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Hemoglobin H-constant spring (Hb H-CS), the most common nondeletional alpha thalassemia in Asia is increasingly recognized in North
America due to shifts in immigration patterns. In California, alpha (a)thalassemia syndromes are the second most frequent finding among
newborns screened for hemoglobinopathies with a two-fold increase
compared to a decade earlier [1,2]. Though known to have a more
severe anemia than Hb H disease, the other clinical findings of Hb HCS are not well described. Moreover, beneficial therapies that have
become available in the last decade are often not applied to their care.
This analysis of 46 patients enrolled in the Thalassemia Clinical
Research Network (TCRN) age 13+/- 10 years old, with Hb H-CS
revealed moderate anemia (mean 8.7 ± 1.5 g/dl), regular transfusion
therapy in 24% of patients, and splenomegaly or prior splenectomy in
one-third of them. Serum transferin receptor (sTfr), was elevated; (44.4
± 18 mcg/ml normal range 2.9–8.3 mcg/ml), reflecting ineffective erythropoiesis, which in turn leads to high iron absorption and increased
ferritin levels in younger (median ¼ 187 ng/ml) and older (median ¼
465 ng/ml) nontransfused patients. These findings along with moderate growth delay and low bone mass were more prevalent in Hb H-CS
patients compared to deletional Hb H disease. Our results highlight
the required monitoring of the extent of anemia, growth, splenomegaly,
iron overload, gallstones, bone density and assessment of need for
transfusions and specific treatments for disease complications.
The constant spring (CS) termination codon mutation (a142 STOP?Gln; TAA?
CAA), is the most prevalent nondeletional a globin mutation in Southeast Asia
(SEA) and southern China. DNA diagnosis of Hb H-CS, a combination of two
cis a-gene deletions and one CS mutation is often required because the Constant Spring, a slow moving band produced in small quantities, can be missed
by electrophoresis. It is inadvertently mistaken for the more common, three agene deletion—Hb H disease—typically a milder type of a thalassemia. In
North America, clinical data on a thalassemia, in particular concerning Hb HCS, is lacking. Moreover, recent advances in technology for diagnosis and
treatment of thalassemia-induced complications are therefore rarely considered
for this patient population. We sought to characterize the clinical and hematological findings in patients with Hb H-CS in North America, addressing findings
that can impact on their clinical care. Genotyping of 836 thalassemia patients
identified 106/836 (12.7%) with Hb H (three gene deletion) and 46/836 (5.5%)
with a nondeletional mutation; 44 with Hb H-CS, and two (twin sibling) patients
with Hb Dartmouth [3]. Among the patients with Hb H-CS–SEA/aCSa was the
most common genotype, detected in 86% of genotyped patients. (Table I).
Mean Hb, available in a subset of patients, was lower in the nontransfused Hb
H-CS patients; 8.7 g/dl ± 1.5, compared to patients with Hb H; 9.4 g/dl ± 0.8.
Mean Hb in 2/5 patients with Hb H-CS who also carry an E beta globin mutation was lower 7.6 g/dl ± 0.9. All patients were prescribed folic acid supplementation (1 mg daily) and compliance was similar among Hb H and Hb H-CS
individuals, at 80%.
Splenomegaly or a prior splenectomy was common among the Hb H-CS
patients, but rare in those with Hb H disease; 26% vs 3%, p ¼ 0.0001. In the nontransfused patients with Hb H-CS, splenectomy lead to a higher mean Hb level:
9.62 ± 2.44 g/dl vs. 8.40 ± 1.00 g/dl. Postsplenectomy portal vein thrombosis was
reported in one subject with Hb H-CS. Cholelithiasis was common, detected in
eight patients (18%), 4 symptomatic cases underwent cholecystectomy.
Patients with Hb H-CS had significantly higher levels of sTfr in comparison
to the Hb H patient group; 44.4 ± 18 mcg/ml vs. 19.0 ± 9.6 mcg/ml (P <
0.0001, normal 2.9–8.3 mcg/ml). sTfr levels were lower in transfused Hb
H-CS patients; 37.6 ± 33.7 mcg/ml.

TABLE I. Patients Main Clinical and Hematological Characteristics

Age (y), mean (SD)
Gender (male)
Adult (#18 y)
Splenomegaly
Splenectomy
Regular transfusions (#8/year)
Ferritin (ng/ml) nontransfused
Hb(g/dl) nontransfused
Alpha globin genotype
SEA deletion/CS
Filipino deletion/CS
3.7 kb deletion/CS
SEA deletion/Hb darmouth
Beta gene phenotype
Heterozygous E mutation
Homozygous E mutation
No beta mutation
Pregnancy
(females reproductive age)
Cholecystectomy
Known cholelithiasis
Bacteremia/sepsis
Postsplenectomy thrombosis

Hb H-CS
(N ¼ 46)
N (%) or
mean (SD)

HbH
(N ¼ 106)
N (%) or
mean (SD)

13 (10.6)
24 (52%)
11 (24%)
6 (13%)
6 (13%)
11 (24%)
375 (406)
8.7 (1.5)
37 (80%)
32
2
1
2
35 (76%)
4
1
30
4/10 (40%)

