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Abstract. The ratio of hematocrit (Hct) to hemoglobin (Hb) in the people with
normal red blood cell (RBC) morphology is generally three to one. We studied
Hct/Hb ratios among patients with a-thalassemias (Hb H, H-CS, AEBart, AEBart-
CS, EFBart and EFBart-CS diseases) diagnosed by high performance liquid
chromatography, and compared them with normal subjects and with patients
having anemia due to chronic kidney disease (CKD). The Hct and Hb levels
were derived by automated analyzer. The means+SD of the Hct/Hb ratios were
3.540.2 (range 3.3 - 4.1), 3.0£0.1 (range 2.9 - 3.2) and 3.0+0.1 (range 2.8 - 3.2) in the
o-thalassemia, normal and CKD groups, respectively. The mean Hct/Hb ratio in
subjects with o-thalassemia was higher than the mean in normal subjects and in
those with CKD. The Hct/Hb ratios for each genotype of the a-thalassemia were
not different from each other. The underlying mechanisms for the higher Hct/Hb
ratio among those with o-thalassemia are theorized to be less density and/or more
hydration of a-thalassemia RBCs, more entrapment of plasma in the spun RBC,
the high percent of nucleated RBC and WBC interference. A ratio of 3.5+0.2 may
be helpful in cases of moderate anemia when typing only shows Hb A and E, to
consider investigation for a-thalassemia, or in cases of o-thalassemia with acute
blood loss, if the Hct is less than 35%, in the decision to transfuse.
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INTRODUCTION

Hematocrit (Hct) and hemoglobin
(Hb) levels are used interchangeably to
determine the presence of anemia or not.
The Hct can be easily measured using the

Correspondence: Somchai Insiripong, Division
of Hematology, Department of Medicine, Ma-
harat Nakhon Ratchasima Hospital, Nakhon
Ratchasima 30000, Thailand.

Tel: 081 9556993; Fax: +66 (0) 44 293044
E-mail: chaikorat@gmail.com

Vol 44 No. 4 July 2013

microhematocrit method while Hb needs
amore sophisticated method to determine
it. Hb is more reliable because it is a better
representation of the ability of the blood
to carry oxygen. The WHO defines anemia
using Hb not Hct (Blanc et al, 1968). The
Hb level can be estimated by the division
of Hct by 3, which is simplified from the
equation: Het = Hb x 2.941 (Weatherall
and Sherry, 1997). This is true in cases with
normal red blood cell (RBC) morphology.
The Hct level determined with the micro-
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hematocrit method can be 1.5-3% falsely
higher than the actual value because of
the small amount of plasma present in the
spun, packed RBC. In thalassemia when
RBCs have an abnormal size and shape,
this percent error may be higher (Linne
and Ringsrud, 1999; Bull et al, 2000). In our
experience, the value used to estimate Hb
from Hct level should be 3.40.

We studied Hct / Hb ratios among pa-
tients with a-thalassemia and compared
them with those of normal subjects and
those with chronic kidney disease (CKD).

MATERIALS AND METHODS

The o-thalassemia patients in this
study, including those with Hb H, H-CS,
AEBart, AEBart-CS, EFBart and EFBart-CS
disease, were diagnosed by Hb typing us-
ing high performance liquid chromatogra-
phy. Each subject was investigated with a
CBC using an automated hematology ana-
lyzer. Other laboratory tests performed
were: BUN, creatinine and liver function
tests using standard methods.

The Hb level was determined by de-
tecting the ability of the complex between
Hb and sodium lauryl sulfate to absorb
light at 555 nm compared with a blank.
The Hct level was determined by the cu-
mulative pulse height detection method.
The RBC count was determined using
the percent of the height of the counted
RBC compared with that of whole blood
(Manual for XT2000i, Meditop).

