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The complete blood count (CBC) is the most common examination used to monitor overall health in clinical
practice. Whether there is a relationship between CBC indexes and alanine transaminase (ALT) and aspartate
aminotransferase (AST) has been unclear.

In this study, 572 normal-weight and 346 overweight Chinese subjects were recruited. The relationship be-
tween CBC indexes with ALT and AST were analyzed by Pearson and Spearman correlations according to their
sex, then we conducted colinearity diagnostics and multiple linear regression (MLR) analysis. A prediction mod-
el was developed by a back-propagation artificial neural network (BP-ANN).

ALT was related to 4 CBC indexes in the male normal-weight group and 3 CBC indexes in the female group. In
the overweight group, ALT had a similar relationship with the normal group, but there was only 1 index relat-
ed with AST in the normal-weight group and male overweight groups. The ALT regression models were devel-
oped in normal-weight and overweight people, which had better correlation coefficient (R>0.3). After training
1000 epochs, the BP-ANN models of ALT achieved higher correlations than MLR models in normal-weight and
overweight people.

ALT is a more suitable index than AST for developing a regression model. ALT can be predicted by CBC indexes
in normal-weight and overweight individuals based on a BP-ANN model, which was better than MLR analysis.
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Material and Methods

The complete blood count, also referred to as routine blood
test and full blood count, is the most common and available
test in medical practice. It can provide 16-18 indexes, includ-
ing white blood cell (WBC), red blood cell (RBC), and platelet
(PLT) counts, which can be used to diagnose anemia, blood loss,
thrombocytopenia, acute and chronic infections, abnormalities
in blood cells, allergies, leucocythemia, and other blood-relat-
ed problems [1-3]. Therefore, CBC has been widely used to
monitor overall health and diagnose some medical conditions.

Alanine transaminase (ALT), also known as glutamic-pyru-
vic transaminase, and aspartate aminotransferase (AST), also
known as glutamic oxaloacetic transaminase, are important
transaminase enzymes in amino acid metabolism. They are the
most sensitive and widely used liver enzymes to indicate liver
damage, such as that due to viral hepatitis, alcoholic fatty liv-
er disease, and primary liver cancer [4-6]. Moreover, they are
key enzymes in the liver [7] and are related to carbohydrate in-
take and the metabolic process that converts food into energy.

Although ALT, AST, and CBC are widely used in medical prac-
tice, they are performed in different ways: ALT and AST are
measured in serum, while CBC should be measured in whole
blood. Therefore, 2 different blood samples are needed and
are detected in different ways to obtain blood levels of ALT,
AST, and CBC indexes, which is inconvenient for people un-
dergoing a clinical examination. The concentration values of
ALT and AST in plasma can be estimated by body mass index
(BMI) and triglyceride, cholesterol, high-density lipoprotein, and
glucose levels by using an artificial intelligence algorithm [8].
Whether ALT and AST are correlated with CBC indexes remains
unknown. If the serum levels of ALT and AST could be predicted
by CBC directly, it would have important clinical significance.

Currently, machine learning methods, such as support vector
machines, radial basis function neural network, and extreme
learning machine, are widely used in medical fields [9-11]. BP-
ANN is a classical artificial neural network, and is a compu-
tational model inspired by the nervous system of the brain.
It has been used to diagnose diseases, predict and quantify
the synergism of drugs, and to predict the outcome of treat-
ments [12-14]. Because BP-ANN has received increasing at-
tention, we introduced it into this study. We recruited nor-
mal-weight and overweight Chinese subjects to investigate
the relationship of ALT and AST with CBC, and developed a
BP-ANN prediction model.

Subjects

The study and the procedure for enrollment were approved by
the Ethics Committee of the First Affiliated Hospital of College
of Medicine, Zhejiang University and the First Affiliated Hospital
of Wenzhou Medical University. Subjects who were enrolled in
this study provided signed written consent. These procedures
for informed consent and enrollment were in accordance with
the detailed regulations regarding informed consent described
in the guidelines. All methods of this study were conducted in
accordance with the Declaration of Helsinki.

Participants were excluded if they had any history of serious
liver and kidney disease, cardiovascular disease, chronic met-
abolic disorders, or blood system diseases, such as all kinds
of viral hepatitis and nepbhritis, cirrhosis, type 2 diabetes, ane-
mia, polycythemia, and thrombocytopenia.

