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Abstract 
Correlation analysis between the hematological parameters mean corpuscular hemoglobin (MCH) 
and mean corpuscular volume (MCV) for thalassemia screening in large population was discussed. 
A total of 4920 peripheral blood samples of reproductive age persons were collected from Guang-
dong province of China. The hematological parameters MCH and MCV values of samples were first 
measured, and then the DNA analyses for thalassemia were conducted. All samples were com-
posed by 4463 non-thalassemia and 457 thalassemia, and among 457 thalassemia samples, 311 
were α-thalassemia, 133 were β-thalassemia, and 13 were α & β-thalassemia. In accordance with 
non-thalassemia, thalassemia, α-thalassemia, β-thalassemia, α & β-thalassemia and the entire group 
itself, a total of six sample groups were divided. The corresponding correlation coefficients be-
tween the measured MCH and MCV values for the six sample groups were 0.880, 0.968, 0.966, 
0.962, 0.980 and 0.965 respectively. For the thalassemia carriers, highly significant correlation 
between MCH and MCV were observed. The fitting equations between MCH and MCV values were 
also obtained. The results indicated that the feasibility for thalassemia screening using MCV or 
MCH independently as parameter, and provided suitable strategy to select parameters and models 
for thalassemia screening in large population. 
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1. Introduction 
Thalassemia is a group of common monogenic disorders of hemoglobin synthesis, and it affects individuals 
from many parts of the world, including Southern China, where it has a high prevalence and incidence and has 
caused serious health damage [1]-[3]. In Southern China, the rates of gene carriers in the population of Guangxi 
and Guangdong provinces are as high as 24.50% and 11.07%, respectively [2] [3]. This serious disorder is 
caused by partial or total mutations that reduce or abolish the synthesis of α- or β-globin chains of the hemoglo-
bin molecules, which will result in hemolytic anemia. At present, the disease cannot be cured, except through 
hematopoietic stem cell transplantation [4]. The most fundamental prevention methods include premarital and 
prenatal thalassemia screening in a large population. According to insufficient number of globin chains’s type, 
thalassemia mainly includes three categories: α-globin chain relative reduction is called α-thalassemia, β-globin 
chain relative reduction is called β-thalassemia, and both α- and β-globin chain relative reduction is called co- 
inheritance of α-thalassemia and β-thalassemia (was simply denoted as α & β-thalassemia) [1]-[3]. At present, 
the fundamental test for thalassemia in large population is hematological screening and hemoglobin analysis 
[1]-[5]. First, use the mean corpuscular hemoglobin (MCH) and mean corpuscular volume (MCV) to determine 
whether it is the thalassaemias featuring microcytic hypochromic anemia. Following this, hemoglobin analysis is 
further performed to classify the thalassemia categories on the basis of the parameters of hemoglobin F and he-
moglobin A2. Among them, MCH and MCV are most fundamental preliminary screening parameters with diag-
nostic value. In the conventional method, the cut-off values corresponding to MCH and MCV are 27.0 pg and 
80.0 fL, respectively [1]-[3]. Phenotype-positive subjects for thalassemia are those with MCH ≤ 27.0 pg or 
MCV ≤ 80.0 fL. Individuals with low MCH or MCV (MCH ≤ 27.0 pg or MCV ≤ 80.0 fL) are usually further 
assessed using hemoglobin and DNA analyses for identifying the type of defect. In clinical application, MCH 
and MCV are usually used as simultaneous screening parameters. There are also some work try using MCV or 
MCH independently as screening parameter [6]-[8]. Therefore, it is significance to discuss the correlation be-
tween the hematological screening parameters MCH and MCV in large population for thalassemia. However, 
the work in this area has not been reported until date. 

In the present study, a lot of blood samples of reproductive age persons were collected, and they were con-
ducted for gene phenotype diagnosis of thalassemia and detected for hematological parameters MCH and MCV. 
According to the results of thalassemia phenotype diagnosis and hematology testing, the correlation analysis 
between MCH and MCV was further performed for each sample group of thalassemia and non-thalassemia car-
riers, which could be provide suitable strategy to select parameters and model for thalassemia screening in large 
population. 

2. Materials and Methods 
2.1. Objects 
A total of 4920 peripheral blood samples (2 mL) of reproductive age persons were collected from Guangdong 
province of China, in which male and female were 2461, 2459 samples, respectively, their age ranged from 18 
to 45. First, the hematological parameters MCH and MCV values of samples were measured, and then DNA 
analyses for thalassemia were conducted for the sample with MCH < 27 pg or MCV < 80 fL. 

2.2. Hematological Screening 
Hematological parameters MCH and MCV values of samples were measured using an XS-500i automatic blood 
cell analyzer (Sysmex Corporation Co., Ltd., Japan). The used reagents were mainly hemoglobin detection rea-
gents, dilution liquid, and hemolysin, etc. (Guangzhou Huaxin Technology Co., Ltd., China). 

2.3. DNA Analyses for Thalassemia 
The gap point-polymerase chain reaction (Gap-PCR) method was used for gene diagnosis of α-thalassemia, the 
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used instruments were an S1000 Thermal circlers (Bio-rad Co., Ltd., USA), POWER 300 Gel electrophoresis 
system (Bio-rad Co., Ltd., USA), and Gel DocTM 2000 Gel Imaging System (Bio-rad Co., Ltd., USA), and 
5415D High-speed centrifuge (Eppendorf Co., Ltd., Germany). The polymerase chain reaction-reverse dot blot 
hybridization (PCR-RDB) method was used for the gene diagnosis of β-thalassemia, the used instruments were 
S1000 Thermal circlers (BIO-RAD Co., Ltd., America), Combi-D24 Bunk Hybridization Ovens (Finemould Co., 
Ltd., Korea), and 5415D High-speed centrifuge (Eppendorf Co., Ltd., Germany). The used reagents were sup-
plied by Shenzhen Yaneng Biotechnology Co., Ltd., China. 

