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Abstract  
 
Background: Thalassemia is a devastating inherited hematological disorder, and as a result of 

population migration, has become a global public health problem. Thailand has one of the 

highest burdens of thalassemia in the world and has developed a successful prevention and 

control program, but nearly 4 million migrants living in Thailand are excluded. Strategies for 

thalassemia screening in migrants are needed. This study aims to characterize migrants’ 

awareness and knowledge of and attitudes toward thalassemia screening. Methods: 300 adult 

Myanmar or Cambodian migrant workers and 200 adult Thai citizens residing in the industrial 

province of Chonburi, Thailand were enrolled and given a demographic and KAP (Knowledge, 

Attitudes, and Practices) survey on thalassemia. Descriptive statistics, tabulations, Wilcoxon 

Rank Sum Tests, Kruskal-Wallis Test, and Chi-Square analysis were used to compare socio-

demographic variables and levels of thalassemia awareness between migrant and Thai subjects. 

Results: Myanmar and Cambodian subjects had very low awareness of thalassemia, in contrast 

with Thai subjects (4.1% vs 79.6%, respectively). Migrants also had lower knowledge of 

thalassemia, but showed strong interest in thalassemia screening. Gender and education level 

predicted thalassemia awareness in Thai subjects, but length of residence in Thailand was the 

only demographic variable associated with awareness in migrants. Conclusions: This study 

revealed a tremendous awareness gap between Thai and migrant populations surrounding 

thalassemia, suggesting that public education is a crucial starting point for a thalassemia 

prevention and control program in migrants. A number of structural and cultural barriers 

identified in this study will also need to be addressed. 
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1. Introduction 

1.1 Hemoglobin Disorders in Southeast Asia 

Normal adult hemoglobin (Hb A) is a tetrameric protein made up of 2 α-globin and 2 β-

globin chains. Found in red blood cells (RBCs), its function is to carry oxygen to peripheral tissues 

and return carbon dioxide to the lungs. Inherited disorders of hemoglobin (Hb) are the most 

common Mendelian disorders in the world, with an estimated 350,000 births annually with 

clinically significant disease, and with ~90% of these births occurring in low- and middle-income 

countries (LMIC).1 Hb disorders encompass thalassemias and hemoglobinopathies. Thalassemias 

are characterized by the underproduction of α or β globin proteins due to genetic mutations of 

globin genes, while hemoglobinopathies refer to mutations that produce structurally abnormal 

hemoglobins, leading to a variety of RBC abnormalities and clinical presentations. Hemoglobin 

disorders have autosomal recessive inheritance; heterozygotes or carriers are generally healthy 

and can be detected only by blood testing. Homozygotes or compound heterozygotes of globin 

disorders are affected with disease, the severe forms of which may be life-threatening. For 

example, the clinical manifestations of severe thalassemia (or thalassemia major) include 

anemia, splenomegaly, bone deformities, chronic transfusion dependence, perinatal death, and 

life-threatening maternal obstetric complications.2 

Thalassemia was historically known as Cooley’s anemia or Mediterranean anemia due to 

the initial description of β-thalassemia major by Dr. Thomas Cooley in patients with 

Mediterranean descent in 1925 and the high prevalence of β-thalassemia found in 

Mediterranean regions. Thalassemias are also commonly found in Africa, Asia, and other regions 

with endemic malaria. Similar to the classic hemoglobin disorder sickle cell disease (SCD), 

thalassemia carrier and perhaps even homozygous states are thought to confer protection 

against malarial infection, and their high population frequencies are attributed to positive 
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selective pressure in malaria-endemic regions.1 Additionally, Southeast Asia is uniquely affected 

by a Hb variant named Hb E, resulting from a point mutation at codon 26 (Glu→Lys) of the β-

globin gene. While Hb E is a structurally abnormal Hb, the mutation also causes 

underproduction of the β-globin protein, similar to a β-thalassemia variant. While Hb E alone in 

heterozygous or homozygous states is relatively asymptomatic, phenotypes of compound 

heterozygotes with Hb E/β-thalassemia can vary from mild thalassemia disease to transfusion 

dependent thalassemia, similar to thalassemia major.3 Therefore, the high frequency of Hb E 

adds to the molecular complexity of thalassemia disorders in Southeast Asia (Table 1). 

Thailand has one of the highest burdens of thalassemia in the world. Among its 68 

million citizens, ~15 million are carriers and 50,000 pregnancies are at risk annually for severe 

thalassemia (i.e. Hb Bart’s hydrops fetalis, β-thalassemia major, and Hb E/β-thalassemia).4 As 

improvements in healthcare infrastructure lead to more accessible and effective treatments for 

thalassemia, the number of patients requiring long-term therapy for thalassemia is anticipated 

to continue to grow. For example, it is estimated that the number of Hb E/β-thalassemia cases 

in Thailand will increase by ~100,000 over the next 20 years.5  
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Table 1: Carrier Rates (in %) for Common Hemoglobin Disorders in Southeast Asia 
 

Country α0-thalassemia α+-thalassemia β-thalassemia Hemoglobin E 

Brunei6,7 0 4.3 2-22.7 0-3.7 
Cambodia 1 15.5 2.8 10-54 
Indonesia <1 3-20 3 1-33 
Laos8,9 8.7-13.9 11-17.7 3.5-5 22.9- >30 
Malaysia 4.5 16 4.5 1-3 
Myanmar NA 10 1-5.3 4-48 
Philippines 5 2.2 1 NA 
Singapore 2-3 1-3 0.93 0.64 
Thailand 2.2-9 8-30 1-3 10-50 
Vietnam NA 3.5 4 10-20 

Adapted from Viprakasit et al. (2009).10   NA = not available. 
 
1.2 The Effect of Migration on Hemoglobin Disorders 

Globalization, ethnic and sectarian conflicts, and economic instability have resulted in a 

dramatic increase in international migration over recent decades, with 244 million international 

migrants worldwide and 75 million in Asia.11 Hb disorders have become a growing global health 

issue as a result of these large-scale migrations leading to demographic transitions in many 

countries.5  

Studies in some high-income regions, such as Europe and the United States (US), have 

documented the changing epidemiology of hemoglobinopathies and the challenges posed to 

health services in affected countries.12-14 For example, a study of global demographic and 

genetic databases showed that the number of conceptions affected by Hb disorders in Southern 

Europe has been overtaken by the number affected in Northern and Eastern Europe, regions not 

classically associated with Hb disorders.2 In California, United States (US), the number of births 

affected by β-thalassemia as well as α-thalassemia has risen steeply since the 1970’s as a result 

of migration from Asia, and in response, California has initiated universal newborn screening for 

hemoglobin disorders.14 Even in North Carolina (NC), a state of only 10.27 million inhabitants, 

there were >60,000 Southeast Asian migrants in 2014,15 with the state being home to one of the 
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largest Hmong populations in the US.16 A state-based surveillance study showed a high burden 

of hemoglobinopathies in NC, with 1,443 cases of thalassemia identified during 2004-2008.17 

Nevertheless, little attention has been paid to mass migrations within Southeast Asia 

and its implications for the regional epidemiology of hemoglobin disorders, despite being the 

WHO region most severely affected.5 Thailand, as a middle-income country with recent 

economic prosperity, has become a main destination for migrants from neighboring countries. It 

is estimated that over 3.9 million migrants reside in Thailand.18 An estimated 2.4 million migrant 

workers originate from neighboring Myanmar, Cambodia, and Laos,19 countries with similarly 

high prevalence of thalassemia (Table 1). Anecdotally, providers in Thailand are beginning to see 

a rise in the number of babies affected by severe thalassemia born to migrant couples (V. 

Viprakasit, personal communication, November 1, 2017). These migration trends are only 

expected to increase as member countries of the Association of Southeast Asian Nations 

(ASEAN), an intergovernmental organization promoting regional cooperation, move towards the 

goal of full regional economic integration.  

Addressing the public health problem of Hb disorders in migrant populations in 

Southeast Asia is of tantamount importance but is also fraught with challenges. First, screening 

and treatment for Hb disorders are not routinely available in most countries in the region.20 The 

lack of epidemiological data to estimate the expected burden of disease in migrant populations 

hinders policymakers’ abilities to make informed decisions in sending and host countries. 

Second, migrant workers are often low-skilled and enter or remain in host countries through 

irregular channels; they are therefore afforded no or very limited access to healthcare. Third, 

high birth rates are typically found in migrant communities and could lead to a rise in the 

incidence of births with severe Hb disorders in host countries.21 One potential solution is to 
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incorporate migrant populations into existing thalassemia prevention and control programs 

(discussed in the next section). 

1.3 Thalassemia Prevention and Control 

Programs for prevention of thalassemia major began in the Mediterranean region in the 

1970s.22 At present, a number of countries (Italy, Greece, Cyprus, UK, France, Iran, Thailand, 

Australia, Singapore, Malaysia, Taiwan, Hong Kong, and Cuba) have established comprehensive 

prevention and control programs utilizing a combination of public education, genetic counseling, 

carrier screening, prenatal screening and diagnosis, and/or preimplantation diagnosis.22 These 

programs have been successful and cost-effective in middle- and high-income settings, with 

some programs such as the Montreal Thalassemia Screening Program reporting a 90% decline in 

disease incidence.23,24 However, most ASEAN member countries lack comprehensive prevention 

and control programs (Table 2), despite high regional prevalence of thalassemia (Table 1).  

