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Purpose: Three prenatal screening protocols are currently used in Thailand to prevent severe thalassemia in newborns; however,
economic evaluation data to guide the selection of the most cost-effective strategy remain limited. This study aimed to conduct the
cost-effectiveness of these screening strategies to support policy and clinical decision-making.

Patients and Methods: A decision-tree model was employed to evaluate the costs and outcomes associated with three prenatal
screening algorithms: 1) a protocol starting with mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and the
dichlorophenol indophenol precipitation (DCIP) test for pregnancies; 2) a protocol starting with MCV/MCH and hemoglobin (Hb)
typing for pregnancies; and 3) a protocol starting with MCV/MCH and DCIP testing for couples based on a societal perspective.
Results were presented as incremental cost-effectiveness ratios (ICERs) to compare the three prenatal screening strategies. Both one-
way and probabilistic sensitivity analyses were performed to account for uncertainties in the parameters used.

Results: From a societal perspective, Strategies 2 and 3 were found to be cost-effective compared to Strategy 1. Screening 10,000
couples under Strategies 2 and 3 could prevent 60 and 49 additional cases of severe thalassemia, respectively, compared to Strategy 1.
The ICERs for Strategies 2 and 3 were approximately 141,863 Baht (4,023 United States Dollar, USD) and 97,996 Baht (2,779 USD)
per severe thalassemia case prevented, respectively. The most sensitive parameter for comparing Strategy 2 with Strategy 1 was the
specificity of prenatal diagnosis for a-thalassemia.

Conclusion: Strategy 3 is the most cost-effective approach in Thailand. However, Strategy 2 may be implemented in hospitals with
the capacity to perform Hb typing. These results offer significant value to policymakers by presenting strong evidence that could
inform adjustments to the reimbursement framework in Thailand’s Universal Health Coverage benefit package, ultimately enhancing
thalassemia management and prenatal care.
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Introduction

Thalassemia is a common genetic disorder resulting from mutations in the genes responsible for producing the alpha or
beta chains of hemoglobin (Hb), and affects approximately 18.28 per 100,000 people worldwide.'* The prevalence of a-
thalassemia is 22.6% in Southeast Asia and 20.1% in Thailand.®> An estimated 1.5% of the worldwide population carries
the B-thalassemia trait, with a higher prevalence in Southeast Asia such as 12.8% in Malaysia and 3-9% in Thailand.*
Based on gene frequencies, approximately 1.2% of newborns in Thailand are at risk for severe thalassemia, equating to
an estimated 4,253 affected infants each year.’
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Hb Bart’s hydrops fetalis or a-thalassemia major represents the most severe form of the disease, typically presenting
with profound fetal anemia during intrauterine development, resulting in significant hypoxia and heart failure, which can
lead to life-threatening complications.®’ This condition is associated with a maternal mortality rate of nearly 50%.° Other
severe forms of thalassemia include homozygous p-thalassemia (B-thalassemia major) and B-thalassemia/Hb E, both of
which are primarily characterized by severe anemia and required lifelong blood transfusions.® These conditions are also
associated with complications such as myocardial iron overload, splenomegaly, and cardiac complications.® The survival
rate for individuals with p-thalassemia major is approximately 0.75 in the 50—55 age group.’ In addition to the clinical
burden, severe thalassemia imposes significant economic challenges. The estimated lifetime healthcare costs for
transfusion-dependent B-thalassemia are 7.3 million United States Dollar (USD) for Thai and 7.1 million USD for US
patients.>'® Annual indirect costs are estimated at 230 USD, 295 USD, and 574 USD for Thai, Chinese, and Iranian
patients with B-thalassemia major and B-thalassemia/Hb E, respectively.'''* However, cost data regarding the treatment
of Hb Bart’s hydrops fetalis remains limited. The total costs of screening were 34.7 to 536 USD per Indian couple and
73.5 to 192.2 USD per Thai couple.'*'?

