LETTER TO THE EDITOR

Quantitative evaluation of the clinical severity of

hemoglobin H disease in a cohort of 591 patients using a

scoring system based on regression analysis

a-thalassemia, a common genetic disorder characterized by
decreased or absent synthesis of a-globin chains, frequently
occurs in Southeast Asia (SEA) with an estimated carrier
rate of 17.3-51.5%, meaning that 74-663 of every 10,000
newborns in the region may be affected by a-thalassemia
major or intermedia and will have birth defects without
intervention."* a-thalassemia intermedia, also termed he-
moglobin H (Hb H) disease, is typically caused by genetic
defects in three of the four a-globin genes, which can be
divided into deletional and non-deletional forms.'® The
most common deletional Hb H disease genotypes in SEA
and southern China are - -S#4/-a®" and - -S®4/-a*2, while
the main non-deletional genotype is - -554/aSa (HCS).3" In
this study, we first aimed to evaluate clinical symptoms
by collecting multiple phenotypic indicators from a large
cohort of Hb H patients. By referring to a validated scoring
system for p-thalassemia intermedia and adjusting some
parameters for the phenotypic analysis of Hb H patients,?
we were able to quantitatively determine the clinical sever-
ity of Hb H patients’ conditions, based on the phenotypic
differences among patients with varied a-thalassemic
genotypes. The proposed scoring system may support
the evaluation of Hb H disease progression and treatment
decisions in clinical practice.

A total of 591 patients were recruited via standard sam-
pling based on their basic information, medical history
(transfusion dependence, chelation history, etc.), physical
examination data, laboratory examination results, and ab-
dominal ultrasound results. We validated the thalassemia
(HBA and HBB) genotypes using conventional molecular
diagnostic approaches, including gap-Polymerase Chain
Reaction (gap-PCR), Sanger sequencing, and multiplex li-
gation-dependent probe amplification (MLPA).” All patients
provided their informed consent to participate in the orig-
inal study in accordance with the Declaration of Helsinki.
The final cohort comprised seven ethnic groups, of which
the southern Chinese Han population was the largest. Of
the 591 patients, 224 (38%) had deletional Hb H disease,
mainly with - -S84/-037 (73.21%) and - -S®4/-a*? (26.34%)
genotypes. The remaining 367 patients (62%) had non-de-
letional Hb H disease, primarily with HCS (90.74%) and Hb
H Quong Sze (HQS) (5.18%) genotypes. The proportion of
young patients (aged <18 years) with the non-deletional
HCS genotype was significantly higher than that of young
patients with the deletional Hb H genotype, indicating that
HCS has an earlier age of onset and more severe symp-
toms. Our analysis of the core indicators of thalassemia

symptoms revealed that HCS patients had an earlier age
at first blood transfusion, higher serum ferritin levels, etc.
(Table 1). Patients with Hb H Westmead (HWS; a non-de-
letional type of a-thalassemia’) exhibited relatively mild
clinical symptoms as well as higher Hb levels compared to
individuals with the - -S84/-a37" and - -S84/-a*2 genotypes.
These results largely support previous findings regarding
the heterogeneity of Hb H patients with non-deletional
(- -S¥4/a’Sa) or deletional (- -SE4/-027 or - -SEA/-0*?) a-thal-
assemia genotypes.®™©

After observing the heterogeneity of Hb H patients in this
cohort, we further classified the patients into transfu-
sion-dependent thalassemia (TDT) and non-transfusion-de-
pendent thalassemia (NTDT) groups according to their age
at first transfusion and annual transfusion frequency, ac-
cording to the guidelines of the Thalassemia International
Federation."? Of the 544 patients, 70 were classified as TDT
(including 68 HCS patients and 2 deletional Hb H patients)
and 474 were classified as NTDT (including 216 deletional
Hb H patients and 258 non-deletional Hb H patients). No-
tably, of the 47 patients who underwent splenectomy, 39
had a history of blood transfusions before surgery. Of those
39 patients, 13 depended on regular blood transfusions,
with severe cases requiring transfusions as frequently as
every 20 days. Following surgery, only 6 patients received
blood transfusions, 4 of whom received transfusions due
to unexpected fevers, and 2 of whom required occasional
transfusions during menstruation. These results suggest
that splenectomy generally reduces the transfusion depen-
dence of Hb H patients. These results demonstrate a high
degree of heterogeneity among Hb H diseases and suggest
that their clinical severity cannot be solely predicted by
genotype or transfusion dependence.