We used 2 control groups: 1) normal
subjects with a normal CBC; a Hb level
>12 g% in females and >13 g% in males; a
MCYV of 80-100 fl; a MCH of 27-33 pg and
normal Hb typing: Hb A A, A, 2.5-3.5 %;
2) anemic patients with CKD who had
normocytic anemia, normal Hb typing,
the presence of a high serum creatinine
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level for >3 months, a glomerular filtration
rate <10 ml/minute and atrophic kidneys
confirmed by the ultrasonography or a
computerized tomography scan. CKD
patients were chosen as a control group
to make sure the Hct/Hb ratio was not
influenced by anemia.

Hct/Hb ratios were determined and
then the mean + standard deviation (SD)
for the group were calculated. The means
and SDs were compared among the 3
groups with the ANOVA test and a Stu-
dent’s t-test for each pair. A p-value <0.01
was considered statistically significant.

The mean Hct/Hb ratios for each
genotype of a-thalassemia were compared
with the Student’s t-test. A p-value<0.01
was considered statistically significant.

This study was approved by the eth-
ics committee of Maharat Nakhon Ratcha-
sima Hospital and financially supported
by the research center of the hospital.

The sample size for each group was

calculated as follows:
N = 2(Z +Z)o P! [,

where Z  (desired level of statistic
significance) = 2.58 if .= 0.01, ZB (desired
power) = 1.65 if B = 0.1, o (standard de-
viation) = 0.3774, u, (mean of Hct/Hb of
alpha-thalassemia from our observation)
= 3.402, p, (mean of Hct/Hb from normal
individuals) = 3.034.

Z, =258, 2, =165, G = 03774, i, =
3.402, W, = 3.034, N =37.6 ~40.

RESULTS

Fifty-four patients diagnosed as hav-
ing a-thalassemia were included in the
study, 21 were males and 33 were females.
Their ages ranged from 16 to 69 years with
amean of 36.2 years. The Hct/Hb ratios in
the various groups are shown in Table 1.
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Table 1
The Hct/Hb ratios in a-thalassemia, normal and CKD subjects.
o-thalassemia Normal CKD
Ratio of Hct/Hb
Minimum 3.3 2.9 2.8
Maximum 4.1 3.2 3.2
Mean 3.5 3.0 3.0
Median 3.4 3.0 3.0
SD 0.2 0.1 0.1
Number 54 40 40
Male:female 21:33 14:25 12:18
Age (years) 16-69 21-76 29-79
Mean age (years) 36.2 46.8 57.6
Hb concentration 3.6-9.5 12.0-14.8 3.3-9.5
Mean Hb concentration 7.2 13.5 7.6
Hct 12.8-37.6 36.0-45.6 10.2-28.1
Mean Hct 25.6 40.9 229
MCV (Mean + SD) 62.5+11.4 87.3+5.6 89.3+6.1
MCH (Mean + SD) 17.4+1.9 28.8+2.4 29.2+1.9
MCHC (Mean + SD) 28.4+2.6 33.1£1.0 32.3+1.1
RDW (Mean + SD) 26.3x£1.8 15.743.3 13.9+16

CKD, chronic kidney disease; Hct, hematocrit; Hb, hemoglobin; SD, standard deviation; MCV, mean
corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; RDW, red blood cell distribution width

Table 2
Hct/Hb ratios among study subjects by type of o-thalassemia.
Number (%) Hct/Hb ratio p-value

Hb H disease 9 (16) 3.5 0.56
Hb H-CS disease 15 (27.8) 3.6 0.27
Hb AEBart-CS disease 11 (20.4) 35 0.42
Hb EFBart disease 10 (18.5) 3.4 0.24
Hb AEBart’s disease 5 (9.3) 35 0.83
Hb EFBart-CS disease 4 (7.4) 35 0.79
Total 54 (100) 3.5

Using the ANOVA test, there were
significant differences in the mean Hct/Hb
ratios between those with o-thalassemia
and normal and CKD patients (p= 0.000).