In 1989, a World Health Organization (WHO) working group convened and established guidelines for the control of
Hb disorders, including carrier screening during pregnancy.'® Subsequently, in 1992, the Ministry of Public Health
(MOPH) of Thailand implemented a thalassemia prevention and control program aimed at reducing the number of
newborns affected by severe thalassemia.” In 2009 and 2016, the Department of Medical Sciences under the MOPH
issued updated guidelines for thalassemia prevention, each version outlining distinct protocols. The 2009 protocol
recommended screening all pregnant women using the single-tube osmotic fragility (OF) test or red blood cell indices
such as mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH), along with the dichlorophenol
indophenol precipitation (DCIP) test. If any of these results were positive, the husband was invited to undergo the same
tests. Couples who both tested positive for any screening test (OF, MCV, MCH, or DCIP) were then referred for Hb
typing and/or deoxyribonucleic acid (DNA) analysis. High-risk couples defined as individuals with an increased risk of
bearing a child affected by severe thalassemia were recommended to undergo prenatal diagnostic procedures to confirm
the fetal condition.'” The 2016 guideline revised the protocol by introducing screening for all couples using the OF and
DCIP tests or MCV/MCH and DCIP tests. If results were positive, further testing proceeded as outlined in the previous
protocol.'® Additionally, some university hospitals, including Siriraj Hospital, adopted a different protocol ie, screening
all pregnant women with MCV/MCH and Hb typing, omitting the OF and DCIP tests to reduce waiting times. If the
pregnant woman’s results were positive, her partner was then tested using the same protocol. If both partners tested
positive, further testing proceeded as described above. Currently, three screening strategies are employed in different
contexts across Thailand, depending on factors such as regional prevalence of thalassemia carriers and the need to reduce
waiting times.

Although our cost-benefit analysis (CBA) of prenatal screening strategies for thalassemia prevention has been
previously conducted in Thailand,'* a cost-effectiveness analysis (CEA) remains essential to inform clinical and policy
decision-making. Unlike CBA, which quantifies both costs and benefits in monetary terms, CEA compares alternative
screening strategies based on their costs and clinical effectiveness. In this study, the outcome is expressed as the cost
per severe thalassemia case averted, a measure that directly reflects the clinical objective of the screening program. Our
previous CBA compared the costs and benefits of standard screening program with and without genetic testing, but did
not evaluate all the screening strategies currently used in Thailand.'® At present, various screening protocols are
implemented across different healthcare settings, resulting in variation in diagnostic methods, resource utilization, and
operational complexity. Therefore, CEA enables a systematic comparison of these screening strategies and helps identify
the most cost-effectiveness approach. The use of CEA provides clearer, more actionable evidence to support policy
decisions and guide resource allocation.

Despite the fact that all screening tests are reimbursed through the Universal Health Coverage (UHC) benefit package,
no evaluation of cost-effectiveness has been undertaken to compare the three prenatal screening modalities for thalasse-
mia prevention either during pregnancy or for couples in Thailand. Such evidence could provide valuable evidence to
support policymakers and healthcare providers in determining whether the most cost-effective prenatal thalassemia
screening should be officially incorporated into national guidelines. Therefore, the aim of this study was to evaluate the

836 https: ClinicoEconomics and Outcomes Research 2025:17



Malasai et al

cost-effectiveness of different prenatal screening strategies for the prevention of severe thalassemia in Thai pregnant
women and couples.

Materials and Methods
Target Population

A cost-effectiveness analysis was conducted using a decision-analytical model to evaluate the cost and effectiveness of
various prenatal screening strategies for the prevention of severe thalassemia from a societal perspective over a lifetime
horizon. The model simulated cohorts of pregnant women, their risk-matched partners, and couples undergoing
thalassemia carrier screening across all age groups and of Thai ethnicity, reflecting the population at risk given the
national carrier prevalence of thalassemia. Three screening modalities were employed in accordance with the guidelines
issued by the Department of Medical Sciences, MOPH,'”'® and the protocol of Siriraj Hospital.