 

Table 2: Existing Programs for the Prevention and Control of Hemoglobin Disorders in 
Southeast Asia 

Country National Registry National Prevention 
and Control Program 

Availability of 
Prenatal Diagnosis 

Brunei - - - 
Cambodia +/- - - 
Indonesia +/- +/- +/- 

Laos - - - 
Malaysia + + + 
Myanmar - - - 

Philippines + - - 
Singapore + + + 
Thailand - + + 
Vietnam - - +/- 

Sources: Weatherall (2010)20, Fucharoen and Weatherall (2016)6, and select abstracts 
from the 1st Pan-Asian Conference on Haemoglobinopathies, 8-10 February 2012, 
Bangkok, Thailand.25 
"+/-" signifies limited availability. 
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Thailand is one of the few countries in the region with effective prevention and control 

policies for severe thalassemia syndromes. The national program was established by Thailand’s 

Ministry of Public Health 20 years ago and has since increased its capacity for public education, 

genetic counseling, and prenatal screening and diagnosis. These actions have led to an observed 

decrease in the incidence of hydrops fetalis and severe β-thalassaemia at a large tertiary care 

center in Northern Thailand.4 It is critical to note, however, that prevention and control services 

are only targeted to Thai citizens, while the vast majority of migrants still lack access to 

thalassemia-related services. With increasing intra-regional migration, as well as potentially high 

fertility ratios and rates of intermarriage among Southeast Asian migrants,18,21 the lack of 

integration of migrants into Thailand’s thalassemia prevention and control efforts not only 

hinders early diagnosis and treatment in this population, but also has the potential to 

undermine the national prevention program’s long-term success. Questions of how to engage 

migrants in thalassemia education and screening and whether screening is acceptable to these 

migrant populations must be addressed. 

1.4 Barriers to Thalassemia Screening 

Insufficient knowledge and cultural differences are known barriers to the uptake of 

screening and the effectiveness of thalassemia prevention efforts.21,26,27 Improving parental 

knowledge of thalassemia through premarital education and retrospective counseling (i.e. after 

the birth of the first affected child) can change reproductive behavior and ensure that couples at 

risk are informed of their reproductive options, such as prenatal diagnosis and preimplantation 

diagnosis. For example, one study showed that 62.5% of parent couples of new cases of 

homozygous β-thalassemia in Sicily were not aware of thalassemia before conception, leading 

authors to conclude that lack of knowledge was the main reason for the failure of prevention 

efforts and the persistence of major thalassemia in Sicily.27 Similarly, a Thai study showed that 
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71% of mothers with healthy children were aware of thalassemia prior to having children, 

compared to only 50% of mothers with children with thalassemia.28 Yet another study used a 

structured knowledge, attitudes, and practices (KAP) questionnaire to evaluate mothers of 

children with thalassemia in Yangon, Myanmar, and found that only 18-28% of mothers had an 

understanding of the inherited nature of the disorder.29  

Few studies have examined differences in knowledge and attitudes toward thalassemia 

in national vs migrant populations. In one study, thalassemia awareness in Italians was found to 

be much higher compared to Italian-American immigrants in the US (85% vs. 19%, respectively), 

potentially as a result of β-thalassemia education programs in Italy and lack of such programs in 

the US.30 Similarly, in a large Malaysian study, it was found that the Malay ethnic majority were 

more likely to have heard of thalassemia compared to ethnic minorities.31  The Malaysian study 

also found number of negative misconceptions about patients with thalassemia major and 

carriers, leading to the suggestion that screening programs should be designed carefully to avoid 

stigmatizing carriers.31  

Attitudes towards and perceptions of blood disorders, inherited diseases, and prenatal 

testing can all greatly affect acceptance of thalassemia screening. Developed countries have 

encountered difficulties with developing effective prevention and control strategies to reach 

migrant communities with different cultural backgrounds.5 The limited literature on thalassemia 

in Southeast Asian migrant communities in the US suggests cultural barriers to thalassemia 

screening rooted in folk medicine and mysticism, such as a fatalistic views of thalassemia as a 

spiritual condition or karma, a consideration of blood as a precious and irreplaceable life force 

resulting in resistance to blood sampling, religious objection to prenatal testing and termination 

of pregnancy, and the desire to replace deceased children due to the value placed on the 

number of living children born to a family as a measure of prosperity.21,32 Thalassemia carrier 
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screening can also be ethically challenging in migrant and refugee populations. Providers must 

be conscious of the possibility of social stigmatization and further isolation of migrant 

communities upon receiving knowledge that they carry “bad blood”; of exacerbating existing 

psychosocial stressors with diagnosis of asymptomatic carrier status; and of migrants 

participating in screening as a result of undue social pressure or deference to authority, the 

latter being a cultural norm in Asians.21,32 Additionally, health seeking behaviors and practices of 

these vulnerable populations have not been explored among Southeast Asian migrants. In order 

to create culturally sensitive and effective thalassemia prevention and control policies for 

Southeast Asian migrant communities, more investigation into potential knowledge, cultural, 

and structural barriers to thalassemia screening is warranted. 

To address this need, we conducted a survey of Myanmar and Cambodian migrant and 

Thai populations residing in Chonburi, Thailand, with the aim of assessing awareness and 

knowledge of thalassemia, as well as attitudes and practices surrounding thalassemia and access 

to medical care in general. We hypothesized that there would be a significant gap in awareness 

and knowledge between migrants and Thai citizens. Through this study, we aimed to identify 

and characterize potential barriers to thalassemia screening in Southeast Asian migrant 

populations. Novel insights from this study have the potential to improve thalassemia 

education, prevention, and care for migrant populations around the world.  
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2. Methods 

2.1 Setting 

We performed a cross-sectional study of adult migrant workers and Thai citizens 

residing in Chonburi, Thailand, an industrial province with one of the largest migrant 

populations in Thailand. A large majority of migrants living in this province originate from 

Myanmar and Cambodia, with increasing numbers from the latter migrating to Chonburi in 

recent years due to the growing industrial sector. In order to reside in Thailand legally, migrants 

must obtain an annual work permit, which requires them to present with their employers to a 

local hospital for a health check-up and registration. Of note, some migrants are presenting for 

health registration for the first time, allowing us access to a population of unregistered migrants 

that is otherwise challenging to enroll. Health registration-based studies thus provide a 

particularly efficient means of recruiting both registered and unregistered migrants. 

There are an estimated 200,000 migrant workers (both registered and unregistered) 

living in the port city of Laem Chabang, Chonburi. Laem Chabang Hospital was chosen as the 

enrollment site because it provides care and health registration services to the majority of 

migrants in Laem Chabang. It is a public secondary care center with 90 beds and 20 physicians, 

operating under the Ministry of Public Health. We recruited Myanmar and Cambodian migrant 

workers presenting for health registration and a comparison group of Thai subjects presenting 

for outpatient visits at Laem Chabang Hospital.  
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2.2 Participants 

2.2.1 Inclusion and Exclusion Criteria 

Table 3. Summary of inclusion and exclusion criteria. 
Study Population Inclusion Criteria Exclusion Criteria 

Myanmar and 
Cambodian 

migrants 

• Age 18-49 years 
• Fluent in Thai, Burmese, Khmer or English 
• Migrant status (no Thai ID card) 
• Country of origin: Myanmar (or Burma) 

or Cambodia 
• Presenting for health registration to Laem 

Chabang Hospital 

• Presenting for 
purpose other than 
health registration 

• Pregnancy or husband 
who had a pregnant 
wife 

Thai citizens 

• Age 18-49 years 
• Fluent in Thai or English 
• Owns Thai national ID card 
• Presenting for outpatient clinic at Laem 

Chabang Hospital 

• Presenting for 
emergency care 

• Pregnancy or husband 
who had a pregnant 
wife 

 

Criteria for inclusion of migrants in the study included being an adult of reproductive age 

(18-49 years), being fluent in Thai, Burmese, Khmer, or English, and identifying as migrants to 

Thailand (i.e. do not have a Thai national ID card), with the country of origin being Myanmar 

(previously Burma) or Cambodia (Table 3). Criteria for inclusion of Thai citizens included being 

an adult of reproductive age, being fluent in Thai or English, and having a Thai national ID card. 

Ineligible subjects included migrants who did not self-identify as from the countries of Myanmar 

(or Burma) or Cambodia, migrants who did not speak the specified languages, migrants who 

were pregnant or had a spouse who was pregnant at the time of enrollment (by self-report, in 

order to avoid potential psychological harm to participants), migrants presenting to Laem 

Chabang Hospital for a reason other than health registration, Thai citizens presenting to Laem 

Chabang Hospital for emergency care, or subjects who already participated in this study. 

2.2.2 Sample Size 
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Based on published differences in awareness in migrants or ethnic minorities compared to 

natives,30 we hypothesized a 25% difference in thalassemia awareness between Thai citizens 

and migrants in Thailand. Utilizing a sample size of 200 per group, we expected to achieve 95% 

power to detect a true difference in awareness of at least 25%, assuming an alpha level of 0.05. 

Since only subjects with baseline awareness of thalassemia went on to complete the KAP survey, 

we allowed an increase in the enrollment target for either group to 300 subjects if <30 

participants (15%) in that group completed the KAP survey. As such, we enrolled in total 200 

Thai subjects and 300 migrant subjects.  

2.3 Procedures 

2.3.1 Survey Development 

The demographic and KAP surveys (Appendix A and B) were developed by JZX based on 

a review of the literature of previously piloted or validated KAP surveys on thalassemia and on 

expert opinion.29,31,33-35 Surveys were adapted for the specific study setting and population (i.e. 

migrants in an industrial region presenting for health registration). Surveys were assessed for 

face validity and ethnographic validity (i.e. valid cultural interpretations of survey items) by the 

study team and knowledgeable individuals (Thai, Myanmar, and Cambodian healthcare 

providers and interpreters). Internal validity of the KAP survey was not assessed prior to 

initiation of the study, as this constituted a large pilot for the KAP survey. 