We next attempted to quantitatively evaluate the disease
severity of Hb H patients by considering the phenotypic
complexity of the disease. To do this, three hematologists
first classified the patients’ symptoms as mild, moderate,
or severe according to the following six key parameters: 1)
Hb at a steady state; 2) age at first blood transfusion; 3)
requirement for blood transfusion; 4) spleen size; 5) age
at thalassemia presentation; and 6) growth and develop-
ment.® To establish and evaluate the scoring system, we
randomly divided the 591 patients into a training cohort with
298 cases and a validation cohort with 293 cases (Online
Supplementary Figure S1A, B). We used a univariate logis-
tic regression model to assess the associations between
the severity classifications and 18 candidate parameters,
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estimating Odds Ratios (OR) with 95% Confidence Inter-
vals (Cl) for the training cohort (Online Supplementary
Table S7). We selected variables with P values <0.1 in the
univariate regression analysis and used an ordinal logistic
regression model to determine the extent to which inde-
pendent variables affected the dependent variable. P<0.05
was considered statistically significant. The results of the
multivariate logistic regression analysis showed that the
best model combined seven parameters: Hb level, age at
thalassemia presentation, age at first blood transfusion,
transfusion frequency, subcostal spleen size, growth and
development, and soluble transferrin receptor (sTfR) level
(Online Supplementary Table S2). There was no evidence
of multicollinearity among these parameters, suggesting
that each criterion was independently associated with
disease severity. To simplify the scoring process and avoid
using complex mathematical formulae, we classified each
of the seven significant criteria into three levels based on
the severity of the phenotype. We then assigned a score
of 0, 1, or 2 points to each criterion to reflect increasing
levels of severity (Table 2). This allowed us to establish a
final clinical scoring system for assessing disease severity
in patients with Hb H disease, with total scores ranging
from 0-14 (Table 2). To determine the relevant total score
thresholds, we tested various combinations of cut-off val-
ues, including 4, 5, 6, 8, 9, and 10. We found that the pa-
tients’ disease severity was best distinguished by a severity
cut-off score of 8. Based on these results, we assigned
the following Hb H disease severity categories: mild (0-5),
moderate (6-8), and severe (9-14) (Table 2). We then used
the validation cohort to test the performance of the scoring
system. The scoring system correctly identified 114 mild
cases, 101 moderate cases, and 78 severe cases, and the

consistency rates according to the 6 objective parameters
were 89.47% (mild), 85.15% (moderate), and 87.18% (severe),
respectively (Figure 1A-C), suggesting the practicability
of this scoring system for the clinical assessment of Hb
H diseases. In addition, 130 out of the 591 patients had
blood transfusions more than 8 times a year, of which 95
(73%) were classified in the severe group, indicating that
our proposed model could sensitively distinguish those
patients who needed regular transfusions as having “se-
vere” conditions. Our results support the use of this newly
established scoring system for the clinical assessment and
management of Hb H disease.

Based on our scoring system, we categorized 219 of 591
(37%) Hb H patients as mildly affected, 210 (36%) as mod-
erately affected, and 162 (27%) as severely affected. Our
results indicate that most of the deletional Hb H disease
patients had a relatively mild phenotype, with scores
ranging from 0-9 and a mean value of 3.5. In comparison,
the mean value for non-deletional Hb H patients was 8.1,
significantly higher than for the former group (P<0.0001)
(Figure 1D). Notably, 13 of the 591 Hb H patients were also
B-thalassemia carriers (Table 1). Coinheritance of p-thal-
assemia mutations seemingly reduced the severity scores,
especially among the HCS patients with critical P values
(P=0.054) (Online Supplementary Figure S1C).

Of the 224 deletional Hb H patients, 185 cases (83%) were
classified as mild, whereas only 3 cases (1%) were classified
as severe (Online Supplementary Figure S1D). We found no
difference in disease severity between - -Sf4/-037 patients
and - -SBA/-a*? patients in the deletional Hb H disease
group (P=0.42), with mean scores of 3.4 and 3.7, respec-
tively (Figure 1E). However, all 3 cases of deletional Hb H
patients classified as severe were - -S84/-037 patients, with

Table 2. Scoring criteria and weighted effects of these on the severity outcome according to the regression model.