Model Structure

A decision-tree model was developed to perform a cost-effectiveness analysis of three screening strategies (Figure 1).
Three screening strategies were as follows: 1) screening strategy initiated with MCV/MCH and DCIP during preg-
nancy, 2) screening strategy initiated with MCV/MCH and Hb typing during pregnancy, and 3) screening strategy
initiated with MCV/MCH and DCIP for the couple (Table 1). These three screening strategies were compared against
each other. The model was developed and executed using Microsoft Office Excel 2019 (Microsoft Corp., Redmond, WA).

In the decision tree model, the starting point is located on the left side, representing the initial cohort of pregnant
women or couples. For Strategy 1, all pregnant women undergo screening using MCV/MCH and DCIP. Results are
classified as either positive or negative. If a woman tests positive, her at-risk husband is subsequently offered the same
screening to determine whether both are thalassemia carriers. The partner may choose to accept or decline the test. If both
partners test positive, they are offered Hb typing to identify the type of hemoglobin present, which may indicate a-
thalassemia, B-thalassemia, or a normal Hb variant.

In Strategy 2, all pregnant women are screened using MCV/MCH and Hb typing, with results classified as either
positive or negative. If a woman tests positive, her at-risk husband is offered the same test to determine whether both are
thalassemia carriers, potentially indicating a-thalassemia, B-thalassemia, or a normal Hb type.

In Strategy 3, both partners are screened using MCV/MCH and DCIP, with results also classified as either positive or
negative. If both test positive, they are offered Hb typing to identify the specific Hb variant, which may indicate a-
thalassemia, B-thalassemia, or normal Hb type. However, if only one partner has a positive result on MCV/MCH and
DCIP screening, no further testing is performed because the fetus is not considered at high risk for severe thalassemia.

In all three strategies, if either partner is suspected of being a carrier of a-thalassemia or B-thalassemia based on Hb
typing, DNA analysis is performed to confirm carrier status. For high-risk couples, the pregnant woman is offered
a prenatal diagnostic procedure to confirm the fetus’s thalassemia status. If the fetus is confirmed to be affected by severe
thalassemia, the couple is given the option of termination of pregnancy (TOP) to prevent the birth of an affected child. If
the couple declines TOP or if the fetus is a false negative, the child may be born with either severe or a non-severe
thalassemia.

Model Parameters
The input parameters incorporated in the model were categorized into four classifications: probabilities, screening and
diagnostic performance, costs, and outcomes. The values assigned to these parameters are detailed in Table 2.

Transitional Probabilities

The model included probability parameters such as the incidence of thalassemia carriers for each test, acceptance rates,
the prevalence of severe thalassemia, and the rate of pregnancy termination. These values were derived from an
evaluation report on thalassemia prevention and control during pregnancy across twenty health facilities in four regions

of Thailand," the Siriraj Hospital database, and relevant published studies.?*'
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Figure | Structure of decision tree. |) strategy of starting by MCV/MCH and DCIP for pregnancies, 2) strategy of starting by MCV/MCH and Hb typing for pregnancies,

and 3) strategy of starting by MCV/MCH and DCIP for couple.

Abbreviations: MCV; mean corpuscular volume, MCH; mean corpuscular hemoglobin, DCIP; dichlorophenol indophenol precipitation, Hb; hemoglobin, DNA; deoxyr-

ibonucleic acid, PND; prenatal diagnosis, TOP; termination of pregnancy.
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Table 1 Summary of Thalassemia Screening Strategies

Strategy Initial Screening Tests Follow-up Step

Target Population

|. Screening with MCV/MCH + DCIP | Maternal MCV/MCH and DCIP

If mother tests positive — test partner (MCV/MCH +
during pregnancy DCIP); Hb typing if both positive

Pregnant women and their
partners if indicated

typing during pregnancy

2. Screening with MCV/MCH + Hb Maternal MCV/MCH plus Hb typing If mother tests positive— test partner with same panel

Pregnant women and their

partners if indicated

+ DCIP using MCV/MCH and DCIP

3. Couple screening with MCV/MCH Both partners screened simultaneously If both test positive — Hb typing

Couples

Abbreviations: MCV; mean corpuscular volume, MCH; mean corpuscular hemoglobin, DCIP; dichlorophenol indophenol precipitation, Hb; hemoglobin.

