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Purpose: Our study aims to describe the mortality trends and disparities among individuals with thalassemia in the United States (US).
Patients and Methods: We used CDC WONDER database to calculate the age-adjusted mortality rates (AAMRs) per 1,000,000
individuals and used the Joinpoint Regression Program to measure the average annual percent change (AAPC). Subgroup evaluations
were performed by sex, age, race, census region, and urbanization level.

Results: From 1999 to 2020, there were 2797 deaths relatd to thalassemia in the US. The AAMR of thalassemia-related death showed
a decreasing trend from 0.50 (95% CI, 0.41-0.58) in 1999 to 0.48 (95% CI, 0.41-0.55) in 2020 with the AAPC of —1.42 (95% CI,
—2.42, —0.42). Asians have the highest AAMR (1.34 [95% CI, 1.20-1.47]), followed by non-Hispanic Blacks (0.65 [95% CI, 0.59—
0.71]), non-Hispanic Whites (0.32 [95% CI, 0.30-0.33]), and Hispanics (0.11 [95% CI, 0.08-0.14]). Cardiovascular disease remains
the leading cause of death among individuals with thalassemia. The urban population has a higher AAMR than the rural population
(0.43 [95% CI, 0.41-0.45] vs 0.29 [95% CI, 0.26-0.32]).

Conclusion: Our study calls for targeted interventions to address the racial and geographic disparities existed among individuals of
thalassemia in the US.
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Introduction

Thalassemias are a group of hereditary blood disorders resulting from decreased and/or defective a or  globin proteins in
the hemoglobin as a result of gene mutation.! Hemoglobin is the primary oxygen carrier in the red blood cells. The
dominant hemoglobin molecule in adults, known as HbA was made up of two a globin chains and two 3 globin chains. In
thalassemia, the abnormal or low levels of a or B globin proteins disrupt the normal functioning of hemoglobin, leading
to impaired erythropoiesis and anemia of varying severity among the affected individuals.?

Thalassemias are one of the most common causes of inherited anemia worldwide.® Approximately 56,100 infants are
born with thalassemia annually, of whom more than half of them have transfusion-dependent B-thalassemia.* Generally,
thalassemia was known to be highly prevalent in certain regions of the world, including Southeast Asia, the
Mediterranean area, the Middle East, and Africa.” However, there is an increasing trend of prevalence in the other
regions, namely North America and Northern Europe attributed to migrations.® In the United States, there was 7.5%
increase in the prevalence of thalassemia in the last fifty years.’

Patients with thalassemia have varying presentation ranging from asymptomatic or mild anemia among patients with
thalassemia trait to severe anemia requiring lifelong blood transfusion among thalassemia major patients. As a result of
regular blood transfusion, patients may develop complications from iron deposition in multiple organs and tissues,
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including cardiac myocytes, liver, pancreas and other endocrine tissues. Over the last two decades, there have been some
advances in the treatment of thalassemia, including the introduction of iron chelators, the use of luspatercept in reducing
blood transfusion requirement,® and the recent approval of betibeglogene autotemcel gene therapy for transfusion-
dependent beta-thalassemia major.’

With the increasing prevalence of thalassemia in the US, it remains uncertain of the mortality trends among
individuals with thalassemia in the US. In addition, the advances in treatment does not always necessarily translate to
improve outcomes at the population level due to the disparities existed across the population. Our study aimed to assess
the causes of death and mortality trends among individuals with thalassemia, as well as the disparities among different
demographics in the US.

Materials and Methods

Data Source

Centers for Disease Control and Prevention’s Wide-Ranging Online Data for Epidemiologic Research (CDC WONDER)
is a publicly available online database that contains public health data, including mortality data since the year 1999. We
utilized the death certificate data in the CDC WONDER from 1999 to 2020 to examine the longitudinal trends of
thalassemia-related mortality among the US population at all ages. Patients with thalassemia were identified using the
code in the International Statistical Classification of Diseases and Related Health Problems-10th Revision (ICD-10). We
excluded patients with unspecified ages and unspecified contributing causes of death. No prior institutional review
approval is required as the data has been deidentified and is publicly available.

Using the CDC WONDER from 1999-2020, we first evaluated the demographics for mortality in thalassemia
patients. We selected thalassemia as the contributing cause of death and measured the age-adjusted mortality rates,
which were standardized to 2000 US census proportions.

The World Health Organization defines the contributing cause of death as any cause of death that is neither the direct,
intervening, originating antecedent nor an underlying cause of death.'® The demographic features were used to stratify
the study population based on sex, age, race, and geographic region of residence at the time of death. This study

methodology has been validated in similar research topics.'""'?

