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Abstract. — OBJECTIVE: This study aimed to
investigate the diagnostic value of growth differ-
entiation factor-15 (GDF-15) and 2-microglobu-
lin (B2-MG) in infants with congenital heart dis-
ease (CHD) combined with chronic heart failure
and its relationship with cardiac function.
PATIENTS AND METHODS: A total of 100 cas-
es of infants diagnosed with CHD combined with
chronic heart failure in our hospital from July
2015 to July 2018 were selected as the experi-
mental group, and 80 cases of healthy subjects
underwent health examination in our hospital
during the same period were selected as the
control group. The levels of serum GDF-15 and
B2-MG and LVEF index of the two groups were
compared. The correlation analysis of GDF-15
and B2-MG levels and cardiac function classifi-
cation was conducted. The diagnostic value of
GDF-15 and B2-MG was analyzed by ROC curve.
RESULTS: The levels of GDF-15 and p2-MG
were significantly higher in severe and moder-
ate heart failure groups than those in mild heart
failure group, and the levels were significantly
higher in severe heart failure group than those
in moderate heart failure group (p<0.001). Lev-
els of GDF-15 and B2-MG in the experimental
group were significantly higher than those in
the control group (p<0.001) and the LVEF index
in the experimental group was significantly low-
er than that in the control group (p<0.001). There
was a positive correlation between levels of
GDF-15 and B2-MG and the severity of heart fail-
ure. The sensitivity, specificity, and AUC of GDF-

15 alone in diagnosis of CHD combined with
chronic heart failure were respectively 91.25%,
74.00% and 0.821, those of p2-MG alone were
82.50%, 62.00% and 0.819, and those of GDF-15
combined with $2-MG were 82.50%, 82.00% and
0.888. In the prognosis, the sensitivity of GDF-
15 and B2-MG was respectively 91.30%, 56.52%,
specificity was 62.96%, 94.44%, and AUC was
0.806, 0.817.

CONCLUSIONS: Levels of GDF-15 and B2-MG
are positively correlated with the severity of car-
diac function, which can be used as an ideal in-
dicator for early diagnosis of CHD combined
with chronic heart failure, as well as a clinical in-
dicator to judge the condition.
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Introduction

Congenital heart disease (CHD) is the most
common birth defect disease and the main cause
of increased infant mortality'. The occurrence of
CHD seriously affects the heart function and daily
life of infants®. The signs of heart failure in infants
are not clear, and specific diagnostic methods are
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insufficient. Moreover, the clinical manifestations
of CHD are similar to heart failure, so the diagno-
sis becomes more difficult when the two appear
together’*. The subjects of most clinical studies
are adults, and the results of these studies cannot
be used in infants. Therefore, finding biomarkers
that can quickly diagnose and detect diseases has
a significant impact on infants.

Growth differentiation factor-15 (GDF-15) is
related to cardiovascular disease®, and the expres-
sion levels of different severity of heart failure are
different. Under physiological conditions, GDF-
15 is low expressed in many cell tissues®, and
when pathological conditions such as hypoxia and
apoptosis occur, the expression level increases’.
There are also studies support® that GDF-15 can be
regarded as a growth regulating hormone secret-
ed by heart. In children with CHD, GDF-15 was
synthesized and secreted by cardiac muscle, which
acts on liver and inhibits growth hormone, thereby
affecting organ function and body metabolism.

B2-microglobulin (2-MG) is a kind of low mo-
lecular weight protein. It can easily pass through
glomerular filtration membrane, but most of its
uptake is achieved by renal proximal tubule in
the form of pinocytosis. The synthesis and release
of B2-MG in healthy people are very constant®'?,
when the kidney of the body is abnormal, how-
ever, the index value of 2-MG will also change
accordingly.

GDF-15 and B2-MG were seldom studied in
CHD in infants combined with chronic heart
failure. Therefore, the purpose of this research is
to investigate the diagnostic value and prognosis
of GDF-15 and f2-MG in CHD combined with
chronic heart failure and their relationship with
cardiac function.