Table 2 Input Parameters

Parameters | Distribution Mean | Standard Error Source
Transitional probability
Strategy |
Probability of a pregnant woman testing positive for MCV/MCH and DCIP Beta 0.46 0.046 18
Probability of a risk husband undergoing MCV/MCH and DCIP screening Beta 0.72 0.072 18
Probability of a risk husband testing positive for MCV/MCH and DCIP Beta 0.35 0.035 18
Probability of a risk couple undergoing Hb typing Beta 0.88 0.088 18
Strategy 2
Probability of a pregnant woman testing positive for MCV/MCH and Hb typing Beta 0.66 0.066 Siriraj Hospital
Probability of a risk husband undergoing MCV/MCH and Hb typing Beta 0.54 0.054 Siriraj Hospital
Probability of risk for a couple suspected of having a-thalassemia based on Hb typing Beta 0.09 0.009 Siriraj Hospital
Probability of risk for a couple suspected of having B-thalassemia based on Hb typing Beta 0.14 0.014 Siriraj Hospital
Probability of an affected fetus with severe o-thalassemia based on prenatal diagnosis Beta 0.13 0.013 Siriraj Hospital
Probability of an affected fetus with severe B-thalassemia based on prenatal diagnosis Beta 0.16 0.016 Siriraj Hospital
Strategy 3
Probability of a couple testing positive for MCV/MCH and DCIP Beta 0.28 0.028 19
Probability of a risk couple undergoing Hb typing Beta 0.95 0.095 19
All three strategies
Probability of risk for a couple suspected of having a-thalassemia based on Hb typing Beta 0.09 0.009 20
Probability of risk for a couple suspected of having B-thalassemia based on Hb typing Beta 0.04 0.004 20
Probability of a risk couple identified as a-thalassemia Beta 0.85 0.085 20
Probability of a risk couple identified as B-thalassemia Beta 0.88 0.088 20
Probability of a couple being at high risk for having severe thalassemia based on DNA analysis for a-thalassemia Beta 0.3 0.03 20
Probability of a couple being at high risk for having severe thalassemia based on DNA analysis for p-thalassemia Beta 0.4 0.04 20
Probability of a high-risk pregnant woman’s receipt of prenatal diagnosis for a-thalassemia Beta 0.68 0.068 20
Probability of a high-risk pregnant woman'’s receipt of prenatal diagnosis for p-thalassemia Beta 0.56 0.056 20
Probability of an affected fetus with severe o-thalassemia based on prenatal diagnosis Beta 0.23 0.023 20
Probability of an affected fetus with severe f-thalassemia based on prenatal diagnosis Beta 0.38 0.038 20
(Continued)
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Table 2 (Continued).

Parameters Distribution Mean Standard Error Source
Probability of pregnancy termination due to a severe a-thalassemia-affected fetus Beta 0.88 0.088 20
Probability of pregnancy termination due to a severe B-thalassemia-affected fetus Beta 0.92 0.092 20
Diagnostic performance

Sensitivity of MCV/MCH and DCIP LOG normal 0.838 0.083 21
Specificity of MCV/MCH and DCIP LOG normal 0.943 0.094 21
Sensitivity of MCV/MCH and Hb typing Fix 0.990 - Siriraj Hospital
Specificity of MCV/MCH and Hb typing Fix 0.990 - Siriraj Hospital
Sensitivity of Hb typing Fix 0.990 - Siriraj Hospital
Specificity of Hb typing Fix 0.990 - Siriraj Hospital
Sensitivity of DNA analysis for a-thalassemia Fix 0.990 - Siriraj Hospital
Specificity of DNA analysis for a-thalassemia Fix 0.990 - Siriraj Hospital
Sensitivity of DNA analysis for B-thalassemia Fix 0.970 - Siriraj Hospital
Specificity of DNA analysis for B-thalassemia Fix 0.990 - Siriraj Hospital
Sensitivity of prenatal diagnosis for a-thalassemia Fix 0.990 - Siriraj Hospital
Specificity of prenatal diagnosis for a-thalassemia Fix 0.990 - Siriraj Hospital
Sensitivity of prenatal diagnosis for p-thalassemia Fix 0.990 - Siriraj Hospital
Specificity of prenatal diagnosis for p-thalassemia Fix 0.990 - Siriraj Hospital

