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Abstract:

Background: Beta-thalassemia is a common genetic disorder in many regions, particularly in India, where
carrier detection is vital for reducing the disease burden. Mentzer's Index (MI), calculated as Mean Corpuscular
Volume (MCV) divided by Red Blood Cell Count (RBC), is a cost-effective tool for differentiating beta-
thalassemia carriers from other causes of anemia.

Objective: To assess the accuracy and reliability of Mentzer's Index for beta-thalassemia screening in women
attending obstetrics and gynecology outpatient clinics.

Methods: This cross-sectional study included 100 women attending a Department of Obstetrics and
Gynecology, Lord Buddha Koshi Medical College and Hospital, Saharsa, Bihar, India . Participants underwent
routine hematological investigations, including complete blood count (CBC) and hemoglobin electrophoresis.
Mentzer's Index was calculated, and its sensitivity and specificity for beta-thalassemia screening were evaluated.
Results: Of the 100 women, 15% were confirmed as beta-thalassemia carriers via hemoglobin electrophoresis.
Mentzer's Index identified carriers with a sensitivity of 86.7% and a specificity of 91.8%. An MI cutoff value of
<13 showed optimal accuracy for distinguishing beta-thalassemia carriers from iron deficiency anemia.
Conclusion: Mentzer's Index is a reliable, cost-effective screening tool for beta-thalassemia in resource-limited
settings. Its integration into routine hematological evaluations can enhance carrier detection and reduce the need
for expensive diagnostic tests.
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Introduction

Beta-thalassemia is a hereditary hemoglobinopathy
characterized by mutations in the beta-globin gene,
leading to reduced or absent production of beta-
globin chains [1]. This results in ineffective
erythropoiesis and varying degrees of anemia,
ranging from asymptomatic carrier states
(thalassemia minor) to transfusion-dependent
conditions  (thalassemia major) [2]. Beta-
thalassemia is highly prevalent in India, with
carrier frequencies ranging from 2% to 17% in
different regions. The burden of the disease
necessitates effective screening strategies to
identify carriers and implement preventive
measures [3].

Iron deficiency anemia, another major public health
concern, often presents with similar hematological
findings to beta-thalassemia minor, including
microcytic hypochromic anemia [4].
Differentiating between these two conditions is
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critical for appropriate clinical management. While
advanced diagnostic tests like hemoglobin
electrophoresis and molecular analysis provide
definitive results, these methods are often
expensive and inaccessible in resource-limited
settings. Hence, simpler and more cost-effective
screening tools are needed, especially in high-
prevalence regions [5].

Mentzer's Index (MI), calculated as the Mean
Corpuscular Volume (MCV) divided by the Red
Blood Cell Count (RBC), is a widely studied
hematological index used to differentiate beta-
thalassemia carriers from iron deficiency anemia
[6]. A Mentzer's Index value of <13 is suggestive
of beta-thalassemia minor, while a value >13
typically indicates iron deficiency anemia. Despite
its utility, the accuracy of MI in screening beta-
thalassemia carriers varies across populations,
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necessitating validation in specific demographic
groups [7].

The obstetrics and gynecology outpatient
population are a critical target group for beta-
thalassemia screening due to the potential for
disease  transmission to  offspring. Early
identification of carriers allows for timely genetic
counselling and informed reproductive decisions.
However, routine screening is often overlooked,
particularly in resource-constrained settings [8].

This study evaluates the accuracy and reliability of
Mentzer's Index as a screening tool for beta-
thalassemia in women attending obstetrics and
gynecology outpatient clinics in India. By
comparing MI values with definitive hemoglobin
electrophoresis results, this study aims to establish
the sensitivity, specificity, and overall utility of
Mentzer's Index in this population. The findings
will contribute to optimizing screening strategies
and reducing the burden of beta-thalassemia in the
community.

Materials and Methods
Study Design and Setting

This cross-sectional study was conducted over nine
months at the obstetrics and gynecology outpatient
clinics of Lord Buddha Koshi Medical College and
Hospital, Saharsa, Bihar, India for one year. The
study aimed to assess the diagnostic accuracy of
Mentzer's Index for identifying beta-thalassemia
carriers among women attending these clinics.

Study Population

A total of 100 women were recruited based on the
following criteria:

Inclusion Criteria:

e  Women aged 1845 years attending the outpa-
tient clinic for routine antenatal or gynecologi-
cal care.

e Willingness to participate and provide in-
formed consent.