2.3.2 Informed Consent 

The informed consent process took place in a large conference room in Laem Chabang 

Hospital. Informed consent documents and surveys were translated into Thai, Burmese, and 

Khmer, and were administered either in Thai by a study nurse (if the subject spoke Thai) or in 

his/her preferred language by an interpreter.  
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Migrants presenting to Laem Chabang Hospital for health registration were introduced 

by local staff to the study team. Migrants first completed the blood draw requirement of health 

registration, then were invited to enter the conference room, where they were screened for 

eligibility by a study nurse. Those eligible and interested in participating were taken through the 

written informed consent process with verbal explanations, as many subjects could not read the 

consent documents. Subjects unable to sign the consent documents used fingerprints in place of 

signatures. Migrant subjects were also offered and nearly all consented to free comprehensive 

thalassemia testing to fulfill another aim of this study, which is outside the scope of this report. 

Thai citizens in the outpatient waiting room of Laem Chabang Hospital were also 

introduced by local staff to the study team and screened for eligibility. Those eligible were given 

the informed consent documents to read and sign. If a Thai subject could not read or had 

questions, a study nurse was available to go through the consent process with them verbally.  

All subject recruitment was based on the availability of the research team personnel 

and/or interpreters (i.e. opportunistic sampling). Administration of informed consents and 

surveys took on average 20-30 minutes per subject. It was emphasized to subjects throughout 

the recruitment and consent process that participation in the study was completely voluntary, 

and choosing not to participate in any part of the study would not affect subjects’ health 

registration status, health insurance, or medical care. Subjects were informed that they might 

withdraw or terminate their participation at any time. Subjects who did not complete the 

consent process were not enrolled into the study, and their data were not analyzed. If a subject 

consented to the study (i.e. signed the consent form) but terminated their participation in the 

middle of a survey or turned in an incomplete survey, their data were still included in the 

analysis.  

2.3.3 Survey Administration 
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The demographic survey was administered to all subjects. Question 20 in the 

demographic survey (“Have you ever heard of thalassemia?”) was used to assess whether 

subjects had awareness of thalassemia. Only subjects with baseline awareness of thalassemia 

were asked to complete the KAP survey. The medical term “thalassemia” was used, as no idiom 

or layman’s term existed in Burmese or Khmer based on expert opinion. For migrant subjects, 

surveys were administered orally, with responses either recorded on paper or directly entered 

into a secure REDCap database by study personnel. For Thai subjects, surveys were either 

written or entered into a REDCap database using a portable electronic device by the subjects 

themselves. All study procedures were approved by the ethical review boards at Duke University 

(IRB# Pro00082655) and Faculty of Siriraj Hospital, Mahidol University (Protocol 729/2560(EC3)). 

2.4 Measures 

Two surveys were administered to study participants. The demographic survey 

(Appendix A) was administered first and included demographic questions, as well as questions 

on medical history and behaviors related to thalassemia. If subjects had awareness of 

thalassemia, they were asked to complete the KAP survey (Appendix B) and could skip Questions 

29-32 on the demographic survey (Appendix A). If they did not have awareness, they were asked 

to answer Questions 29-32 in place of the KAP survey.  

2.4.1 Demographic Measures 

Demographic measures included age, gender, nationality, country of origin (for 

migrants), primary and secondary languages, education level, work sector, duration of time 

living in Thailand (for migrants), number of times moved to a different city within Thailand (for 

migrants), marital status, and country of origin of spouse and number of children if married. 

Both nationality and country of origin (i.e. country of birth) were asked in place of ethnicity 

because they represented more discrete elements of identity, whereas the existence of many 
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ethnic minorities in Myanmar and Cambodia may lead to more complex and contentious 

definitions of ethnicity. For example, subjects reporting country of origin as “Mon” or “Karen” 

(ethnic minorities in Myanmar) were reclassified as originating from the country of Myanmar, 

though these subjects did not self-identify as Myanmar or Burmese. Moving forward, the term 

“nationality” will be used to describe the three study populations in this study: Thai, Myanmar, 

and Cambodian. The category “higher education” was separated into either vocational training 

or Bachelor’s degree and above (e.g. Master’s degree) based on subject responses. The number 

of times moved to a different city within Thailand was used to measure the transience of the 

migrant population.  

2.4.2 Medical History and Behavior Measures  

The second portion of the demographic survey addressed health-seeking behaviors, as 

well as awareness and attitudes toward thalassemia and related conditions. Subjects were asked 

where they go first when they got sick, number of times they had visited a doctor or hospital in 

the last 1 year (preceding 12 months), and method of payment for healthcare. With regards to 

the categorization of insurance schemes, it was recognized after enrollment that both registered 

migrants and Thai citizens had access to public health insurance schemes, informally referred to 

as a “30-Baht scheme” for its 30-Baht (1 US-dollar) copay for most procedures and visits. Both 

Thailand’s University Health Coverage (UC) and the migrant health insurance scheme, into which 

employers and migrants paid annually, were referred to as “public” insurance, and there was 

confusion over the difference between the two schemes; therefore, these two survey options 

were combined into a single category of “public insurance” in the analysis. If any subject 

selected more than one answer on the paper survey for a non-multiple choice question (i.e. 

Questions 12, 13, and 21 of demographic survey), “Other” was entered into REDCap with all the 

choices specified, but the answers were not reclassified and therefore not analyzed.  
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Awareness of anemia and thalassemia was assessed, followed by personal and family 

history of anemia, thalassemia, receiving blood transfusions, or miscarriage (the latter two 

situations being more common in those with affected by thalassemia). Subjects without baseline 

awareness of thalassemia (i.e. who did not go on to take the KAP survey) were asked whether 

they would want to test themselves, their babies, or their partners for a condition like 

thalassemia, if they knew it was a disease that they could pass on to their children. The final 

question sought to find the most acceptable method for thalassemia education.  

2.4.3 KAP Survey   

There were three sections of the KAP survey. The first knowledge section was composed 

of 12 true or false statements, some of which addressed basic knowledge about thalassemia 

(e.g. KAP Question 1), while others assessed more specialized knowledge (e.g. KAP Question 9). 

The second section was composed of 14 opinion statements, designed as inverses of each other 

in order to allow for evaluation of the internal validity of the KAP survey. The third section asked 

about personal experience with thalassemia testing.   

2.5 Analysis 

All written survey data were manually entered into a REDCap database and spot 

checked by JZX. Any excluded subjects were entered into REDCap as a blank entry. Missing data 

were excluded from the sample size for each question, and the percentages reported were 

calculated using the base sample size of non-missing data (Tables 3 and 4).  

Tabulations and univariate analysis were used to analyze migrant and Thai subjects’ 

sociodemographic characteristics. The normality of continuous and ordinal variables was 

assessed using the Kolmogorov-Smirnov Goodness-of-Fit Test. Median with inter-quartile range 

(IQR) was reported for non-normally distributed variables. The Wilcoxon Rank Sum Test (non-

parametric) was used to compare means/medians between two groups, while the Kruskal-Wallis 
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Test (non-parametric) was used to compare means/medians among three groups, namely Thai, 

Myanmar, and Cambodian nationalities. 

The difference in level of awareness of thalassemia (primary outcome) and other 

differences between Thai and migrant subjects in binary variables were assessed using Chi-

Square analysis, or Fisher’s Exact Test if the number of observations in any cell was <5. Factors 

believed to influence awareness of thalassemia (secondary outcomes) were similarly tested with 

Chi-Square or Fisher’s Exact for their association with awareness. The following categorical 

variables were recoded as binary based on a priori assumptions that these groups would have 

greater awareness of thalassemia: marital status, knowledge of Thai (or English) language, 

secondary education achieved, payment for health care with insurance (instead of cash), seeking 

care from doctors first, and preference for thalassemia education from a doctor. 

Each of the 12 knowledge questions of the KAP survey was coded as one point if 

answered correctly, and the knowledge score was the sum of all points. The 14 attitude 

questions were rated based on a Likert scale (strongly agree = 5, agree = 4, unsure = 3, disagree 

= 2, strongly disagree = 1) and were scored with this scale (e.g. strongly agree = 5 points) if the 

question supported thalassemia prevention and control, or scored as the inverse (e.g. strongly 

agree = 1 point) if the question expressed an opinion against prevention and control. The 

attitude score was defined as the sum of all points divided by 14, a proxy measure for the 

subject’s average attitude towards thalassemia prevention and control, with a score of 5 

indicating strong support and 1 indicating strong opposition. A score of 3 was indicative of a 

neutral opinion towards the topic. Rarely, if a question was left blank, 0 points were assigned. 

Individual questions, as well as the knowledge and attitude scores, were compared 

between Thai and migrant subjects using Chi-Square analysis, Fisher’s Exact Test, or the 

Wilcoxon Rank Sum Test as described above. The correlation between knowledge and attitude 
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scores was assessed using the Spearman correlation for non-parametric data. The level of 

statistical significance was set as p<0.05. All statistical analyses were performed using SAS 9.4 

(Cary, USA). 
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3. Results 

3.1 Description of Demographics of Study Population 

A total of 197 Thai subjects and 295 migrant subjects (119 Myanmar and 176 

Cambodian) were included in the analysis. An additional 8 subjects (5 migrants and 3 Thai) were 

consented but either withdrew prior to survey completion or were subsequently excluded based 

on exclusion criteria. Five subjects were lost (i.e. no consent form or survey returned) and 

additional subjects were enrolled to replace them; two of these subjects were eventually found 

but nevertheless excluded, as replacements had already been enrolled. 

