
Systematic Review and Meta-Analysis

1

Medicine®

Prognostic factors associated with left ventricular 
non-compaction
A PRISMA-compliant meta-analysis
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Abstract 
Background: Left ventricular non-compaction (LVNC) is a rare disease with a poor prognosis. Efforts to improve prognosis are 
limited by the quality and scope of the available evidence on prognostic factors.

Methods: Pubmed, Embase, China National Knowledge Infrastructure, Cochrane Library, Wanfang, and Baidu Scholar were 
searched and all relevant studies that examined factors related to LVNC prognosis, published before January 2021, were retrieved. 
Study quality evaluation and data extraction were independently completed by two authors. Statistical analyses were performed 
using STATA 15.0 software.

Results: A total of 20 cohort studies were included in this study, with a total of 1910 patients. The results of the meta-analysis 
are as follows: New York Heart Function Association (NYHA) class III/IV (hazard ratio [HR] = 3.93, 95% confidence interval [CI]: 
1.66–9.29), (NT-proBNP) increased (HR = 1.98, 95% CI: 1.10–3.58), left ventricular ejection fraction (LVEF) decreased (HR = 1.04, 
95% CI: 1.03–1.06), left ventricular end-diastolic diameter (LVEDD) increased (HR = 1.03, 95% CI: 1.01–1.06) was an independent 
poor prognostic factor, and body mass index (HR = 0.80, 95% CI: 0.64–0.98) was an independent protective factor. Creatinine 
(CR) level (HR = 1.09, 95% CI: 0.95–1.25) and late gadolinium-enhanced (LGE) imaging (HR = 3.1, 95% CI: 0.85–11.31) has no 
statistical significance in the prognosis of LVNC.

Conclusion: In LVNC patients, NYHA class III/IV, elevated N-terminal pro-brain natriuretic peptide (NT-proBNP) levels, decreased 
LVEF, and increased LVEDD may lead to poor prognosis, and increased body mass index may improve the prognosis of LVNC. 
Further clinical research with large sample sizes and long-term follow-ups should be conducted.

PROSPERO Registration Number: 42020152706

Abbreviations: CI = confidence interval, CR = creatinine, HR = hazard ratio, LAD = left atrial diameter, LGE = late gadolinium-
enhanced, LVEDD = left ventricular end-diastolic diameter, LVEF = left ventricular ejection fraction, LVNC = left ventricular non-
compaction, NT-proBNP = N-terminal pro-brain natriuretic peptide, NYHA = New York Heart Function Association.
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1. Introduction

Non-compaction of the ventricular myocardium is a relatively 
rare disease of the heart that commonly co-occurs with con-
genital ventricular dysplasia. It is characterized by thickened 
muscle trabeculae and deep recesses communicating between 
the trabeculae. It is more commonly observed in the left ventri-
cle and is often referred to as left ventricular non-compaction 
(LVNC).[1,2]

To date, the epidemiological data on this disease are lacking 
and further comprehensive studies are needed. Moreover, there 
are few large-scale studies of LVNC. International studies using 
echocardiographic diagnosis have reported that the prevalence 
of LVNC ranges from 0.014% to 0.032%.[3] It is currently 
believed that the disease can be diagnosed at any age, and most 
studies have shown that the incidence of LVNC is higher in 
men than women. The incidence of LVNC in children aged 0 
to 10 years is estimated to be around 0.12/100,000 per year.[4] 
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Clinical studies have shown that patients with LVNC have a 
poor prognosis and a high risk of ventricular tachycardia and 
sudden death, with an average annual mortality rate of 5% to 
12%.[5]

In recent years, prognostic studies of LVNC from China and 
other countries around the world have suggested that higher left 
ventricular diastolic diameter, severe heart failure, atrial fibrilla-
tion,[6,7] and lower ejection fraction[8] are associated with poor 
prognosis. Because of the rarity of this disease, most published 
studies are based on samples that are too small to obtain clear 
and reliable results. To date, there are no published meta-anal-
yses on the predictors of LVNC prognosis. Thus, to obtain a 
more reliable result, the current study examined all published 
literature on prognostic factors for LVNC. A meta-analysis was 
performed and factors affecting LVNC prognosis were evalu-
ated. The aim was to provide a high-quality and reliable analy-
sis of the current literature to guide a clinical understanding of 
LVNC prognosis.

2. Methods
This meta-analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines.[9] Because the study did not analyze pri-
vate patient data, ethical approval was not required. This study 
was registered on the PROSPERO register, registration number 
CRD42020152706.