Cost variable (Baht, 2024)

Direct medical cost

Cost of laboratories

Unit cost of MCV/MCH Gamma 97.50 19.50 MOPH
Unit cost of DCIP Gamma 75.00 15.00 MOPH
Unit cost of Hb typing Gamma 255.00 51.00 MOPH
Unit cost of DNA analysis for a-thalassemia Gamma 742.50 148.50 MOPH
Unit cost of DNA analysis for B-thalassemia Gamma 1,575.00 315.00 MOPH
Unit cost of prenatal diagnosis Gamma 5,390.00 1,078.00 Siriraj Hospital
Unit cost of termination of pregnancy Gamma 5,880.00 1,176.00 Siriraj Hospital

Cost of treatment

Hb Bart’s hydrops fetalis Gamma 18,750.00 3,750.00 23

Homozygous B-thalassemia or B-thalassemia/Hb E Gamma 31,025.80 6,205.16 I

Direct non-medical cost

Cost of travel Gamma 163.26 32.65 22

Cost of food Gamma 60.14 12.03 22

Patient with homozygous B-thalassemia or fB-thalassemia/Hb E Gamma 7,149.33 1,429.87 I
(Continued)
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Table 2 (Continued).

Parameters ‘ Distribution Mean ‘ Standard Error Source
Indirect cost

Indirect cost of patient with homozygous B-thalassemia or B-thalassemia/Hb E ‘ Gamma ‘ 8,850.13 ‘ 1,770.03 ‘ I
Outcome of new births (person)

Strategy |

Number of cases of severe thalassemia Hb Bart’s hydrops fetalis prevented Gamma 4 0.4 18
Number of cases of severe thalassemia homozygous B-thalassemia and B-thalassemia/Hb E prevented Gamma 12 1.2 18
Strategy 2

Number of cases of severe thalassemia Hb Bart’s hydrops fetalis prevented Gamma 18 1.8 Siriraj Hospital
Number of cases of severe thalassemia homozygous B-thalassemia and B-thalassemia/Hb E prevented Gamma 21 2.1 Siriraj Hospital
Strategy 3

Number of cases of severe thalassemia Hb Bart’s hydrops fetalis prevented Gamma 20 2.0 Assumption
Number of cases of severe thalassemia homozygous B-thalassemia and B-thalassemia/Hb E prevented Gamma 35 35 Assumption

Abbreviations: MCV; mean corpuscular volume, MCH; mean corpuscular hemoglobin, DCIP; dichlorophenol indophenol precipitation, Hb; hemoglobin, DNA; deoxyr-
ibonucleic acid, MOPH; Ministry of Public Health.

Screening and Diagnostic Performance
Performance characteristics, including sensitivity and specificity, were obtained from a published study®* and the Siriraj
Hospital database.

Cost

Cost data including direct medical costs, direct non-medical costs, and indirect costs were adjusted to 2024 values using the
consumer price index (CPI) and discounted at an annual rate of 3%. An exchange rate of 35.29 Baht per USD was applied
(2024 prices).* Direct medical costs comprised expenses for laboratory services and treatment. Direct non-medical costs
covered out-of-pocket expenses related to medical procedures, such as transportation, meals for the pregnant woman and her
partner, and informal care in cases where an infant was diagnosed with homozygous B-thalassemia or -thalassemia/Hb
E. Indirect costs were defined as the loss of productivity due to illness. All cost data were derived from the MOPH database,
the Siriraj Hospital database, the Standard Cost List for Health Technology Assessment (HTA), a widely accepted reference
cost list in Thailand,** and published studies.''