9 (10.9)
52 (49%)
13 (12%)
1 (1%)
2 (2%)
2 (2%)
176 (304)
9.4 (0.8)

4 (9%)
4 (9%)
3 (6.5%)
1

P value

0.03
0.72
0.07
0.001
0.01
<0.0001
<0.0001
0.09

6/11 (55%)
–
–
2 (1.9%)
–

0.17

Eleven of the 46 (24%) with Hb H-CS and 2 (1.8%) of the Hb H patients
were placed on regular transfusions and chelation therapy. Mean age of initiation of transfusions was 3.5 ± 1.3 years (range 2–5 years). Among nontransfused patients, mean ferritin level was higher in Hb H-CS than in the
Hb H (375.2 ± 406.1 ng/ml vs. 175.9 ± 304.2 ng/ml, P < 0.0001). Ferritin
levels were higher in those 18 years or older (n ¼ 9, mean age ¼ 26.7 years)
compared to the younger cohort (n ¼ 22, mean age ¼ 10.4 years): 490 ± 285
(median ¼ 465 ng/ml, range:137–1153 ng/ml) vs. 328 ± 443 (median ¼ 187
ng/ml, range: 37–1835 ng/ml). Among transfused Hb H-CS patients mean ferritin concentration was 2511 ± 2262 (median ¼ 1833 ng/ml, range: 329–6852
ng/ml) and liver iron concentration obtained in five of them showed significantly
elevated levels (27 ± 14 mg/gm dry wt). None of the patients were reported to
have clinically evident iron-induced heart disease.
Growth delay was more apparent in the Hb H-CS patients (n ¼ 19) in
compared to 20 Hb H patients; Mean height Z score was "1.34 ± 0.98 for
Hb H-CS vs. "0.82 ± 1.15 for Hb H (P ¼ 0.16) (Fig. 1). Mean weight Z
score was "1.15 ± 0.88 for Hb H-CS vs. "0.83 ± 1.61 for Hb H (P ¼ 0.47).
On average, patients with Hb H-CS had lower spine bone mineral density
(BMD) Z-scores compared to those in Hb H patients: mean L1-L4 spine Z/Tscore of "1.60 ± 0.86 vs. "0.93 ± 0.80 (P ¼ 0.02). None of the Hb H-CS
patients had evidence of growth hormone deficiency, diabetes mellitus,
hypothyroidism or hypoparathyroidism. Four out of ten (40%) adult females
had one or more successful pregnancies, most of whom required transfusion support during pregnancy.
The compound heterozygocity for a deletional mutation in combination
with the CS mutation results in less a-globin mRNA production by the
remaining functional a-gene in comparison to a three a-gene deletion.
Therefore more a/b imbalance occurs and more Hb H (b4 tetramers) pre-
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TABLE II. Growth Parameters Among Transfused and
Nontransfused Patients
Height Z score
Mean (SD)
Hb
Hb
Hb
Hb

H-CS (n ¼ 19)
H-CS transfused (n ¼ 4)
H-CS nontransfused (n ¼ 15)
H (n ¼ 17)

"1.34
"2.15
"1.13
"0.82

(1.0)
(0.95)
(0.9)
(1.1)

Weight Z score
Mean (SD)
"1.15 (0.9)
"1.88 (1.09)
"0.96 (0.74)
"0.83 (1.6)

Transfused patients had lower Z scores suggesting a possible effect of the more
severe iron overload noted in this subgroup, on growth and development. Alternatively, these patients may have had a worse clinical course that required imitation
of regular transfusions.

Figure 1. Height Z score grouped by age in Hb H and in Hb H-CS patients.
Height Z-score (dashed line) was reduced (<"1 SD) in all Hb H-CS age groups
while normal in Hb H patients <21 years old (solid line). A discrepancy in height
scores in subjects #21 years is noted, possibly reflecting different rates of
improved growth velocity after reaching puberty.