2.1. Literature screening

Pubmed, Embase, China National Knowledge Infrastructure, 
Cochrane Library, Wanfang, and other databases were searched 
to collect all relevant literature on LVNC prognosis published 
before January 2021. The reference lists of retrieved studies 
were also manually reviewed and relevant studies were retrieved 
in order to ensure that all relevant literature was included in 
this study. The database search terms were as follows: LVNC or 
Non-compaction Cardiomyopathy or LVNC Cardiomyopathy, 
outcomes or cardiac events or heart failure events, follow-up, 
prognostic or prognosis. The identified studies were then 
screened independently by two researchers (Z-GY and Z-JL). 
First, the titles and abstracts of retrieved studies were screened. 
After excluding studies that did not meet the inclusion criteria, 
each study was cross-checked by 2 independent researchers to 
ensure it met the inclusion criteria. When there was disagree-
ment and a consensus could not be reached, the third researcher 
(LW) was asked to make the final decision.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: domestic or foreign pub-
lished study; all patients clinically diagnosed with myocardial 
densification; study examined prognostic factors related to 
myocardial densification; the study provided complete raw data 
or K-M survival curves to obtain hazard ratios (HRs); clear fol-
low-up time; cohort study; clear end-point.

The exclusion criteria were as follows: duplicate publications; 
studies reporting prognostic factors with HRs <3.

2.3. Data extraction and study quality evaluation

Two investigators independently extracted the data; LW resolved 
any differences in opinion. The quality of the included studies 
was evaluated by 2 researchers according to the Newcastle-
Ottawa Quality Assessment Scale (NOS) criteria.[10] When the 
researchers’ scores were not consistent, the third researcher 
(LW) provided judgement. The maximum score of the NOS 
scale is 9 points; 0 to 4 points indicates a low-quality study 
while 5 to 9 points indicates a high-quality study.

2.4. Statistical analyses

We used the HR and 95% confidence intervals (95% CI) to 
assess the survival benefit of LVNC. Unless the data were able to 
be directly extracted from the article, Engauge Digitizer version 
4.1 (available from http://sourceforge.net/) was used to read the 
Kaplan–Meier curves to obtain the HRs.[11] STATA 15.0 was 
used to analyze the data extracted from the included studies. 
The Q test and I2 were used to test for heterogeneity among 
the included studies.[12] When P > .1 and I2 < 50%, the litera-
ture was considered homogeneous. When P < .1 and I2 ≥ 50%, 
the literature was considered heterogeneous. When heterogene-
ity existed among the included studies, a random-effects model 
was used for data analysis. When the heterogeneity was large, 
the cause of the heterogeneity was investigated through sensi-
tivity analyses. When there was no heterogeneity, a fixed-effects 
model was used for analysis. Subgroup analyses were performed 
to determine whether New York Heart Function Association 
classification 3 or 4 grade (NYHA III-IV) and creatinine (CR) 
were independent predictors of LVNC. Finally, the combined 
HR value and its 95% CI were calculated. Publication bias was 
tested using Egger test.[13]

3. Results

3.1. Study selection, characteristics, and quality evaluation

As of January 2021, a total of 20 articles[6,7,8,14–30] met the study’s 
inclusion criteria. For a detailed description of the study selec-
tion process, see the flowchart (Fig.  1). The total number of 
patients in the included studies was 1910, with the individual 
sample sizes ranging from 34 to 339. The following data were 
collected from each of the included studies: the name of the first 
author of the paper, country, year of publication, end-point, 
number of patients, number of male/female and followed-up 
(Table 1). The NOS scores of the included studies ranged from 
6 to 8, indicating that the quality of each study was relatively 
high (Table 2).

3.2. The influence of general characteristics on the 
prognosis of LVNC

3.2.1. Analysis of age factors. Including 8 
studies.[6,15,16,18,19,20,26,28] Univariate factor analysis has 
heterogeneity between studies (P < .001, I2 = 87.6%) and 
multivariate factor analysis has heterogeneity between studies 
(P = .004, I2 = 77.2%,), all of which are required A random 
effects model was used. As shown in Figure 2, the univariate 
analysis group indicated that age was a risk factor for poor 
prognosis of LVNC (HR = 1.02, 95% CI: 1–1.04), and the 
multivariate group analysis showed age (HR = 1.03, 95% CI: 
0.99–1.07) It is not an independent factor influencing the poor 
prognosis of LVNC, and it cannot be explained that age has an 
influence on the prognosis of LVNC.

3.2.2. Analysis of gender factors. Including 10 
studies.[6,15-20,26,28] Whether it is analyzing the influence of male 
composition (HR = 1.2, 95% CI: 0.87–1.67) on the prognosis of 
LVNC, or the influence of female composition (HR = 1.14, 95% 
CI: 0.73–1.77) on the prognosis of LVNC, there is no difference 
between the studies. Heterogeneity (I2 = 0%), random effects 
model can be used. As shown in Figure 3, there is no correlation 
between gender and the prognosis of LVNC, so it cannot be 
explained that age has an effect on the prognosis of LVNC.

3.2.3. Analysis of body mass index (BMI) factors. Including 
3 studies.[16,17,28] There is no heterogeneity between univariate 
factor analysis and multivariate factor analysis (I2 = 0%), and 
random effects model can be used. As shown in Figure 4, the 
univariate group BMI was a protective factor for poor prognosis 
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of LVNC (HR = 0.82, 95% CI: 0.75–0.90), and the multivariate 
group analysis showed BMI (HR = 0.8, 95% CI: 0.64–0.98) Is 
an independent protective factor for prognosis, and an increase 
in BMI can reduce the occurrence of adverse events.

