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Objectives: Myocardial layer-specific strain is a sensitive tool for detecting myocardial dysfunction. The objective of this study was to assess changes in the left ventricle (LV) function using myocardial layer-specific strain and its association with 10-year atherosclerotic cardiovascular disease risk (10Y-ASCVDR) in individuals with hypertension (HP).



Methods: The parameters of LV structure, including layer-specific global longitudinal strain (GLSww, GLSendo, GLSmid, GLSepi) and layer-specific global circumferential strain (GCSww, GCSendo, GCSmid, GCSepi), were analyzed by two-dimensional speckle-tracking echocardiography in 239 hypertensive patients and 124 control subjects. In addition, participants were divided into low-risk (LR) and high-risk (HR) subgroups according to 10Y-ASCVDR scores . The correlation between myocardial layer-specific strain and 10Y-ASCVDR was further analyzed by the restricted cubic spline (RCS) function.



Results: The values of GLSww, GLSepi, GLSmid, and GLSendo were significantly lower in HP patients with HR than in HP patients with LR and controls (p < 0.05). However, no significant differences in layer-specific GCS were observed between the groups (p > 0.05). RCS analysis revealed that 10Y-ASCVDR exhibited a significant J-shaped relationship with layer-specific GLS and GCS. After adjusting for confounding factors, GLSww (β = 0.156, p = 0.042), GLSmid (β = 0.161, p = 0.032), GCSendo (β = 0.163, p = 0.024), and GCSmid (β = −0.175, p = 0.030) were identified as independent influencing factors for high 10Y-ASCVDR.



Conclusions: In hypertensive patients, myocardial layer-specific strain, especially GLS, sensitively detected LV dysfunction and showed a significant J-shaped relationship with 10Y-ASCVDR. GCSmid may have a compensatory effect on myocardial impairment. LV myocardial layer-specific strain may help to understand the early compensatory mechanisms of the myocardium in hypertension.
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1 Introduction

The prevalence of hypertension has been steadily increasing annually. In China, the prevalence of hypertension among individuals aged 18 years and older has reached 27.9%, affecting over 200 million people, ranking first in the world (1, 2). Cardiovascular morbidity and mortality rates in hypertensive patients increase every year and can be two to four times higher than in non-hypertensive individuals (3). Accordingly, the medical community agrees that early detection and intervention are crucial for the prevention and treatment of cardiovascular complications in hypertensive patients (4).

Global circumferential strain (GCS) and global longitudinal strain (GLS) can be quantitatively assessed using two-dimensional speckle-tracking echocardiography (2D-STE) and are widely used in the clinic to evaluate overall and local cardiac function (5, 6). Previous studies have found that GLS is precociously altered early, even in the very early stages of hypertension, whereas GCS tends to be compromised in more advanced stages of arterial hypertension, especially when left ventricle (LV) hypertrophy has already been established (7, 8). The left ventricular wall comprises three different layers of muscle fibers (9). Previous reports have shown that whole-wall global longitudinal strain (GLSww) and epimyocardial global longitudinal strain (GLSepi) have independent prognostic value in predicting cardiovascular events (9). Thus, we speculated that layer-specific GLS or GCS measured by 2D-STE might differ in individuals with high- and low-risk cardiovascular disease (CVD), with GLS changes possibly preceding GCS alterations in patients with hypertension.

Liu et al. (10) developed the Prediction for Atherosclerotic Cardiovascular Disease Risk in China (China-PAR) model. With a sample size of more than 127,000 individuals and a maximum follow-up period of more than 23 years, the model was designed to better predict the likelihood of an atherosclerotic cardiovascular disease (ASCVD) event in Chinese adults over the next 10 years (11, 12). Due to the lack of clinical outcome events, we chose the China-PAR model to predict subsequent CVD events in our cross-sectional study. However, the effectiveness of layer-specific GCS and GLS parameters in discriminating myocardial function in hypertensive patients with varying 10-year ASCVD risk remains unclear.

Therefore, this study aimed to investigate the relationship between myocardial layer-specific strain, including GLS and GCS, and 10-year atherosclerotic cardiovascular disease risk (10Y-ASCVDR) using the China-PAR model as the endpoint event in patients with hypertension.



2 Methods


2.1 Study population

From October 2020 to October 2023, a total of 253 hypertensive patients and 124 control participants from the Jiading Branch of Shanghai General Hospital, Shanghai, China, were enrolled in this cross-sectional observational study. The control group consisted of individuals who had undergone myocardial strain testing using the same protocol at our hospital and had no history of hypertension. They were selected based on their similar age distribution to the hypertensive group.



2.2 Inclusion and exclusion criteria

All patients met the following criteria: age 18–80 years; hypertension according to the 2020 International Society of Hypertension guidelines (13); and LV ejection fraction (LVEF) greater than 55%. The exclusion criteria were as follows: (1) diabetes; (2) coronary artery disease and abnormalities in ECG or other imaging examinations, which are known to be associated with coronary artery disease; (3) congestive heart failure; (4) secondary hypertension; (5) congenital heart disease; (6) non-sinus rhythms, such as atrial fibrillation or pacemaker rhythms; (7) previous stroke; (8) active cancer; (9) heart valve disease; and (10) myocardial disease.



