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Background: Dilated cardiomyopathy (DCM) is the most common type of childhood cardiomyopathy 
and uric acid (UA) is considered closely associated with cardiovascular disease. There are few reports about 
the relationship between serum UA level and DCM in children, and the present study aimed to analyze the 
changes and clinical correlation of the two.
Methods: The clinical data of 49 children under 16 years old and who were hospitalized with DCM, and 
44 healthy children who underwent physical examination in the same period at Tianjin Children’s Hospital 
from June 2015 to November 2019 were analyzed retrospectively.
Results: The 49 children in the case group included 17 males and 32 females, aged from 2 to  
172 months. The case group were divided into New York Heart Association (NYHA) functional class I 
(n=2), class II (n=17), class III (n=11), and class IV (n=19). The 44 healthy children selected as the control 
group included 20 males and 24 females aged from 2 to 161 months. The serum UA level was detected, and 
an ultrasonic cardiogram was conducted in each child. The serum UA level, left ventricular end-diastolic 
diameter (LVEDD), left ventricular end-systolic diameter (LVESD), and left atrial diameter (LAD) of the 
case group were higher than that of the control group, while the left ventricular ejection fraction (LVEF) 
and left ventricular fractional shortening (LVFS) were lower than that of the control group, and significant 
statistical differences were seen between the two groups (P<0.01). The serum UA level, LVEDD, LVESD, 
and LAD of NYHAIII–IV class patients were higher than that of the NYHAI–II class, but LVEF and LVFS 
were lower than that of the NYHA I–II class, and there were significant statistical differences between the 
two groups (P<0.01). Statistical correlations were seen between the serum UA level and NYHA functional 
class, LVEDD, LVESD, LAD, LVEF, and LVFS (rs=0.599, 0.567, 0.579, 0.475, −0.333, −0.341, respectively, 
P<0.05).
Conclusions: Elevated serum UA levels exist in children with DCM and correlate with NYHA functional 
class and ultrasonic values. Change in serum UA levels may be used as a biomarker reflecting the severity of 
DCM in children.
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Introduction

Cardiomyopathy is a disease targeting the myocardium and 
negatively affecting cardiac function (1). Of several types 
of cardiomyopathy in children, dilated cardiomyopathy 
(DCM) is the most common and is characterized by 
ventricular dilatation and systolic dysfunction in the 
absence of hypertension, valvular, congenital, or ischemic 
heart disease (2,3). The pathological manifestation includes 
ventricular dilatation, myocardial degeneration and fibrosis. 
Physiologically, decreased ventricular contraction leads 
to decreased cardiac output and elevated end-diastolic 
pressure, which is transmitted to pulmonary edema and 
increased right heart pressure (2). The clinical presentation 
ranges from asymptomatic to acute decompensated 
heart failure and cardiogenic shock (4). The clinical 
manifestations of children with DCM are heart failure, 
arrhythmia, thromboembolism, and sudden death, and 
with a high mortality rate, most children die of advanced 
heart failure. In children with DCM, guideline-directed 
medical therapy includes diuretic agents, β-blockers, ACE 
inhibitors, and other medications as appropriate and high-
risk patients can be effectively managed with implantable 
cardioverter-defibrillator. Mechanical assist devices and 
extracorporeal membrane oxygenation demonstrate their 
usefulness in severe acute heart failure from DCM, and 
heart transplantation is recommended for children with 
severe end-stage heart failure from DCM refractory to 
treatment (3). DCM can result in a large medical cost 
burden because of repeated hospitalizations and the 
potential need for transplantation (5).

Detailed understanding of the disease has grown in 
recent years, and a deep relationship between elevated 
levels of serum uric acid (UA) and cardiovascular disease in 
adults has become a research hotspot. However, there are 
few reports on the relationship between serum UA level 
and DCM in children.UA is the end-product of purine 
metabolism and is considered a powerful free-radical 
scavenger in human plasma for protecting endothelial cells 
against damage by exogenous oxidants (6). Elevated levels 
of serum UA have been identified as potential factors for 
gout, hypertension, abnormal glucose metabolism, and 
dyslipidemia (7). UA is also strongly associated with the 
incidence, severity, and poor prognosis of cardiovascular 
diseases such as coronary heart disease, heart failure, 
atrial fibrillation, mitral regurgitation, and pulmonary 
hypertension (8-10). Yazicioğlu et al. reported that the 

elevated serum UA levels were correlated with the severity 
of functional mitral regurgitation and echocardiographic 
volume indices in adults with DCM (11). At present, there 
is no firm consensus on the relationship between serum UA 
levels and DCM in children, and the present study aimed to 
analyze the changes and clinical correlation of serum UA in 
children with DCM.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-537).