Patients and Methods

General Data

A total of 100 infants diagnosed with CHD
combined with chronic heart failure in our hospi-
tal from July 2015 to July 2018 were selected as
the experimental group, including 52 males and
48 females. The subjects were 1 month to 3 years
old, with the median age of 1.5 years old. The
diagnosis of heart failure is based on the modi-
fied Ross grading method" in the diagnosis and
treatment recommendations for pediatric heart
failure. Points >3 was regarded as heart failure.
Among them, there were 29 cases of ventricular
septal defect, 41 cases of atrial septal defect, 18

cases of patent ductus arteriosus and 12 cases
of tetralogy of Fallot diagnosed clinically. The
patients were graded into a mild heart failure
group (3-6 points, 33 cases), a moderate heart
failure group (7-9 points, 32 cases) and a severe
heart failure group (10-12 points, 35 cases) in
accordance with Ross grading method. A total
of 80 cases of healthy infants who underwent
health examination in our hospital during the
same period were selected as the control group,
including 42 males and 38 females. The controls
were 1 month to 4 years, with the median age of
2 years. The inclusion and exclusion criteria were
as follows: Inclusion criteria: patients who met
the diagnostic criteria for pediatric heart failure
and diagnosed by cardiac ultrasound with CHD.
Exclusion criteria: patients with co-infection (in-
cluding acute upper respiratory tract infection,
pulmonary infection, etc.). Patients with liver and
kidney dysfunction, diabetes, malignant tumors,
thyroid diseases and autoimmune diseases. All
patient guardians have agreed to participate in
the experiment and signed the informed consent.
This investigation has been approved by the hos-
pital Ethics Committee.

Test Methods and Materials

In the experimental group, venous blood (3-5
mL) was taken from the subjects on an empty
stomach in the morning, and then injected into
the serum separator tubes, standing for 30 min,
and then centrifuged at 3000 rrmin! for 20 min
for separation of serum. After rapid distribution,
the blood serum was frozen at -80°C in the re-
frigerator. The serum GDF-15 level in each group
was detected by enzyme-linked immunosor-
bent assay (ELISA). The specific operation was
carried out according to the kit (SEC034Hu-1,
Hengfei Biotech, Shanghai, China) instructions.
B2-MG level was determined by Altair™240
automatic blood biochemical analyzer (Yuyan
Instruments, Shanghai, China). Left ventricu-
lar ejection fraction (LVEF) was determined by
ultrasonic cardiograph (JM2018110762, Jumu
Medical Instruments, Shanghai, China). Blood
samples of subjects in the control group were
taken on the day of physical examination, and the
determination method was the same as that of the
experimental group.

Observational Indexes

1. Comparison of general data of the two groups

2. Comparison of GDF-15 and B2-MG levels in
different types of CHD
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3. Comparison of serum GDF-15 and B2-MG lev-
els and LVEF index between the two groups

4. Comparison of GDF-15 and B2-MG levels in
different cardiac staging

5. Correlation analysis between levels of GDF-15
and f2-MG and cardiac function classification

6. The diagnostic value of GDF-15 and p2-MG
alone and in combination in detecting CHD
combined with chronic heart failure

Statistical Analysis

SPSS 20.0 software (Bizinsight technology,
Beijing, China) was used for statistical analysis
of experimental data. All data were in line with
normal distribution. Enumeration data were ana-
lyzed by chi-square test. Measurement data were
represented by meantstandard deviation. Com-
parison between the two groups was analyzed
by #-test, repeated measures analysis of variance
was used for comparison among groups. Spear-
man coefficient was used to analyze the correla-
tion between GDF-15, f2-MG levels and cardiac
function grade. And the ROC curve was used to
evaluate the diagnostic value of GDF-15 and [32-
MG alone and in combination for CHD combined
with chronic heart failure. p<0.05 was regarded
to have statistical differences.

Table I. Comparison of general data of the two groups.

Results

Comparison of General Data of
the Two Groups

There were no significant differences in age,
BMI and other general data between the two
groups (p>0.05). There were significant differ-
ences in blood oxygen saturation (SpO,), creat-
inine, B-type natriuretic peptide (BNP), N-ter-
minal brain natriuretic peptide (NT-proBNP),
hemoglobin (Hb) (p <0.05; Table I).

