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Abstract

Background: The most common causes of microcytic anemias are Iron Deficiency Anemia
(IDA) and Beta Thalassemia minor (BTm). Correct diagnosis is important to prevent unnec-
essary iron loading and to manage thalassemia states. In this study, we aimed to evaluate
the performances of erythrocyte indices to support the differential diagnosis in a practical,
quick and economic way.

Materials and methods: We evaluated the premarital screening data and extracted mi-
crocytic anemic patients and classified as IDA and BTm according to Complete Blood Cell
counts (CBC), ferritin, C-Reactive Protein (CRP) and HbA2 analysis results. 442 patients with
IDA, 205 with BTm were enrolled in the study. Diagnostic performances of 23 indices were
evaluated. The sensitivity, specificity, positive and negative predictive values, Youden’s in-
dex, Likelihood Ratios, Diagnostic Odds Ratios and Area Under Curve values out of Receiver
Operating Characteristic curves were calculated. New cut-off values for each index was de-
termined.

Results: None of the indices had a 100 percent sensitivity or specificity. Sirdah Index (SI)
had the best rank in overall performances followed by Mentzer Index (Ml), England-Fraser
(E-F), Ehsani Index (El) and Green and King index (G&K) while Telmissani MCHD, Bessman,
Huber-Herklotz, Sirachainan, and Ricerca Index (RI) had the lowest performance.

Conclusion: Indices are efficient enough for a preliminary differentiation of IDA and BTm
before further diagnostic evaluation. Index performances differ among studies because of
ethnic and genetic variations among study populations. Study settings as patient selection
and cut-offs may also effect the performances of indices. Correct interpretation of perfor-
mance criteria is also important in assessment of proper index.

Keywords: Erythrocyte indices; Differential diagnosis; Beta thalassemia minor; Iron de-
ficiency anemia.

Introduction from impaired globin chain synthesis causing inadequate levels
of corresponding hemoglobin types. Thalessemias are common
in specific localizations such as Mediterranean area, the Middle
East, Africa and Southeast Asia, and as a result of population
spread thalassemia genes are over nearly the entire globe [1].
Given in the definitions, routinely used Complete Blood Cell
Count (CBC) indices, Mean Corpuscular Volume (MCV) and

Microcytic anemia is defined as low hemoglobin levels with
microcytic and hypochromic erythrocytes. In clinical practice,
IDA and BTm are the most common causes of microcytic anemia.
IDA occurs mainly as a result of inadequate intake, blood loss by
the menstrual cycle and gastrointestinal bleeding. BTm results
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Mean Corpuscular Hemoglobin (MCH) cannot discriminate
IDA/BTm; besides their clinical presentations generally overlap,
making the correct diagnosis a challenge. IDA diagnosis should
be supported by a low serum ferritin <15 ng/mL in the absence
of an acute phase state in the patient [2]. Diagnosis of BTm re-
quires a HbA2 level of >3.5% which is provided by hemoglobin
electrophoresis, high-performance liquid chromatography and
finally DNA identification, all of which require significant expen-
ditures of time, technical skill and financial resources [3]. Instead
researchers have proposed formulas based on Red Blood Cell
(RBC) indices to discriminate BTm and IDA, (Table 1). It is widely
agreed that none of these indices is 100% sensitive or 100%spe-
cific. Besides there is considerable differences among the per-
formances of the same indices in different studies. Though
not clear, these variabilities may be attributed to regional dif-
ferences in thalassemia genotypes and the study designs [1].

Hemoglobinopathy is the most common hereditary disorder
in our country. According to a survey carried out by the Min-
istry of Health and National Hemoglobinopathy Council, the
prevalence of BTm was stated as 2.1% overall in Turkey with
highest prevalence in Western and Southern Anatolia [4]. In
2003, National Hemoglobino-pathy Screening Programme was
introduced by Turkish Ministry of health in order to reduce he-
moglobinopathy induced morbidity and mortality. Premarital
screening is a part of this programme which aims to identify car-
riers of genetic disordersand guiding them with proper health
care. Besides the population taken into premarital screening
programme, it would be beneficial to identify any patient pre-
senting with symptoms and signs of microcytic anemia before
demanding high cost laboratory techniques.

The aim of this study was to examine the diagnostic accura-
cies of 23 discrimination indices in differentiating IDA and BTm
for an economical, quick, accurate and practical preliminary
evaluation.