Exclusion Criteria:

e Women with previously diagnosed beta-
thalassemia or other hemoglobinopathies.

e  Women with a history of recent blood transfu-
sion (within three months).

e Presence of chronic diseases affecting hemato-
logical parameters, such as chronic kidney dis-
ease or malignancies.

Data Collection

Sociodemographic and clinical data were collected
using a structured questionnaire. Information such
as age, parity, dietary habits (vegetarian or non-
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vegetarian), and any prior history of anemia was
recorded.

Hematological Investigations

Participants underwent venous blood sampling for
the following tests:

1. Complete Blood Count (CBC):

e Conducted using an automated hematolo-
gy analyzer to measure hemoglobin con-
centration, MCV, RBC count, and other
parameters.

e Mentzer's Index was calculated using the
formula:

Mentzer’s Index (MI)=MCV (fL)RBC Co
unt (millions/pL)\text{Mentzer's Index

MD)} = \frac {\text{MCV
(fL)} } {\text{RBC Count (mil-
li-

ons/uL)} } Mentzer’s Index (MI)=RBC Co

unt (millions/uL)MCV (fL) A value of
<13 was considered suggestive of beta-
thalassemia minor, while a value >13 in-
dicated iron deficiency anemia.

2. Hemoglobin Electrophoresis:

e Performed for all participants to confirm
the presence of beta-thalassemia carrier
status.

e A hemoglobin A2 (HbA2) level >3.5%
was diagnostic of beta-thalassemia minor.

Statistical Analysis

Data were analyzed using statistical software.
Descriptive statistics summarized demographic and
clinical variables. The diagnostic performance of
Mentzer's Index was assessed using sensitivity,
specificity, positive predictive value (PPV), and
negative predictive value (NPV), with hemoglobin
electrophoresis serving as the gold standard. A
receiver operating characteristic (ROC) curve was
generated to evaluate the overall accuracy of MI as
a screening tool.

Results

This study assessed the utility of Mentzer's Index
(MI) for beta-thalassemia screening among 100
women attending obstetrics and gynecology
outpatient clinics. The results include demographic
details, hematological findings, and the diagnostic
accuracy of MI compared to hemoglobin
electrophoresis.

Mentzer's Index identified beta-thalassemia carriers
with high sensitivity and specificity. The results are
detailed in the following tables.

Table 1 represents the demographic characteristics
of the study population, summarizing age, dietary
habits, and history of anemia.

Table 1: Demographic Characteristics of Participants
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Characteristic Frequency (n = 100) Percentage (%)
Age (18-25 years) 30 30.0
Age (2635 years) 50 50.0
Age (>35 years) 20 20.0
Vegetarian Diet 40 40.0
Non-Vegetarian Diet 60 60.0
History of Anemia 65 65.0

Table 2 shows hematological parameters, including hemoglobin concentration, MCV, and RBC count.

Table 2: Hematological Parameters of Participants

Parameter Mean = SD Reference Range
Hemoglobin (g/dL) 10.8+1.5 12-15

Mean Corpuscular Volume (MCV, fL) 752+6.4 80-100

Red Blood Cell Count (RBC, millions/uL) 4.8+0.7 4.1-5.1

Table 3 presents the distribution of Mentzer's Index values among participants.

Table 3: Distribution of Mentzer's Index

Mentzer’s Index (MI) Frequency (n = 100) Percentage (%)
MI < 13 (Suggestive of Beta-thalassemia) 18 18.0
MI > 13 (Suggestive of Iron Deficiency) 82 82.0

Table 4 shows the results of hemoglobin electrophoresis for confirming beta-thalassemia carrier status.

Table 4: Hemoglobin Electrophoresis Results

Condition Frequency (n = 100) Percentage (%)
Beta-thalassemia Carrier 15 15.0
Non-carriers 85 85.0

Table 5 illustrates the sensitivity, specificity, PPV, and NPV of Mentzer’s Index for beta-thalassemia screening.

Table 5: Diagnostic Accuracy of Mentzer's Index

Diagnostic Parameter Value (%)
Sensitivity 86.7
Specificity 91.8
Positive Predictive Value (PPV) 72.2
Negative Predictive Value (NPV) 96.3

Table 6 explores the correlation between Mentzer's Index and hemoglobin electrophoresis results.