We collected fasting blood samples in the morning at the phys-
ical examination centers of the hospitals. Height and weight
were measured to calculate BMI (weight [kg]/height [m?]). We
placed 3-4-mL blood samples into the separation gel coagula-
tion promoting tubes, and the serum samples were separat-
ed for ALT and AST tests. Another 2 mL of venous blood was
collected into heparinized tubes for determination of CBC. ALT
and AST were detected using a Beckman-Coulter AU5800 au-
tobiochemical analyzer, and CBC testing was performed using
a BC-5500 automatic blood cell analyzer.

Statistical analysis

According to BMI, the subjects were divided into a normal-
weight group (18.5-23.9 kg/m?) and an overweight group
(24.0-27.9 kg/m?). Before data analysis, one-sample Kolmogorov-
Smirnov test and homogeneity test of variances were used to an-
alyze the distribution of the data of ALT, AST, and blood indexes in
the 2 groups. Then, one-way ANOVA was used for normally dis-
tributed data, and the homogeneity test of variances or non-para-
metric test was used to compare the means. The relationships of
ALT and AST with blood indexes were analyzed by bivariate corre-
lations. The Pearson or Spearman correlation analysis was used
for data with or without a normal distribution, respectively. The
possible correlations between the CBC indexes were analyzed by
colinearity diagnostics, which performed regression-linear analysis
by the selected “enter” method. After that, the regression mod-
els were generated by multiple linear regression (MLR) analysis.

Development of BP-ANN model

To achieve a better effect than that of MLR, the BP-ANN mod-
el was developed. Firstly, all input data were normalized and
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divided as a training set and a testing set by 10-fold cross val-
idation. Then, a BP-ANN model was developed. The flowchart Data set Developing BP-ANN model
of developed BP-ANN model was showed in Figurel. For exam-

ple, when developing ALT prediction model, the correlated CBC
indexes were used as the input layer of BP-ANN, the out layer

Normalization

Bayesian regularization

was ALT, and the hidden layer (m) was calculated according to Dividing samples by Training model
the formula m=Vn+l+a [15]. In this study, n was the number 10-fold cross validation

of CBC indexes selected in the input layer, l was 1, and a was Simulating
10. The transfer function “tansig” was used as the parameter

Testing model

of hidden layer nodes, and “purelin” was used as the param-
eter of output layer node. To prevent overfitting, the bayesian
regularization algorithm was used to improve the network per- Figure 1. Flowchart of BP-ANN algorithm.
formance. When setting all the properties of BP-ANN, the ALT

prediction model was performed in Matlab R2011a. The good-

ness of fit of the BP-ANN model was judged by mean square

error, magnitude of gradient, and the correlation coefficient.

Table 1. Clinical characteristics of normal-weight and overweight subjects (mean +SD).

Normal-weight Overweight

Age (year) 41.43+10.01 42.37+10.52 43.12+10.03 50.45+11.42

RBCVD (%) 12.66+0.62 12.87+1.03 12.68+0.73 13.01+1.19
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Table 2. Correlation of ALT with blood indexes in normal-weight and overweight subjects.

Correlation
coefficient

Correlation
coefficient

Over weight

Correlation
coefficient

Correlation
coefficient

* P<0.05; ** P<0.01.

Results

Characteristics of the participants

In total, 918 subjects, including 572 normal-weight (214 male,
358 female) and 346 overweight (256 male, 92 female) indi-
viduals, were involved in this study. The indexes of CBC in-
cluded the percentage of monocytes (PMC), white blood cell
count (WBC), red blood cell count (RBC), hematocrit (HCT) lev-
el, percentage of leukomonocytes (PLC), absolute value of leu-
komonocytes (AVLC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), mean platelet volume (MPL), absolute
value of eosinophils (AVE), percentage of eosinophils (PE), abso-
lute value of monocytes (AVM), hemoglobin (HB) level, platelet
count (PLT), thrombocytocrit (THR), percentage of neutrophils

(PN), absolute value of neutrophils (AVN), and volume distri-
bution width of red cells (RBCVD). The clinical characteristics
of the normal-weight and overweight subjects, including age,
BMI, ALT, AST, and CBC indexes, are shown in Table 1.