Clinical criteria
score

Age at thalassemia presentation in months

Age at receiving first blood transfusion in months

Transfusion frequency, times/year

Growth and development® -
Subcostal spleen size, cm

Hemoglobin, g/L

sTfRc, mg/L

Severity category
Mild
Moderate
Severe

0-5
6-8
9-14

Total severity

Points scored?

0 1 2
>120 60-120 <60
>120 36-120 <36
0-3 4-8 >8
>25th 3rd—25th <3rd
<3 03/05/23 >5 or splenectomized
>90 75-90 <75
0-4.32 4.32-4.92 >4.92

aThe weighted-score was obtained by dividing the Odds Ratio of the criteria by the smallest significant Odds Ratio obtained from the multi-
variable logistic regression model and rounding the resulting number to the 1 or 2. "Percentile of growth development was assessed based
on weight and height measurements plotted on a China standard growth chart. °sTfR: soluble transferrin receptor.
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Figure 1. Distribution of disease severity in 591 hemoglobin H patients with different HBA genotypes. (A-C) Pie chart showing the
distribution of clinical disease severity for patient classification by hematologists into mild, moderate, and severe groups using
a severity scoring system, respectively. (D) Bar-scatter plot showing the severity score comparison between the deletional he-
moglobin (Hb) H disease group and non-deletional Hb H disease group. (E) Bar-scatter plot showing the distribution of severity
score for each genotype in the deletional Hb H disease cohort. (F) Bar-scatter plot showing the distribution of severity score for
each genotype in the non-deletional Hb H disease cohort. (Mann-Whitney U test: P<0.05).

a score of 9. These patients, aged between 4 and 5 years
old, exhibited severe delays in growth and development. In
contrast, non-deletional Hb H disease patients generally had
a more severe phenotype, with 159 out of 367 cases (43%)
classified as severe (Online Supplementary Figure S1D). In
the non-deletional Hb H disease group, HCS patients dis-
played the most severe symptoms and HWS patients the
mildest (P<0.0001) (Figure 1F). Interestingly, we identified
a subset of HCS patients (N=19, 6%) with mild symptoms
and a score range of 3-5. None of these patients had se-
vere growth retardation, and their Hb levels ranged from
71-122 g/L (93g/L on average). Notably, none of these pa-
tients had received regular blood transfusions in the past
year, and 6 had never received blood transfusions. These
findings suggest that other potential genetic factors may
contribute to these unusually mild symptoms.

The heterogeneity and phenotype predictions of Hb H
patients have not been comprehensively documented. To
address this gap, we first established a clinical scoring
system for Hb H disease severity that considered various

aspects of the disease.® Through these efforts, we confirmed
less severe clinical symptoms in the deletional than in
the non-deletional Hb H patients. Meanwhile, the clinical
severity of these patients’ conditions was highly heteroge-
neous, including some cases that defied the conventional
understanding of the disease (Online Supplementary Fig-
ure STE, F). Our study highlights the need to consider the
complexity of Hb H disease when investigating its genetic
modifiers.

Despite these findings, our study has some limitations,
such as the lack of a long-term patient follow-up, and the
limited genotypes of Hb H patients due to the sampling
including only Chinese ethnic groups. Nevertheless, we were
able to leverage the available clinical records to extract
valuable information on patients’ growth, development, and
treatment history, and to reflect on the understanding of
disease progression and clinical outcomes. For example,
we identified a group of HCS patients (N=57) with marginal
values between the “severe” and “moderate” groups. Their
scores were among the highest in the moderate group, but
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few of them received regular transfusions (score = 8). They
were assigned “warning” scores due to their low pre-trans-
fusion Hb levels, high levels of serum ferritin representing
iron overload, bilirubin (an indicator of hemolysis), and
hepatosplenomegaly. The scoring system for Hb H disease
proposed in this paper can serve as an effective tool for
accurate classification and phenotype prediction of Hb H
diseases, which may facilitate better treatment decisions
and prognostic predictions. In addition, the scoring system
can be used as a tool for prenatal diagnosis and genetic
counseling, enabling families with a history of Hb H disease
to make more informed decisions.

In summary, our study contributes to the understanding
of Hb H disease phenotypes and provides a framework for
further genetic and clinical investigations. By addressing
the limitations of previous research, we hope to promote
more comprehensive and personalized approaches to Hb
H disease diagnosis, treatment, and prevention.
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