Table 6: Correlation Between Mentzer’s Index and Electrophoresis

MI Status Confirmed Beta-thalassemia Carrier Non-carrier
MI<13 13 5
MI>13 2 80

Table 7 presents the ROC analysis results to evaluate the diagnostic performance of Mentzer’s Index.

Table 7: Receiver Operating Characteristic (ROC) Analysis

Metric Value
Area Under the Curve (AUC) 0.93
Optimal Cutoff (MI) 12.8

Table 8 provides hematological comparisons between carriers and non-carriers.

Table 8: Hematological Comparisons
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Parameter Carriers (n =15) Non-carriers (n = 85)
Hemoglobin (g/dL) 102+1.1 11.0+14

MCYV (fL) 71.5+£4.2 76.3+6.7

RBC Count (millions/pL) 5.1+0.6 4.7+0.7

Table 9 highlights participants’ awareness about anemia screening and beta-thalassemia.

Table 9: Awareness About Screening

Awareness Level

Frequency (n = 100)

Percentage (%)

Aware 20

20.0

Unaware 80

80.0

Table 10 outlines the uptake of genetic counselling among confirmed carriers.

Table 10: Uptake of Genetic Counselling

Counselling Status

Frequency (n = 15)

Percentage (%)

Accepted Counselling 12

80.0

Declined Counselling 3

20.0

These results demonstrate the utility of Mentzer's
Index as a reliable, cost-effective screening tool for
beta-thalassemia, particularly in resource-limited
settings.

Discussion

This study evaluated the utility of Mentzer's Index
(MI) as a screening tool for beta-thalassemia
carriers among women attending obstetrics and
gynecology outpatient clinics in India. The findings
reveal the significant potential of MI as a cost-
effective and accessible method for early
identification of beta-thalassemia carriers in
resource-constrained settings [9].

Prevalence of Beta-Thalassemia Carriers

The study identified a 15% prevalence of beta-
thalassemia carriers among the participants,
consistent with previous reports indicating carrier
rates between 2% and 17% in different regions of
India. This highlights the critical need for routine
carrier screening, particularly in populations with a
high genetic predisposition. The prevalence
observed in this study reflects both the regional
burden and the utility of targeting women in
reproductive age groups, as early identification is
essential for preventing the transmission of beta-
thalassemia to offspring [10].

Diagnostic Accuracy of Mentzer’s Index

Mentzer’s Index demonstrated high sensitivity
(86.7%) and specificity (91.8%) for detecting beta-
thalassemia carriers, with an optimal cutoff value
of <I13. These findings corroborate the
effectiveness of MI as a primary screening tool for
distinguishing beta-thalassemia carriers from cases
of iron deficiency anemia. The Area Under the
Curve (AUC) of 0.93 in the ROC analysis further
validates its diagnostic performance. This makes
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MI a wvaluable first-line screening method,
particularly in settings where access to advanced
diagnostic  techniques such as hemoglobin
electrophoresis is limited [11].

Correlation with Hemoglobin Electrophoresis

The study found a strong correlation between MI
values and hemoglobin electrophoresis results, with
MI correctly identifying 13 out of 15 confirmed
carriers. Two false negatives occurred, likely due to
borderline MI values, emphasizing the importance
of follow-up testing for cases near the cutoff
threshold. Conversely, five false positives (MI < 13
but electrophoresis negative) highlight the potential
for overlap between beta-thalassemia and other
causes of microcytosis, such as anemia of chronic
disease [12].

Awareness and Genetic Counselling

The study revealed low awareness levels regarding
beta-thalassemia and genetic screening among
participants, with only 20% reporting prior
knowledge. This underscores a significant gap in
public health education and awareness programs.
Encouragingly, 80% of confirmed carriers accepted
genetic counselling, reflecting the willingness of
participants to engage with preventive interventions
when adequately informed. However, the 20% who
declined counselling indicate the need for culturally
sensitive and accessible counselling approaches to
address potential barriers [13].

Implications for Public Health

The findings of this study have critical implications
for public health strategies in India. First,
incorporating Mentzer’s Index into routine
antenatal and gynecological evaluations can
enhance ecarly identification of beta-thalassemia
carriers, particularly in rural and resource-limited
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settings. Second, linking screening programs with
comprehensive genetic counselling and follow-up
diagnostic services is essential to ensure that
identified carriers receive appropriate care and
support [14]. Third, public health campaigns to
improve awareness about beta-thalassemia and the
benefits of screening are urgently needed to address
the low levels of knowledge observed in this study.