Data Description

We utilized Microsoft Excel to organize the data into line graphs to show the overall AAMR trends of the individuals
with thalassemia over the study period. We then grouped the data based on different demographic characteristics
including sex, race, age, US census region, and urbanization level and used Microsoft Excel to exhibit the mortality
trends among different groups. Joinpoint trend analysis was performed to determine the average annual percent change
(AAPC) in the overall thalassemia-related mortality trends. Due to the smaller sample size of the study population when
they were grouped under different demographic characteristics, percentage change from the period of 1999-2010 to
2011-2020 was calculated to compare the changes in the AAMR trends in these 2 periods.

Study Outcomes

The age-adjusted mortality rates (AAMRs) per 1,000,000 individuals were standardized for the year 2000 US census
population. We compared the AAMRSs in different sex, age, race, and geographic regions. For geographical variations, we
cross-examined the AAMRs across different states, US census regions, and urbanization. The study population was
categorized into urban (large central metro, large fringe metro, medium metro, and small metro counties) and rural

(micropolitan non-metro and non-core non-metro counties) according to the 2013 US Census Classifications."?

Ethics Approval and Consent

Our study does not require institutional review approval as the population data is de-identified and publicly available.
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Results

From 1999 to 2020, there were 2797 deaths related to thalassemia, of which 1222 (43%) were male and 1575
(56%) were female. Out of 2797 deaths, there are 1857 (66%) deaths from thalassemia of unspecified types.
When deaths from thalassemia of unspecified types were excluded, there were 700 (n=700/940, 74%) beta
thalassemia deaths, 169 (n=169/940, 18%) alpha thalassemia deaths, and 71 (n= 71/940, 8%) thalassemia traits
deaths. The baseline demographics of patients who met the inclusion criteria are shown in Table 1. Overall, the
AAMRs decreased from 0.50 (95% CI, 0.41-0.58) per 1,000,000 individuals in 1999 to 0.34 (95% CI, 0.28-0.40)
in 2019, then increased to 0.48 (95% CI, 0.41-0.55) in 2020, with the AAPC of —1.42 (95% CI, —2.42, —0.42) (p
< 0.01) (Figure 1A).

Table | Demographic Characteristics of Thalassemia-Related Death in the United States, 1999—

2020

Variable N (%) AAMR per 1,000,000 Percentage Change
(95% CI) from 1999-2010 to
2011-2020 (%)
Overall 2797 (100.00) 0.42 (0.40-0.43) -7.50
Sex
Male 1222 (43.69) 0.43 (0.40-0.45) -7.32
Female 1575 (56.31) 0.40 (0.38-0.42) —29.79
Race
Non-Hispanic White 1820 (65.07) 0.32 (0.30-0.33) —-11.76
Non-Hispanic Black 489 (17.48) 0.65 (0.59-0.71) —-16.90
Asian or Pacific Islander 395 (14.12) 1.34 (1.20-1.47) —21.85
Hispanic 73 (2.61) 0.1'1 (0.08-0.14) —16.67
Age
<20 206 (7.38) 0.03 (0.03-0.03) 0
20-39 265 (9.48) 0.04 (0.04-0.04) —40.00
40-59 340 (12.16) 0.05 (0.05-0.05) 0.00
60-79 727 (26.00) 0.09 (1.77-1.85) —20.00
=80 1258 (44.99) 0.17 (0.17-0.17) +5.88
US Census Region
Northeast 660 (23.60) 0.46 (0.42-0.49) —6.38
Midwest 541 (19.34) 0.34 (0.31-0.36) —23.68
South 784 (28.03) 0.31 (0.28-0.33) —20.00
West 812 (29.03) 0.53 (0.49-0.56) —4.00
2013 Urbanization
Urban 2435 0.43 (0.41-0.45) —-11.36
Rural 362 0.29 (0.26-0.32) +6.90
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Figure | (A) Trend of age-adjusted mortality rate of thalassemia-related death between 1999 to 2020. (B) Overall age-adjusted mortality rate of thalassemia-related death
stratified by states.
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Causes of Death

Among individuals with thalassemia, the leading underlying causes of mortality when stratified by organ systems are
cardiovascular (n=727, 26%), followed by hematological (n=579, 21%), malignancy (n=499, 18%), endocrine (n=176,
6%), respiratory (n=173, 6%), nervous (n=141, 5%), gastrointestinal (n=46, 5%), psychiatry (n=91, 3%), infection (n=84,
3%), and other systems (n=186, 7%) (Table 2). When the cardiovascular causes were further stratified, ischemic heart
disease (n=309/727, 43%) was the most common reason, followed by hypertensive disease (n=83/727, 11%), cerebro-
vascular disease (n=48/727, 7%), aortic valve disease (n=30/727, 4%), cardiomyopathy (n=22/727, 3%), and atrial
fibrillation and flutter (n=22/727, 3%). When the hematological causes were stratified, thalassemia (n=254/579, 43.9%)
and sickle cell anemia (n=37/579, 6%). The three most common malignancies among individuals with thalassemia are
lung or bronchus cancer (n=90/499, 18.4%), followed by myelodysplastic syndrome (n=42/499, 8.4%) and breast cancer
(n=35/499, 7.0%).