Continuous variables were found to have non-normal distributions, so non-parametric 

statistical tests were used. Median age did not differ significantly among Thai, Myanmar, and 

Cambodian cohorts (p=0.17, Table 4). Gender was variable by nationality; there were more 

females in the Thai and Myanmar cohorts and more males in the Cambodian cohort, but overall 

more females were surveyed in the Thai cohort than migrant cohort (p=0.01, Table 5). All Thai 

subjects except for one reported that they spoke Thai, and 24.9% also spoke English. (The one 

Thai subject likely marked the survey incorrectly, as the survey taken by this subject was written 

in Thai.) No other primary languages were reported by Thai subjects, but secondary languages 

included Lao (2 subjects) and Mon (1). In the Myanmar cohort, 91.6% spoke Burmese and 61.3% 

spoke Thai, but three other primary languages were reported: Mon (5.9%), Karen (7.6%), and 

Chinese (0.8%). In the Cambodian cohort, nearly all subjects spoke Khmer (97.1%) and a large 

majority spoke Thai (76.0%), with a handful of subjects also able to speak Burmese (4.1%) and 

English (1.7%). No other primary or ethnic minority languages were reported in Cambodians, but 

one subject reported Vietnamese as a secondary language.  

Thai subjects achieved higher educational levels than migrants, with 59.8% achieving 

some level of secondary education and 26.8% achieving higher education, compared to 35.1% 
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and 2.6% respectively for Myanmar subjects, and 29.7% and 0.6% respectively for Cambodian 

subjects. The Cambodian cohort had by far the most subjects with no education (27.4%), 

compared to Myanmar (15.4%) and Thai (1.0%). A low level of literacy among Cambodians was 

also observed during enrollment, as the study personnel reported that most Cambodian 

subjects could not read enough to fill out the consent forms and surveys by themselves, and 

some provided fingerprints in place of signatures. The education gap between Thai and migrant 

subjects was even more dramatic when splitting secondary education into upper and lower 

levels, as is customary in Thailand and Cambodia. Over half of Thai subjects completed 12th 

grade or beyond, while over half of migrant subjects completed only 6th grade or below. 

A large percentage of all three cohorts reported working in either manufacturing (34.6% 

of Thai, 36.0% of Myanmar, and 43.1% of Cambodian) or “sales” (the latter comprising the 

majority of the “Other” category). However, when asked in detail about their job descriptions, 

Thai subjects reported having more managerial or quality assurance roles in manufacturing and 

salesman roles in companies or shops, while migrants reported working in factories, raw 

materials processing centers, or selling food in markets. Notably, more Myanmar (33.3%) and 

Thai (22.0%) subjects worked in the domestic sector compared to Cambodians (7.5%), while 

Cambodians dominated the construction sector (24.7%) compared to Myanmar (7.2%) and Thai 

(2.8%). Myanmar subjects reported residing in Thailand longer than Cambodians (median 6 vs 5 

years, p<0.0001), and neither population has moved around in Thailand significantly (median of 

0 times). For both migrant populations, ~75% of subjects had undergone health registration 

previously (i.e. held a work permit in the past), while one quarter were registering for the first 

time. 

Migrants were more likely to be married than Thai (72.4% vs 59.4%, p=0.003, Table 5). 

All married Thai subjects reported having a Thai spouse, while a low level of interracial marriage 
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was observed in migrant populations (Table 4). The number of children reported by married 

subjects did not vary by nationality.  

 

 

Table 4. Characteristics of the study population.

Nationality Thai Myanmar Cambodian
N 197 119 176

Median Age (IQR), years 32 (24-40) 29 (24-36) 30 (27-37)
Gender
     Male (%) 71 (36.0) 43 (36.4) 100 (56.8)
     Female (%) 126 (64.0) 75 (63.6) 76 (43.2)
Languages Spoken
     Thai (%) 196 (99.5) 73 (61.3) 133 (76.0)
     Burmese (%) 0 109 (91.6) 7 (4.1)
     Khmer (%) 0 2 (1.7) 168 (97.1)
     English (%) 49 (24.9) 0 3 (1.7)
     Mon (%) 1 (0.5) 7 (5.9) 0
     Karen (%) 0 9 (7.6) 0
Highest Level of Education Achieved
     None (%) 2 (1.0) 18 (15.4) 48 (27.4)
     Primary, 1-6 (%) 22 (11.3) 53 (45.3) 74 (42.3)
     Secondary, 7-9 (%) 58 (29.9) 29 (24.8) 41 (23.4)
     Secondary 10-12 (%) 58 (29.9) 12 (10.3) 11 (6.3)
     Vocational (%) 24 (12.4) 0 0
     Bachelor's degree and above (%) 28 (14.4) 3 (2.6) 1 (0.6)
Work Sector
     Fishery (%) 2 (1.1) 0 2 (1.2)
     Manufacturing (%) 63 (34.6) 40 (36.0) 75 (43.1)
     Domestic (%) 40 (22.0) 37 (33.3) 13 (7.5)
     Construction (%) 5 (2.8) 8 (7.2) 43 (24.7)
     Other (%) 72 (39.6) 26 (23.4) 41 (23.6)
Median Duration in Thailand (IQR), years - 6 (4.25-10) 5 (3-6)
Median Number of Times Moved (IQR) - 0 (0-2) 0 (0-2)
Health Registration
     First time (%) - 28 (25.0) 42 (24.1)
     Renewal (%) - 84 (75.0) 132 (75.9)
Marital Status
     Single (%) 65 (33.9) 32 (27.1) 39 (22.7)
     Married (%) 114 (59.4) 83 (70.3) 127 (73.8)
     Divorced (%) 13 (6.8) 3 (2.5) 6 (3.5)
Ethnicity of Spouse if Married
     Thai (%) 111 (100) 3 (3.6) 5 (4.0)
     Myanmar (%) 0 75 (93.8) 2 (1.7)
     Cambodian (%) 0 1 (1.3) 113 (94.2)
Median Number of Children (IQR) 2 (1-2) 1 (0-2) 2 (1-2)

IQR = Inter-quartile range.  
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Table 5. Evaluation of demographic differences between Thai and Migrant subjects.

Variable Thai Migrant OR p-value
Female (%) 126 (64.0) 151 (51.4) 7.61 0.01
Married (%) 114 (59.4) 210 (72.4) 8.91 0.003
Pay for health care with cash (%) 19 (11.1) 102 (36.4) 34.66 <0.0001
Secondary education achieved (%) 170 (87.6) 99 (33.9) 136.13 <0.0001
Seek care from doctor first (%) 115 (60.9) 153 (52.9) - 0.09

Education from doctor (%) 26 (68.4) 237 (85.3) 6.78 0.01
Aware of anemia (%) 151 (80.3) 47 (16.2) 193.22 <0.0001
Aware of thalassemia (%) 156 (79.6) 12 (4.1) 296.00 <0.0001
Personal History of:
     Anemia (%) 31 (16.0) 14 (4.8) 17.03 <0.0001
     Thalassemia (%) 12 (6.2) 3 (1.0) 10.15 0.002
     Transfusion (%) 13 (6.7) 11 (3.8) - 0.16
     Miscarriage (%) 15 (7.9) 19 (6.6) - 0.6
Family History of:
     Anemia (%) 34 (17.4) 13 (4.5) 22.10 <0.0001
     Thalassemia (%) 11 (5.7) 2 (0.7) 10.94 0.001
     Transfusion (%) 15 (7.8) 8 (2.8) 6.24 0.01
     Miscarriage (%) 17 (8.9) 13 (4.5) - 0.06
Want to test self for thalassemia (%) 25 (62.5) 214 (76.7) - 0.053
Want to test baby for thalassemia (%) 29 (72.5) 222 (80.4) - 0.25
Want to test partner for thalassemia (%) 29 (78.4) 231 (83.1) - 0.48

 

3.2 Identifying Health Behaviors 

Survey questions addressing behaviors related to healthcare utilization revealed that 

the majority of Thai, Myanmar, and Cambodian subjects seek care from a doctor (or a Western 

medical facility) first when they become sick (60.9%, 55.6%, and 51.2%, respectively). Drug 

stores are also popular points of first contact, especially for Cambodian subjects (44.8%). Few 

subjects reported seeking care from a traditional healer (Table 6). The “Other” category 

included subjects who selected multiple sources of care and one subject who answered “First 

aid room at company”. Thai subjects were more likely to have visited a doctor within the past 1 

year compared to migrants (median of 1 vs 0 times, p<0.0001). For both Thai and Cambodian 

subjects, public insurance was the most highly utilized insurance scheme (44.1% and 46.2%, 

respectively). Myanmar subjects also utilized public insurance (31.4%) but relied more on cash 

payments (41.5%). In general, migrants were more likely to use cash to pay for their health care 
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compared to Thai subjects (36.4 % vs 11.1%, p<0.0001). A higher percentage of Thai subjects 

used employer insurance (28.0%), private insurance (9.7%), and multiple forms of payment 

(“Other” category, 8.1%) compared to migrants (Table 6).  

Table 6. Health behaviors and awareness of thalassemia.