2.4. Statistical Methods 
A total of 4920 peripheral blood samples (2 mL) of reproductive age persons were collected from Guangdong 
province of China, in which male and female were 2461, 2459 samples, respectively, their age ranged from 18 
to 45. First, the hematological parameters MCH and MCV values of samples were measured, and then DNA 
analyses for thalassemia were conducted for the sample with MCH < 27 pg or MCV < 80 fL. Data analysis was 
performed with Microsoft Office Excel 2003 software. The correlation coefficient (R) of measured MCH and 
MCV values for each sample group was calculated according to the following equation: 
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where n is the number of samples in the sample group; MCHi and MCVi were the measured MCH and MCV 
values of ith sample, respectively; MCHAve and MCVAve were the mean measured values of MCH and MCV for 
the sample group, respectively. Numerical relation for MCH and MCV was fitted as the following linear equa-
tion:  

y kx b= +                                             (2) 

where x represented MCH; y represented MCV; k and b were the fitting coefficients. 

3. Results and Discussion 
Through gene diagnosis for thalassemia, all 4290 samples were composed by 4463 non-thalassemia and 457 
thalassemia samples. Among 457 thalassemia samples, 311 were α-thalassemia (included --SEA/αα, -α3.7/αα, 
-α4.2/αα, ααQS/αα, --SEA/-α3.7, -α3.7/-α4.2, etc.), 133 were β-thalassemia (included (41 - 42)/β, (71 - 72)/β, 654/β, 
βE/β, -28/β, -29/β, (IVSI-1)/β, 17/β, (27 - 28)/β, etc.), and 13 were α & β-thalassemia. 

In accordance with non-thalassemia, thalassemia, α-thalassemia, β-thalassemia, α & β-thalassemia and the en-
tire group itself, a total of six sample groups were divided. Statistical analysis of the measured MCH and MCV 
values of six sample groups shown in Table 1. 

The results of correlation analysis between the measured MCH and MCV values for six sample groups are 
summarized in Table 2. The relationship between the measured MCH and MCV values for six sample groups 
are shown in Figures 1-6. 

The experimental results show that the correlation coefficient R between the measured MCH and MCV values 
for the sample group of non-thalassemia was 0.880, with a significant correlation; while those for the sample 
groups of thalassemia, α-thalassemia, β-thalassemia, and α & β-thalassemia reached 0.968, 0.966, 0.962, and 
0.980, respectively, with highly significant correlation; and that for the sample group of all samples also reached 
0.965. It is interesting to observe that, the correlation coefficient between the measured MCH and MCV values 
for thalassemia carriers was significantly higher than those for non-thalassemia carriers. 

4. Conclusions 
Thalassemia has featuring microcytic hypochromic anaemia, the corresponding red blood cell count is relatively 
high, and the MCH and MCV values are significantly reduced. However, the correlation analysis of MCH and 
MCV for large population, especially the exact derivation of correlation coefficient and fitting regression equa-
tion based on different person groups has not been reported. 
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Figure 1. Relationship between the measured values of 
MCH and MCV for all samples.                     

 

 
Figure 2. Relationship between the measured values of 
MCH and MCV for no-thalassemia carriers’s samples.  

 

 
Figure 3. Relationship between the measured values of 
MCH and MCV for thalassemia carriers’s samples.      
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Figure 4. Relationship between the measured values of 
MCH and MCV for α-thalassemia carriers’s samples.    

 

 
Figure 5. Relationship between the measured values of 
MCH and MCV for β-thalassemia carriers’s samples.    

 

 
Figure 6. Relationship between the measured values of 
MCH and MCV for α & β-thalassemia carriers’s samples.   
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Table 1. Statistical analysis of the measured MCH and MCV values in each sample group.                 

Sample group Number 
MCH (pg) MCV (fL) 

min max mean SD min max mean SD 

All samples 4920 15.8 36.1 28.99 2.83 47.1 102.8 86.61 7.63 

Non-thalassemia 4463 18.8 36.1 29.73 1.56 59.4 102.8 88.60 4.12 

Thalassemia 457 15.8 28.9 21.80 2.28 47.1 81.9 67.15 6.63 

α-thalassemia 311 15.8 28.9 22.37 2.31 47.1 81.9 69.13 6.39 

β-thalassemia 133 18.2 26.7 20.45 1.63 55.2 80 62.50 4.79 

α & β-thalassemia 13 19.5 24.1 22.00 1.44 60.2 74.2 67.32 4.27 

 
Table 2. Correlation between the measured MCH and MCV values in each sample group.                  

Sample group Number Correlation coefficient (R) Fitting equation 

All samples 4920 0.965 y = 2.6065x + 11.04 

Non-thalassemia 4463 0.880 y = 2.325x + 19.482 

Thalassemia 457 0.968 y = 2.8098x + 5.8982 

α-thalassemia 311 0.966 y = 0.3496x – 1.8008 

β-thalassemia 133 0.962 y = 0.3279x – 0.0392 

α & β-thalassemia 13 0.980 y = 0.3316x – 0.3217 

Note: x represented MCH and y represented MCV in fitting equations. 
 

In the present study, based on the thalassemia screening of large population (reproductive age) in Guangdong 
province of China, highly significant correlation between the measured MCH and MCV values for the thalasse-
mia carriers were observed. The results indicated that the feasibility for thalassemia screening using MCV or 
MCH independently as parameter. The relevant results provided suitable strategy to select parameters and mod-
els for thalassemia screening in large population. 
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