2.3 Baseline measurements

The study participants completed a comprehensive health and lifestyle questionnaire, as well as a self-administered questionnaire, collecting information about their age, sex, smoking habits, history of diabetes, hypertension, and antihypertension drug therapy (including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, β-blockers, calcium channel blockers, and/or diuretics). Smokers were defined as those who had smoked ≥100 cigarettes in their lifetime (14). Body mass index (BMI) was calculated as weight/height2 (kg/m2), with nurses following standardized protocols for weight and height measurements.



2.4 Blood pressure measurement

Before the measurement, subjects rested for 5–10 min and were advised to stop smoking and avoid caffeine for at least 24 h. Measurements were taken while subjects were seated in a quiet, temperature-controlled room (24–26°C). Trained technicians used the AVE-2000Pro (PASESA, Tokyo, Japan) to measure SBP and DBP (15). Subjects were measured again after 2 min. The final results were derived from the average of the three readings.



2.5 Prediction of 10-year ASCVD risk

Using a specific questionnaire developed by the China-PAR model (16), general patient information and medical history were collected to calculate the 10Y-ASCVDR risk in people without prior ASCVD and to assess the likelihood of developing a first ASCVD event, including non-fatal myocardial infarction, coronary heart disease death, or fatal/non-fatal stroke. The 10Y-ASCVDR prediction can estimate the risk of developing an ASCVD event for the first time (11). In the China-PAR model, the following variables are included: sex, age, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), diastolic blood pressure (DBP), geographic region, level of urbanization, treatment for hypertension, diabetes, current smoking status, and family history of ASCVD (17). Since all participants in this study were from Shanghai, their place of residence was initially categorized as a southern city. A 10Y-ASCVDR of <10% was defined as the low-risk group (LR group), while a 10Y-ASCVDR of ≥10% was classified as the high-risk group (HR group), which were clinically meaningful cut points (17, 18).



2.6 Echocardiography

All participants were placed in the left lateral lying position, breathing steadily, and connected to a synchronous ECG using a Philips EPIQ7 echocardiography system with an S5-1 probe and a frame rate of ≥60 frames/min. Left ventricular end-diastolic/systolic anteroposterior diameter (LVEDD/LVESD), left ventricular end-diastolic septal thickness (IVSd), and left ventricular end-diastolic posterior wall thickness (LVPWd) were measured. Left ventricular mass was calculated according to the Devereux formula = 0.8 × 1.04[(LVEDD + IVSd + LVPWd)3 − LVEDD3] + 0.6 and was indexed to the body surface area (19). Relative wall thickness (RWT) was calculated using the following formula: RWT = [2 × LVPWd/LVEDD)]. According to guidelines, LV geometric changes were assessed and classified into four patterns: normal, concentric remodeling, concentric, or eccentric hypertrophy (20). Pulse Doppler measurements were performed to determine mitral flow velocity (E and A waves), and tissue Doppler imaging was performed to assess septal and lateral mitral annular early myocardial relaxation velocity from apical four-chamber views. LVEF was measured using the biplane Simpson's method (21). Two-dimensional grayscale images of three consecutive cardiac cycles were acquired and stored at end-expiration for offline analysis. During our study, chamber quantification parameters were measured and calculated based on recommendations from the 2015 American Society of Echocardiography/European Association of Cardiovascular Imaging (20). Echocardiographic acquisitions and 2D-STE analyses were performed by two cardiologists with extensive experience.

The diagnostic algorithm for heart failure with preserved ejection fraction (HFpEF), as proposed in the 2019 consensus recommendations of the Heart Failure Association of the European Society of Cardiology (22), was applied to the patients in this study. HFpEF was determined based on the presence of signs and symptoms of heart failure, echocardiographic findings, and elevated natriuretic peptide levels.



2.7 Speckle-tracking image analysis

Utilizing 2D-STE software (QLAB13.0, Philips Healthcare), parasternal short-axis and long-axis views of three consecutive cardiac cycles were analyzed. Our sketch of the subendocardium was based on the apical four-chamber, three-chamber, and two-chamber views, as well as short-axis views at the mitral valve, papillary, and apical levels, respectively, and confirmed the aortic valve closure time in the apical three-chamber view. The 2D-STE software was then used to automatically create a region of interest that contained subendocardial, mid-, and subepicardial regions, adjusting the region to adequately include the myocardium without including the pericardium. By carefully inspecting the endocardial border, the region of interest was adjusted, and if necessary, manual corrections were made. If, after manual adjustments, a participant had more than one under-tracked segment in at least one apical or short-axis view, the LV GLS or GCS data were not used for further data analysis. Apical views were analyzed to obtain the longitudinal strain, while short-axis views were used to calculate the circumferential strain.