Materials and methods
Study design

Thisis a retrospective data analysis study carried on premari-
tal variant hemoglobin screening results out of our laboratory
information system. Blood samples from couples were obtained
in their regional primary care units in the Anatolian Region of
Istanbul. Transfer of samples and measurements were done on
the same day in Kartal Dr Lutfi Kirdar City Hospital Biochemis-
try Laboratory and evaluated by laboratory specialists. Data be-
tween April and July 2022 was screened retrospectively.Patient
written consent was required as a part of screening programme
in the primary care setting and any identifying patient informa-
tion was secured in this study.

Methods

In all primary care units, blood samples were drawn into
Beckton Dickinson (BD, Franklin Lakes, NJ, USA) tubes; 5 mL Va-
cutainer® SST™II tubes for iron and ferritin and 3mL Vacutainer
K2EDTA tubes for CBC.

HbA2 analysis was carried on ion exchange high performance
liquid chromatography (Trinity Biotech Premier Resolution) ana-
lyzer. Routine Complete Blood Count (CBC) analyses were done
on Sysmex XN 1000 automated hematology analyzer (Sysmex
Corporation, Kobe, Japan). Serum ferritin, C-Reactive Protein
(CRP) and iron levels were measured on modular Roche Cobas
€801/c701 system.

Classification of data

Screening tests included CBC and variant hemoglobin analy-
ses for both partners. We extracted the data containing ferri-
tin and CRP measurements besides. Patients with a history of
acute or chronic disease, bleeding, taking any medication were
excluded.Data having Hb values <13 g/dL (for men) and <12 g/
dL (for women) with a MCV value <80 fL were diagnosed as mi-
crocytic anemia. Of these, individuals with HbA2>3.5% and a
normal ferritin (>15 ng/mL) were considered possible carriers
of BTm whileindividuals with normal HbA2 results but low ferri-
tin values (<15 ng/mL) were considered as IDA. Patients of both
groups had CRP values <5 mg/L to exclude accompanying acute
phase states which interfere with ferritin values.

Discriminative indices

23 discrimination indices were evaluated and compared.
hese indices, their formulas and proposed cut-off values in dis-
tinguishing BTm from IDA are given in Table 1.

Statistical analysis

Descriptive statistics were presented as median and inter-
quartile range (IQR) (25%-75%). Shapiro Wilk test was applied
for testing normality. Mann-Whitney U test was used for the
comparison of the 2 groups. p<0.05 was considered statistically
significant. MedCalc version 19.2.1 (MedCalc Software Ltd, Os-
tend, Belgium) software was used for statistical calculations.

Diagnostic performance criteria [5]

Receiver Operative Characteristics (ROC): ROC curve anal-
ysis is a graphical illustration for the goodness of a test with
1-specificity on the x-axis and sensitivity on the y-axis. Given
the sensitivity and specificity for each individual cut-off, a graph
is formed Area Under Curve (AUC) is calculated. AUC is a global
measure of discriminative power of a test and is widely used to
compare the discriminative powers of different tests. A perfect
diagnostic test has an AUC of 1.0 where a non-discriminative
power corresponds to an AUC of 0.5. Relationship between the
AUC with the diagnostic accuracy is defined as: 0.5-0.6 (bad),
0.6-0.7 (sufficient), 0.7-0.8 (good), 0.8-0.9 (very good), 0.9-1.0
(excellent).ROC analysis was performed and AUC values and
optimum cut-off values for each index was calculated. By use
of these cut-off values the following performance criteria were
assessed for 23 discrimination indices.

Sensitivity (True Positive Rate) = True Positive / (True Positive
+ False Negative)

Specificity (True Negative Rate) = True Negative / (True Nega-
tive + False Positive)

Positive predictive value (PPV) = True Positive / (True Posi-
tive + False Positive)

Negative predictive value (NPV) = True Negative / (True Neg-
ative + False Negative)

Youden’s Index (YI) = (Sensitivity + Specificity) -1

Ylis a global measure of diagnostic accuracy. It compares the
discriminative power of a test with others. Yl is expressed be-
tween 0 -1; a perfect test has a Yl =1.