Comparison of Serum GDF-15 and
p2-MG Levels and LVEF Indexes
Between the Two Groups

The GDF-15 and B2-MG levels in the ex-
perimental group were significantly higher than
those in the control group, the echocardiography
parameter LVEF in the experimental group was
significantly lower than that in the control group,
and the differences were statistically significant
(p<0.001; Table II).

Comparison of GDF-15 and 2-MG Levels
In Different Cardiac Staging

There were statistically significant differences
in GDF-15 and B2-MG levels between patients
with different severity of heart failure (p<0.001).

Experimental group Control group
Factors n = 100 n = 80 7/t P

Age (years old) 1.48 £ 0.32 1.56 £ 0.25 1.833 0.069
Gender (n/%) 0.004 0.947

Male 52 (52) 42 (52.5)

Female 48 (48) 38 (47.5)
BMI (kg/m?) 14.90 £ 0.21 14.85+0.24 1.489 0.138
Diastolic pressure (mmHg) 53.2+3.65 52.3+3.72 1.630 0.105
Systolic pressure (mmHg) 78.8 £2.48 79.4 £2.63 1.570 0.118
BUN (umol/L) 547+1.23 5.68 £1.14 1.176 0.241
Breathing (per minute) 2521 +4.2 26.32+3.6 1.876 0.062
Heart rate (beats) 121 + 10.76 126+ 8.78 1.656 0.101
Nutritional status (n/%) 0.167 0.897

Good 82 (82) 65 (81.25)

Fair 18 (18) 15 (19.75)
Disease type
Ventricular septal defect 29 (29) -
Atrial septal defect 41 (41) -
Patent ductus arteriosus 18 (18) -
Tetralogy of Fallot 12 (12) -
SpO, (%) 89.41 £5.24 94.26+4.15 6.754 <0.001
Creatinine (umol/L) 108.28 +20.36 83.26 £ 15.13 9.152 <0.001
BNP (ng/L) 284.13 £20.14 1.10+0.15 125.622 <0.001
NT-proBNP (ng/L) 1310.02 £ 325.12 102.96 + 41.21 32.978 <0.001
Hb (g/L) 84.10 £22.23 125.62 +12.81 14.845 <0.001
Na (mmol/L) 135.26 +3.35 136.18 £3.06 1.902 0.059
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Table Il. Comparison of serum GDF-15 and f2-MG levels and LVEF indexes between the two groups.

Experimental group Control group
Factors n =100 n =80 t P
GDF-15 (pg/ml) 1876 + 167.3 1134 + 138.6 31.87 »<0.001
B2-MG (ug/ml) 4.5+ 145 37+£1.62 3.491 0.0006
LVEF (%) 59+3.27 66 +4.29 56.78 »<0.001

GDF-15 and B2-MG levels in the severe and mod-
erate heart failure groups were significantly high-
er than those in the mild heart failure group, with
statistically significant differences (p<0.001).
GDF-15 and P2-MG levels in the severe heart
failure group were significantly higher than those
in the moderate heart failure group, with statisti-
cally significant differences (p<0.001; Table III).

Correlation Analysis Between Levels
of GDF-15 and 2-MG and Cardiac
Function Classification

GDF-15 and B2-MG levels were positively cor-
related with patients with different severity of
heart failure (p<0.001; Figure 1).

The Diagnostic Value of GDF-15 and
p2-MG Alone and In Combination In
Detecting CHD Combined With Chronic
Heart Failure and Its ROC Curve

The sensitivity, specificity and AUC of GDF-15
on CHD with chronic heart failure were 91.25%,
74.00% and 0.821 respectively. The sensitivity,
specificity and AUC of f2-MG on CHD with
chronic heart failure were 82.50%, 62.00% and
0.819, respectively. The sensitivity, specificity
and AUC of GDF-15 and f2-MG in the combined
diagnosis of CHD with chronic heart failure were
83.75%, 84.00% and 0.914, respectively. In addi-
tion, the sensitivity of LVEF to congenital heart
disease with chronic heart failure was 74.00%,
the specificity was 77.50%, and the AUC was
0.806 (Figure 2).