In healthy individuals, late systolic shortening (following aortic valve closure) may occur; therefore, peak systolic strain before aortic valve closure and maximum strain value of the entire cardiac cycle were calculated globally for the GLSww, endomyocardial global longitudinal strain (GLSendo), midmyocardial global longitudinal strain (GLSmid), and GLSepi (23). Mean systolic and maximal values were calculated for each of the six regional segments. The same semi-automated 2D-STE analysis was performed in the parasternal short-axis view at the level of the papillary muscles. We calculated the maximum circumferential strain and the peak systolic strain for the whole wall and layer-specific GCS based on the mean of all six segments (24), including whole-wall global circumferential strain (GCSww), endomyocardial global circumferential strain (GCSendo), midmyocardial global circumferential strain (GCSmid), and epimyocardial global circumferential strain (GCSepi) (Figure 1). Inter- and intra-observer variability was measured in 20 randomly selected participants. The clinical data were blinded to both investigators. Secondary speckle-tracking analyses were performed over one month after the original analysis. We calculated the absolute bias (mean difference), the limit of agreement (1.96 standard deviation), and intra-class correlations for each parameter.


[image: Figure 1]
FIGURE 1
Two-dimensional speckle-tracking analyses of myocardial layer-specific strain. (A) LV endocardial tracing in the LV apical four-chamber, three-chamber, and two-chamber views. (B) 18-segment bull's eye diagram of GLSendo, GLSmid, and GLSepi. (C) LV endocardial tracing in the LV short-axis views at the basal, middle, and apical levels. (D) 18-segment bull's eye diagram of GCSendo, GCSmid, and GCSepi. GCS, global circumferential strain; GLS, global longitudinal strain; LV, left ventricular.




2.8 Blood biochemical analysis

Participants were instructed to fast for more than 12 h, after which 5 ml of venous blood was drawn the following day. Relevant biochemical indices, including TC, HDL-C, low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), and glucose levels, were measured using immunoturbidimetry with an automated biochemical instrument. In addition, renal function was assessed by measuring blood creatinine levels, and creatinine clearance was calculated using the Modification of Diet in Renal Disease (MDRD) formula. Impaired glucose regulation (IGR) was defined using the World Health Organization criteria: fasting plasma glucose between 6.1 and 6.9 mmol/L and/or 2-h glucose between 7.8 and 11.1 mmol/L (25).



2.9 Statistical analysis

Data were presented in categorical form as numbers and percentages for qualitative variables, while quantitative variables were expressed as the mean and standard deviation for normally distributed days or as the median (interquartile range) for non-normally distributed continuous variables. Statistical analysis was performed using IBM SPSS software, version 23.0. The Student's t-test was employed to compare normally distributed variables between groups, and the Wilcoxon rank-sum test was used for variables with skewed distributions. The chi-square test or Fisher's exact test was applied to analyze categorical variables. One-way ANOVA and the Bonferroni test were used for inter- and intra-group comparisons of continuous data.

Pearson's or Spearman’s correlation analysis was used to examine the relationships between layer-specific GLS, layer-specific GCS, and all other variables. To identify risk factors associated with hypertension, multivariate logistic regression analysis was conducted, including clinical data such as BMI, SBP, DBP, and HDL-C.

The relationship between myocardial layer-specific strain and 10Y-ASCVDR was analyzed by restrictive cubic spline (RCS) at the 0th, 5th, 27.5th, 50th, 77.5th, 95th, and 100th percentiles. Statistical analysis of the RCS was performed using R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria). To further analyze the effect of myocardial layer-specific strain on high 10Y-ASCVDR, backward stepwise regression methods were used to determine the features associated with high 10Y-ASCVDR. Three models (one clinical and two echocardiographic) were created to avoid overfitting. Variables included in the analysis were clinical data, such as age, sex, hypertension, current smoking status, chronic kidney disease, HFpEF, dyslipidemia, and impaired glucose regulation, and echocardiographic data, such as GLS and GCS. A p-value <0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics

Fourteen patients were excluded because of poor echocardiographic image quality for strain analysis. Finally, 239 hypertensive patients (average age 59 years, 56.1% male) and 124 control participants (average age 57 years, 46.8% male) were included in the analysis.

The most commonly used antihypertensive medications in the overall population were calcium channel blockers (28.9%) and angiotensin receptor blockers (28.0%). The BMI, SBP, and DBP of the subjects in the hypertensive group were higher than those in the control group (p < 0.05), while the HDL-C levels of the subjects in the hypertensive group were lower than those in the control group (p < 0.01). Compared with the control group, 10Y-ASCVDR in the hypertensive group was higher (p < 0.05) as was the proportion of individuals with high 10Y-ASCVDR (p < 0.05) (Table 1). Left ventricular structural parameters, including LVEDD, IVSd, LVPWd, PWT, LV mass index, and E/e’, were higher in the hypertensive group than in the control group (p < 0.05). The absolute values of GLSww, GLSendo, GLSmid, and GLSepi were lower in the hypertensive group than in the control group (p < 0.05). Compared to the control group, hypertensive patients experienced greater concentric hypertrophy in the LV (Table 2).


TABLE 1 Baseline characteristics of the 363 participants.
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TABLE 2 Echocardiographic characteristics of the study population.