Positive Likelihood Ratio (LR+) = Sensitivity / (1-Specificity)

Negative Likelihood Ratio (LR-) = (1-Sensitivity) / Specificity
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Diagnostic Odds Ratio (DOR) = (True positive / False nega-
tive) / (False positive / True negative)

Results

442 patients with IDA and 205 patients with BTm were in-
cluded in the study. CBC parameters Hb, RBC, MCV, MCH, RDW
and ferritin values of 2 groups were significantly different from
each other (all p’s < 0.0001) while patient ages and CRP values
were not (p=0.063 and p=0.84, respectively).Baseline charac-
teristics and test results of IDA and BTm patients and statistical
significances are given in Table 2.

The best cut-off values for our study group were calculated
according to the AUC results and the corresponding sensitivity,
specificity, PPV (%), NPV (%), YI, LR+, LR- and DOR (%) of dis-
criminant indices were given in Table 3.

Ten indices had AUC values >90%, corresponding to excellent
discrimination power. These are Sirl>MI =E-F =G&K>EI>Kerman
Il = Sehgal > Telmissani-MDHL = Janel Index (11T) = Wong pra-
chum. Sir | as the best with an AUC (%95 Cl) of 0.94 (0.92-0.96).
YIs of these indices were also superior to the others;Sirl again
with the highest YI = 0.80. RDW had the lowest AUC value with
0.52 (0.47-0.56), followed by Telmissani-MCHD with 0.67 (0.63-
0.71) and Huber-Herklotz (HH) 0.71 (0.67-0.75). Other indices

Table 1: Discrimination indices for distinguishing thalassemia from
patients with microcytic and/ or hypochromic RBC.

had AUC values 20.80. None of the indices had 100% sensitiv-
ity/specificity or 100% NPV/PPV. Bordbar index and S&L indices
with highest sensitivity of 92.7% and 92.68% respectively, had
low corresponding specificity (62.3%, 61.4%). These 2 indices
had highest NPV% values (Bordbar 93.4% and S&L 93.3%) with
lower corresponding PPV% values (59.6% and 59%, respective-
ly). Ten indices with highest (sensitivity +specificity) values were
Sirl>RDWI>, E-F > G&K >El > Sehgal >Kermanll > Janel Index >Ml
> RBC count. These indices had also highest (NPV+PPV) values.
Sirl had the highest (sensitivity+specificity) and (PPV+NPV) val-
ues (88.3+91.2) and (85.8+92.9)%respectively.These indices
also had the highest DOR values; Sirl again with the highest
DOR (77). RDW, Telmissani-MCHD, HH and Sirachainan indices
had DOR<10 values showing insufficient performances.In evalu-
ation of LRs, only Sirl had a LR+>10 (exact value is 10.07) with
LR- value of 0.13. None of the indices had a LR-<0.1.

Ranking of diagnostic performances of indices in discriminat-
ingBTm from IDA in patients with microcytic anemia is shown in
Table 4. In the total summary of ranking (Table 4, last column)
Sirl had the best rank in overall performances (with the small-
est sum-off) followed by M, E-F, El and G&K while Telmissani-
MCHD, Bessman, Huber-Herklotz, Sirachainan, and Rl had the
lowest performances.

iron deficiency anemia

Discrimination Index History Formula Cut-off * Ref.
RBC count 1973 | RBC >5.0 [26]
Mentzer Index (M) 1973  MCV/RBC <13 [27]
Srivastava Index (SI) 1973  MCH/RBC <3.8 [28]
England-Fraser (E-F) 1973 MCV-RBC—(5 Hb)-3.4 <0 [26]
Shine and Lal (S&L) 1977 | MCV2x MCH/100 <1530 [29]
Bessman 1979 |RDW <15 [30]
Ricerca Index (RI) 1987 | RDW/RBC <4.4 [31]
Green and King (G&K) 1989 | MCV2 x RDW/(100Hb) <65 [32]
Das Gupta 1994 | 1.89 RBC-0.33 RDW-3.28 >0 [33]
Jayabose RDW Index (RDWI) 1999 | MCV x RDW/RBC <220 [34]
Telmissani-MCHD 1999 | MCH/MCV <0.34 [35]
Telmissani-MDHL 1999 | (MCH /MCV ) x RBC >1.75 [35]
Huber-Herklotz (HH) 2004 | (MCH x RDW/10RBC) + RDW <20 [36]
Sirdah Index (Sirl) 2008 | MCV -RBC-(3xHb) <27 [37]
Kerman | 2008 | MCV x MCH/RBC <300 [38]
Kerman Il 2008 | KERMAN I x 10/MCHC <85 [38]
Ehsani Index (EI) 2009 | MCV - (10 RBC) <15 [39]
Janel (11T) index** 2011 | Combination of 11 other indices* >8 [40]
Nishad 2012 | 0.615MCV + 0.518MCH + 0.446 x RDW <59 [41]
Wongprachum 2012 | (MCV x RDW/RBC)-Hb <104 [42]
Sehgal 2013 | MCV2 /RBC <972 [43]
Sirachainan 2014 | 1.5Hb-0.05 MCV >14 [44]
Bordbar 2015 | |80—MCV| x |27 — MCH| >44.76 [45]