3.3. The impact of accompanying diseases on the 
prognosis of LVNC

3.3.1. Analysis of LVNC with coronary heart disease. Includes 
4 studies.[16,17,26,28] There is no heterogeneity between studies (P = 
.443, I2 = 0%). As shown in Figure 5, a random effects model is 
used. The results showed that there was no correlation between 
coronary heart disease and poor prognosis of LVNC (HR = 
1.01, 95% CI: 0.64–1.62).

3.3.2. Analysis of LVNC with hypertension. Including 3 
studies.[16,17,26] There is heterogeneity among the studies (P = 
.079, I2 = 60.7%). As shown in Figure 6, a random effects model 
is used. Hypertension is not a risk factor for poor prognosis of 
LVNC (HR = 1.05, 95% CI: 0.46–2.39).

3.3.3. Analysis of LVNC with diabetes mellitus. Includes 4 
studies.[16,17,26,28] There is heterogeneity among the studies (P 
= .074, I2 = 56.7%). As shown in Figure 7, a random effects 
model was used. Diabetes mellitus is not a risk factor for poor 
prognosis of LVNC (HR = 1.59, 95% CI: 0.69–3.04).

3.3.4. Analysis of LVNC with atrial fibrillation. Including 8 
studies. [6,8,16,17,18,20,26,28] There is no heterogeneity between studies 
(P = .332, I2 = 12.5%). As shown in Figure 8, a random effects 
model can be used. Atrial fibrillation is a risk factor for poor 
prognosis of LVNC (HR = 1.71, 95% CI: 1.22–2.41), which is 
statistically significant.

3.3.5. Analysis of NYHA class III/IV in LVNC patients. Five 
studies were included in the NYHA class III/IV analysis.[14,16,19,21,28] 
There was high heterogeneity among the studies (I2 = 73.5%). 
A random-effects model was used, as shown in Figure 9. NYHA 
III-IV (HR = 3.93, 95% CI: 1.66–9.29) was a statistically 
significant independent risk factor for poor prognosis.

3.4. The influence of laboratory biochemical indexes on the 
prognosis of LVNC

3.4.1. Analysis of CR level. Four studies were included in this 
analysis.[15,16,23,25] The HRs were obtained from the univariate 
analyses and the multivariate analysis was divided into 2 groups 
and then combined. For the univariate analysis, high heterogeneity 
was observed between the studies (I2 = 84.9%) using a random-
effects model, CR (HR = 1.12, 95% CI: 1.02–1.23) was not 
a statistically significant predictor of LVNC. Similarly, for the 
multivariate analysis, heterogeneity was observed between the 
studies (I2 = 69.7%). Using a random-effects model, CR (HR 

Figure 1. PRISMA flow chart of literature selection. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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Table 1

Main characteristics of the studies.

References 
Year of 

publication 

Country 
of 

patients 

Number 
of 

patients 

Number 
of male/
female 

Median 
age (yr) Follow-up (yr) LVEF (%) 

LVEDD/
LVESV 
(mm) Endpoint 

T. He[14] 2012 China 36 24/12 47 + 22 2.5 + 0.83 36 + 13 66 + 15 Death, heart transplantation
C. Yan[15] 2018 China 61 41/20 40.9 + 19.8 5.71 + 3.9 29.12 + 12.4 61.9 + 12.4 All-cause death
X.J. Gao[16] 2011 China 112 89/23 45.82 + 18 1.69 + 1.2 34.34 + 10.95 66.87 + 

10.73
Death, heart transplantation, 

readmission
Gulijiakela[17] 2016 China 36 22/14 54 + 18.3 0.08–3.83 40.43 + 11.06 59.6 + 8.8 Cardiac death, readmission
T. Tian[18] 2013 China 106 83/23 46 + 17 2.9 + 2.1 39 + 14 64 + 10 Death, heart transplantation
Lofiego[19] 2006 Italy 65 – – 0.5–16 31 + 11 67 + 11 Death, heart transplantation
Greutmann[6] 2012 Switzer-

land
115 40/75 – 0.1–19.4 41 + 18 34 + 7 

(mm/
m2)

Death, heart transplantation

Stampfli[25] 2017 Switzer-
land

153 91/62 43 + 19.4 18.5 (longest) – – Death, heart transplantation

Gilbert[20] 2010 France 105 69/36 45 + 17 2.33 + 1.47 46 + 18 63 + 11 Death, heart transplantation
Jamka[21] 2013 Poland 129 81/48 – 4.8 (longest) – – Death, heart transplantation
Q. Ma[22] 2014 China 101 67/34 29 + 25 2.6 + 1.4 – – Death, heart transplantation
L. Chen[23] 2014 China 41 18/23 – 0.8 + 1.5 – 41.7 + 12.9 Death, heart transplantation
X.H. Ning[24] 2012 China 64 – – 2.67 + 2 42 + 14 61 + 11 Death, heart transplantation
Vaibhav[26] 2021 America 339 182/157 47.4 (IQR 