Using the Student’s t-test to verify
the different pairs, the mean Hct/Hb ratio
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among the o-thalassemia patients was
significantly different from the normal
group (3.0) (p<0.0001) and also of the CKD
group (3.0) (p<0.0001).

No significant differences (p=0.904)
was seen in Hct/Hb ratios between normal
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subjects and those with CKD. The type
and number of patients with each geno-
type of o-thalassemia with their Het/Hb
ratios are shown in Table 2.

The mean Hct/Hb ratio among pa-
tients with o-thalassemia was 3.5 which
was not different from 3.5, 3.6, 3.5, 3.5, 3.4
and 3.5 of Hb H, H-CS, AEBart, AEBart-
CS, EFBart and EFBart-CS disease, respec-
tively. Among the different genotypes of
a-thalassemia, the mean Hct/Hb ratio of
each genotype was not different from
each other.

DISCUSSION

The Hct/Hb ratio range among nor-
mal subjects (2.9-3.2) and among those
with CKD (2.8-3.2) did not overlap with
the range among subjects with o-thalas-
semia (3.3-4.1).

The o-thalassemic RBCs are on aver-
age less dense than normal while some
B-thalassemic RBCs have a broader distri-
bution in density, with some RBCs being
more dense and some being less dense
than normal (Schrier et al, 1989), imply-
ing cellular dehydration in B-thalassemia
but not in a-thalassemia. The less dense
RBCs found in a-thalassemia may be the
underlying cause of a falsely high Hct
due to greater hydration of RBCs. A study
of the pathobiologic features of RBCs in
o- and - thalassemia (Bunyaratvej et al,
1994) supports this theory of cell density
because RBCs in o-thalassemia have a
lower Hb concentration and higher cell
hydration, whereas RBCs in -thalassemia
have a lower Hb concentration and a
lower cell hydration.

The plasma present in spun packed
RBCs in which the RBCs have abnormal
shapes and sizes may result in a Hct that
is 1.5-3% falsely higher than the actual Hct
(Linne and Ringsrud, 1999; Bull et al, 2000).
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In cases where the percent of reticu-
locytes or white blood cell count is high,
which can be found in hemolytic disease,
Hct determination using an analyzer can
result in falsely elevated values because
the higher volumes of these cells can
interfere with the RBC count and the cal-
culation of Hct (Thomas, 1998).

In our study of Hct/Hb ratios in the
different genotypes of a-thalassemia, none
of the ratios were significantly different
from each other. In a study of 15 different
genotypes of Hb H disease among 75 Greek
patients, the mean Hct/Hb ratio was 3.6
(Kanavakis et al, 2000), similar to our find-
ings. A study from Saudi Arabia (Qadri and
Islam, 2000) found a mean Hct/Hb ratio of
3.4 among patients with Hb H disease, a
study from Hong Kong (Todd, 1984) found
amean Hct/Hb ratio of 3.8 among patients
with Hb H disease.

The Hct/Hb ratios in subjects with
Hb H-CS with Hb J-Bangkok, Hb H- Hb
Paksé and o-thalassemia-1 trait were 3.6
(Fucharoen et al, 2001), 4.1 (Viprakasit
etal, 2002) and 3.3 (Pornpatkul et al, 1969),
respectively.

The mean Hct/Hb ratio among the
patients with various a-thalassemias was
3.5. This ratio may be helpful in suggest-
ing a diagnosis of a-thalassemia prior
Hb type testing. In a case suspicious for
thalassemia but the Hb typing just shows
only Hb E trait without Hb Bart, if the
Hct/Hb ratio is around 3.5, it is reason-
able to investigate for o-thalassemia. In
cases of a-thalassemia with acute blood
loss, if the Hct is <35%, a transfusion is
recommended because the Hct after being
corrected by 3.5 will be <30%.

Further studied using this cut-off
value are needed to determine its predica-
bility, sensitivity, specificity and positive
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predictive value as a simple screening test.
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