*The cut-off thal. Value favoring thalassemia is as originally published.

**Janel et al. combined 11 existing indices into a single score: RBC, Mentzer, Shine and Lal, England
and Frazer, Srivastava, Green and King, RDW, RDWI,Ricarce, Ehsani, and Sirdah. Ref: reference number
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Table 2: Baseline characteristics and laboratory test results of IDA and BTm groups.

IDA BTm
P value
Median (25%-75%) Median (25%-75%)

Number 442 205
Age (year) 29 (27-39) 28 (24-36) 0.063
Hb (g/dl) 10.4 (9.3-11.4) 11.8 (10.7-12.7) <0.0001
RBC (10%/ uL) 4.69 (4.4-5.01) 5.8 (5.34-6.26) <0.0001
MCV (fL) 75.2 (70.5-77.8) 66.0 (63.48-69.5) <0.0001
MCH (pg) 22.1(20.2-23.6) 20.2 (19.0-21.03) <0.0001
RDW (%) 18.5(17.5-19.9) 17.5 (16.0-18.4) <0.0001
HbA2 (%) 2.0(18-2.3) 4.8 (4.3-5.1) <0.0001
Ferritin ( ug/L) 4.32(2.12-8.42) 92.16 (55.42-180.12) <0.0001
CRP ( mg/L) 1.42 (0.42-4.08) 1.20(0.18-4.42) 0.84

Hb: Hemoglobin, RBC: Red Blood Cell Count, MCV: Mean Corpuscular Volume, MCH:
Mean Corpuscular Hemoglobin, RDW: Red Cell Distribution Width; Hba2: Hemoglobin A2;
CRP: C-Reactive Protein.

Table 3: Performance data of discriminant formulas for differentiating thalassemia from iron defiency.

Number Parameters AUC (%95 CI) Cutt-off* | Sensitivity (%) Specificity (%) PPV (%) NPV (%) YI LR+ LR- | DOR
1 RBC count 0.897 (0.87-0.92) >5.3 77.1 89.2 81 86.6 0.66 7.12 | 0.16 45
2 Mentzer Index (M) 0.93 (0.90-0.95) <13.64 88.3 82.83 86.6 92.5 0.75  6.56 | 0.14 47
3 Srivastava Index (SI) 0.89 (0.86-0.91) <4.06 84.9 79 70.7 89.7 0.64 4.03 | 0.19 21
4 England-Fraser (E-F) 0.93 (0.90-0.95) <6.18 83.4 91.8 85.9 90.2 0.75 10.2 | 0.18 57
5 Shine and Lal (S&L) 0.80 (0.77-0.84) | <1157.99 92.68 61.4 59 93.3 0.54 2.4 0.12 20
6 Bessman 0.52 (0.47-0.56) >16.8 11.2 75.2 21.3 58.5 0.14 045 | 1.18 0.38
7 Ricerca Index (RI) 0.83 (0.80-0.86) <3.12 72.7 81.6 70.3 83.3 0.54 395 | 0.33 12
8 Green and King (G&K) 0.93 (0.90-0.95) <73.5 84.9 90.1 83.7 90.9 0.75 8.54 | 0.17 50
9 Das Gupta 0.88 (0.85-0.91) >0.84 84.4 79.5 71.2 89.5 0.64 4.12 0.2 21
10 Jayabose RDW Index (RDWI) 0.85 (0.81-0.88) | <230.58 90.2 85.7 79.1 93.6 0.76 6.3 0.11 57
11 Telmissani-MCHD 0.67 (0.63-0.71) >0.29 81.5 50.9 50 82.1 0.32 1.66 @ 0.36 5
12 Telmissani-MDHL 0.91 (0.88-0.93) >1.61 78.5 90.4 83 87.5 0.69 8.14 | 0.24 34
13 Huber-Herklotz (HH) 0.71 (0.67-0.75) <24.48 80 58.8 53.8 83.1 0.39 194 0.34 6
14 Sirdah Index (Sirl) 0.94 (0.92-0.96) <32.53 88.3 91.2 85.8 929 0.8 10.1 | 0.13 77
15 Kerman | 0.88 (0.85-0.91) | <303.02 90.7 72.5 66.4 929 0.63 3.3 0.13 25
16 Kerman Il 0.92 (0.89-0.94) <99.05 90.7 82.1 75.3 93.7 0.73  5.09 | 0.11 46
17 Ehsani Index (El) 0.92 (0.90-0.95) <19.5 90.2 83.9 77.1 93.5 0.74 561 | 0.12 47
18 Janel (11T) index* 0.91 (0.88-0.93) >3 87.3 84.8 77.5 91.8 0.72 5.74 | 0.15 38
19 Nishad 0.85 (0.82-0.88) <62.53 90.2 71.6 65.6 92.5 0.62 3.18 | 0.14 23
20 Wongprachum 0.91 (0.88-0.93) | <124.49 87.8 80.4 72.9 91.7 0.68 4.48 | 0.15 30
21 Sehgal 0.92 (0.89-0.94) | <990.64 90.7 82.5 75.6 93.7 0.73  5.17 | 0.11 47
22 Sirachainan 0.80 (0.76-0.83) >12.7 80.5 66.4 58.9 85 0.41 239 | 0.29 8
23 Bordbar 0.81 (0.77-0.84) >36.96 92.7 62.3 59.6 93.4 0.56 2.46 | 0.12 21