[image: Table 2]



3.2 Reproducibility

Intra- and inter-observer variability was assessed for all global strain parameters. Bias, limits of agreement, and intra-class correlation coefficients (ICCs) for GLSww, GLSendo, GLSmid, GLSepi, GCSww, GCSendo, GCSmid, and GCSepi are reported in Table 3. The intra- and inter-observer ICCs were 0.941 and 0.848 for GLSww, 0.943 and 0.858 for GLSendo, 0.964 and 0.852 for GLSmid, 0.940 and 0.833 for GLSepi, 0.955 and 0.879 for GCSww, 0.944 and 0.864 for GCSendo, 0.950 and 0.888 for GCSmid, and 0.961 and 0.885 for GCSepi, respectively.


TABLE 3 Intra- and inter-observer variability.
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3.3 Relationship between layer-specific GLS, GCS, and hypertension

Because clinical parameters, such as BMI, HDL-C, and blood pressure, were significantly different between the two groups, we performed a multiple logistic regression analysis to identify differences in myocardial strain associated with hypertension. GLSww, GLSendo, and GLSmid were independently associated with hypertension, with odds ratios (ORs) of 1.131, 1.154, and 1.133, respectively (p = 0.031, 0.007, and 0.026; Table 4).


TABLE 4 Logistic regression analysis of myocardial layer-specific strain associated with hypertension.

[image: Table 4]



3.4 Relationship between layer-specific GLS, GCS, and clinical variables

Positive correlations were found between age and GLS [GLSww, GLSendo, GLSmid, and GLSepi (r = 0.20, 0.17, 0.20, and 0.23)], glucose and GLS [GLSww, GLSendo, GLSmid, and GLSepi (r = 0.22, 0.21, 0.22, and 0.21)], and glucose and GCS [GCSww, GCSendo, GCSmid, and GCSepi (r = 0.34, 0.32, 0.34, and 0.31)]. Negative correlations were observed between HDL-C and GLS [GLSww, GLSendo, GLSmid, and GLSepi (r = −0.18, −0.19, −0.17, and −0.16)] and HDL-C and GCS [GCSww, GCSendo, GCSmid, and GCSepi (r = −0.17, −0.15, −0.20, and −0.14)] (Figure 2).


[image: Figure 2]
FIGURE 2
Correlation between clinical parameters and myocardial layer-specific strain. Positive correlations were found between age and layer-specific GLS (p < 0.05) and layer-specific GLS, GCS, and glucose (p < 0.05). Negative correlations were observed between layer-specific GCS, GLS, and HDL-C (p < 0.05).




3.5 Comparison of myocardial layer-specific strain in different cardiovascular risks

The absolute values of GLSww, GLSendo, GLSmid, and GLSepi were lower in the HR group than in the LR group across all participants (p < 0.05), while GCSmid and GCSepi were not statistically different among the four groups (p > 0.05). The absolute values of GCSww and GCSendo were lower in the HR group than in the LR group within both the overall population and the control group (p < 0.05) (Figure 3).
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FIGURE 3
Box-and-whisker plot showing myocardial layer-specific strain in cardiovascular risk stratification. The box-and-whisker plot showed that the absolute values of GLSww (A), GCSww (B), GLSendo (C), GCSendo (D), GLSmid (E), and GLSepi (G) were lower in the HR group than in the LR group in all subjects, and GCSmid (F) or GCSepi (H) was not statistically different in all subjects. Low risk is defined as 10Y-ASCVDR <10%. High risk is defined as 10Y-ASCVDR ≥10%. *p < 0.05, **p < 0.01, ANOVA followed by a post-hoc Q-test method.




3.6 Relationship between myocardial layer-specific strain and 10Y-ASCVDR

The relationship between different myocardial layer-specific strains and 10Y-ASCVDR was graphically depicted using a restrictive cubic spline for analysis. The analysis unveiled a significant J-shaped relationship between GCS and 10Y-ASCVDR. For the reduced absolute value of GLS, there were increases in 10Y-ASCVDR, with a rapid increase observed at a GLSww value of −18.4%, GLSendo value of −19.3%, GLSmid value of −19.4%, or GLSepi value of −18.4%, as illustrated in Figure 4.


[image: Figure 4]
FIGURE 4
Correlation between myocardial layer-specific strain and 10Y-ASCVDR based on a restricted cubic spline function. (A) 10Y-ASCVDR increased rapidly as the GLSww increased, until it slowed at a GLSww of −20.6% and then increased rapidly again when the GLSww reached −18.4%. (B) There was a significant J-shaped relationship between GCSww and 10Y-ASCVDR. (C) 10Y-ASCVDR increased rapidly as the GLSendo increased, until it slowed down at a GLSendo of −21.9% and then increased rapidly again when the GLSendo reached −19.3%. (D) There was a significant J-shaped relationship between GCSendo and 10Y-ASCVDR. (E) 10Y-ASCVDR increased rapidly as the GLSmid increased, until it slowed down at a GLSmid of −21.5% and then increased rapidly again when the GLSmid reached −19.4%. (F) There was a significant J-shaped relationship between GCSmid and 10Y-ASCVDR. (G) 10Y-ASCVDR increased with GLSepi, notably accelerating at a GLSepi of −18.4%. (H) There was a significant J-shaped relationship between GCSepi and 10Y-ASCVDR.


