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In this study, the diagnostic value of microRNAs (miRNAs) for hypertension (HTN) with left ventricular hypertrophy (LVH) were evaluated by meta-analysis. A correlation study of the diagnostic value of miRNAs in HTN with LVH was conducted using a computer search of the China Knowledge Network (CNKI), Wanfang, VIP, China Biomedical Literature Database (CBM), PubMed, Web of Science, and Embase. Studies from the time of database creation to May 2022 were evaluated. The quality assessment of diagnostic accuracy studies-2 (QUADAS-2) tool in RevMan 5.3 was used to evaluate the quality of the literature, and Meta-Disc 1.4 and Stata 16.0, were used to calculate the combined sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic advantage ratio (DOR), and their 95% confidence intervals. Subject working characteristic curves were plotted and the area under the curve (AUC) was calculated using Stata 16.0. Seven publications and 8 studies were included. miRNA diagnoses of HTN with LVH had SENcombined = 0.84, SPEcombined = 0.80, PLRcombined = 4.2, NLRcombined = 0.20, DORcombined = 21, and AUCcombined = 0.89. Subgroup analysis showed that the sensitivity of plasma miRNA for the diagnosis of HTN with LVH was 0.85, which was higher than that of serum which was 0.83. The specificity of serum miRNA for the diagnosis of HTN with LVH was 0.82, which was higher than that of plasma which was 0.78, and the diagnostic accuracy of miRNA in serum DOR was 23, which was higher than that of plasma DOR which was 20. In the diagnosis of HTN with LVH, miRNA has high sensitivity and specificity and is a better biological marker.

Systematic review registration: http://www.crd.york.ac.uk/PROSPERO/, CRD42022346686.
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Introduction

Hypertension (HTN) is a systemic chronic disease that primarily manifests as elevated arterial blood pressure in the circulatory system. Chronic poor blood pressure control can cause changes in the structure and function of the heart and can lead to left ventricular hypertrophy (LVH).

Cardiovascular disease (CVD) is one of the leading causes of death worldwide, particularly in developed countries. In 2019, the global prevalence of CVD reached 523 million cases, resulting in 18.6 million deaths (1). HTN and LVH are both independent risk factors for CVD (2). Studies have shown that the incidence of LVH in patients with HTN ranges from 10 – 40% (3). The weighted risk of HTN combined with LVH exacerbates the occurrence and progression of CVD. LVH is an important target organ in hypertensive pathological damage and LVH is a major cause of heart failure and cardiovascular death in patients with HTN (4). Therefore, early detection and diagnosis of HTN with LVH are particularly important for early treatment to reverse the formation of an LVH lesion.

Currently, the clinical diagnosis of LVH in patients with HTN relies on electrocardiography (ECG), echocardiography (ECHO), and cardiac magnetic resonance imaging (MRI) (5). ECG is simple and easy to perform, but the ventricular muscle group, chest wall thickness, and cavity location affect the effectivity of the examination. The diagnostic sensitivities of ECG for mild and moderate/severe LVH are 7–35% and 30–60%, respectively (6). Cardiac MRI has higher sensitivity and specificity, but is time-consuming and expensive. ECHO is currently the most commonly used clinical method, and its sensitivity for diagnosing LVH is higher than that of ECG (7). However, the accuracy of ECHO in measuring LVH is linked to the physician's choice of 2D ultrasound views, which is highly subjective, and leads to the measurement results varying from physician to physician. The process of obtaining diagnostic indicators requires basic patient information and complex calculations, resulting in inconvenience in clinical diagnostic operations (8). Therefore, it is important to develop a simple test method with high sensitivity and specificity. Recently, researchers have conducted numerous studies on the pathogenesis associated with cardiac hypertrophy. Although the detailed mechanisms are unclear, the role of microRNAs (miRNAs) in the cardiovascular field is gaining increasing attention (9).