*The cut-off value favoring thalassemia as found by ROC analysis. AUC: Area Under Curve; PPV: Positive Predictive Value ; NPV: Negative
Predictive Value; YI: Youden’s Index; LR: Likelihood Ratio; DOR: Diagnostic Odss Ratio.
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Table 4: Ranking of diagnostic performance of discrimination indices based on cut-off values obtained out of ROC analysis.

Number Parameters AUC Sensitivity = Specificity PPV NPV Yi DOR Sum-off
1 RBC count 11 21 5 6 18 12 9 82
2 Mentzer Index (M) 3 9.5 9 1 9.5 4 6 42
3 Srivastava Index (SI) 12 13.5 15 14 15 13.5 16 99
4 England-Fraser (E-F) 3 16 1 2 14 4 2.5 42.5
5 Shine and Lal (S&L) 19.5 2 21 19 6 18.5 18 104
6 Bessman 23 23 16 23 23 23 23 154
7 Ricerca Index (RI) 17 22 12 15 20 18.5 19 123.5
8 Green and King (G&K) 3 13.5 4 4 13 4 4 45.5
9 Das Gupta 13.5 15 14 13 16 13.5 16 101
10 Jayabose RDW Index (RDWI) 15.5 7 6 7 3 2 2.5 43
11 Telmissani-MCHD 22 17 23 22 22 22 22 150
12 Telmissani-MDHL 9 20 3 5 17 10 11 75
13 Huber-Herklotz (HH) 21 19 22 21 21 21 21 146
14 Sirdah Index (Sirl) 1 9.5 2 3 7.5 1 1 25
15 Kerman | 13.5 4 17 16 7.5 15 13 86
16 Kerman Il 6.5 4 11 11 1.5 7.5 8 49.5
17 Ehsani Index (El) 5 7 8 9 4 6 6 45
18 Janel (11T) index* 9 12 7 8 11 9 10 66
19 Nishad 15.5 7 18 17 9.5 16 14 97
20 Wongprachum 9 11 13 12 12 11 12 80
21 Sehgal 6.5 4 10 10 1.5 7.5 6 45.5
22 Sirachainan 19.5 18 19 20 19 20 20 135.5
23 Bordbar 18 1 20 18 5 17 16 95

AUC: Area Under Curve), PPV: Positive Predictive Value, NPV: Negative Predictive Value), YI: Youden’s Index, LR+: Positive Likelihood

Ratio, LR: Negative Likelihood Ratio, DOR: Diagnostic Odds Ratio.

Sum off coloumn shows the sum of all ranking numbers of an index lower sum indicatingbetter diagnostic performance.