34–61)
6.3 (median) 45 (IQR 30–58) 55 (IQR 

50–62)
All-cause death

S. Stampfli[7] 2018 Switzer-
land

126 – 47.3 (medi-
an)

7.4 (median) 42 (median) – Death, heart transplantation

Mehmet[28] 2016 Turkey 88 57/31 38.6 + 16.7 3.53 (median) 32 + 12.5 59.3 + 9.1 Cardiac death
Femia[29] 2020 Sydney 98 55/43 – 6.5 (IQR 

5.5–7.5)
62.9 + 6.9 (Pre-
served) 38.1 + 
8.5 (Impaired)

– Cardiac death, cardiac transplantation, 
sustained ventricular tachycardia/
ventricular fibrillation, ischemic stroke

Macaione[30] 2017 Italy 83 54/29 46.3 + 18.9 3.7 + 2.3 – – Adverse cardiovascular events
Amzulescu[27] 2015 Belgium 162 102/60 55 + 15 3.4 (IQR 

1.5–6.3)
24.6 + 8.4 68 + 9 Cardiac death, heart transplantation, LV 

assist device implantations
Stöllberger[8] 2009 Australia 102 72/30 53 + 16 3.8 (IQR 

0.02–8.8)
– – All-cause death

LVEDD = left ventricular end-diastolic diameter, LVEF = left ventricular ejection fraction.

Table 2

The Newcastle-Ottawa Quality Assessment Scale of included study.

Name 

Selection Comparability Outcome

Score 

Representative 
of the 

average in the 
community 

The same 
community as 
the exposed 

cohort 
Ascertainment 

of exposure 

Outcome 
was not 

present at 
start of study 

Comparability 
of cohorts on 

the basis of the 
design or analysis

Assessment 
of outcome 

Follow-up 
enough for 
outcomes 
to occur 

Adequacy 
of 

follow-up 
of cohorts 

T. He[14] * * * * * * * * 8
X.J. Gao[16] * * * * – * * * 7
Lofiego[19] * * * * * * * * 8
Greutmann[6] * * * * – * * * 7
Stampfli[25] * * * * * * * * 8
Gilbert[20] * * * * * * * * 8
Jamka[21] * * * * – * * * 7
Q. Ma[22] – – * * * * * * 6
T. Tian[18] * * * * * * * * 8
Gulijiakela[17] * * * * * * * * 8
L. Chen[23] – – * * * * * * 6
X.H. Ning[24] – – * * * * * * 6
C. Yan[15] * * * * – * * * 7
Vaibhav[26] * * * * * * * * 8
S. Stampfli[7] * * * * – * * * 7
Mehmet[28] * * * * * * * * 8
Femia[29] * * * * * * * * 8
Macaione[30] * * * * * * * * 8
Amzulescu[27] * * * * * * * * 8
Stöllberger[8] – – * * * * * * 6

Note: “*” means 1 point; “–” means 0 point.
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= 1.09, 95% CI: 0.95–1.25) was not a statistically significant 
independent risk factor for LVNC prognosis (Fig. 10).

3.4.2. Analysis of N-terminal pro-brain natriuretic 
peptide. Four studies were included in this analysis[7,15,16,17]; 
univariate factor analysis has heterogeneity between studies  

(P < .001, I2 = 92.5%) and multivariate factor analysis does not 
have heterogeneity between studies (P = .281, I2 = 21.2%), all use 
A random effects model. As shown in Figure 11, the univariate 
analysis group N-terminal pro-brain natriuretic peptide 
(NT-proBNP) was a risk factor for poor prognosis of LVNC 
(HR = 2.51, 95% CI: 1.09–5.81), and the multivariate group 
analysis showed NT-proBNP (HR = 1.98, 95% CI: 1.10–3.58) 

Figure 2. Meta-analysis of age. Figure 3. Meta-analysis of gender.

Figure 4. Meta-analysis of BMI. BMI = body mass index.
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Figure 5. Meta-analysis of coronary heart disease.

Figure 6. Meta-analysis of hypertension.
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Figure 7. Meta-analysis of diabetes.

Figure 8. Meta-analysis of atrial fibrillation.



8

Yang et al. • Medicine (2022) 101:37 Medicine

Figure 9. Meta-analysis of NYHA. NYHA = New York Heart Function Association.

Figure 10. Meta-analysis of creatinine (CR).
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is an independent influencing factor of poor prognosis, with 
statistical significance.