GDF-15 and p2-MG Predictive Value for
Patients

Patients who deteriorated or died within six
months were divided into the poor prognosis
group (n = 54), patients whose conditions were
improved were divided into the good prognosis
group (n = 46). ROC curves for predicting poor
prognosis for both groups were plotted. The sensi-
tivity of GDF-15 to congenital heart disease with
chronic heart failure was 91.30%, the specificity
was 62.96%, and the AUC was 0.806. The sensi-
tivity of f2-MG to congenital heart disease with
chronic heart failure was 56.52%, the specificity
was 94.44%, and the AUC was 0.817 (Figure 3).

Discussion

CHD is a cardiovascular malformation caused
by abnormal cardiac vascular development in fe-
tal period, which seriously impairs the health of
infants'?. The etiology of CHD is not completely
clear yet, but most scholars believe that it is in-
fluenced by genetic and environmental factors'.
Heart failure is one of the acute severe diseases
in infants', and the most common cause of heart
failure in infants is CHD". At present, there is
still a lack of simple laboratory test indicators for
early diagnosis of CHD combined with chronic
heart failure in infants, and there are still dif-
ficulties in early diagnosis. Therefore, finding
detection factors is of great significance for the
early diagnosis of diseases.

Table I1l. Comparison of GDF-15 and f2-MG levels in different cardiac staging.

Mild heart failure  Moderate heart failure Severe heart failure
Factors group n = 33 group n = 32 group n = 35 F P
GDF-15 (pg/ml) 1156.87 + 146.64 1784.67 + 152.53* 2279.32 + 168.31* 438.6  p<0.001
B2-MG (ug/ml) 334+1.34 478 +1.67* 5.23 £1.23% 16.24  p<0.001

Notes: Compared with moderate heart failure group and mild heart failure group, “means p < 0.001. Compared with mild heart

failure group, *means p<0.001.
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Figure 1. Correlation analysis between levels of GDF-15 and f2-MG and cardiac function classification. A, GDF-15 level was
positively correlated with different cardiac function classification (r=0.717, p<0.001). B, B2-MG was positively correlated with

different cardiac function classification (r=0.658, p<0.001).

First, it was revealed in this study that GDF-15
and B2-MG levels of patients in the experimen-
tal group were significantly higher than those
in the control group, and the echocardiogra-
phy parameter LVEF in the experimental group
were significantly lower than those in the control
group. LVEF was positively proportional to car-
diac function, which meant that the smaller LVEF
was, the worse cardiac function was. The results
of this study indicate that patients with chronic
heart failure have abnormal cardiac function,
which is consistent with the results of research
on adult chronic heart failure'®. GDF-15 is associ-
ated with heart failure, myocardial hypertrophy,
coronary heart disease and other cardiovascular
diseases'’. A large number of reactive oxygen
species and oxygen free radicals can be pro-
duced in various cardiovascular diseases under
pathological conditions'®, causing oxidative stress

damage to cardiomyocytes and tissues, thereby
inducing apoptosis of cardiomyocytes. GDF-15 is
an important protective factor for cardiovascular
diseases. When myocardial tissue cells are dam-
aged, the expression level of GDF-15 increases
significantly”. f2-MG is a sensitivity indicator re-
flecting the function of proximal renal tubules®.
The results suggest that congenital heart disease
is not only a cardiovascular disease, renal ar-
terioles may also be involved in it, leading to
an increase of concentrations in serum [2-MG,
which changes as the disease progresses. This
also suggests that GDF-15 and B2-MG can be
used as biological markers for the determination
of heart failure.