Limitations and Strengths

This study has some limitations. The focus on a
single tertiary care hospital may limit the
generalizability of the findings to other regions and
healthcare settings. Additionally, the small sample
size of 100 participants, while aligned with the
study's scope, restricts the depth of subgroup
analyses. However, the study's strengths include its
robust methodology, use of both hematological
indices and electrophoresis for validation, and
focus on an important and under-researched
population.

Future Directions

Further research is needed to validate the findings
of this study in larger, multi-centric cohorts
representing diverse geographic and socio-
economic populations. Investigating additional
hematological indices and combining them with MI
may improve diagnostic accuracy. Moreover,
studies exploring the impact of integrating MI-
based screening into routine antenatal care on long-
term outcomes are warranted.

Conclusion

This study highlights the utility of Mentzer's Index
as an effective, low-cost screening tool for
identifying beta-thalassemia carriers among women
attending obstetrics and gynecology outpatient
clinics in India. With a prevalence of 15%
confirmed carriers and an Area Under the Curve
(AUC) of 0.93, Mentzer's Index demonstrated
excellent diagnostic accuracy, particularly when
applied with a cutoff value of <13. Its high
sensitivity and specificity make it a valuable first-
line screening method, especially in resource-
constrained settings where access to advanced
diagnostic tools like hemoglobin electrophoresis is
limited.

The study also underscored critical gaps in
awareness regarding genetic screening, with only
20% of participants reporting prior knowledge of
beta-thalassemia. This finding emphasizes the
urgent need for public health campaigns to educate
communities about the importance of carrier
screening and the availability of genetic
counselling services. Furthermore, the high
acceptance rate of counselling among identified
carriers demonstrates the willingness of individuals
to engage in preventive interventions when
adequately informed.
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Integrating  Mentzer's Index into routine
hematological  evaluations for women of
reproductive age can significantly enhance the
early detection of beta-thalassemia carriers.
However, positive results should always be
confirmed with definitive diagnostic tests, such as
hemoglobin electrophoresis, to ensure accuracy and
avoid  misclassification.  Linking  screening
programs with accessible genetic counselling and
prenatal diagnostic services is critical for achieving
the long-term goal of reducing the prevalence and
burden of beta-thalassemia.

Future studies with larger, multi-centric
populations are needed to further validate the
findings of this study and to explore the feasibility
and cost-effectiveness of implementing Mentzer's
Index-based screening programs at a national level.
By bridging gaps in awareness, access, and early
detection, public health initiatives can significantly
mitigate the impact of beta-thalassemia on affected
families and healthcare systems.

References

1. Tabassum S, Khakwani M, Fayyaz A, Taj N.
Role of Mentzer index for differentiating iron
deficiency anemia and beta thalassemia trait in
pregnant women. Pak J Med Sci. 2022 Mar-
Apr;38(4Part-11):878-882. doi:
10.12669/pjms.38.4.4635. PMID: 35634613,
PMCID: PMC9121960.

2. Suman FR, Teja R, Magdalene J, Bisht T,
Varadharajan S, Lakshmi U, Balasubramanian
J. Screening for Beta Thalassemia Carrier State
Among Women Attending Antenatal Clinic in
a Tertiary Care Centre and Framing a Model
Program for the Prevention of Beta Thalasse-
mia. Cureus. 2022 Feb 14;14(2):e22209. doi:
10.7759/cureus.22209. PMID:  35308710;
PMCID: PM(C8926295.

3. Yeo GS, Tan KH, Liu TC. The role of discri-
minant functions in screening for beta-
thalassaemia traits during pregnancy. Singa-
pore Med J. 1995 Dec;36(6):615-8. PMID:
8781633.

4. Kneifati-Hayek J, Fleischman W, Bernstein
LH, Riccioli A, Bellevue R. A model for au-
tomated screening of thalassemia in hematolo-
gy (math study). Lab Hematol.
2007;13(4):119-23. doi: 10.1532/LH96.07003.
PMID: 18192142.