3.5. The influence of echocardiography and cardiac MRI 
related indexes on the prognosis of LVNC

3.5.1. Analysis of left ventricular ejection fraction. Twelve 
studies were included in this analysis[6,7,15–20,24,26,27,28]; there is no 
heterogeneity between studies, whether as a protective factor 
or a risk factor (I2 = 0%). As shown in Figure 12, the increase 
in left ventricular ejection fraction (LVEF) (HR = 0.95, 95% 
CI: 0.93–0.96) was statistically significant as a protective factor. 
LVEF reduction (HR = 3.28, 95% CI: 2.30–4.67) is statistically 
significant as a risk factor, and as an independent prognostic 
factor of LVNC (HR = 1.04, 95% CI: 1.03–1.06) is also 
statistically significant.

3.5.2. Analysis of LVEDD. Eight studies were included in 
this analysis[15–18,20,24,26,28]; univariate factor analysis, there is 
slight heterogeneity between the studies (P = .032, I2 = 54.4%) 
multivariate factors Analyze that there is no heterogeneity 
between the studies (P = .419, I2 = 0%), and random effects 
models are used. As shown in Figure  13, the left ventricular 
end-diastolic diameter (LVEDD) (HR = 1.05, 95% CI: 1.03–
1.08) in the univariate analysis group was a risk factor for poor 
prognosis of LVNC with statistical significance. Multivariate 
group analysis showed that the LVEDD (HR = 1.05, 95% 

CI: 1.03–1.07) is an independent influencing factor of poor 
prognosis, with statistical significance.

3.5.3. Analysis of left atrial diameter (LAD). Eight studies 
were included in this analysis.[15–20,23,28] univariate factor analysis 
has heterogeneity between studies (P = .044, I2 = 51.6%), 
multivariate factor analysis is different There was heterogeneity 
between the studies (P = .001, I2 = 85.9%), and random effects 
models were used. As shown in Figure  14, the LAD in the 
univariate analysis group was a risk factor for poor prognosis of 
LVNC (HR = 1.06, 95% CI: 1.02–1.11), which was statistically 
significant. Multivariate group analysis showed that the LAD 
(HR = 1.19, 95% CI: 0.96–1.47) is not an independent factor 
influencing the poor prognosis of LVNC.

3.5.4. Analysis of delayed gadolinium-enhanced 
imaging. Including 3 studies,[27,29,30] high heterogeneity between 
studies (P < .001, I2 = 90.3%), using random effects model, as 
shown in Figure  15, late gadolinium-enhanced (LGE) (HR = 
3.1, 95% CI: 0.85–11.31) is not an independent prognostic risk 
factor for LVNC.

3.6. Sensitivity analysis

The results were computed by omitting each study in turn. 
Meta-analytic random-effects estimates (exponential form) 
were used. The two ends of the dotted lines represent the 95% 
CIs. The scope of one study was significantly different from 

Figure 11. Meta-analysis of NT-proBNP. NT-proBNP = N-terminal pro-brain natriuretic peptide.
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the other 3 studies, which may have led to the heterogeneity.[31] 
Sensitivity analysis showed that the results of NYHA class III/IV, 
LAD, age factors were stable, and the CR factor changed greatly. 
As shown in the figure below (Figs. 16–19), for each study, the 
circle represents the total HR after excluding the study. The hor-
izontal line crossing the circle represents the 95% CI. The short 
vertical lines at the end of the horizontal line represent the lower 
and upper limits of 95% CI, respectively.

3.7. Publication bias

In this study, Egger test was used to assess publication bias 
(P > .1 indicates that there is no publication bias). The results 
showed that there was only publication bias in the analysis of 
the correlation between NYHA class III/IV (P = .005), coronary 
heart disease (P = .015) and diabetes (P = .048) and the prog-
nosis of LVNC. In meta-analysis, when the number of included 
studies is <10, it is difficult to find the cause of asymmetry, and 
there is no need to discuss publication bias.[32] The number of 
studies included in the above analysis with publication bias is 
relatively small, so the “cut-and-fill method” cannot be used to 
assess publication bias.

4. Discussion
Existing research suggests that predictive factors related to poor 
LVNC prognosis include age of diagnostic, increased left and 
right atrial and left ventricular diameter, NYHA grade III or 
above, and NT-proBNP, among others. However, the scope of 
the literature and the findings are limited and varied and, to 
date, there are no published meta-analyses on the prognostic 
factors for LVNC. Therefore, this study used the meta-analytic 
method to further explore the published evidence on the role of 
the above factors in LVNC prognosis.

The results of this study show that the age and gender of 
patients that are clinically concerned, combined with coronary 
heart disease, hypertension, diabetes, delayed gadolinium-en-
hanced imaging, and renal function damage are likely to be irrel-
evant to the prognosis of LVNC, and further study is needed.