The logistic regression model showed that multiple factors, including sex, age, hypertension, impaired glucose regulation, smoking status, HDL-C, TC, SBP, GLS, and GCS, were independent variables that significantly affected high 10Y-ASCVDR; these variables revealed significantly different associations with myocardial stratified strain. After adjusting for confounding factors, we found that GLSww was an independent risk factor for high 10Y-ASCVDR [OR 1.169, 95% confidence interval (CI) 1.006–1.359, p = 0.042], whereas GCSww was not. In further strain analysis of different myocardial layers, we found that GLSmid was an independent risk factor for high 10Y-ASCVDR (OR 1.175, 95% CI 1.014–1.362, p = 0.032), as was GCSendo (OR 1.177, 95% CI 1.022–1.356, p = 0.024). On the contrary, GCSmid was identified as an independent protective factor against high 10Y-ASCVDR (OR 0.84, 95% CI 0.717–0.983, p = 0.03) (Table 5).


TABLE 5 Logistic regression analysis of myocardial layer-specific strain associated with high 10Y-ASCVDR (step).
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4 Discussion

In this study, we observed an association between hypertensive patients with high 10Y-ASCVDR and impaired systolic cardiac function. The 10Y-ASCVDR values exhibited a significant J-shaped relationship with layer-specific GLS and GCS. GLSww, GLSmid, and GCSendo were identified as independent influencing factors of high 10Y-ASCVDR. However, it is worth noting that GCSmid was found to be a protective factor against high 10Y-ASCVDR.

In this study, the values of GLSww, GLSepi, GLSmid, and GLSendo were significantly lower in hypertensive patients with high-risk ASCVDR than in hypertensive patients with low-risk ASCVDR and controls. In addition, GLSww was found to be an effective predictor of 10Y-ASCVDR. Saito et al. (26) followed 388 asymptomatic non-ischemic patients with hypertension for 10 years and identified GLS as an independent predictor of 10Y-ASCVDR. Abnormal myocardial morphology precedes clinical symptoms, and observation of myocardial strain allows early assessment of impaired cardiac function and regional differences in myocardial performance (27). Left ventricular GLS and GCS are sensitive indicators for assessing early changes in myocardial systolic function in cardiovascular disease and can be used to diagnose microvascular disease (28, 29). In our study, we found that the layer-specific GLS of hypertensive patients with normal LVEF had already started to decline, while layer-specific GCS did not show significant changes, indicating that reduced longitudinal myocardial strain precedes circumferential myocardial strain and may occur before changes in overall LV systolic function. Previous studies have found that GLS is highly sensitive to myocardial injury and may reflect cardiac contractile function, while GCS has high specificity and may reflect changes in cardiac configuration (29, 30). Longitudinal left ventricular fibers are more susceptible to elevated blood pressure due to their anatomy and more sensitive to myocardial interstitial fibrosis, which may lead to microcirculatory disturbances and affect their systolic function (31, 32). Interestingly, our study showed a significant J-shaped association between GCS and China-PAR scores. We speculate that this result may be a manifestation of compensatory function in GCS, as GCS has high specificity and may reflect changes in cardiac configuration. Severe damage to GCS may cause irreversible damage to the heart. In the early stages of myocardial injury, the circumferential myocardial fibers maintain cardiac function rather than the more vulnerable longitudinal subendocardial fibers (29). If the patient experiences decompensated circumferential myocardial diastolic function, this may indicate the occurrence of cardiovascular events (33).

In the early stages of myocardial injury, the human heart exhibits heterogeneity in its transmural contraction characteristics (34). Our study found a decrease in the absolute value of GCSendo in high-risk populations, which further proved that the subendocardial myocardium is more susceptible to damage within the three-layered myocardium. This may be because the subendocardial fibers in the three-layered myocardium are most susceptible to ischemia, hypoperfusion, and fibrosis due to aging (35). We found an interesting result that GCSmid was a protective factor against high 10Y-ASCVDR, indicating that GCSmid may increase to compensate for the worsening of GCSendo. Recent studies have also identified that GLSmid is a stronger predictor of cardiovascular events than GLSendo in patients with hypertrophic cardiovascular disease (36). Haynes et al. (34) found results consistent with our study, indicating that the non-failing mid-myocardium develops more power output than the endocardium and epicardium, while the failing mid-myocardium develops less power output due to increased fibrosis, which is associated with elevated levels of cardiac troponin I, fibronectin, and myosin light chain-1. The coronary arteries supply blood vertically to the myocardium, from the outer layer to the inner layer, making the subendocardial myocardium the most sensitive to ischemia (37). As the degree of myocardial ischemia increases, the middle and even outer layers of the myocardium also show functional damage, indicating that myocardial layer-specific strain can more accurately evaluate the degree of myocardial ischemia at three different layers of muscle fibers (37). Circumferential strain remains normal in hypertensive patients with normal LVEF, indicating that circumferential strain plays a vital role in maintaining LVEF as the left ventricular myocardium undergoes remodeling and longitudinal strain is reduced (38). In clinical scenarios involving hypertensive heart disease, the short-axis compensatory function is not unlimited. As longitudinal function is already impaired in hypertensive heart disease, the subsequent loss of short-axis reserve may theoretically lead to the development of heart failure (39).