Table 2 Underlying Causes of Death Among Individuals with Thalassemia in the United States,

1999-2020

Underlying Causes of Number of Most Common Causes within Each

Death by System deaths (%) System (Number of deaths, %)

Cardiovascular 727 (26.0) Ischemic heart disease (309, 42.5)
Hypertensive diseases (83, 11.4)
Cerebrovascular disease (48, 6.6)
Aortic valve disease (30, 4.1)
Cardiomyopathy (22, 3.0)
Atrial fibrillation and flutter (22, 3.0)

Blood and blood-forming organs | 579 (20.7) Thalassemia (254, 43.9)
Sickle cell anaemia (37, 6.4)

Neoplasm 499 (17.8) Lung or Bronchus cancer (90, 18.4)
Myelodysplastic syndrome (42, 8.41)
Breast cancer (35, 7.0)

Endocrine 176 (6.3) Disorders of iron metabolism (65, 36.9)
Diabetes mellitus (44, 25.0)

Respiratory 173 (6.2) Chronic obstructive pulmonary disease (76, 43.9)
Pneumonia (21, 14.7)

Nervous system 141 (5.0) Alzheimer’s disease (87, 61.7)
Parkinson’s disease (21, 14.9)

Gastrointestinal 136 (4.9) Liver cirrhosis (41, 30.1)

Mental 91 (3.3) Dementia (71, 78.0)

Infection 101 (3.0) Septicaemia (26, 25.7)
COVID-19 (17, 16.8)
Chronic viral hepatitis C (10, 9.9)

Others 169 (6.0) Unspecified fall (14, 8.3)
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Race and Age

Most of the deaths occurred in non-Hispanic Whites (n=1820, 65.1%), followed by non-Hispanic Blacks (n=489, 17.5%),
Asians (n=395, 14.1%), and Hispanics (n=73, 2.61%). The highest AAMR was observed among Asians (1.34 [95%,
1.20-1.47] per 1,000,000 individuals), followed by non-Hispanic Blacks (0.65 [95% CI, 0.59-0.71] per 1,000,000
individuals), non-Hispanic Whites (0.32 [95% CI, 0.30-0.33] per 1,000,000 individuals), and Hispanics (0.11 [95%
CI, 0.08-0.14] per 1,000,000 individuals) (Table 1).

Our study shows that the AAMR of patients with thalassemia increased with age. The highest AAMR was observed
among patients aged 80 and above (0.17 [95% CI, 0.17-0.17] per 1,000,000 individuals), followed by patients aged 60—
79 years (0.09 [95% CI, 0.09-0.09] per 1,000,000 individuals), patients aged 40—59 years (0.05 [95% CI, 0.05-0.05] per
1,000,000 individuals), patients aged 20-39 years (0.04 [95% CI, 0.04-0.04] per 1,000,000 individuals), and patients
aged <20 years (0.03 [95% CI, 0.03-0.03] per 1,000,000 individuals).

Geographic Regions

When stratified by state, California had the largest percentage of deaths of individuals with thalassemia (n=487, 17.4%),
followed by New York (n=221, 7.9%), and Florida (n=175, n=6.3%). The highest AAMR was observed in Hawaii (1.21
[95% CI, 0.86—1.65]) per 1,000,000 individuals), followed by Rhode Island (0.90 [95% CI, 0.58-1.32]) per 1,000,000
individuals), and California (0.61 [95% CI, 0.55-0.66]) per 1,000,000 individuals) (Figure 1B).

By US census region, the West recorded the highest AAMR at 0.53 (95% CI, 0.49-0.56) per 1,000,000 individuals,
whereas the South recorded the lowest AAMR at 0.31 (95% CI, 0.28-0.33) per 1,000,000 individuals. The smallest
decrease in AAMR was also observed in the West at —4.00% and the greatest decrease in AAMR was observed in the
Midwest.