Methods

A total of 49 children with DCM less than 16-years-old 
who were hospitalized in Tianjin Children's Hospital from 
June 2015 to November 2019 were recruited as the case 
group, including 17 males and 32 females, aged from 2 to 
172 months. All cases were diagnosed as DCM according 
to World Health Organization/International Society of 
Federation of Cardiology diagnostic criteria (12). Exclusion 
criteria were severe liver and kidney disease, hypertension, 
congenital heart disease, ischemic heart disease, valvular 
heart disease, arrhythmia, hemoglobin less than 10g/dl, 
endocrine, and metabolic disorders (13). Children in the 
case group were divided into New York Heart Association 
(NYHA) functional class I (n=2), NYHA II (n=17), 
NYHA III (n=11), and NYHA IV (n=19). A control group 
composed of 44 healthy children including 20 males and 
24 females aged from 2 to 161 months underwent physical 
examinations in the same period and were matched in age 
and gender with the case group. There was no significant 
difference in sex, age, and body weight between the two 
groups (P>0.05) (Table 1). All procedures performed in this 
study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by Ethics and Research Committee of 
the Hospital (No. L2021-14). Individual consent for this 
retrospective analysis was waived. 

Blood samples were obtained from each child in the 
fasting state, and the serum UA level was detected by 
a BECKMAN AU2700 automatic chemistry analyzer 
(Beckman Coulter, Brea, California, USA). Ultrasonic 
values including the left ventricular end diastolic 
diameter (LVEDD), left ventricular end systolic diameter 
(LVESD), left ventricular ejection fraction (LVEF), 
left ventricular fractional shortening (LVFS), and left 
atrial diameter (LAD)were observed by a Philips IE33 
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ultrasonic diagnostic instrument (Philips Medical System, 
Massachusetts, USA).

Statistical analysis

SPSS 16.0 (IBM Corporation, Armonk, NY, USA) was 
used for the statistical analysis. Continuous variables 
with normal distribution were expressed using means ± 
standard deviations and the comparison between groups 
was detected using Student’s t-test. Continuous variables 
with non-normal distribution were expressed using median 
(interquartile range) and the comparison between the 
groups was detected using the Mann-Whitney U test in 
nonparametric test. Categorical variables were presented 
as percentages and the comparison between groups was 
detected using Chi-square test. Correlation analysis used 
Spearman rank correlation, and a P value of less than 0.05 
was considered statistically significant.

Results

Serum UA level and ultrasonic values between case group 
and control group

Serum UA and ultrasonic values (LVEDD, LVESD, and 
LAD) of the case group were higher than that of the 
control group, while the LVEF and LVFS were lower than 
that of the control group. There were significant statistical 
differences between the two groups (P<0.01) (Table 2).

Serum UA level and ultrasonic values between different 
NYHA functional classes in the case group

In the case group, the serum UA level, LVEDD, LVESD, and 
LAD of the NYHA III–IV group were higher than that of 
NYHA I–II group, while the LVEF and LVFS were lower than 
that of the NYHA I–II group. There were significant statistical 
differences between the two groups (P<0.01) (Table 3).