Nationality Thai Myanmar Cambodian
N 197 119 176

First Point of Contact When Sick
     Drug store (%) 71 (37.6) 47 (40.2) 77 (44.8)
     Doctor (%) 115 (60.9) 65 (55.6) 88 (51.2)
     Traditional healer (%) 1 (0.5) 3 (2.6) 3 (1.7)
     Other (%) 2 (1.1) 2 (1.7) 4 (2.3)
Median Number of Doctor Visits in 1 year (IQR) 1 (0-3) 0 (0-1) 0 (0-2)
Insurance Utilization
     Employer Insurance (%) 52 (28.0) 29 (24.6) 30 (17.3)
     Public Insurance (UC or Migrant) (%) 82 (44.1) 37 (31.4) 80 (46.2)
     Private Insurance (%) 18 (9.7) 1 (0.9) 1 (0.6)
     Cash (%) 19 (10.2) 49 (41.5) 53 (30.6)
     Other (%) 15 (8.1) 2 (1.7) 9 (5.2)
Aware of Anemia (%) 151 (80.3) 23 (20.0) 24 (13.7)
Aware of Thalassemia (%) 156 (79.6) 8 (6.8) 4 (2.3)
Personal History of:
     Anemia (%) 31 (16.0) 7 (6.0) 7 (4.1)
     Thalassemia (%) 12 (6.2) 0 3 (1.7)
     Transfusion (%) 13 (6.7) 1 (0.9) 10 (5.8)
     Miscarriage (%) 15 (7.9) 8 (6.9) 11 (6.4)
Family History of:
     Anemia (%) 34 (17.4) 4 (3.5) 9 (5.2)
     Thalassemia (%) 11 (5.7) 1 (0.9) 1 (0.6)
     Transfusion (%) 15 (7.8) 2 (1.7) 6 (3.5)
     Miscarriage (%) 17 (8.9) 5 (4.4) 8 (4.6)
Want to test self for thalassemia (%) 25 (62.5) 67 (61.5) 147 (86.5)
Want to test baby for thalassemia (%) 29 (72.5) 77 (70.6) 145 (86.8)
Want to test partner for thalassemia (%) 29 (78.4) 81 (74.3) 150 (88.8)
Best Method for Thalassemia Education
     Consultation with doctor (%) 26 (68.4) 93 (86.9) 144 (84.2)
     Brochure (%) 1 (2.6) 8 (7.5) 10 (5.9)
     Employer workshop (%) 1 (2.6) 1 (0.9) 2 (1.2)
     Government workshop (%) 5 (13.2) 2 (1.9) 5 (2.9)
     Other (%) 5 (13.2) 3 (2.8) 10 (5.9)

IQR = Inter-quartile range. UC = Universal Health Coverage.  

3.3 Migrants Have Low Thalassemia Awareness 
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A large majority of Thai subjects were aware of anemia and thalassemia (80.3% and 

79.6, respectively). In comparison, a minority of Myanmar and Cambodian migrants had 

awareness of anemia (20.0% and 13.7%, respectively), and very few had heard of thalassemia 

(6.8% and 2.3%, respectively). Thai subjects similarly reported higher percentages of personal 

and family history of anemia, thalassemia, transfusion, and miscarriage in Thai subjects (Table 

6). For example, 31 Thai subjects (16.0%) reported a personal history of anemia, and 12 (6.2%) 

reported personal history of thalassemia, while a handful of migrants reported having anemia, 

and no Myanmar and only 3 Cambodians reported having thalassemia (Table 6).  

Subjects without awareness of thalassemia were informed only that thalassemia was an 

inherited condition that could be passed on to their children, then asked whether they would be 

interested in testing themselves, their babies or their partners for such a condition. Although 

the majority of subjects in all three nationalities were interested, Cambodians were most likely 

to want to test for thalassemia (Table 6). The three groups also agreed that consultation with a 

doctor was the best method for educating them about thalassemia (Table 6), though migrants 

showed a greater preference for doctors compared to Thai subjects (85.3% vs 68.4%, p=0.01). 

Few migrants preferred to be educated by brochures, employer-sponsored workshops, and 

government-sponsored workshop (Table 6). Other suggested methods of education from 

migrants included mass media (“TV”, “internet”, and “Google”) and word of mouth (“friend”).  

3.4 Factors Associated with Thalassemia Awareness 

A subanalysis of migrant subjects was performed to identify factors associated with 

thalassemia awareness (Table 7). The only demographic variable associated with awareness in 

migrants was longer duration of time residing in Thailand (median 13.1 vs 5 years, p=0.0002). 

Given the limited number of migrant subjects in the aware group and therefore the low power 

to detect differences, a subanalysis of factors associated with awareness in Thai subjects was 
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also performed (Table 7). Female Thai subject were 4.47 times more likely to be aware of 

thalassemia than males (p=0.03), and Thai subjects who had achieved some level of secondary 

education were 4.77 times more likely than those with less education (p=0.03). On the other 

hand, age, ability to speak the Thai language, marital status, number of children, registration 

status, number of times moved within Thailand, number of doctor visits in the past year, seeking 

care from doctors first, and payment for health care with cash were not found to be associated. 

Awareness seemed to be higher in Myanmar compared to Cambodian subjects (6.8% vs 2.3%), 

but the finding did not reach significance (p=0.07). 

In both Thai and migrant subjects, awareness of anemia strongly predicted thalassemia 

awareness (p<0.0001), as did personal and family history of anemia (Table 7). Personal history of 

miscarriage was also associated with thalassemia awareness in migrants, but not in Thai subjects 

(Table 7).  
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Table 7. Factors associated with awareness of thalassemia.

OR p-value OR p-value

Age - 0.96 - 0.72
Gender 1.15 0.38 4.47 0.03
Country of origin of migrant 3.58 0.07 - -
Knowledge of Thai language 0.98 0.52 - -
Secondary education achieved 0.001 1.00 4.77 0.03
Married 0.04 1.00 0.01 0.93
Number of children - 0.27 - 0.97
Health registration status 0.40 0.74 - -
Length of residence in Thailand - 0.0002 - -
Number of moves within Thailand - 0.53 - -
Number of doctor visits - 0.68 - 0.23
Seek care from doctor first 0.99 0.39 1.01 0.31
Pay for health care with cash 1.19 0.28 3.22 0.07
Aware of anemia 31.72 <0.0001 40.06 <0.0001
Personal History of:
     Anemia 24.44 0.001 9.580 0.001
     Transfusion 0.85 0.36 3.59 0.07
     Miscarriage 7.85 0.03 0.01 1.00
Family History of:
     Anemia 13.62 0.01 7.8 0.004
     Transfusion 1.65 0.27 0.54 0.74
     Miscarriage 0.54 0.41 0.11 1.00

Variable
Migrants Thai

 

3.5 Knowledge, Attitudes, and Practices  

The KAP survey was completed by 155 Thai, 7 Myanmar, and 4 Cambodian subjects 

(Table 8). One Thai and one Myanmar subject reported awareness of thalassemia but did not 

complete the KAP survey. The level of thalassemia knowledge, assessed by the knowledge score, 

was significantly higher for Thai compared to migrant subjects (p=0.002), though notably both 

groups exhibited some key misconceptions (Table 8). For example, 32.9% of Thai subjects and 

45.4% of migrant subjects believed that thalassemia was an infectious disease. Nearly all Thai 

but only 72.7% of migrant subjects knew that thalassemia was a blood disorder (p=0.03). Only 

27.3% of migrants knew that thalassemia is common in Asia, compared with 72.3% of Thai 

subjects (p=0.004). Nearly all subjects knew that blood testing could diagnose thalassemia, but 
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knowledge about carriers and genetic risk remained low in both groups. For example, 54.2% of 

Thai and 90.9% of migrant subjects believed that a thalassemia carrier could go on to eventually 

develop thalassemia major. Misconceptions may be even more commonplace than what was 

found in this study, as consents and surveys were not performed in private rooms, and subjects 

may have had the opportunity to overhear information about thalassemia given to other 

subjects. 

Age, gender, interaction with the healthcare system (number of doctor visits, having 

insurance, preferences for care or education from doctors) did not influence knowledge score. 

However, subjects achieving some level of secondary education had higher scores than those 

with primary education or less (median score of 8 vs 6, p=0.001). This difference persisted when 

the association was tested in Thai subjects only (median score of 9 vs 6.5, p=0.02). Subjects who 

had heard of anemia also had more knowledge about thalassemia (p=0.01), though this was not 

significant in the Thai-only subanalysis. 

Thai and migrant attitudes towards thalassemia screening, prevention, and control were 

generally similar across all except two questions. Thai and migrant subjects agreed that 

thalassemia should be prevented, that having a child with thalassemia was more of a burden 

than a blessing, that they would want to know if they were having a baby affected with 

thalassemia, and that they would get tested and would want their partner to be tested for 

thalassemia during pregnancy. Migrants reported being more likely to want to know if their 

baby had thalassemia (Table 8; p=0.03) and less likely to continue having children with their 

partner if they found out they were both thalassemia carriers (p=0.01). However, on average, 

migrants gave the same answer (“strongly disagree”) to the latter question as to its reciprocal 

question, which created a challenge for interpreting migrants’ attitude toward this topic. Thai 

subjects tended to have more neutral opinions of termination of pregnancy, while migrants on 
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average strongly disagreed with termination, though the difference was not statistically 

significant. Nevertheless, the median attitude score of 3.4 for Thai and 3.7 for migrants 

suggested that all subjects were at least partially in favor of thalassemia prevention and control. 

Level of knowledge did not correlate with attitude scores.  