miRNAs are a class of small non-coding RNAs that are 18–25 nucleotides in length (10). miRNAs are involved in the physiopathogenesis of CVD and have important regulatory roles in myocardial remodeling, proliferation, and differentiation, and their abnormal expression or function can mediate pathological myocardial hypertrophy (11). miRNAs are associated with HTN and LVH, and differences in expression have been observed in clinical studies and studies of regulatory mechanisms in animal models. miR-1 is expressed in the myocardium and negatively regulates myocardial hypertrophy (12). Wang et al. demonstrated through animal studies that miR-195 expression in the cardiac tissue of rats with hypertension combined with myocardial hypertrophy was approximately four times higher than that in rats without myocardial hypertrophy (13). Wang et al. showed that miR-27b overexpression promoted cardiomyocyte hypertrophy in vitro and that inhibition of miR-27b expression improved norepinephrine-induced cardiomyocyte hypertrophy (14). This suggests that miRNA may be a potential diagnostic and therapeutic target for HTN with LVH. Recently, several studies have explored miRNAs as diagnostic markers in the peripheral blood of patients with HTN and LVH.

In this study, the diagnostic efficacy of miRNAs in patients with HTN and LVH was systematically evaluated using meta-analysis to provide a reference for clinical practice and application.



Materials and methods


Literature search strategy

Correlation studies of miRNA on the diagnostic value of LVH in HTN were collected by searching the following databases: the China Knowledge Network (CNKI), Wanfang, VIP, China Biomedical Literature Database (CBM), PubMed, Web of Science, and Embase. Studies from the time of database creation to May 2022 were evaluated. The search terms included: miRNA, hypertension, and left ventricular hypertrophy.



Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the study was conducted in humans, (2) the study was a case-control study, (3) the study investigated the diagnostic value of miRNAs for HTN with LVH, (4) the study provided sufficient data to satisfy the construction of a 2 × 2 four-compartment table, and (5) the control group was HTN without LVH.

The exclusion criteria were as follows: (1) non-human experiments; (2) trials without control groups; (3) healthy individuals in the control group; (4) reviews, abstracts, and conference proceedings; (5) repeated published literature; and (6) lack of access to the original text and data.



Data abstraction and quality assessment

Two investigators were screened independently, and data extraction was performed based on the inclusion and exclusion criteria after careful reading of the full text. The extracted data included the first author, year of publication, country, case group, control group, miRNA, sample source, assay, true positive (TP), false positive (FP), false negative (FN), and true negative (TN) results. In the process of literature screening, data extraction, and quality assessment, any disagreements were resolved in consultation with the third investigator.

The quality assessment of diagnostic accuracy studies-2 (QUADAS-2) tool was applied to evaluate the quality of the literature, including the case selection, trials to be evaluated, gold standard, case flow, and progress (15).



Statistical analysis

Data were statistically analyzed using RevMan 5.3, Stata 16.0, and Meta-Disc 1.4 software. The combined sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic advantage ratio, and their respective 95% confidence intervals (CIs) were calculated, and summary receiver operating characteristic (SROC) curves were plotted to calculate the area under the curve (AUC). Heterogeneity was assessed using the Q statistic and I2 test; if the test result was P > 0.05, (Q statistic) and I2 < 50%, then the included studies were homogeneous, and the combined statistic was calculated using the fixed-effects model. If P < 0.05 or I2 > 50%, a random-effects model was used. In the case of heterogeneity, the size of the threshold effect was assessed using the Spearman rank correlation coefficient between the log of sensitivity and the log of (1-specificity) using Meta-Disc 1.4 software. The Deek's test was used to assess publication bias of the included studies. Statistical significance was set at P < 0.05.




Results


Included studies

The initial search yielded 2,056 publications, of which 519 duplicate publications were excluded. After reading the titles and abstracts, 1,376 studies which clearly did not meet the inclusion criteria were excluded. After reading the full text, 154 articles were excluded according to the exclusion criteria, and seven studies were finally included (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow diagram of literature search and exclusion process.