Outcome

Health outcomes were measured by the number of severe thalassemia cases prevented, including Hb Bart’s hydrops
fetalis, homozygous p-thalassemia, and B-thalassemia/Hb E. The prevention of severe thalassemia cases represents
a long-term benefit over the lifetime horizon, contributing to a sustained reduction in disease burden and lifetime
healthcare costs. The outcomes for Strategy 1 were derived from an evaluation report on thalassemia prevention and
control in pregnancy,'® those for Strategy 2 were obtained from the Siriraj Hospital database. As outcomes for Strategy
3 have not been officially reported, they were estimated using the proportion of positive cases recorded in the National
Health Security Office (NHSO) database and supplemented by expert opinion from three clinical experts.

Uncertainty Analysis

An evaluation of input parameter uncertainty was carried out through both one-way and probabilistic sensitivity analyses (PSA).
The one-way sensitivity analysis, each parameter was varied within its 95% confidence interval (CI), and the corresponding
range of incremental cost-effectiveness ratio (ICER) values was illustrated using a Tornado diagram. For the PSA, uncertainty
across all parameters were evaluated simultaneously using 1,000 Monte Carlo simulations. Probabilities were modeled using
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beta distributions, screening performance measures using log-normal distributions and fixed values, and cost and outcome
parameters using gamma distribution. The findings from the PSA were represented graphically through cost-effectiveness planes.

Results

Cost-Effectiveness Analysis

This base case analysis included pregnant women of all ages, their high-risk partners, and couples undergoing prenatal
screening and diagnosis, with outcomes measured in terms of thalassemia cases prevented. The estimated total costs and
health outcomes from a societal perspective are presented in Table 3. Both Strategy 2 and Strategy 3 resulted in higher
costs compared with Strategy 1, with additional costs of 853.40 Baht (24.20 USD) and 475.60 Baht (13.49 USD),
respectively. However, when screening 10,000 couples, Strategy 2 and Strategy 3 identified 60 and 49 additional cases of
severe thalassemia, respectively, compared to Strategy 1. The ICERs for Strategy 2 and Strategy 3 were approximately
141,863 Baht (4,023 USD) and 97,996 Baht (2,779 USD) per severe thalassemia case prevented, respectively.
Furthermore, Strategy 2 also incurred higher costs than Strategy 3, with an additional cost of 377.80 Baht (10.71
USD). When screening 10,000 couples, Strategy 2 identified 12 more cases of severe thalassemia compared to Strategy 3.
The resulting ICER for Strategy 2, when compared directly to Strategy 3, was approximately 325,013 Baht (9,218 USD)
per severe thalassemia case prevented.

Uncertainty Analysis

The results of the one-way sensitivity analysis are illustrated using Tornado diagrams in Figures 2—4. For Strategy 2
versus Strategy 1, the ICER was most sensitive to the specificity of prenatal diagnosis for a-thalassemia, followed by the
probability of pregnancy termination in cases of severe a- and B-thalassemia-affected fetus (Figure 2). When comparing
Strategy 3 to Strategy 1, the ICER was most sensitive to the probability of pregnancy termination for fetuses affected by
severe a-thalassemia, followed by the specificity of prenatal diagnosis for a-thalassemia, and the probability of
termination for B-thalassemia-affected fetuses (Figure 3). In the comparison between Strategy 2 and Strategy 3, the
ICER was most influenced by the specificity of prenatal diagnosis for p-thalassemia, followed by the probability of
a couple testing positive on MCV/MCH and DCIP, and the probability of pregnancy termination due to severe a-
thalassemia-affected fetus (Figure 4).

Figure 5 illustrates the cost-effectiveness plane, where the majority of simulations fall within the northeast quadrant.
The average ICERs were 141,861 Baht (4,023 USD), 98,313 Baht (2,788 USD), and 328,259 Baht (9,310 USD)
per severe thalassemia case prevented for Strategy 2 compared with Strategy 1, Strategy 3 compared with Strategy 1,
and Strategy 2 compared with Strategy 3, respectively.