4.1 Limitations

This study has several limitations. First, the sample of this study mainly consisted of single-center data from hypertensive patients in Shanghai, China. There was a selection bias between the southern urban population and other populations, which may affect the generalizability of the results. Second, the classification of hypertension was not studied and needs to be further explored. Third, among multidirectional LV myocardial deformations, we analyzed only longitudinal and circumferential strains. However, GLS and GCS are most likely to be impaired in hypertension, as the function of the myocardium is predominantly determined by the longitudinal and circumferential orientation of myofibers. The evaluation of radial strain in each myocardial layer is also expected to show meaningful results in future studies.




5 Conclusions

In hypertensive patients, myocardial layer-specific strain, especially GLS, sensitively detected LV dysfunction and showed a significant J-shaped relationship with 10Y-ASCVDR. GCSmid may have a compensatory effect on myocardial impairment. Understanding LV myocardial layer-specific strain may provide insight into the early compensatory mechanisms of the myocardium in hypertension and aid in managing patients with hypertension, thus preventing further damage.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Shanghai General Hospital. The studies were conducted in accordance with local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

JC: Investigation, Writing – review & editing, Writing – original draft, Visualization, Validation, Software, Resources, Methodology, Funding acquisition, Data curation, Conceptualization. XY: Supervision, Project administration, Formal Analysis, Writing – review & editing, Writing – original draft, Resources, Methodology, Data curation, Conceptualization. XLi: Software, Writing – review & editing, Supervision, Project administration, Methodology, Formal Analysis, Data curation, Conceptualization. LJ: Visualization, Investigation, Writing – review & editing, Software, Project administration, Methodology, Formal Analysis, Data curation, Conceptualization. LW: Writing – review & editing, Software, Project administration, Methodology, Investigation, Data curation, Conceptualization. MZ: Formal Analysis, Writing – review & editing, Investigation, Data curation, Conceptualization. LD: Visualization, Validation, Supervision, Project administration, Writing – review & editing, Formal Analysis, Conceptualization. XLu: Writing – original draft, Methodology, Data curation, Writing – review & editing, Validation, Supervision, Project administration, Formal Analysis, Conceptualization. ZL: Visualization, Software, Resources, Funding acquisition, Writing – review & editing, Writing – original draft, Validation, Supervision, Project administration, Methodology, Formal Analysis, Data curation, Conceptualization.



Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from the Natural Science Foundation of Shanghai (21ZR1451400), the Shanghai Health and Family Planning Commission Fund (202240235), the Shanghai Jiading District Health and Family Planning Commission Fund (2021-KY-10), and the Startup Fund for Scientific Research, Fujian Medical University (2022QH1232).



Acknowledgments

The authors are grateful to Dr. Dingqian Wang from the School of Informatics, College of Science & Engineering, The University of Edinburgh, Edinburgh, United Kingdom for conducting a statistical review.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Yin R, Yin L, Li L, Silva-Nash J, Tan J, Pan Z, et al. Hypertension in China: burdens, guidelines and policy responses: a state-of-the-art review. J Hum Hypertens. (2022) 36(2):126–34. doi: 10.1038/s41371-021-00570-z

2. Bao M, Wang L. The longitudinal trend of hypertension prevalence in Chinese adults from 1959 to 2018: a systematic review and meta-analysis. Ann Palliat Med. (2020) 9(5):2485–97. doi: 10.21037/apm-19-377

3. Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable risk factors, cardiovascular disease, and mortality in 155 722 individuals from 21 high-income, middle-income, and low-income countries (PURE): a prospective cohort study. Lancet. (2020) 395(10226):795–808. doi: 10.1016/s0140-6736(19)32008-2

4. Carey RM, Muntner P, Bosworth HB, Whelton PK. Prevention and control of hypertension: JACC health promotion series. J Am Coll Cardiol. (2018) 72(11):1278–93. doi: 10.1016/j.jacc.2018.07.008

5. Singh A, Voss WB, Lentz RW, Thomas JD, Akhter N. The diagnostic and prognostic value of echocardiographic strain. JAMA Cardiol. (2019) 4(6):580–8. doi: 10.1001/jamacardio.2019.1152

6. Tops LF, Delgado V, Marsan NA, Bax JJ. Myocardial strain to detect subtle left ventricular systolic dysfunction. Eur J Heart Fail. (2017) 19(3):307–13. doi: 10.1002/ejhf.694

7. Tadic M, Cuspidi C, Majstorovic A, Kocijancic V, Celic V. The relationship between left ventricular deformation and different geometric patterns according to the updated classification: findings from the hypertensive population. J Hypertens. (2015) 33(9):1954–61; discussion 1961. doi: 10.1097/hjh.0000000000000618