Table 1 Characteristics of recruited children in the case and control group

Groups Number Males/females Age (months) Weight (kg)

Case group 49 17/32 17.0 (5.5–71.0) 10.1 (7.6–18.7)

Control group 44 20/24 33.1 (8.0–99.0) 14.4 (8.4–30.4)

P value 0.290 0.378 0.210

Table 2 Serum UA level and ultrasonic values of recruited children in the case group and control group

Groups Number UA (μmol/L) LVEDD (mm) LVESD (mm) LVEF (%) LVFS (%) LAD (mm)

Case group 49 389.12±148.60 47.65±12.91 40.41±12.48 30.99±12.51 15.29±7.35 24.27±8.33

Control group 44 230.43±55.84 30.95±7.78 19.77±4.76 68.70±4.61 36.79±4.99 17.66±4.22

t value 6.949 7.638 10.737 −19.66 −16.65 4.89

P value 0.000 0.000 0.000 0.000 0.000 0.000

UA, uric acid; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LAD, left atrial diameter; LVEF, 
left ventricular ejection fraction; LVFS, left ventricular fractional shortening.

Table 3 Serum UA level and ultrasonic values of NYHA Ⅰ–Ⅱ and NYHA Ⅲ–Ⅳ in the case group

Groups Number UA (μmol/L) LVEDD (mm) LVESD (mm) LVEF (%) LVFS (%) LAD (mm)

NYHA I–II 19 305.42± 94.36 41.68±7.39 33.58±8.53 38.00±14.27 19.58±8.97 20.10±4.99

NYHA III–IV 30 442.13±153.38 51.43±14.28 44.73±12.75 26.55±8.97 12.57±4.45 26.9±8.99

t value 3.862 3.134 3.360 −3.128 −3.16 3.394

P value 0.000 0.003 0.002 0.004 0.001 0.001

UA, uric acid; NYHA, New York Heart Association; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic 
diameter; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening.
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Correlations between serum UA level and different variables

The serum UA level correlated positively with the NYHA 
functional class (rs=0.599, P=0.000) (Figure 1) and correlated 
positively with LVEDD (rs=0.567, P=0.000). The serum 
UA level also correlated positively with LVESD (rs=0.579, 

P=0.000) and correlated positively with LAD (rs=0.475, 
P=0.001). The serum UA level correlated negatively with 
LVEF (rs=−0.333, P=0.020) and correlated negatively with 
LVFS (rs=−0.341, P=0.017) (Figure 2).

Discussion

The overall prognosis of children with DCM is poor and 
the total rates of mortality and cardiac transplantation 
rate are high. In 2012, Pahl et al. reported the 5-year 
incidence of sudden cardiac death (SCD) to be 3% in a 
study containing 1,803 children who were considered the 
diagnosis of DCM (14). A national longitudinal cohort study 
in Australia in 2015 showed that the cumulative incidence 
of SCD at 15 years after diagnosis was 5% (95% CI: 2–11%) 
in children with DCM (15), while Mets et al. reported the 
rates of mortality and cardiac transplantation for children 
with DCM to be as high as 20% and 25%, respectively (16). 
DCM in children not only increases the social and family 
medical burden, but also seriously affects the physical and 
mental development of children and research to identify 
a biomarker of DCM has great significance for disease 
control and prognosis (17).

The relationship between serum UA levels and DCM in 
adults has attracted increasing attention in recent years. UA 
has attracted much attention as a parallel serum marker of 
oxidative stress, as in a hydrophobic environment, it loses its 
antioxidant ability and becomes a strong pro-oxidant in the 
presence of lipid peroxides (18), initiating cell damage and 
an inflammatory response. While hyperuricemia has been 
determined to be strongly associated with the occurrence, 
severity, and mortality of cardiovascular disease in adults, 
there are few reports about the relationship between serum 
UA level and DCM in children. Therefore, we conducted 
a retrospective case-control study of 49 children under  
16 years old with DCM and 44 matched healthy children. 
We observed that compared with the control group, the 
serum UA level of the case group was higher, and that the 
level seen in the NYHAIII-IV group was higher than that 
of the NYHA I–II group (P<0.05). Our results suggest that 
elevated levels of serum UA exist in children with DCM 
and have a certain association with their cardiac function. 
However, whether the change of serum UA level was 
associated with the severity of DCM was not at first evident.

Accordingly, we further studied the case group data and 
presented a correlation analysis between serum UA level 
and different variables. Echocardiography aids in diagnosing 
DCM and determining the functional severity of the disease. 