5. Ntaios G, Chatzinikolaou A, Saouli Z, Girtovi-
tis F, Tsapanidou M, Kaiafa G, Kontoninas Z,
Nikolaidou A, Savopoulos C, Pidonia I, Alex-
iou-Daniel S. Discrimination indices as screen-
ing tests for beta-thalassemic trait. Ann Hema-
tol. 2007 Jul;86(7):487-91. doi:
10.1007/s00277-007-0302-x. Epub 2007 May
3. PMID: 17476506.

6. Beyan C, Kaptan K, Ifran A. Predictive value
of discrimination indices in differential diag-

International Journal of Toxicological and Pharmacological Research

356



International Journal of Toxicological and Pharmacological Research

10.

Kumari et al.

nosis of iron deficiency anemia and beta-
thalassemia trait. Eur J Haematol. 2007
Jun;78(6):524-6. doi: 10.1111/5.1600-
0609.2007.00853.x. Epub 2007 Apr 5. PMID:
17419742.

Alkamali A, Alshafiei LS, AlJasmi M, Helali
H, Alhmid I, AlOlama F, Mazahir F. Evaluat-
ing the Mentzer Index for Screening of Iron
Deficiency Anemia and Beta Thalassemia
Among Infants Visiting Primary Health Cen-
ters in Dubai, United Arab Emirates: A Retro-
spective  Study.  Cureus. 2024  Aug
6;16(8):66286. doi: 10.7759/cureus.66286.
PMID: 39238747; PMCID: PMC11375987.
Shah TP, Shrestha A, Agrawal JP, Rimal S,
Basnet A. Role of Mentzer Index for Differen-
tial Diagnosis of Iron Deficiency Anaemia and
Beta Thalassemia Trait. J Nepal Health Res
Counc. 2023 Sep 8;21(1):99-102. doi:
10.33314/jnhrc.v21i1.4479. PMID: 37742157.
Wu T, Ren Z, Feng Y, Li D, Chen Y. The val-
ue of Mentzer index in the diagnosis of chil-
dren thalassemia minor. Hematology. 2024
Dec;29(1):2405750. doi:
10.1080/16078454.2024.2405750. Epub 2024
Sep 18. PMID: 39665682.

Amid A, Haghi-Ashtiani B, Kirby-Allen M,
Haghi-Ashtiani MT. Screening for thalassemia
carriers in populations with a high rate of iron
deficiency: revisiting the applicability of the
Mentzer Index and the effect of iron deficiency
on Hb A2 levels. Hemoglobin.

11.

12.

13.

14.

e-ISSN: 0975-5160, p-ISSN: 2820-2651

2015;39(2):141-3. doi:
10.3109/03630269.2015.1024321. Epub 2015
Mar 25. PMID: 25806419.

Althumairi A, AlQarni AM, Alkaltham NK,
AlJishi S, Hakami AM, Abdalla LMO, Alawi
ZSJ, Alreedy AH. Diagnostic test performance
of the Mentzer index in evaluating Saudi chil-
dren with microcytosis. Front Med (Lausanne).
2024 Jul 29;11:1361805. doi:
10.3389/fmed.2024.1361805. PMID:
39135717; PMCID: PMC11317290.

Ehsani MA, Shahgholi E, Rahiminejad MS,
Seighali F, Rashidi A. A new index for dis-
crimination between iron deficiency anemia
and beta-thalassemia minor: results in 284 pa-
tients. Pak J Biol Sci. 2009 Mar 1;12(5):473-5.
doi: 10.3923/pjbs.2009.473.475.  PMID:
19579993.

Vehapoglu A, Ozgurhan G, Demir AD, Uzuner
S, Nursoy MA, Turkmen S, Kacan A. Hemato-
logical indices for differential diagnosis of Be-
ta thalassemia trait and iron deficiency anemia.
Anemia. 2014;2014:576738. doi:
10.1155/2014/576738. Epub 2014 Apr 10.
PMID: 24818016; PMCID: PMC4003757.
Sundh A, Kaur P, Palta A, Kaur G. Utility of
screening tools to differentiate beta thalasse-
mia trait and iron-deficiency anemia - do they
serve a purpose in blood donors? Blood Res.
2020 Sep 30;55(3):169-174. doi:
10.5045/br.2020.2020219. PMID: 32989178;
PMCID: PMC7536563.

International Journal of Toxicological and Pharmacological Research

357