Then, we compared the GDF-15 and B2-MG
levels in patients at different heart function stag-
es, the results showed that GDF-15 and 2-MG
levels in the mild, moderate and severe heart
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Figure 2. ROC curve of diagnostic value of GDF-15 and 32-MG alone and in combination in detecting CHD combined with
chronic heart failure. A, The sensitivity, specificity and AUC of GDF-15 on CHD with chronic heart failure were 91.25%,
74.00% and 0.821, respectively. The sensitivity, specificity and AUC of f2-MG on CHD with chronic heart failure were
82.50%, 62.00% and 0.819, respectively. The sensitivity, specificity and AUC of the diagnosis of GDF-15 combined with (2-
MG on CHD with chronic heart failure were 82.50%, 82.00% and 0.914, respectively. B, The sensitivity of LVEF to congenital
heart disease with chronic heart failure was 74.00%, the specificity was 77.50%, and the AUC was 0.806.
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Figure 3. ROC curves of GDF-15 and $2-MG predicting the prognosis of congenital heart disease with chronic heart failure.
A, The sensitivity of GDF-15 to congenital heart disease with chronic heart failure was 91.30%, the specificity was 62.96%,
and the AUC was 0.806. B, The sensitivity of B2-MG to congenital heart disease with chronic heart failure was 56.52%, the

specificity was 94.44%, and the AUC was 0.817.

failure groups increased in sequence, indicating
that GDF-15 and B2-MG levels would gradually
increase with the aggravation of disease degree.
It is speculated that with the aggravation of the
disease, the severity of the kidney increases. In
adult heart failure, serum GDF-15 level is related
to the severity of cardiac function classification,
and the level increases with the increase of car-
diac function classification in patients with heart
failure?"-*2. Heart failure not only affects patients’
cardiac function, but also cause damage to other
target organs, such as kidneys and liver®. By
analyzing the significance of GDF-15 and B2-
MG levels and cardiac function classification,
this paper hopes to further reveal the association
between GDF-15 and B2-MG levels and cardiac
function classification. Therefore, we analyzed
the correlation between GDF-15 and 2-MG lev-
els and different cardiac function classification of
mild, moderate and severe diseases, and the re-
sults showed that GDF-15 and B2-MG levels were
positively correlated with patients with different
severity of heart failure, indicating that with the
aggravation of cardiac function classification, the
degree of renal injury increases, and the GDF-
15 and B2-MG levels also increase. There is a
significant correlation between serum GDF-15
level and the severity of heart failure in patients
with heart failure**. GDF-15 level can be used to
assess risk stratification of various cardiovascular
diseases?- . It is of clinical significance for the
evaluation and further treatment of cardiac func-
tion in patients with CHD.

To clarify the diagnostic value of GDF-15
and f2-MG in CHD with chronic heart failure,
we performed predictive analysis. The results

showed that GDF-15 and B2-MG alone or com-
bined detection has a high diagnostic value for
CHD combined with chronic heart failure, better
than ultrasound indicator LVEF. In addition, we
also analyzed the prognostic value of GDF-15 and
B2-MG for congenital heart disease with chronic
heart failure. The results showed that the areas
under the curve for the prognosis of GDF-15
and f2-MG were not less than 0.800, suggesting
GDF-15 and B2-MG have high predictive value
for the prognosis of patients. Therefore, GDF-15
and f2-MG can play a positive role in the diag-
nosis and prognosis prediction of CHD combined
with chronic heart failure.

Conclusions

To sum up, high levels of GDF-15 and f2-MG
can be detected in patients with CHD and chron-
ic heart failure, and their levels are positively
correlated with different cardiac function levels.
With the aggravation of disease degree, the mea-
sured level increased, indicating that these two
biomarkers have important significance in the
treatment of disease and prognosis. There are
differences between children and adults in the
etiology and clinical manifestations with congen-
ital heart disease combined with chronic heart
failure; however, the management principles
including diagnosis and prognosis are similar.
Therefore, research on infants is needed?’, and
our study could fill in this blank. There are also
some deficiencies in this study. Some studies
have indicated that®® patients with heart failure
have abnormal cardiac electrical activity, which
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is manifested as prolonged Q-T time limit and
widened R wave, etc. In this study, however, we
did not explore whether there is association be-
tween electrocardiogram performance and levels
of GFD-15 and B2-MG, so we will further im-
prove this in subsequent experiments.
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