Finally, questions on practices surrounding thalassemia revealed that a higher 

percentage of Thai subjects and their partners (46.8% and 38.3%, respectively) had been tested 

for thalassemia, compared to migrants and their partners (27.3% and 9.1%, respectively), 

though the difference did not reach significance. Out of those subjects who had been tested or 

had a partner who had been tested for thalassemia, a surprisingly large percentage of subjects 

reported having had prenatal diagnosis (PND; 68.0% and 66.7%). Only 1 migrant and 4 Thai 

subjects reported that PND led to a diagnosis of thalassemia in the fetus. The majority of 

subjects in both groups planned to have more children in the future.  
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Table 8. Individual responses and cumulative knowledge and attitude scores from the KAP survey.

N
Thai                    
155

Migrant              
11

p-value

1. Thalassemia is blood disease. 94.8% 72.7% 0.03
2. Thalassemia is cause of anemia. 87.7% 81.8% 0.63
3. Thalassemia is rare in Asia. 72.3% 27.3% 0.004
4. Thalassemia is infectious disease. 67.1% 54.6% 0.39
5. Thalassemia is inherited disease. 91.0% 72.7% 0.09
6. Normal parents can have affected child. 25.8% 9.1% 0.30
7. Carrier parents at risk for affected pregnancy. 70.3% 63.6% 0.74
8. Blood test can be done. 97.4% 100.0% 1.00
9. Thalassemia carrier requires transfusions. 42.6% 36.4% 0.76
10. Thalassemia major requires transfusions. 86.5% 90.9% 1.00
11. A carrier can develop thalassemia major. 45.8% 9.1% 0.02
12. Can cure thalassemia with pill. 60.7% 45.5% 0.35

Median Knowledge Score (IQR) 8 (7-10) 7 (6-8) 0.002

13. Thalassemia should be prevented. 4 (4-5) 5 (5-5) 0.08
14. Child with thalassemia is burden. 3 (2-4) 4 (2-5) 0.19
15. Child with thalassemia is blessing. 1 (1-2) 1 (1-2) 0.33
16. Want to know if having baby affected. 4 (4-5) 5 (4-5) 0.22
17. Would get tested during pregnancy. 5 (4-5) 5 (5-5) 0.12
18. Want partner tested during pregnancy. 5 (4-5) 5 (3-5) 0.67
19. Have children with partner if both carriers. 3 (2-4) 1 (1-3) 0.01
20. Would not want to know if baby affected. 2 (1-4) 1 (1-1) 0.03
21. Testing during pregnancy not useful. 3 (1-4) 1 (1-5) 0.64
22. Not have children with partner if both carriers. 3 (2-5) 1 (1-5) 0.25

23. Would end pregnancy for thalassemia. 3 (2-4) 2 (1-5) 0.92
24. Disagree with ending pregnancy. 4 (3-4) 5 (4-5) 0.07
25. Would not prevent birth of affected baby. 3 (3-4) 5 (1-5) 0.29

26. Better to end pregnancy than let child suffer. 4 (3-4) 3 (1-5) 0.50

Median Attitude Score (IQR) 3.4 (3.2-3.8) 3.7 (3.3-3.9) 0.21

27. Subject tested for thalassemia. 72 (46.8) 3 (27.3) 0.35
28. Partner tested for thalassemia. 59 (38.3) 1 (9.1) 0.06
29. Had prenatal diagnosis (PND). 53 (68.0) 2 (66.7) 1.00
30. PND showed affected baby. 4 (7.6) 1 (50.0) 0.18

31. Plan to have more children. 94 (62.7) 8 (72.7) 0.75

Practice Questions (N, %)

Attitude Questions (Median, IQR)

Knowledge Questions (% Correct)
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4. Discussion 

This is the first study of thalassemia knowledge, attitudes, and practices in migrant 

populations in Thailand, as well as one of the few studies of thalassemia knowledge and 

attitudes in Southeast Asian populations in general. We hypothesized that there would be a 

significant gap in thalassemia awareness between migrant and Thai subjects. Indeed, we found 

that the large majority of Thai subjects were aware of thalassemia, while very few Myanmar and 

Cambodian subjects were aware. The level of thalassemia awareness in migrants was even 

lower than we expected, with only 11 KAP surveys filled out by migrants, despite expanding the 

sample size for migrants. Awareness of anemia was more commonplace in migrants, but still 

lagged far behind awareness in Thai subjects. A large knowledge gap surrounding thalassemia 

was similarly seen in a study of Italian-Americans in the US vs Italians living in Italy (19% vs 85%), 

the latter being another population with high thalassemia prevalence.30  

Our migrant cohort was on average more male, more likely married, less educated, and 

less engaged with the healthcare system compared to Thai subjects. We found a strong positive 

correlation between migrants’ awareness of thalassemia and awareness of anemia, personal 

history of anemia or miscarriage, and family history of anemia. We expected education level to 

also correlate with awareness of thalassemia and of medical conditions in general, but in fact, 

none of the 12 subjects aware of thalassemia had higher education, and the 6 subjects with 

higher education were unaware of thalassemia. Similarly, Armeli et al. found that Italian-

Americans were highly educated, with 44% holding a college degree, compared to only 4% of 

Italians; yet, Italian-Americans had a much lower knowledge level of thalassemia.30 Therefore, 

while the low level of education among migrants in Thailand may contribute to a general lack of 

knowledge about medical conditions, it cannot account for the severely limited thalassemia 

awareness in our Myanmar and Cambodian migrant populations. For Italian-Americans, Armeli 
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et al. suggested that lack of exposure to thalassemia education and screening in the US might 

have accounted for their low awareness, especially given that a number of other demographic 

factors such as age, sex, and marital status did not correlate with awareness.30  

We surveyed migrant subjects for their length of time residing in Thailand, as a proxy for 

cultural integration as well as exposure to public thalassemia education efforts that are 

commonplace in Thailand but absent in their countries of origin. We found that, in fact, 

migrants aware of thalassemia had been residing in Thailand for an average of 8.1 years longer 

than those unaware (p=0.0002). A number of factors may lead to increased awareness in long-

term migrant residents, including exposure to public education efforts on mass media, likelihood 

of having an established primary care provider who can offer thalassemia counseling and 

screening, and access to a social network in which knowledge of thalassemia can spread by 

word of mouth.  

In the subanalysis with Thai subjects, females and those who achieved some level of 

secondary education were more aware of thalassemia, findings that could potentially be 

generalizable to migrant populations. It is possible that more highly educated individuals have 

better access to health care, especially preventative services, and therefore have greater 

awareness of common health conditions such as thalassemia. Notably, 66.1% of migrants in this 

study had little education (none or primary only), compared to 12.4% of Thai, suggesting that 

future public thalassemia education programs for migrants may need to spread their message 

via a different medium than what is used for the Thai population currently. At the same time, 

Thai females may be more knowledgeable because Thailand’s prevention and control program 

focuses on prenatal screening, and one of the big challenges faced by the program has been 

getting pregnant women’s male partners to present for thalassemia testing. This gender 

difference is concerning, as the industrial sector in Chonburi has been increasing their 
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recruitment of Cambodian men for manufacturing and construction work (reflected in our study 

population and by personal communication). Regardless of whether this difference in awareness 

by gender is the result of the nature of prenatal screening or potentially reflective of resistance 

in the male community to be screened, it is a barrier that will need to be overcome in future 

screening programs. Given these nuances, further research into factors influencing migrants’ 

awareness of thalassemia is needed to gain a clearer understanding of how public programs can 

most effectively approach thalassemia education in migrants.  

In addition to lack of awareness, the KAP survey demonstrated that misinformation 

about thalassemia remains a problem in both migrant and Thai populations. Among other 

concerns, the beliefs that thalassemia is an infectious disease, that carriers are ill (i.e. require 

transfusions) and can go on to develop thalassemia major can lead to stigmatization of carriers 

and create ethical challenges for implementing carrier screening in Thai nationals, as much as in 

migrants. Level of thalassemia knowledge was most strongly correlated with awareness of 

anemia, just as thalassemia awareness was associated with anemia awareness and a number of 

personal and family history elements. Therefore, these variables might speak to the overall 

health literacy of the subjects. Of note, all Thai subjects with a personal history of transfusion or 

miscarriage and the large majority with personal history of anemia had heard of thalassemia, 

suggesting that Thai nationals are routinely being offered thalassemia counseling and/or 

screening when they present with any of these related complaints. Given that migrants show 

strong interest in going to medical doctors for their health concerns and receiving education 

from doctors, routine outpatient visits may be a prime opportunity to provide migrants with 

information about thalassemia. 

 It was surprising to find that the significantly higher awareness and knowledge level of 

Thai subjects did not lead them to take a more positive position towards thalassemia prevention 
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and control. With an attitude score of 3 being neutral, Thai and migrant subjects were overall 

only slightly in favor of thalassemia prevention and control (median score of 3.4 and 3.7, 

respectively). Nevertheless, when evaluating by individual policies of prevention and control, 

both groups took a very positive position towards thalassemia screening, suggesting that both 

carrier and prenatal screening would be acceptable to migrant populations if offered. In fact, as 

a component of a broader study assessing feasibility of screening, free thalassemia screening 

was offered to all migrants taking the survey, and nearly all migrants consented, despite their 

low level of awareness of the disease prior to participating in the study. An interesting question 

raised by migrants was how much the test would cost, suggesting that migrants are interested in 

receiving thalassemia testing as a free service. However, it is unclear what value they actually 

assign to thalassemia testing; therefore, future surveys should probe the question of willingness 

to pay for testing.  

Attitudes towards family planning (i.e. having fewer children if both partners were 

carriers) were mixed, potentially due to misunderstanding of the questions. Migrants showed a 

clearly negative attitude towards termination of pregnancy, implying that PND and termination 

may not be an acceptable part of a prevention and control program geared towards migrants. 