Characteristics of the included studies

Seven articles (16–22) and eight diagnostic accuracy studies were included. A total of 1,322 study subjects were included, including 679 cases and 643 controls (Table 1). The QUADAS-2 tool was used to evaluate the quality of the studies (Figure 2), which included case selection, trials to be evaluated, gold standard, case flow, and progress.


TABLE 1 The characteristics of the included studies.
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FIGURE 2
 Bar chart of QUADAS-2 risk of bias evaluation.




Heterogeneity test

The sensitivity (SEN) and specificity (SPE) I2 values were 71.33 and 79.07%, respectively, calculated using Stata 16.0. There was large heterogeneity among the included studies. Spearman rank correlation analysis was performed using the SEN logarithm with the 1-SPE logarithm (r = 0.000, P = 1.000). ROC curves were plotted and did not show a shoulder-arm distribution, suggesting no threshold effect.



Meta-analysis and ROC curves

A random effects model was used for merging, the SENcombined = 0.84 (95% CI; 0.79, 0.89), SPEcombined = 0.80 (95% CI; 0.73, 0.86) for miRNA diagnosis of HTN with LVH (Figure 3), PLRcombined = 4.2 (95% CI; 2.9, 6.1), NLRcombined = 0.20 (95% CI; 0.14, 0.28), DORcombined = 21 (95% CI; 11, 42), and AUCcombined = 0.89 (95% CI; 0.86, 0.92) (Figure 4). The above results suggest that miRNAs have good diagnostic value for HTN with LVH.


[image: Figure 3]
FIGURE 3
 Combined sensitivity and specificity of miRNA in the diagnosis of HTN with LVH.
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FIGURE 4
 ROC curve of miRNA for diagnosis of HTN with LVH.




Subgroup analysis

Subgroup analyses were performed based on the sources of the samples. The sensitivity of miRNA in plasma for the diagnosis of HTN with LVH was 0.85 (95% CI; 0.77, 0.91), which was higher than that of serum which was 0.83 (95% CI; 0.75, 0.89). The specificity of miRNA in serum for the diagnosis of HTN with LVH was 0.82 (95% CI; 0.71, 0.89), which was higher than that of plasma which was 0.78 (95% CI; 0.67, 0.86). The diagnostic accuracy of miRNA in serum diagnostic advantage ratio (DOR) was 23 (95% CI; 9, 55), which was higher than that of plasma DOR which was 20 (95% CI; 7, 57) (Table 2).


TABLE 2 Subgroup analysis.
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Fagan nomogram analysis

The Fagan nomogram analysis showed that for patients with a 25% pre-test probability of having HTN with LVH, the probability of having HTN with LVH was 58% when the miRNA test was positive, and the post-test probability was reduced to 6% when the miRNA test was negative. Patients with a 50% pre-test probability of developing HTN with LVH exhibited an 81% probability of developing HTN with LVH when the miRNA test result was positive and 16% when the miRNA test result was negative. Patients with a 75% pre-test probability of having HTN with LVH exhibited a 93% probability of having HTN with LVH when the miRNA test was positive and 37% when the miRNA test was negative (Figure 5).


[image: Figure 5]
FIGURE 5
 Fagan nomogram. (A) 25% probability of disease before test. (B) 50% probability of disease before test. (C) 75% probability of disease before test.




Sensitivity analysis

Sensitivity analysis using an exclusion method that excluded studies individually showed no significant changes in combined sensitivity, specificity, or diagnostic advantage ratio. This suggested that the meta-analysis results were more robust.



Publication bias

Publication bias is considered an additional factor affecting diagnostic accuracy. Deek's funnel plot was produced using Stata 16.0, and the inclusion of seven studies was evenly distributed on both sides of the regression line (P = 0.44), suggesting no significant publication bias (Figure 6).


[image: Figure 6]
FIGURE 6
 Deeks funnel diagram.