8. Kouzu H, Yuda S, Muranaka A, Doi T, Yamamoto H, Shimoshige S, et al. Left ventricular hypertrophy causes different changes in longitudinal, radial, and circumferential mechanics in patients with hypertension: a two-dimensional speckle tracking study. J Am Soc Echocardiogr. (2011) 24(2):192–9. doi: 10.1016/j.echo.2010.10.020

9. Skaarup KG, Iversen A, Jørgensen PG, Olsen FJ, Grove GL, Jensen JS, et al. Association between layer-specific global longitudinal strain and adverse outcomes following acute coronary syndrome. Eur Heart J Cardiovasc Imaging. (2018) 19(12):1334–42. doi: 10.1093/ehjci/jey004

10. Liu X, Shen P, Zhang D, Sun Y, Chen Y, Liang J, et al. Evaluation of atherosclerotic cardiovascular risk prediction models in China: results from the CHERRY study. JACC Asia. (2022) 2(1):33–43. doi: 10.1016/j.jacasi.2021.10.007

11. Bie L, Niu J, Wu S, Zheng R, Xu M, Lu J, et al. Negative risk markers for cardiovascular risk evaluation in Chinese adults. Front Cardiovasc Med. (2022) 9:800671. doi: 10.3389/fcvm.2022.800671

12. Han C, Liu F, Yang X, Chen J, Li J, Cao J, et al. Ideal cardiovascular health and incidence of atherosclerotic cardiovascular disease among Chinese adults: the China-PAR project. Sci China Life Sci. (2018) 61(5):504–14. doi: 10.1007/s11427-018-9281-6

13. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 international society of hypertension global hypertension practice guidelines. Hypertension. (2020) 75(6):1334–57. doi: 10.1161/hypertensionaha.120.15026

14. Yang Y, Xu H, Liu X, Li J, Liew Z, Liu X, et al. Joint association of smoking and physical activity with mortality in elderly hypertensive patients: a Chinese population-based cohort study in 2007–2018. Front Public Health. (2022) 10:1005260. doi: 10.3389/fpubh.2022.1005260

15. Chen J, Jin L, Wu L, Zhang M, Wu X, Hong Y, et al. Gender and age disparities in small-to-medium arterial stiffness among the Chinese population. Nutr Metab Cardiovasc Dis. (2023) 33(12):2355–62. doi: 10.1016/j.numecd.2023.08.006

16. Li J, Liu F, Yang X, Cao J, Chen S, Chen J, et al. Validating World Health Organization cardiovascular disease risk charts and optimizing risk assessment in China. Lancet Reg Health West Pac. (2021) 8:100096. doi: 10.1016/j.lanwpc.2021.100096

17. Yang X, Li J, Hu D, Chen J, Li Y, Huang J, et al. Predicting the 10-year risks of atherosclerotic cardiovascular disease in Chinese population: the China-PAR project (prediction for ASCVD risk in China). Circulation. (2016) 134(19):1430–40. doi: 10.1161/circulationaha.116.022367

18. Jin L, Zhang M, Sha L, Cao M, Tong L, Chen Q, et al. Increased arterial pressure volume index and cardiovascular risk score in China. BMC Cardiovasc Disord. (2023) 23(1):22. doi: 10.1186/s12872-022-03035-4

19. Jafary FH. Devereux formula for left ventricular mass–be careful to use the right units of measurement. J Am Soc Echocardiogr. (2007) 20(6):783. doi: 10.1016/j.echo.2007.02.034

20. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. (2015) 16(3):233–70. doi: 10.1093/ehjci/jev014

21. Chen X, Yang S, He Q, Wang Y, Fan L, Wang F, et al. Automated measurements of left ventricular ejection fraction and volumes using the EchoPAC system. Adv Ultrasound Diagn Ther. (2021) 5(3):226–35. doi: 10.37015/audt.2021.200072

22. Pieske B, Tschöpe C, de Boer RA, Fraser AG, Anker SD, Donal E, et al. How to diagnose heart failure with preserved ejection fraction: the HFA-PEFF diagnostic algorithm: a consensus recommendation from the Heart Failure Association (HFA) of the European Society of Cardiology (ESC). Eur Heart J. (2019) 40(40):3297–317. doi: 10.1093/eurheartj/ehz641

23. Voigt JU, Lindenmeier G, Exner B, Regenfus M, Werner D, Reulbach U, et al. Incidence and characteristics of segmental postsystolic longitudinal shortening in normal, acutely ischemic, and scarred myocardium. J Am Soc Echocardiogr. (2003) 16(5):415–23. doi: 10.1016/s0894-7317(03)00111-1

24. Collier P, Phelan D, Klein A. A test in context: myocardial strain measured by speckle-tracking echocardiography. J Am Coll Cardiol. (2017) 69(8):1043–56. doi: 10.1016/j.jacc.2016.12.012

25. Echouffo-Tcheugui JB, Selvin E. Prediabetes and what it means: the epidemiological evidence. Annu Rev Public Health. (2021) 42:59–77. doi: 10.1146/annurev-publhealth-090419-102644