Programs for migrants may therefore need to emphasize carrier and premarital screening, 

genetic counseling, and reproductive planning in order to be effective in reducing rates of 

severe thalassemia births.  

 The Practices section of the survey revealed that, despite the large majority of Thai 

subjects having awareness of thalassemia, only 46.8% of aware subjects and 38.3% of their 

partners had actually been screened, and an even lower percentage of migrants had been 

screened. These percentages show significant room for expansion of screening if Thailand’s 

prevention and control program were to adopt carrier screening. The birth rate was not 
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particularly high for Thai or migrant subjects (1-2 children per subject), but the majority of 

subjects reported in the KAP survey that they planned to have more children, so retrospective 

counseling may be an effective strategy in prevention and control.  

4.1. Challenges  

The main challenges faced in surveying migrants were logistical or structural limitations, 

languages barriers, and the survey design. 

4.1.1 Structural Barriers 

Though we initially intended to survey individual migrants, we had to modify our 

recruitment strategy upon realizing that all migrants presented as a group with a migrant agent 

(anywhere from 2 to 15+ migrants at a time). The agent was responsible for getting everyone in 

the group registered, tested for various infectious diseases, and returned to the company. There 

was little downtime between testing, so we had to approach migrant agents in the laboratory 

waiting room to ask for permission and time to talk with their group about participation in the 

study. Some agents declined to allow their group to be surveyed because they needed to return 

to the company and could not stay longer. A number of migrant groups initially interested in 

participating were lost (i.e. never came back) when they left the laboratory waiting area to go to 

the X-ray room or the cafeteria. However, trying to enroll subjects prior to their X-ray exam 

resulted in some subjects not being able to get their X-ray before it closed. To fix this issue, the 

registrar sent groups of female migrants to the laboratory first and male migrants to the X-ray 

room first to spread out the patient load. As a result of these issues, a representative sample of 

registering migrants, especially in terms of gender breakdown and country of origin, could not 

be guaranteed, and some work sectors or specific companies may be over- or under-

represented in this study.  
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Eligibility assessment, consents and surveys also had to be performed in groups due to 

time pressure. This led to a few subjects having to be excluded after participation due to 

overlooked exclusion criteria (i.e. age or pregnancy). For efficiency, surveys had to be performed 

on paper rather than being inputted directly into REDCap. Paper surveys were problematic for a 

number of reasons and caused confusion (discussed in more detail in the following sections). 

Some participants were observed sharing answers with their fellow group members or asking 

others participants for clarification or answers to questions. Migrants and study personnel 

rushing to fill out the paperwork tended to skip a number of signature items and questions, and 

even with hand-checking every set of consents and surveys for completion and accuracy, it still 

led to some missing data. Another issue with non-private consents was that one group being 

consented for surveys might overhear information being given to another group being 

consented for thalassemia testing in the same room. For example, the fact that 100% of migrant 

subjects knew that a blood test existed for thalassemia could have been the result of hearing 

that we were offering blood tests, making knowledge scores in this study potentially less 

reliable.  

Thai subjects were recruited individually from the outpatient waiting room at Laem 

Chabang Hospital, which presented its own challenges. Because some Thai subjects sitting next 

to each other were also observed sharing answers, an attempt was made to approach subjects 

in different areas of the waiting room. However, with hundreds of Thai patients and family 

members scattered throughout the sizeable waiting room and patients sometimes being called 

into exam rooms to see the doctor before completing the survey, it was difficult to keep track of 

all consented subjects. A number of subjects did not complete large portions of the surveys and 

had to be called back to complete them. Four subjects were lost, and three consent forms were 

never recovered. Left to fill out the survey on their own, some Thai subjects were in a rush or 
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perhaps disinterested, selecting the same answer in a row (e.g. selecting all “Yes” on knowledge 

questions and all “strongly agree” on attitude questions). Few Thai subjects asked for 

clarification on the meaning of words or questions, whereas migrant subjects had more 

personalized attention during the survey. This may have led to more errors in filling out the 

survey in the Thai group. On the other hand, Thai subjects left to answer questions alone may 

have felt more comfortable answering honestly. Overall, providing consents and surveys for Thai 

subjects to fill out independently functioned well, but this strategy relied on a high level of 

literacy in Thai subjects that was not present in migrants.  

4.1.2 Language and Literacy 

It was difficult to find Burmese-Thai and Khmer-Thai interpreters and even harder to 

ensure consistent quality of interpretation. Interpreters were often employed by large 

companies sponsoring registration for groups of migrants, and we had to ask the company the 

favor of lending us their translator for the day. For Myanmar translation, we relied entirely on 

company interpreters, so we were occasionally left with no Myanmar interpreter and could only 

recruit Thai-speaking Myanmar subjects. While we found that a majority of migrants were able 

to speak Thai, this could have resulted in selection bias towards perhaps more educated or more 

assimilated migrants. Some staff at Laem Chabang Hospital spoke Khmer and helped with 

interpretation for migrants speaking Thai and Khmer, possibly contributing to the higher 

enrollment numbers of Cambodian subjects (though in general, more Cambodians seemed to be 

presenting for registration). 

Even when one or two interpreters were available, they would have to rotate between 

subjects. As we did not have a consistent pool of interpreters, it was difficult to train them on 

proper informed consent technique and how to use the survey. Compounded with the problem 

of lack of interpreters was the high rate of illiteracy amongst migrants, with Cambodians being 
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less literate than Myanmar subjects. Therefore, study personnel had to provide a detailed verbal 

consent and ask survey questions verbally, which was more time-consuming than performing 

surveys with Thai subjects. We experimented with different work flows to optimize the consent 

process, and in the end, we used trained study nurses to consent a group of subjects, then pass 

subjects to translators to help complete the survey. Another issue was that Thai study personnel 

could not read consent forms and surveys translated into Khmer and Burmese, slowing down 

the paperwork process significantly and creating more room for error in completing the surveys.  

On occasion, migrant agents or a literate group member were observed to explain the study 

and interpret for other members of the group. They would sometimes read a survey question, 

ask everyone to answer out loud, and then help everyone mark down their answer, essentially 

creating a polled response for that question. As such, it was noted upon entering data that there 

were occasional strings of surveys that would have the same answers for a block of questions.  

4.1.3 Survey Design Limitations 

This study served as a large pilot study of the demographic and KAP surveys in Thai, 

Myanmar, and Cambodian subjects. A number of issues were identified with the survey design 

itself. The survey was meant to be administered orally and recorded online; the paper surveys 

were only templates and were not optimized for readability and ease of administration. Direct 

data entry into a REDCap database using a portable electronic device was attempted but proved 

to be too difficult and cumbersome to train study personnel and interpreters to use for migrant 

surveys, but this strategy worked well for Thai subjects who were left alone with the device to 

complete the survey online. 

Using the paper surveys, some questions were frequently skipped or had multiple 

options checked when it was not meant to be a multiple-choice question, leading to missing 

data. The skip logic was challenging for participants and study personnel alike to follow and 



 
37 

should be avoided in the future. Reciprocal questions in the attitude section of the KAP survey 

may also need to be avoided, as most migrant subjects had trouble understanding the concept. 

Migrants would typically interpret the first question correctly, but then could not understand 

how to answer its reciprocal question, in particular if it posed a double negative (e.g. if they 

“strongly disagree with not having more children”). A different problem was found in the Thai 

surveys, where a handful of subjects chose the same answer (usually the left-most answer, 

“Strongly agree”) all the way down. Both practices may have led to decreased ability to detect 

differences in this study due to regression to the mean.  

Due to the low number of migrants with awareness of thalassemia, consideration was 

given to expanding the criteria for filling out the KAP survey to having awareness of anemia. 

However, it was decided that anemia was too nonspecific, especially as some subjects who had 

“heard of thalassemia” were only familiar with the word but could not answer questions testing 

their understanding of the disease itself. Some additional problems with question wording or 

translatability included the following: different grade level cut-offs for primary and secondary 

school in Thailand and Myanmar (Question 7); misunderstandings and differing interpretations 

of “work sector” (Question 8); understanding Question 23 as donating rather than receiving a 

blood transfusion; difficulties interpreting hypothetical questions surrounding thalassemia 

testing (Questions 29-31).  

4.2 Implications for Policy and Further Research  

Migrant populations pose several unique challenges for the prevention and control of 

thalassemia and hemoglobinopathies in Thailand. First, there is a lack of epidemiological data 

from Myanmar, Cambodia, and Laos to inform expected prevalence of hemoglobin disorders in 

migrants from these countries. This hinders the ability to estimate the burden of disease in 

migrant populations and inform policy decisions. A separate aim of this study will provide some 
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preliminary prevalence estimates to address this problem; analyses are ongoing and were not 

presented as part of this work. 

Second, a large proportion of the migrant population in Thailand is believed to be 

unregistered and therefore outside the standard channels for providing public health services 

such as thalassemia education. This is supported by the fact that even among our select 

population of migrants presenting with their employer’s sponsorship for health registration, 

25% were previously unregistered. The unregistered migrant community, not likely represented 

in our study population, may have even lower awareness of thalassemia and will likely prove 

difficult to access, both for research and for public outreach and education. In addition, a major 

structural barrier to thalassemia screening in migrants was presumed to be their transience, or 

the tendency to change employment and move around often. On the contrary, the migrants in 

this study were found to be rather stable, with the majority having never moved outside of 

Laem Chabang and having resided in Thailand for 5 or 6 years. As a result, a screening program 

based at the local hospitals where migrants present annually for health registration may actually 

be a feasible way to engage migrants in carrier screening. However, the large informal sector of 

the migrant population may be wary of and further marginalized by screening efforts paired to 

government-run hospitals or programs.  