Discussion

HTN is a risk factor for several CVDs, and can lead to organ damage and dysfunction, placing a significant load on the ejection function of the heart. Long-term HTN increases the LV load and causes changes in LV morphology, structure, and function, leading to LVH (23). The prevalence and mortality of HTN with LVH worldwide are increasing yearly (24). The development of LVH often leads to adverse prognostic outcomes such as heart failure and sudden death; many patients fail to be diagnosed in the early stages of LVH, which results in losing the best time to intervene, leading to disease. This leads to irreversible progression of the disease. Therefore, early diagnosis of LVH is important. Currently, ECHO is used to diagnose LVH (25), but the detection rate is unsatisfactory.

Therefore, it is important to identify other simple methods to improve the detection rate. Blood biomarker tests are non-invasive, inexpensive, and clinically feasible. Although miRNAs account for <1% of coding genes, more than one-third of the human genes are controlled by miRNAs (26). miRNAs play an important role in cardiac diseases such as coronary heart disease and myocarditis (27). They can regulate gene expression by targeting mRNAs for degradation or directly inhibiting the translation process to affect the physiological and pathological processes of the heart (28). Studies have confirmed that miRNAs are involved in the regulation of cardiac remodeling, coronary vasculopathy, arrhythmias, and other cardiovascular disease processes, especially in the development of myocardial hypertrophy (29). miRNAs have many advantages over traditional markers, such as easy degradation, more reliable measurement of expression levels, more stable human samples, more rapid collection, and less invasiveness (30).

To systematically evaluate the diagnostic value of circulating miRNA expression for HTN with LVH, this study comprehensively searched relevant literature, and after strict implementation of the inclusion and exclusion criteria, a total of seven papers with 1,322 study subjects were included. The diagnosis of HTN with LVH using miRNA showed a result of SEN = 0.84 and SPE = 0.80, indicating a 16% under diagnosis rate and a 20% misdiagnosis rate. The positive likelihood ratio (PLR) was 4.2, suggesting that the probability of a positive miRNA test in the HTN with LVH population was four times higher than the probability of a positive test in the normal population. The negative likelihood ratio (NLR) was 0.20, suggesting that 20% of those with a negative miRNA test result may be HTN with LVH. The DOR can be used to determine the degree of association between the results of a diagnostic test and the disease. When the DOR is >1, the larger the value, the higher the discriminatory accuracy of the diagnostic test (31). In this study, the DOR value was 21, suggesting that miRNAs have a high ability to accurately identify high HTN with LVH. The AUC value was 0.89, indicating a high diagnostic efficacy. In the subgroup analysis, the diagnostic accuracy of miRNA in serum DOR was 23 (95% CI; 9, 55), which was higher than that of plasma DOR which was 20 (95% CI; 7, 57).

This study had some shortcomings: (1) Studies of miRNA tests for HTN with LVH only started in recent years, and there are few related reports. Although multiple paths were taken to collect domestic and international literature, language limitations led to only Chinese and English literature being analyzed in this study. This may have resulted in a lack of literature. (2) There may have been some population bias in this study, and the combined effect sizes were all based on Chinese people. (3) The studies exhibited heterogeneity due to the different researchers in different studies, time and method of sample processing and storage, instruments and methods of collecting miRNA, and severity of HTN with LVH in patients. This affected the accuracy of the meta-analysis results. In future diagnostic trials, the selection criteria of study subjects should be clarified, and blinding of the trial process should be ensured. (4) The large heterogeneity among studies may be caused by the different cut-off value settings of the included studies and the different types of miRNAs; however, the limitation of the number of studies prevents in-depth subgroup analysis. Therefore, well-designed, high-quality, prospective studies with large sample sizes and long-term follow-up are required to accurately reflect the diagnostic efficacy of miRNAs.



Conclusion

The diagnosis of HTN with LVH using miRNAs exhibits high sensitivity and specificity and shows that miRNAs are better biological markers. However, the limitations listed above mean that the above conclusions need to be validated by more high-quality studies.
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