NYHA functional class

M
ea

n 
se

ru
m

 U
A

 le
ve

l, 
um

ol
/L

NYHA IVNYHA IIINYHA IINYHA I

500.00

450.00

400.00

350.00

300.00

250.00

200.00

Figure 1 Correlation between serum UA level and NYHA 
functional class. UA, uric acid; NYHA, New York Heart 
Association.

Figure 2 Correlation between serum UA level and LVEDD, 
LVESD, LAD, LVEF, and LVFS. UA, uric acid; LVEDD, left 
ventricular end-diastolic diameter; LVESD, left ventricular end-
systolic diameter; LAD, left atrial diameter; LVEF, left ventricular 
ejection fraction; LVFS, left ventricular fractional shortening.
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Parameters derived from echocardiographic tissue imaging—
tissue Doppler, strain, strain rate, postsystolic shortening 
and others—are extensively used to provide a framework 
in evaluation and management of cardiomyopathies. A 
higher LVEDD combined with lower left ventricle function 
variables—most commonly assessed by LVEF and LVFS—
suggests a dilated, hypokinetic phenotype which can be 
differentiated from restrictive phenotype by the presence 
of dilated atria and impaired myocardial compliance, and 
hypertrophic phenotype by the presence of greater wall 
thicknesses and pattern of thickening. Other feature includes 
mitral regurgitation, elevated pulmonary pressures, dilated 
right ventricle and impairment of diastolic function and so 
on. The reverse remodeling and improved LVEF could be 
seen while on medical therapy (2,19). The results showed 
that serum UA level was correlated positively with NYHA 
functional class, correlated positively with LVEDD, LVESD, 
and LAD, and correlated negatively with LVEF and LVFS 
in the case group. This suggests there is a significant 
statistical correlation between change in serum UA level 
and the severity of DCM in children. High levels correlated 
with worsening heart disease and more severe ultrasonic 
values. The aggravation of DCM in children is accompanied 
by progressive myocardial remodeling and abnormal 
hemodynamics, which leads to continuous deterioration of 
hypoxic-ischemic states, followed by a progressive increase 
of serum UA levels. The related mechanisms are (I) ATP is 
degraded to adenine and xanthine, and there is an increased 
generation of xanthine oxidase. The increased availability of 
substrate (xanthine) and enzyme (xanthine oxidase) results 
in increased UA generation. (II) Release of lactic acid blocks 
urate secretion in the proximal tubules. (III) A low renal 
blood flow stimulates urate reabsorption (20). Elevated 
levels of serum UA have other negative consequences 
in heart failure, arrhythmia, pulmonary hypertension, 
thromboembolism, and myocardial remodeling by 
stimulating oxidative stress and inflammatory mechanisms, 
impairing endothelial function, activating the rennin-
angiotensin system and circulating platelets, and mediating 
the proliferation of vascular smooth muscle cell, affecting 
endoplasmic reticulum calcium outflow and its consequences 
(21-25). These changes prompt the aggravation of DCM in 
children.

Our study revealed that elevated levels of serum UA exist 
in children with DCM and with the gradual deterioration 
of the condition, these levels increased progressively, and 
correlated with NYHA functional class and ultrasonic values. 
The elevated level of serum UA prompts cardiac damage in 

many ways, resulting in the deterioration of hemodynamics, 
decreasing systolic and diastolic function, and progressively 
aggravating heart failure, resulting in a poor prognosis. Our 
results demonstrate that serum UA levels might be used 
as a biomarker reflecting the severity of DCM in children 
and have high clinical value for formulating personalized 
treatment plants for pediatric cardiologists to reduce the 
social and family medical burden. Combining the results 
of our study with those of Kim et al. (25), paves the way for 
further study to determine whether serum UA can be used 
as a prognostic marker in children with DCM.

This study has some limitations. Firstly, the serum 
UA level may have been affected by some unmeasured 
confounders, such as the use and dose of diuretics (26,27),  
respiratory status, family history, and life style. There are 
also conflicting results on whether diuretics affect the 
cardiovascular damage caused by elevated serum UA (27-31). 
Secondly, this was a single-center study using a small sample 
size, and we look forward to large sample multicenter 
studies to confirm our results. Thirdly, this study is a 
retrospective analysis, which is likely to cause some 
deviations in the results. It needs to be further confirmed by 
multi-center clinical trials.
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