Correlations between ALT and AST and blood indexes

According to the Shapiro-Wilk test, ALT and AST were both non-
normally distributed (P<0.01) in normal-weight and overweight
subjects. The correlations of ALT and AST with blood indexes
are shown in Tables 2 and 3, respectively. The Spearman cor-
relation analysis revealed that the correlation of ALT with CBC
indexes was almost unchanged in normal-weight and over-
weight groups. ALT was related to white blood cell count, ab-
solute value of monocytes, hematocrit, and hemoglobin in the
male normal-weight group, while ALT was related to red blood
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Table 3. Correlation of AST with blood indexes in normal-weight and overweight people.

Normal-weight

Correlation
coefficient

Correlation
coefficient

Over weight

Correlation
coefficient

Correlation
coefficient

* P<0.05; ** P<0.01.

cell count, hematocrit, hemoglobin in the female group. In the
overweight group, ALT was related to absolute value of mono-
cytes, red blood cell count, hematocrit, and hemoglobin in the
male overweight group, and related to red blood cell count,
hematocrit, hemoglobin in the female overweight group. AST
was different from ALT; there was only 1 index related with
AST in the male normal-weight, female normal-weight, and
male overweight groups (Tables 2, 3).

Colinearity diagnostics

The correlations analysis indicated that ALT was suitable to
develop a regression model in normal-weight and overweight
groups. Therefore, further colinearity diagnostics analysis was
conducted. The results showed that the tolerance of most of
CBC indexes in normal-weight and overweight subjects were

lower than 0.1, the multiple dimension eigenvalue was near
to “0”, and condition index was more than “10”. Therefore,
there was colinearity between these CBC indexes when ALT
was selected as the dependent variable.

Regression model of ALT

Because there was colinearity between CBC indexes, it was
necessary to develop a regression model in selection of inde-
pendent variables. To prevent the abnormal solution caused
by the multi-colinearity, multiple linear regression (MLR) anal-
ysis was conducted by stepwise method.

The results showed only 4 variables — hemoglobin, the per-
centage of monocytes, hematocrit, and red blood cell count -
were involved in MLR models. The Durbin-Watson values of 4
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Table 4. Summary of ALT regression model based on MLR analysis in normal and overweight people.

Predictors: (Constant)

STD. error of the

Adjusted R Durbin-Watson

Normal-weight 0.376

Overweight HCT, RBC, PMC 0.334

0.142

0.111

estimate
0.139 15.143 2.023
0.104 21.284 1.783

Table 5. Regression coefficients of ALT regression model based on MLR analysis in normal-weight and overweight people.

Unstandardized
coefficients

Standardized
coefficients

Colinearity statistics

Constant -39.135 6.218 -6.294 0
Normal HB 0.38 0.043 0.348 8.895 0 0.987 1.013
weight 0 T T T
PMC 97.364 34.601 0.11 2.814 0.005 0.987 1.013
Constant -55.757 14.606 -3.817 0
B HCT 105.037 44,448 0.17 2.363 0.019 0.502 1.99
weight RBC 6.954 3.301 0.148 2.107 0.036 0.524 1.907
PMC 14.579 7.089 0.108 2.057 0.04 0.936 1.069
To compare and contrast, we also developed the BP-ANN mod-
Neural Network el of AST with the same BP-ANN architecture as ALT. The re-
input Layer Layer Output sults showed that the BP-ANN model of AST had a lower re-
) _ J gressions coefficient than the ALT model after training for
19 1 1000 epochs (Table 6).
13 1
Algorithms
Training: Bayesian Regulation (trainbr) Discussion

Performance: Sum Squared Error (sse)
Derivativer:  Default (defaultderiv)

Figure 2. Process of BP-ANN training.

regression models were all between 0 and 4, which indicat-
ed the 2 item sets were independent of each other (Table 4).
The beta values indicated these 4 independent variables have
strongest contribution to ALT, and had no colinearity between
each other (Table 5).

BP-ANN prediction model of ALT

The BP-ANN process is shown in Figure 2. The CBC data of nor-
mal-weight and overweight people were input into the layer,
and ALT was set as the out layer. After training 1000 epochs,
the ALT BP-ANN models performed well both in normal-weight
and overweight people. The values of MSE, MOG, and corre-
lation coefficient are shown in Table 6. Compared with MLR,
BP-ANN had a higher regressions coefficient.