Table 3 Cost-Effectiveness Results

Costs and Outcomes

Strategy |

Strategy 2

Strategy 3

Total cost in Baht (USD)

773.93 (21.95)

1,627.33 (46.15)

1,249.53 (35.44)

ICER in Baht (USD)

Total outcome (cases prevented) 0.00056 0.00657 0.00541

Comparison group 2vs | 3vsl 2vs3
Incremental cost in Baht (USD) 853.40 (24.20) 475.60 (13.49) 377.80 (10.71)
Incremental outcome (cases prevented) 0.00602 0.00485 0.00116

141,863 (4,023)

97,99 (2,779)

325,013 (9,218)

Notes: Strategy | is a protocol starting with mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and the
dichlorophenol indophenol precipitation (DCIP) test for pregnancies. Strategy 2 is a protocol starting with MCV/MCH and hemoglobin
(Hb) typing for pregnancies. Strategy 3 is a protocol starting with MCV/MCH and DCIP testing for couples.
Abbreviations: ICER; incremental cost-effectiveness ratio, USD; United States dollar.
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Figure 2 Tornado diagram of Strategy 2 versus Strategy |.
Abbreviation: ICER, incremental cost-effectiveness ratio.
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Discussion

This study is the first to evaluate the cost-effectiveness of three currently implemented prenatal thalassemia screening
strategies for Thai pregnant women and couples, providing important insights into the economic and clinical impact of
each approach. Our findings indicated that while both Strategy 2 (screening all pregnant women with MCV/MCH and Hb
typing) and Strategy 3 (MCV/MCH and DCIP testing for couples) incurred higher costs compared to Strategy 1 (MCV/
MCH and DCIP testing for pregnant women only), they also prevented significantly more cases of severe thalassemia.
Remarkably, Strategy 3 emerged as the most cost-effective option compared to Strategy 1, with an ICER of 97,966 Baht
(2,779 USD) per severe thalassemia case prevented, followed by Strategy 2 (ICER= 141,863 Baht; 4,023 USD). When
directly compared with Strategy 3, Strategy 2 yielded a substantially higher ICER of 325,013 Baht (9,218 USD)
per severe thalassemia case prevented.

Our findings suggested that Strategy 3 would be the most cost-effective approach. This may be attributed to the early
and simultaneous screening of both partners, which increases the likelihood of identifying high-risk couples early in
pregnancy. Early detection facilitates timely referral for genetic counseling and prenatal diagnosis, supporting couples in
making educated choices about their reproductive options. Additionally, this strategy reduces the need for follow-up
testing and minimizes delays in clinical decision-making, factors that may enhance the clinical effectiveness and overall
efficiency of the screening program. From a public health perspective, preventing births of infants with severe
thalassemia not only reduces clinical morbidity and mortality, but also mitigates the long-term financial strain on the
healthcare system and affected families. As demonstrated in previous studies, the lifetime cost of managing a child with
transfusion-dependent [-thalassemia or Hb Bart’s hydrops fetalis represents a significant economic and societal
burden.>'° The current findings reinforce the cost-saving potential of effective prenatal screening strategies by avoiding
the substantial expenses associated with lifelong disease management, even if initial screening costs are higher.

Furthermore, the one-way sensitivity analysis revealed that, when comparing Strategy 2 to Strategy 1, the specificity
of prenatal diagnosis for a-thalassemia was the most influential parameter. In contrast, for Strategy 3 versus Strategy 1,
the probability of pregnancy termination in cases of severe a-thalassemia had the greatest impact. Additionally, when
comparing Strategy 2 to Strategy 3, the specificity of prenatal diagnosis for f-thalassemia emerged as the most sensitive
parameter. These findings underscored the importance of diagnostic accuracy, not only in shaping the model’s clinical
outcomes but also in highlighting reflect real-world challenges such as social and cultural barriers that influence the
acceptability of pregnancy termination in confirmed cases of fetal thalassemia.

Our findings align with a study conducted by Laoarayawat et al*' in Thailand, demonstrating that the semi-
accelerated screening protocol, beginning with MCV/MCH testing for couples, followed by Hb typing for those with
positive results was more cost-effective than conventional screening approaches, such as Strategy 1. Additionally, six
economic evaluations have shown that prenatal screening programs for thalassemia prevention are more cost-effective
than no screening, particularly from a healthcare provider perspective.’*>! Although our previous CBA study indicated
that a standard screening program with genetic testing could result in cost savings of approximately 490 USD per severe
thalassemia case prevented, when compared to screening without DNA analysis from a societal perspective,'* no prior
studies have systematically compared all three prenatal screening strategies as performed in the present study. This CEA
study was conducted to address that gap, enabling a comprehensive comparison and identifying the most cost-effective
approach to inform both clinical practice and policy decision-making.