An important finding of this study is that CR was not a sta-
tistically significant independent risk factor for LVNC prog-
nosis. This is inconsistent with the results of previous studies. 
Thus, further studies are required to verify this finding and the 
role of CR in LVNC prognosis. Cardiac insufficiency is the pri-
mary clinical manifestation of LVNC. Long-term cardiac insuf-
ficiency leads to decreased renal function. CR is an index used 

Figure 12. Meta-analysis of LVEF. LVEF = left ventricular ejection fraction.
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to evaluate renal function. Increased CR levels reflect impaired 
renal function, which can further exacerbate cardiac dysfunc-
tion. Therefore, CR may indicate a poor prognosis to a certain 
extent, but its prognostic function appears to be limited. The 
results of this meta-analysis indicate that NYHA class III/IV is 
an independent risk factor for LVNC prognosis. This finding is 
consistent with previous research results. Currently, there is no 
special treatment for LVNC, with treatment primarily directed 
at cardiac symptoms. Regardless of disease, any patient with 
heart function classified as NYHA class III/IV usually has a 
poor prognosis and is at increased risk of death or heart trans-
plantation; this also applies to LVNC patients. Preventing and 
delaying heart hypofunction is the key to treating LVNC and 
improving prognosis. Given the above, we argue that this fac-
tor need not be studied in too much depth in future research 
of LVNC prognostic factors; instead, research should focus 
on other factors that may provide further improvements to a 
patient’s prognosis.

LVEF and NT-proBNP reflect the current state of cardiac 
function to a certain extent. The results of this study indicate 
that LVEF and NT-proBNP are independent prognostic fac-
tors. A previous prospective study found a correlation between 
NT-proBNP levels and prognosis in LVNC patients.[33] A more 
recent study[34] reported that patients with a higher level of 
NT-proBNP may have a shorter survival time than patients 

with a lower level of NT-proBNP, indicating that this factor is 
a marker of poor prognosis. The results of Nay Aung et al[35] 
showed that in the absence of moderate to severe left ventricular 
systolic dysfunction, the number of cardiovascular deaths was 
significantly reduced, and the reduction of LVEF was an import-
ant determinant of the adverse outcome of LVNC patients.

An increase in LVEDD can lead to systolic dysfunction. This 
study shows that an increase in LVEDD is an independent pre-
dictor of the prognosis of LVNC. Oechslin and Jenni[36] showed 
that adult patients who died had significantly larger LVEDD 
than surviving patients. In the general population, the LVEDD 
is related to the prognosis of dilated cardiomyopathy. LVDD > 
55 mm is a predictor of heart failure mortality in patients with 
pseudohypertrophic muscular dystrophy.[37]

So far, there are few studies on the prognosis of LVNC by 
LGE, but LGE detection and its clinical importance have been 
extensively studied. There is a large amount of scientific evi-
dence about the role of LGE as a predictor of future cardiac 
events in NCM patients.[38] This study suggests that LGE is 
not an influencing factor for the prognosis of LVNC. Because 
there are fewer included studies and the heterogeneity between 
studies (e.g., different standards are used in the diagnosis 
of LVNC between studies), the conclusions are less reliable. 
Importantly, a meta-analysis[39] showed that the prognosis of 
LVNC patients without LGE is better than those with LGE, and 

Figure 13. Meta-analysis of LVEDD. LVEDD = left ventricular end-diastolic diameter.
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it is recommended to further define the existence and prognostic 
significance of the disease. LGE must be considered to better 
risk stratification. Therefore, further research is needed for its 
influence on the prognosis of LVNC.

In addition to the prognostic factors identified in the current 
studies, other factors related to poor LVNC have been reported 
in published studies, including persistent arrhythmia,[6,19] several 
genes,[40] and neuromuscular diseases.[41,42] However, due to the 
small number of related studies, these factors could not be eval-
uated in the current meta-analysis. Waning et al[43] showed that 
nearly one-third of NCM patients have mutations in cardiomy-
opathy genes. The prognosis of LVNC depends on whether it is 
accompanied by neuromuscular disease, which can be explained 
by the reduced survival of patients with neuromuscular disease. 
In fact, when neuromuscular diseases are the underlying disease, 
heart disease will be more serious, and it will also lead to disor-
ders of the cardiac conduction system and myocardial cells.[44]

It should be noted that there are some unavoidable limita-
tions of this meta-analysis study, including: heterogeneity: due 
to the limited number of studies included, we could not com-
plete further analysis of the source of the heterogeneity; pub-
lication bias: the reason for publication bias cannot be further 
understood; choice of research population: LVNC is a rare 
disease and there are few studies of large samples; thus, this 
study was unable to access large samples of patients; echocardi-
ography for LVNC diagnosis may be affected by the operator’s 

experience, the ultrasound machines used, and many other fac-
tors, and this may result in inaccurate diagnoses; follow-up of 
the sample: the length of follow-up in a study is an important 
factor affecting prognosis research. LVNC has a unique clini-
cal course. If the follow-up time is not long enough, research-
ers may not observe any adverse cardiovascular events in the 
patients during the study period. Future studies should perform 
a long-term systematic follow-up of patients to obtain a com-
prehensive understanding of the longitudinal risk factors for 
poor LVNC prognosis.