In terms of urbanization, the urban population had a higher AAMR compared to the rural population (0.43 [95% CI,
0.41-0.45] per 1,000,000 individuals vs 0.29 [95% CI, 0.26—0.32] per 1,000,000 individuals). Despite having a lower
AAMR compared to the urban population, the rural population exhibited an increasing trend in the AAMR (+6.90%). On
the contrary, the urban population exhibited a decreasing trend of AAMR from 1999-2010 to 2011-2020 (—11.36%).

Discussion

Our study provides important insights into the trends for thalassemia-related mortality in the US. Our study shows that
(1) there is a decreasing trend in thalassemia-related mortality; (2) cardiovascular cause is the most common underlying
cause of death among individuals with thalassemia; (3) Asians had the highest AAMR compared to other races; (4) urban
population and the West had a higher AAMR compared to their counterparts.

Our study demonstrates a decreasing trend of thalassemia-related mortality from 1999 to 2019, and an increasing
trend from 2019 to 2020. The initial decreasing trend of mortality rate could be multifactorial. First, alpha- and beta-
thalassemia were often detected in the universal newborn screening programs that initially aimed to screen for sickle cell
disease since 2006.'*'> Besides, the approval of iron chelators, namely deferasirox and deferiprone in the US in 2005 and
2011 respectively, delays the development of iron-induced cardiac toxicity which may lead to heart failure and
arrhythmia.'®!” As cardiovascular causes are the most common cause of death among patients with thalassemia, the
declining death rate among patients with thalassemia can also be related to the declining death rate attributed to ischemic
heart disease in the last two decades'® as a result of the increased availability of preventive interventions and
advancements in therapy.'® We propose that the later upward trend in mortality may be attributed to the impacts of
the COVID-19 pandemic.

Our study found that cardiovascular cause, hematological cause, and malignancy are the three most common causes
of death, comprised of more than half of the deaths among individuals with thalassemia. It was observed that
cardiovascular causes are the most common cause of death among individuals with thalassemia, similar to the general
population.”® This is consistent with the existing studies which show heart diseases are the leading causes of death for

2122 and non-transfusion-dependent thalassemia.”® There are multiple explanations for

both thalassemia major patients
this. Individuals with thalassemia were similarly burdened by cardiovascular risk factors eg, hypertension, dyslipidemia,

and diabetes mellitus like the general population.”* Besides, individuals with transfusion-dependent thalassemia are
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prone to develop cardiac complications from iron overload, including sudden cardiac death, arrhythmia, and heart
failure.”> Similar to the general population, lung and bronchus cancer and breast cancer are the leading causes of cancer
death in our study population.”® Myelodysplastic syndrome is found to be one of the common causes of cancer death
among individuals with thalassemia, which is consistent to a study done by Chung et al.?’ It was suggested that iron
accumulation from chronic blood transfusion can induce oxidative stress and DNA damage, contributing to the
pathogenesis of MDS.*®

Besides, our study demonstrates that Asians had the highest AAMR compared to other racial groups. This can be explained by
the higher prevalence of thalassemia among the Asians. A previous study found that Asian patients made up more than half of the
thalassemia population in North America.” Asians are predisposed to have thalassemia due to their genetic predisposition such as
the deletions of HBA1 or HBA2.?**! The higher mortality in certain geographic regions such as the West and the urban areas can
be related to the immigration patterns of Asians to the United States. The higher mortality in the urban population can also be
related to the fact that almost one-third of the Asian immigrants lived in the metropolitan areas from 2015 to 2019.** The highest
mortality was observed in the West, mainly in California. This may be due to the fact that almost half of the US Asian population
resides in the West, with about 30% of them in California.>®

There are a few limitations in our study. First, the database consists of no clinical and imaging data, therefore we are unable to
further characterize the clinical status of the population. Besides, the database has no information at individual levels, such as
comorbidity burden, duration of diseases, medical treatments, or prior intervention, which are important confounders for
mortality. Despite these limitations, our study sufficiently demonstrates the demographic and temporal mortality trend of patients
with thalassemia. It provides valuable insights into the need to improve the outcome of patients with thalassemia.

Conclusion

Current management of thalassemia includes transfusion therapy, use of Luspatercept in reducing transfusion require-
ment, iron chelation, and curative options like hematopoietic stem cell transplantation (HSCT).** Population-based study
is essential to measure the outcomes of the latest treatment. Besides, our study highlights cardiovascular causes as the
predominant cause of mortality among patients with thalassemia. This underscores the need for targeted cardiovascular
monitoring and management in this patient population. Although the mortality rate among individuals with thalassemia
declined over the years, the disparities existed across different races and geographic regions demonstrated in our study
suggested that targeted interventions are required to address the disparities in the mortality trends among the individuals
of thalassemia in the US.
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