Thailand has made considerable progress in implementing national policies for thalassemia prevention, with screen-
ing guidelines introduced in 1992 and updated in 2009 and 2016. However, variation in screening protocols across
regions and institutions driven by resource availability, logistical constraints, and local clinical preferences continues to
challenge the standardization of care. Currently, both Strategy 1 and Strategy 3, endorsed by the Department of Medical
Sciences, MOPH, are widely used in health facilities throughout Thailand. Strategy 1 is primarily implemented in
primary care hospitals, while Strategy 3 is employed in several hospitals in the northern and northeastern regions, where
the prevalence of thalassemia is higher.'”"'® In contrast, Siriraj Hospital, a leading university hospital, has adopted

Strategy 2. This study provides timely, evidence-based support for harmonizing prenatal screening protocols. Given that
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all three strategies are already covered by the UHC benefit package, policymakers should consider formally adopting
Strategy 3, the most cost-effective approach, as the national standard to maximize both clinical and economic benefits.
Although Strategies 2 and 3 are more effective than strategy 1, access to Hb typing and genetic testing continues to be
restricted in general, tertiary, and university hospital settings. A national survey conducted across 95 hospitals in
Thailand revealed that Hb typing was accessible in only 67.4% of the facilities, whereas genetic testing was available
in merely 24.2%.>> Therefore, Strategy 3 should be implemented in the official national prenatal screening guidelines for
thalassemia prevention, particularly in light of recent data indicating an increasing prevalence of thalassemia in central
Thailand, partly due to migration.*> However, Strategy 2 may be suitable for implementing in hospitals with adequate
laboratory capacity and specialized personnel. Therefore, access to prenatal thalassemia diagnosis may vary across
regions due to differences in availability of diagnostic facilities and trained personnel. Ensuring equitable access is
essential to maximize the public health impact of screening programs and to prevent disparities in health outcomes.
Although this study presents noteworthy findings, it is essential to acknowledge several limitations. First, the
outcomes for Strategy 3 were based on government reports and expert opinions, which may introduce bias due to
assumptions rather than empirical data. Second, the effectiveness data for Strategy 2 were derived from a single hospital
located in the central region of Thailand, a region with a low to moderate prevalence of thalassemia. This may have led to
an underestimation of the potential benefits in higher-prevalence regions. Nevertheless, a comprehensive uncertainty
analysis was conducted to assess the reliability of the findings. Future research should prioritize the collection of real-
world data across diverse healthcare settings and geographic regions in Thailand to further validate these findings.

Conclusion

To our knowledge, this is the first study to comprehensively evaluate the cost-effectiveness of three currently imple-
mented prenatal thalassemia screening strategies in Thailand. Our findings highlight that Strategy 3, screening with
MCV/MCH and DCIP testing for couples, is the most cost-effective approach for preventing severe thalassemia, offering
significant clinical and economic benefits. By enabling earlier identification of high-risk pregnancies, this strategy
facilitates timely genetic counseling and informed decision-making, consequently lessening the impact of the disease
on families involved and the healthcare system. Given that all three strategies are covered under the UHC benefit
package, our results provide strong evidence to support the formal adoption of Strategy 3 as the national standard. While
the recommended screening strategies are expected to reduce the burden of severe thalassemia, their implementation may
face challenges such as limited access to diagnostic facilities in some regions, variability in public awareness, and
resource constraints that could affect program uptake and effectiveness. Policymakers should consider investing in
infrastructure and workforce development to ensure equitable access to effective screening services nationwide. Finally,
harmonizing prenatal screening protocols based on evidence-driven, cost-effective approaches will play a critical role in
reducing the incidence and societal burden of severe thalassemia in Thailand.
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