shine and Lal [25], and
Ehsani [16] are not suitable for the identification of anemia
due to bleeding, hemolysis or pregnancy. Some formulas
have other requirements, such as the Huber—Herklotz
[29] formula for people with MCV <73, the Kerman II
[14] and Nishad [33] formulas for people with MCV <80,
the Wongprachum [34] formula for vegetarians, and the

Pornpraser [36] and Sirachainan [37] formulas for students
or children. Although Roth (SVM) [43] formula is suitable
for fertile women, it cannot discriminate iron-deficiency
anemia in the original study, and it was slightly inferior to
the newer formula XS-1 in this study.

Other discrimination formulas have included Ret%
[48]. Since Ret% exam has not been popularized in
China, we did not include such formulas. In this study,
the group of TT combined with IDA was excluded, and
pregnant women with Hb>110 g/L were included, so the
performance of most formulas was relatively low, which
is consistent with Keikhaei’s [32] research, and a certain
sensitivity can also be achieved by changing the critical
value of the formula and specificity [21].

Clinical empirical research was performed on the 43
proposed formulas with data from 430 pregnant women,
and comparison was made with the newly introduced
XS-1 formula. An ideal formula for identifying thalas-
semia should have very high sensitivity and relatively good
specificity to detect the largest number of TT patients
while excluding IDA patients. Among the 44 formulas,
only 13 formulas had AUC> 0.9. The sensitivity and speci-
ficity of the newly introduced formula XS-1 were 82.10
and 89.05 with the Youden Index ranking first, showing
the new formula better than the general discriminant for-
mula. Except for Shine and Lal and Roth (SVM) formulas,
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the discriminative abilities of other formulas in this study
are lower in this study than in the original results.

Although the 10 hematological parameters of TT and
IDA in this study were statistically different, considering
the current laboratory blood cell detection methods, only
RBC, Hb, and HCT are the measurement results, while
MCV, MCH, MCHC, RDW-CV are calculated from the
previous values. And some studies have found that MCV
does not accurately reflect erythropoiesis [49]. In any pro-
gressive iron depletion, the latest red blood cell volume
is the smallest, while thalassemia is not iron deficient, so
its red blood cell MCV does not change It has also been
found that MCV is not a good indicator to distinguish TT
from IDA [50]. Therefore, in this study, only three indices:
RBC, Hb, and HCT, were selected to be presented on the
primary screening webpage. It is suggested that the source
and calculation method of hematological parameters
should be considered in future research.

Limitations of our study include the small number of
pregnant women with TT and IDA, limited to the first
trimester and single-centered data. Furthermore, we did
not construct a validation group to varify, and more clini-
cal studies should be conducted in different stage of preg-
nancy to evaluate the performance of the XS-1 formula.

Conclusion

TT and IDA can be discriminated without using expen-
sive tests with high-performance metrics. We proposed
a new discriminant formula XS-1 for screening TT and
IDA and compared its performance with 43 published
formulas. The results show that no single discriminant
formula can provide 100% sensitivity and specificity.
XS-1 is superior to all published formulas, and can be
used for discrimination of TT and IDA in the first tri-
mester. Whether they appear to be iron deficient or
not, pregnant women should be screened for TT.

Abbreviations
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