Discussion

IDA and BTm is the most frequent causes of microcytic ane-
mia and differential diagnosis is essential for prevention and
appropriate treatment of diseases. Hemoglobin variant analysis
by means of high technology methods such as chromatography,
electrophoresis and/or DNA analysis is a challenge because of
their high economic costs and hard laboratory procedures. The
aim of the current study was to compare the discriminative
performances of pre-defined 23 RBC indices by use of sensitiv-
ity, specificity, PPV, NPV and to calculate LRs, DOR and YI with
newly calculated cut-off values out of ROC analysis.

In our study Sirl followed by M, E-F, EI and G&K indices
had the best performances in overall ranking while Telmissani-
MCHD, Bessman, Huber-Herklotz, Sirachainan, and Rl had the
lowest performances. First emphasize should be set on perfor-
mance tests and their correct interpretation. In this study we
used an overall ranks scoring because an ideal index should per-
form well in all of the measures. Different measures represent
different characteristics of a test and many aspects should be
taken into consideration for a final decision. Sensitivity, specific-
ity, LRs, DOR and YI are not affected by the prevalence of the
disease but PPV+ and PPV- are. Within a sole study prevalence
dependent measures can be used for comparison but they can-
not be used for comparison of different studies with different
prevalence backgrounds. YI, on the other hand, is another mea-

sure of diagnostic accuracy but is not sensitive for differences
in the sensitivity and specificity of the test. Any two indices
with the same Yl may have different percents of sensitivity and
specificity. LR+ and LR- values are good measures for diagnos-
tic accuracy because their value represents the sensitivity and
specificity of a test together out of one calculation. In a study
of Demir et all. [6] they found highest Yls in RBC and RDWI in-
dices and they concluded that if a patient is proven to have a
defined value with these indices, the diagnosis is most likely
correct. This is not the case. One has to know about the tests
LR+, in order to rule in the diagnosis. When calculated out of
given data, RBC index has a LR+ of 22, but RDWI has a LR+ of 5.
The later seems to be insufficient to rule in. LR+ is the best indi-
cator for rule-in as LR- is for rule-out the diagnosis. A test with
a high sensitivity performs well in ruling out, while a test with
high specificity is good for ruling in. In our study S & L had the
highest sensitivity (92.68%) with the best LR- of 0.12. Besides
E-F Index had the highest specificity (91.8%) corresponding to
the highest LR+ of 10.19. If a diagnostic test has a LR+>10 and
LR-< 0.1 this test is considered to have a significant contribu-
tion to the diagnosis. In our study 10 of 23 indices had excel-
lent discriminative power (AUC>90%) but only Sirl had LR+=
10.07 and LR- = 0.13. DOR also, depends significantlyon the
sensitivity and specificity of a test. A test with high specificity
and sensitivity that is with low rate of false positives and false
negatives has high DOR. With the same sensitivity of the test,
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DOR increases with the increase of the test specificity.Sirl had
the highest DOR in our study. Briefly in comparison of stud-
ies, prevalence dependence should be taken into consider-
ation and performances should not be matched directly in
different study groups. On the other hand, new cut-off values
should be calculated and used for each individual study. Ge-
netic expression of beta thalassemias varies considerably and
this effects their CBC presentation. Also a significantinverse cor-
relation between MCV values and the severity of thalassemia is
stated [7]. Cut-off values change according to the study cohorts’
ethnicity, gender and ages and new cut-off values should be cal-
culated for each population analyzed.Some studies used con-
ventional cut-offs and applied them to their study [8,9]. While
some found new cut-offs out of their study population and used
this new cut-off in evaluating the performance of indices and-
saw that 7 of 10 indices improved when using new cut-offs [3].
In our study we calculated new cut-offs out of ROC analysis for
each index and evaluated diagnostic performances using these
new cut-offs. Sirl with a new cut-off of <32.53 had the highest
AUC value (0.94) with a 88% sensitivity and 91.2% specificity
and taking the first order in overall ranking. In Jahangiri et al.
Study [8] that used the conventional cut of <27 for BTm Sirlhad
a sensitivity of 80.26% and a specificity of 88.65% although had
an AUC value of 0.845; one of the highest values in that study.
This difference may be attributed to the different cut-off levels
used in studies. And finally each performance criteria repre-
sents a different aspect of a test and all of them should be
evaluated carefully [5].