ALT and AST are both common indexes used as indicators of
liver function in physical examinations and clinical practice.
Moreover, they are key enzymes in the liver related to carbo-
hydrate intake and are important in the metabolic processes
that convert food into energy [16,17]. They are also the en-
zymes that are correlated most strongly with liver fat accu-
mulation and are measured routinely in screening assays for
the detection of nonalcoholic fatty liver disease in the gener-
al population [18]. Thus, developing ALT and AST prediction
models will be useful for the detection of early liver impair-
ment in overweight people when they have CBC performed.

Here, we first analyzed the relationships of ALT and AST with
indexes of CBC in Chinese subjects. According to the correlation
analyses of AST and ALT with CBC indexes in normal-weight
and overweight subjects, ALT showed higher correlations with
certain indexes of CBC than did AST. For example, ALT was re-
lated to white blood cell count, absolute value of monocytes,
hematocrit, and hemoglobin in the male normal-weight group,
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Table 6. Fitness index of the BP-ANN model for ALT and AST performed in normal-weight and overweight people.

Parameter

Mean squared error 11.9979
Magnitude of the gradient 0.77196
Correlation coefficient 0.4279

30.1028 16.3497 19.788
2.3859 1.0115 2.0316
0.35076 0.37501 0.29419

and was related to red blood cell count, hematocrit, and he-
moglobin in the female normal-weight group. There was only
1 index related with AST in the male normal-weight and fe-
male normal-weight group. Therefore, ALT was a suitable in-
dex for developing a regression model.

The further colinearity diagnostics showed that there was co-
linearity between these CBC indexes. To prevent the abnormal
solution caused by the multi-colinearity, we chose the “step-
wise” method to develop a regression model. In theory, the co-
linearity will not decrease the prediction accuracy or the util-
ity of a regression model. Therefore, the MLR analysis was of
practical meaning and of reference value. However, MLR anal-
ysis was not as smart as the artificial intelligence algorithm.
We also evaluated the variable importance in the projection
(VIP) in the ALT regression model by partial least squares anal-
ysis. The result showed the most important variables (VIP >1)
were mean corpuscular hemoglobin concentration, platelets,
and hemoglobin. For more detailed VIP information, please re-
fer to the Supplementary Files.

BP-ANN is a type of artificial neural network, which can per-
form machine learning and pattern recognition. It has been
used widely in the medical area. Back-propagation is a kind
of artificial intelligence algorithm that calculates the gradient
of a loss function with respect to all the weights in the net-
work [19]. The prediction accuracy of BP-ANN is influenced by
not only the developing parameters of the model, but also the
relationship of input variable and output variable. In most sit-
uations, more relevant input variables are selected as the in-
put layer, resulting in high prediction accuracy [20]. However,
use of too many variables in the model will result in overfit-
ting, so we used the bayesian regularization algorithm to im-
prove the network performance.

In this study, BP-ANN models of ALT and AST both performed
well in normal-weight and overweight subjects. After training
1000 epochs, the ALT BP-ANN models performed well both in
normal-weight and overweight people. The regression coeffi-
cients of ALT BP-ANN models were higher than in MLR anal-
ysis, and the AST model also reached better regression coef-
ficients. Thus, the BP-ANN models were more effective and
accurate than MLR in predictions of ALT in normal -weight
and overweight subjects.

Conclusions

Our investigation indicated that ALT was related to white blood
cell count, absolute value of monocytes, hematocrit, and he-
moglobin in the male normal-weight group, and was related
to red blood cell count, hematocrit, and hemoglobin in the fe-
male group. In the overweight group, ALT was related to ab-
solute value of monocytes, red blood cell count, hematocrit,
and hemoglobin in the male overweight group, and was re-
lated to red blood cell count, hematocrit, and hemoglobin in
the female overweight group. There was only 1 index related
with AST in the male normal-weight group, the female nor-
mal-weight group, and the male overweight group. ALT was
a more suitable index than AST for developing the regression
model. ALT can be predicted by relevant indexes in normal-
weight and overweight individuals based on a BP-ANN mod-
el, which was better than MLR analysis.
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Figure and Table of VIP of CBC indexes in modeling ALT regression model generated by PLS algorithm
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