In summary, study showed that among LVNC patients, 
NYHA class III/IV, elevated NT-proBNP levels, decreased 
LVEF, and increased LVEDD may lead to poor prognosis, and 
increased BMI may improve the prognosis of LVNC.
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Figure 14. Meta-analysis of left atrial diameter (LAD).
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Figure 15. Meta-analysis of late gadolinium-enhanced (LGE).

Figure 16. Sensitivity analysis of creatinine (CR).
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Figure 17. Sensitivity analysis of NYHA III–IV. NYHA = New York Heart Function Association.

Figure 18. Sensitivity analysis of left atrial diameter (LAD).



15

Yang et al. • Medicine (2022) 101:37 www.md-journal.com

References
 [1] Saglam M, Saygin H, Kozan H, et al. Non-compaction of ven-

tricular myocardium involving the Right Ventricle. Korean Circ J. 
2015;45:439–41.

 [2] Wang J, Kong X, Han P, et al. Combination of mitochondrial myopathy 
and biventricular hypertrabeculation/non-compaction. Neuromuscular 
Disord. 2016;26:165–9.

 [3] Oechsli EN, Attenhofer Jost CH, Rojas JR, et al. Long-term fol-
low-up of 34 adults with isolated left ventricular non-compaction: 
a distinct cardiomyopathy with poor prognosis. J Am Coll Cardiol. 
2000;36:493–500.

 [4] Stöllberger C, Finsterer J. Understanding left ventricular hypertrabec-
ulation/non-compaction: pathomorphologic findings and prognostic 
impact of neuromuscular co-morbidities. Expert Rev Cardiovasc Ther. 
2019;17:95–109.

 [5] Zhou Y, Qian Z, Yang J, et al. Whole exome sequencing identifies novel 
candidate mutation sina Chinese Family with left ventricular non-com-
paction. Mol Med Rep. 2018;17:7325–30.

 [6] Matthias G. Predictors of adverse outcome in adolescents and 
adults with isolated left ventricular non-compaction. Am J Cardiol. 
2012;109:276–81.

 [7] Stämpfli SF, Erhart L, Hagenbuch N, et al. Prognostic power of NT-pro 
BNP in left ventricular non-compaction cardiomyopathy. Int J Cardiol. 
2017;236:321–7.

 [8] Stöllberger C. Atrial fibrillation in left ventricular non-compaction with 
and without neuromuscular disorders is associated with a poor progno-
sis. Int J Cardiol. 2009;133:41–5.

 [9] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. J Clin 
Epidemiol. 2009;62:1006–12.

 [10] Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale 
(NOS) for assessing the quality of nonrandomized studies in meta-anal-
yses. Available at: http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp.

 [11] Parmar MK, Torri V, Stewart L. Extracting summary statistics to per-
form meta-analyses of the published literature for survival endpoints. 
Stat Med. 1998;17:2815–34.

 [12] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in 
meta-analyses. BMJ. 2003,327:557–60.

 [13] Ioannidis JP, Trikalinos TA. The appropriateness of asymmetry tests for 
publication bias in meta-analyses: a large survey. CMAJ. 2007;176:1091–6.

 [14] Tao H, Mei H, Zhu. Clinical features and mid-term prognosis of 
left ventricular non-compaction in 36 cases. Medical J Wuhan Univ. 
2012;33:838–42.

 [15] Chao Y, Rong L. Analysis of clinical characteristics and prognostic fac-
tors in patients with left ventricular non-compaction. J Clin Cardiol. 
2018;34:903–8.

 [16] Gao XJ, Kang LM, Jian Z, et al. Analysis of arrhythmia and prognosis 
in patients with left ventricular non-compaction. Chinese Mol Heart 
Dis Mag. 2011;11:257–62.

 [17] Gakla G. Analysis of Factors Related to Prognosis of Myocardial 
Densification. Zhejiang, China: Zhejiang University; 2016.

 [18] Tao T. Isolated left ventricular non-compaction: clinical profile and 
prognosis in 106 adult patients. Heart Vessels. 2014;29:645–52.

 [19] Lofiego C, Biagini E, Pasquale F, et al. Wide spectrum of presentation 
and variable outcomes of isolated left ventricular non-compaction. 
Heart. 2007;93:65–71.

 [20] Gilbert H. Isolated left ventricular non-compaction in adults: clinical 
and echocardiographic features in 105 patients. Results from a French 
registry. Eur J Heart Fail. 2011;13:177–85.

 [21] Miszalski-Jamka K. Prognostic value of cardiac magnetic resonance 
imaging in patients with suspected or known left ventricular non-com-
paction. Eur Heart J Cardiovasc Imaging. 2013;14(s):i13–4.

 [22] Ma Q, Hong Y, Peng. Clinical characteristics, echocardiographic char-
acteristics and prognosis analysis of 101 patients with myocardial den-
sification diagnosed in hospital. Chin Med J. 2014;9:783–7.