In a meta-analysisby Hoffman et al [1]. Performances of
12 indices that were investigated five or more times in medi-
cal literature were compared by using DOR and ROC analyses.
These authors preferred DOR as the accuracy measure because
DOR reflects a combination of sensitivity and specificity, inde-
pendent of disease prevalence, making it very appropriate for
comparing different studies [10,11]. They also used summary
ROC curves and calculated AUCs, saying AUCs of ROC analysis is
quite robust to heterogeneity [12]. In this meta-analysis cover-
ing many medical literature results, the ratio of microcytic to
hypochromic RBCs (M/H ratio) showed the best performance
(DOR=100.8). In BTm RBC do tend to be more microcytic,
whereas iron deficient RBC are often more hypochromic [13].
However, these parameters are not automatically supplied by
most of the analyzersand needs blood smear to perform, so dif-
ficult to use [14]. The RBC index had the second high DOR value
(DOR=47.0), closely followed by the Sirl (DOR=46.7) and the
El (DOR=44.7). They presented Bessmanas the index with the
lowest performance (DOR=6.8).In our study these indices had
high DOR values as well: Sirl as the highest (DOR=77), followed
by E-F (DOR= 57) and G&K (DOR=50). EI (DOR=47) and RBC in-
dices (DOR= 45) performed well also. Bessman had the worst
performance in our study too (DOR=0.38).

Though different hematology analyzers are used in measure-
ment of RBC indices this did not cause significant variations
among studies, except for RDW. This factor is not well standard-
ized and different analyzers show significant variations in RDW
measurement [15,16]. So indices applying RDW in calculations
fail to perform well in many studies [17-19].

Ethnical and geographical origin of patients included in stud-
ies is another factor for different performances across studies.
Although RBCindices MCV, MCH and MCHC differ slightly among
different populations all around the world [20] indices did not
perform similarly in different locations [1]. G&K, RI, RDWI, Sirl

and El indices were superior in European studies and in a Medi-
terranean population the MI, S&L and Sirl indices would be pre-
ferred. Likewise,in our study held in Turkiye, Sirl followed by Ml,
E-F, El and G&K indices had the best performances.

Another apparent difference among the studies was classifi-
cation of IDA group. Microcytic anemic patients with defined Hb
and MCV, MCH values are classified as IDA if they have low ferri-
tin levels.Ferritin is the primary iron-storage protein and is criti-
cal to iron homeostasis and hematopoiesis [21]. In the absence
of inflammation, the concentration of serum ferritin is positive-
ly correlated with the size of the total body iron stores [22,23].
Ferritin concentration was confirmed to be a good marker of
iron stores and should be used to diagnose iron deficiency.
However, because ferritin is also an acute phase reactant to di-
agnose IDA, WHO suggests alternative cut-offs or using inflam-
mation markers as CRP and/or a-1 acid glycoprotein to exclude
acute phase interference. In this guideline WHO proposes fer-
ritin <15 pg/L as the cut-off for IDA diagnosis, and CRP<5 mg/L
to exclude acute phase state. In our study, we used both criteria
while selecting and classifying our study group.Balci et all [17]
used both of the criteria for their IDA group classification, but
they used 12 pg/L for ferritin cut-off. Other studies used 22 ug/L
[3] or 28 pg/L [8] and 10 pg/L [9] for ferritin cut-offs. On the
other hand, most of the studies classify IDA and BTm in a similar
way by means of their CBC and ferritin results. This protocol
may cause misclassification of other microcytic anemias such as
anemia of chronicle disease (ACD) if exclusion of chronicle dis-
eases could not be applied strictly. In such case ACD patients are
more likely to be classified as IDA, not BTm [24]. In our study we
evaluated test results of healthy couples of premarital screen-
ing programme, regarding their accompanying tests and patient
history records. Another specific case is the presence of BTm
with IDA. These patients are generally misclassified as IDA by
the indices [25] are probably treated with iron. This heteroge-
neity of IDA and BTm groups may also effect the performance
of indices.

Other possible interferants in study settings was patient
populations of different ages and different geographical areas.
In general,most indices, E-F, Ml and G&K evidently perform bet-
ter in adults [1]. Our study consisted of pre-marital screening
adults older than 18 years old and performances of these indi-
ces were quite well.

Conclusion

This study demonstrated that some CBC indices perform
quite good performance in distinguishing BTm from IDA. Never-
theless, none of them can be used for a final diagnosis in all of
the patients. At least these indices identify borderline patients
in whom additional laboratory investigations are required for
confirming the presence of BTm.
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