cipitates in the cell causing local oxidative damage, membrane
dysfunction and shortened RBC survival [4]. In addition, direct membrane
pathology is induced by aCS chains [5]. This results in increased ineffective
erythropoiesis and hemolysis, causing a more severe phenotype than that
of deletional Hb H as previously described [6–8] and as observed in this
cohort of patients. Coinheritance of Hb E (also common in South-East
Asia) with H-CS has resulted in a lower Hb; it was previously named
AEBart’s disease and noted to be more severe [9]. The finding of such
coinheritance is useful in genetic counseling and prediction of clinical
outcome.
Heterozygocity and H-CS Serum transferin receptor levels have not been
assessed before in patients with Hb H-CS. High levels were reported in Hb
H patients and in patients with b thalassemia intermedia [10–12]. However,
the mean sTfr level in our cohort (44.4 ± 18.2 mcg/ml) was much higher
than that reported in these studies; 5.6 ± 1.8 mcg/ml [10] and 25.5 ± 7 mcg/
ml [12], suggesting a higher extent of marrow activity and ineffective erythropoiesis. This concurs with a previous study demonstrating that despite maximal marrow erythropoiesis the compensation for the short RBC survival in
Hb H-CS is inadequate [13]. In clinical practice precipitous drop in hemoglobin are frequently observed due to a hemolytic or aplastic crisis; this is frequently triggered by pyrexia or infection. It is likely that the marrow is unable
to adequately respond to an abrupt fall in hemoglobin due to an already
existing high rate of ineffective erythropoiesis. Episodes of precipitous drop
in hemoglobin may influence the decision to initiate regular transfusion therapy and may be unnecessary in some cases. Eleven patients (24%) were
started on regular transfusions, a higher rate than that of reports from Thailand and Hong Kong, where transfusion therapy was infrequent [4].
Hemoglobin concentration did not differ between younger and older patients
(Table I) as also shown in a Mediterranean type of nondeletional Hb H disease in Sardinia [14]. Long-term studies are needed for evaluation f the
change in hemoglobin over time and need for transfusion support during
adolescence and in older patients. Several patients in this study have benefited from a splenectomy with increase in hemoglobin and reduced frequency of precipitous drop in hemoglobin. Post surgical portal vein thrombosis was seen in one patient and has been noted before [15], underscoring
the higher risk for thrombotic events in some types of thalassemia after splenectomy.
Ferritin levels were moderately elevated in the nontransfused patients
and a trend of increase with age was noted. High ferritin levels (841 ±
1,000 ng/ml) and a correlation with age in Hb H-CS has been reported
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before [6]. Increased iron absorption and subsequent increase liver iron
has been described in 85% of patients with Hb H disease [16]. Despite
high hepatic pancreatic and pituitary iron observed by MRI, cardiac hemosiderosis or overt endocrine dysfunction was uncommon [17]. A greater
risk for iron-induced organ damage can be expected in Hb H-CS. Ferritin
levels likely do not reflect the extent of organ hemosiderosis as shown
before in nontransfused thalassemia patients (18). Monitoring of liver iron,
cardiac and endocrine function might be indicated particularly as untransfused Hb H-CS patients reach adulthood. Iron chelation with deferiprone
resulted in drop of ferritin levels in patients with Hb-H disease and
improved liver iron concentration in 12 out of 16 [19], suggesting that oral
chelation should be considered in this patient population as monitoring of
iron overload is more often utilized.
Estimated mean spine BMD Z-scores of patients with Hb H-CS disease
were worse than the measures in individuals with Hb H disease, at all ages
[20]. However, there was no difference in the fracture rate, 2.5% and 2.3%
in Hb H and in Hb H-CS, respectively [21]. Growth delay was reported in
13% of patients with Hb H and Hb H-CS in China [6]. We also found growth
delay in our patients, but more so in the Hb H-CS subjects, mainly during
adolescence (Fig. 1). Short stature was more frequent among the transfused
patients (Table II). Hormonal deficiencies did not seem to play a role in the
finding of growth delay in our study. Further longitudinal studies are needed
to address growth velocity and its relation to anemia, ineffective erythropoiesis and changes of bone mass.
In summary, this report highlights the specific complications of Hb H-CS
in North American patients. We demonstrate a very high erythropoietic drive
and marked ineffective erythropoiesis. Monitoring sTfr levels may prove to
be useful in subjects with Hb H-CS and serve as a guide to initiate therapeutic intervention. Proper early diagnosis is needed, and Hb H-CS should
be considered when presumed Hb H disease is more severe than expected.
Regular monitoring of hemoglobin concentration and measurements of body
iron loading can benefit patients, especially adolescents and adults. These
parameters may help inform decisions for regular transfusion and chelation.
Systematic assessments of bone mass and growth rate are also important
in the routine clinical care for these patients.

Methods
Between 2001 and 2006 a total of 836 patients were enrolled and
screened in the Thalassemia Clinical Registry Network (TCRN), a North
American collaborative research group. The institutional review board of all
participating institutions approved the protocol and written informed consent
was obtained from all participants. Data on the patients with a DNA based
diagnosis of Hb H-CS (or another structural mutation) was assessed and
compared to that of patients with Hb H disease.
History of blood transfusions, splenectomy, average serum ferritin levels
and liver iron concentration, use of chelation were recorded. Patients’ height
was reviewed and evidence for growth delay documented. Growth delay was
defined as height for age Z-score <"2.0 using the U.S. CDC growth charts,
year 2000). Endocrinopathies; Diabetes, hypogonadal hypogonadism,
growth hormone deficiency, hypothyrodism and hypoparathyrodism were
assessed. BMD of the spine and whole body was measured by DXA
(Hologic Delphi A) and Z-scores calculated. Information on occurrence of
severe infections was collected. stFR concentrations were measured by an
enzyme immunoassay (EIA; T-94, Ramco Laboratories, Houston, TX).
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Descriptive statistics were reported as number and percent or mean and
standard deviation (SD). Differences in categorical variables were tested by
Chi-square or Fisher’s exact test and differences in continuous variables
were tested by Student’s t-test. Ferritin level was not normally distributed
and log-transformation was used. All analyzes were performed at the Data
coordinating center (New England Research Institutes, Watertown, MA) with
SAS statistical software (9.2, SAS Institute, Cary, NC). P-values less than
0.05 were considered statistically significant.
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