Third, any discussion of providing migrants with thalassemia education, screening, and 

prevention services will likely be tied to the broader policy question of migrants’ rights to 

equitable health care in Thailand in general. Thailand’s public healthcare system is already 

overburdened, with public hospitals such as Laem Chabang Hospital consistently operating at 

overcapacity, long queues for access to specialty consultants and advanced procedures, and a 

limited formulary for government-sponsored drugs. There is concern expressed by Thai 

providers about the cost of expanding services to migrants, potentially at the expense of 
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providing fewer services to Thai nationals. In addition, some sections of the Thai population may 

hold xenophobic views and oppose incorporating migrants into a national prevention and 

control program meant to benefit the Thai people, or worse, may even refuse to participate in a 

program that included migrants. One Thai patient approached about the study declined to 

participate because he saw the word “migrant” written on the consent forms and insisted that 

he would not participate in a study for migrants. Therefore, in order to create an integrated 

program for all populations at risk of severe thalassemia in Thailand, future studies need to seek 

to understand the attitudes of Thai healthcare providers and the Thai public, as much as 

migrants’ attitudes, towards universal thalassemia screening, prevention and control. 
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4.3 Strengths and Limitations 

The assessment of awareness and knowledge of thalassemia in a general population, 

rather than in family members of patients with thalassemia, is a major strength of this study. 

Another strength is obtaining survey data from both registered and unregistered migrant 

populations that are not typically included in research studies in Thailand due to some of the 

barriers previously mentioned. That said, our results may not be generalizable to all migrant 

populations in Thailand, as we only surveyed Myanmar and Cambodian migrants presenting for 

health registration, and as industrial work sectors were overrepresented in our cohort. Another 

limitation is that very few migrants were aware of thalassemia and completed the KAP survey. 

Therefore, the analysis of factors associated with migrants’ thalassemia awareness and 

differences in knowledge and attitudes between migrants and Thai subjects may not be robust. 

Because surveys were performed in a hospital setting, often administered by nurses, subjects 

may not have been as forthcoming about certain topics, such as seeking care from a traditional 

healer. The study also faced sizable logistical limitations, highlighting problems with performing 

surveys in groups and within a hectic hospital environment. At the same time, this allowed us to 

document structural barriers that will be important to address when implementing future public 

health education programs in migrant populations. 



 
41 

5. Conclusion 

This study demonstrates that a significant gap in awareness and knowledge of 

thalassemia exists between Thai nationals and migrants in Thailand. The high level of awareness 

of thalassemia in Thai nationals (79.6%, compared to ~4.1%) may be the result of successful 

public education and thalassemia screening efforts undertaken by the Thai Ministry of Public 

Health over the past 20 years. However, thalassemia knowledge and attitudes in Thai subjects 

were suboptimal, showing that there is still room for improvement in future public education 

endeavors. Living longer in Thailand raises migrants’ awareness of thalassemia, though it is 

unclear through what channels. Further research is needed to determine the most effective 

method of educating migrant populations about thalassemia. 

The KAP survey developed as a part of this study was able to identify common 

misconceptions of thalassemia in Thai and migrant populations and confirmed that carrier status 

is highly misunderstood, highlighting the potential risk of stigmatization with carrier screening. 

The KAP survey also demonstrated that Thai and migrant populations alike support thalassemia 

screening, but migrants may be more averse to participating in programs utilizing prenatal 

diagnosis and termination of pregnancy. The information gained from this survey can help focus 

future educational efforts on addressing specific knowledge deficits and tailor prevention and 

control measures to migrant populations.  

With the goal of full economic integration among the ASEAN member countries, intra-

regional migration will only continue to increase. The scientific community, healthcare 

providers, and policy makers in Southeast Asia need to recognize the challenge posed by 

migration to existing thalassemia prevention and control policies. In order to make progress as a 

region, there must be a concerted effort to not only establish screening programs for 

hemoglobin disorders in individual countries, but also to extend those services to migrants. With 
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further investigation into knowledge, cultural, and structural barriers to thalassemia prevention 

and control in migrant populations, we may begin to create a global solution for the growing 

public health problem of thalassemia. 
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Appendix A. Demographic Survey 
    
 DEMOGRAPHIC SURVEY:  

 

1. Age: _________ years 

2. Gender:    Male   Female    

3. Nationality:    Thai     Migrant 

4. Country of origin (if migrant):     Myanmar         Cambodia       Other ________________ 

5. Primary language (choose 1):    Thai      Burmese      Khmer       English        

                                                       Other ______________ 

6. Additional languages (choose any):    Thai      Burmese      Khmer       English       

                                                                Other ______________ 

7. Educational level:  None   Primary (1-6)   Junior high (7-9)   Senior high (10-12)   

                                  Higher education_________________       

8. Work sector:    Fishery      Manufacturing      Domestic      Construction       

                            Other ________________ 

9. Duration of time living in Thailand (if migrant): __________ years ___________ months 

10. Number of times moved to a different city within Thailand (if migrant): __________  

                                                                                                   (“0” if only lived in Laem Chabang) 

11. First time participating in health registration? (if migrant):     First time      Renewal 

12. How did you pay for your health care before today?:    Employer health insurance      

       Public health insurance      Migrant health insurance scheme     Private health insurance         

       Cash      Other______________ 

13. Where do you go first when you are sick?:    Drug store    Doctor     Traditional healer                                                               

       Other_________ 

14. What is the number of times that you have visited a doctor or a hospital in the prior 1 year?:    

      __________ 

15. Marital status:    Single      Married      Divorced      

16. Nationality of partner (if Married):    Thai      Migrant 

17. Country of origin of partner (if Married):    Myanmar     Cambodia      Other __________ 

18. Number of children: __________ 

19. Have you ever heard of anemia?:        Yes      No      

20. Have you ever heard of thalassemia?:     Yes      No     
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Have you ever had: 

21. Anemia:    Yes      No  

22. Thalassemia:   Yes      No  

23. Transfusions:  Yes      No  

24. Miscarriages:  Yes      No  

Has anyone in your family ever had: 

25. Anemia:    Yes      No  

26. Thalassemia:   Yes      No  

27. Transfusions:  Yes      No  

28. Miscarriages:  Yes      No  

 

(For those subjects who answered “No” to Question 20, please answer Questions 29-32): 

 

29. Would you want to know if you were a carrier for a disease that you could pass on to your 

child before you have a baby?        Would want to know      Would not want to know 

30. If you knew you were a carrier for a disease that you could pass on to your child, would you 

want to have your baby tested?      Would want to test      Would not want to test 

31. If you knew you were a carrier for a disease that you could pass on to your child, would you 

want your partner to be tested?      Would want to test      Would not want to test 

32. What is the best way to give you more information about a medical condition like 

thalassemia?:   

        Consultation with doctor     Brochure     Company-sponsored workshop    

        Government-sponsored workshop    Other________ 
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Appendix B. Knowledge, Attitudes, and Practices (KAP) Survey 
 
KAP SURVEY:  
 
Knowledge  (yes/no) 
1. Thalassemia is a disease of the blood. 
2. Thalassemia is one of the causes of anemia.  
3. Thalassemia is a rare condition in Asia.      
4. Thalassemia is an infectious disease, meaning you can catch it from someone else.  
5. Thalassemia is an inherited disease, meaning parents can pass it on to their children. 
6. Even if the parents do not have thalassemia, their child could still get thalassemia.    
7. If two parents have a child with thalassemia, they are at risk for having another child with 

thalassemia later on.  
8. A blood test can be done to see if someone has thalassemia.   
9. A thalassemia carrier requires regular blood transfusions.     
10. People with thalassemia major require regular blood transfusions.   
11. A thalassemia carrier can eventually develop thalassemia major.    
12. Thalassemia can be cured with a pill.   
 
Attitudes towards severe thalassemia  (Likert scale for positive items: strongly agree = 5;  
agree = 4; unsure = 3; disagree = 2; strongly disagree = 1; reverse for negative items)    

First explain that a child with severe thalassemia is likely to be sick frequently and suffer from 
the disease. 

13. Thalassemia should be prevented in the general population. 
14. Having a child with thalassemia is a burden. 
15. Having a child with thalassemia is a blessing (i.e. can be considered lucky). 
16. I would want to know if I were having a baby with thalassemia. 
17. I would get tested during pregnancy if thalassemia testing is available. 
18. I would want my partner to get tested during pregnancy if thalassemia testing is available. 
19. I would continue having children with my partner if we were both thalassemia carriers. 
20. I would not want to know if my baby was thalassemic.  
21. Testing for thalassemia is not useful to me during pregnancy.  
22. I would not have more children with my partner if we were both thalassemia carriers. 
23. I would end a pregnancy if the baby has thalassemia. 
24. I disagree with ending a pregnancy. 
25. I would not prevent a thalassemic baby from being born. 
26. It would be better to end a pregnancy with a thalassemic baby than to let the child be born 

and suffer. 
 
Practices  (Yes/No) 
27. I have been tested for thalassemia before. 
28. My partner has been tested for thalassemia before. 
29. (If “Yes” to either Question 27 or 28) I or my partner have had prenatal diagnosis (PND) to 

find out if the baby was affected by thalassemia. 
30. (If “Yes” to Question 29) Did the PND show that your baby had thalassemia:    
31. I plan to have 1 or more child in the future. 
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