 [23] Chen L. Clinical Analysis of 41 Cases of Myocardial Densification in 
Children. Chongqing, China: Chongqing Medical University; 2018.

 [24] Xiao-Hui N, Min T. The prognostic significance of fragmented QRS in 
patients with left ventricular non-compaction cardiomyopathy. Can J 
Cardiol. 2012;28:508–14.

 [25] Stämpfi S, Erhart L, Hagenbuch N, et al. Prognostic value of renal dys-
function in patients with left ventricular non-compaction cardiomyop-
athy. Cardiovascular Medicine. 2018;21:A9.

Figure 19. Sensitivity analysis of age.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


16

Yang et al. • Medicine (2022) 101:37 Medicine

 [26] Vaibhav RV, Melissa L, William RM, et al. Long-term survival of 
patients with left ventricular noncompaction. J Am Heart Assoc. 
2021;10:e015563.

 [27] Amzulescu MS, Rousseau MF, Ahn SA, et al. Prognostic impact 
of hypertrabeculation and noncompaction phenotype in dilated 
cardiomyopathy: a CMR Study. JACC Cardiovasc Imaging. 
2015;8:934–46.

 [28] Cetin MS, Ozcan Cetin EH, Canpolat U, et al. Usefulness of fragmented 
QRS complex to predict arrhythmic events and cardiovascular mor-
tality in patients with noncompaction cardiomyopathy. Am J Cardiol. 
2016;117:1516–23.

 [29] Femia G, Zhu D, Choudhary P, et al. Long term clinical outcomes asso-
ciated with CMR quantified isolated left ventricular non-compaction in 
adults. Int J Cardiol. 2021;328:235–40.

 [30] Macaione F, Meloni A, Positano V, et al. Long term prognostic value of 
cardiac magnetic resonance parameters in left ventricular non-compac-
tion. Eur Heart J. 2017;38(s1):844.

 [31] Wu TX, Liu LJ, Jing L. Analysis of the main factors affecting the quality 
of systematic reviews. Chin J Evid-Based Med. 2015;5:51–8.

 [32] Jonathan A CS, Sutton AJ, Ioannidis JPA, et al. Recommendations for 
examining and interpreting funnel plot asymmetry in meta-analyses of 
randomised controlled trials. BMJ. 2011;343:d4002.

 [33] Malli N, WilfingerLutz N, Krugluger W, et al. Prognostic role of prognos 
levels in left ventricular hypertrabeculation/noncular g and and neu-
romuscular disorders: results of a pilot study. Minerva Cardioangiol. 
2019;67:254–256.

 [34] Rapatz K, Finsterer J, Voill-Glaninger A, et al. NT-pro BNP in patients 
with left ventricular hypertrabeculation/non-compaction. ESC Heart 
Fail. 2020;7:4126–4133.

 [35] Aung N, Doimo S, Ricci F, et al. Prognostic significance of left ventric-
ular noncompaction: systematic review and meta-analysis of observa-
tional studies. Circ Cardiovasc Imaging,2020,13:e009712.

 [36] Oechslin E, Jenni R. Left ventricular non-compaction revisited: a distinct 
phenotype with genetic heterogeneity? Eur Heart J. 2011;32:1446–56.

 [37] Segawa K, Sugawara N, Maruo K, et al. Left ventricular end-diastolic 
diameter and cardiac mortality in duchenne muscular dystrophy. 
Neuropsychiatr Dis Treat. 2020;16:171–8.

 [38] Masci PG, Barison A, Aquaro GD, et al. Myocardial delayed enhance-
ment in paucisymptomatic nonischemic dilated cardiomyopathy. Int J 
Cardiol. 2012;157:43–7.

 [39] Grigoratos C, Barison A, Ivanov A, et al. Meta-analysis of the prog-
nostic role of late gadolinium enhancement and global systolic impair-
ment in left ventricular non-compaction. JACC Cardiovasc Imaging. 
2019;12(11Pt1):2141–51.

 [40] Sedaghat, HF. Clinical genetics and outcome of left ventricular 
non-compaction cardiomyopathy. Eur Heart J. 2017;38:3449–60.

 [41] Claudia S. Prognosis of left ventricular hypertrabeculation/non-com-
paction is dependent on cardiac and neuromuscular comorbidity. Int J 
Cardiol. 2007;121:189–93.

 [42] Claudia S. Neuromuscular and cardiac comorbidity determines sur-
vival in 140 patients with left ventricular hypertrabeculation/non-com-
paction. Int J Cardiol. 2011;150:71–4.

 [43] Van Waning JI, Caliskan K, Hoedemaekers YM, et al. Genetics, clinical 
features, and long-term outcome of noncompaction cardiomyopathy. J 
Am Coll Cardiol. 2018;71:711–22.

 [44] Stöllberger C, Winkler-Dworak M, Blazek G, et al. Prognosis of left 
ventricular hypertrabeculation/noncompaction is dependent on cardiac 
and neuromuscular comorbidity. Int J Cardiol. 2007;121:189–93.