26. Saito M, Khan F, Stoklosa T, Iannaccone A, Negishi K, Marwick TH. Prognostic implications of LV strain risk score in asymptomatic patients with hypertensive heart disease. JACC Cardiovasc Imaging. (2016) 9(8):911–21. doi: 10.1016/j.jcmg.2015.09.027

27. Pastore MC, Mandoli GE, Contorni F, Cavigli L, Focardi M, D'Ascenzi F, et al. Speckle tracking echocardiography: early predictor of diagnosis and prognosis in coronary artery disease. Biomed Res Int. (2021) 2021:6685378. doi: 10.1155/2021/6685378

28. Rubio M, Lo KB, Ram P, Rubio CS, Co M, Varadarajan P, et al. Prognostic value of left ventricular global strain analysis by two-dimensional speckle-tracking echocardiography in non-hemodynamically significant intermediate coronary lesions. Curr Probl Cardiol. (2021) 46(4):100787. doi: 10.1016/j.cpcardiol.2021.100787

29. Chen J, Jin L, Zhang M, Wu L, Shen C, Sun J, et al. Relation of myocardial dysfunction to biomarkers, COVID-19 severity and all-cause mortality. ESC Heart Fail. (2024) 11(5):2954–66. doi: 10.1002/ehf2.14881

30. Wang Y, Chen J, Jin L, Wu L, Zhang M, Sun J, et al. Sequence and directivity in cardiac muscle injury of COVID-19 patients: an observational study. Front Cardiovasc Med. (2023) 10:1260971. doi: 10.3389/fcvm.2023.1260971

31. Fu L, Ruan Q, You Z, Huang H, Chen Y, Cheng S, et al. Investigation of left ventricular strain and its morphological basis during different stages of diastolic and systolic dysfunction in spontaneously hypertensive rat. Am J Hypertens. (2022) 35(5):423–32. doi: 10.1093/ajh/hpac008

32. Jin L, Tong L, Shen C, Du L, Mao J, Liu L, et al. Association of arterial stiffness indices with Framingham cardiovascular disease risk score. Rev Cardiovasc Med. (2022) 23(8):287. doi: 10.31083/j.rcm2308287

33. Paraskevaidis IA, Ikonomidis I, Simitsis P, Parissis J, Stasinos V, Makavos G, et al. Multidimensional contractile reserve predicts adverse outcome in patients with severe systolic heart failure: a 4-year follow-up study. Eur J Heart Fail. (2017) 19(7):846–61. doi: 10.1002/ejhf.787

34. Haynes P, Nava KE, Lawson BA, Chung CS, Mitov MI, Campbell SG, et al. Transmural heterogeneity of cellular level power output is reduced in human heart failure. J Mol Cell Cardiol. (2014) 72:1–8. doi: 10.1016/j.yjmcc.2014.02.008

35. Sengupta PP, Krishnamoorthy VK, Korinek J, Narula J, Vannan MA, Lester SJ, et al. Left ventricular form and function revisited: applied translational science to cardiovascular ultrasound imaging. J Am Soc Echocardiogr. (2007) 20(5):539–51. doi: 10.1016/j.echo.2006.10.013

36. Zhuang H, Yang K, Zhao S, Wu J, Xu N, Zhang L, et al. Incremental value of myocardial global longitudinal strain in predicting major adverse cardiac events among patients with hypertrophic cardiomyopathy. Echocardiography. (2024) 41(5):e15834. doi: 10.1111/echo.15834

37. Vancheri F, Longo G, Henein MY. Left ventricular ejection fraction: clinical, pathophysiological, and technical limitations. Front Cardiovasc Med. (2024) 11:1340708. doi: 10.3389/fcvm.2024.1340708

38. Mutluer FO, Bowen DJ, van Grootel RWJ, Roos-Hesselink JW, Van den Bosch AE. Left ventricular strain values using 3D speckle-tracking echocardiography in healthy adults aged 20 to 72 years. Int J Cardiovasc Imaging. (2021) 37(4):1189–201. doi: 10.1007/s10554-020-02100-3

39. Lai YH, Lo CI, Wu YJ, Hung CL, Yeh HI. Cardiac remodeling, adaptations and associated myocardial mechanics in hypertensive heart diseases. Acta Cardiol Sin. (2013) 29(1):64–70.27122686



OPS/images/fcvm-11-1460826-t004.jpg
Variable Standardized g-coefficient OR (95% Cl) p-value

[ [ —0.043 | 0958 (0.904-1.016) [ 0152
[ [ 0.123 [ 1131 (1.011-1.264) [ 0031
Model 2

GCSento [ ~0.041 [ 0.960 (0.910-1.012) [ 0129
GLSemdo | 0143 | 1.154 (1.039-1281) | 0.007
Model 3

Gt | -0039 | 0961 (0.907-1.019) | 0.182
GLSma [ 0.125 [ 1.133 (1.015-1.265) [ 0026
Model 4

GCSe | ~0029 | 0971 (092-1.025) [ 0285
GLS [ 0.09% [ 1101 (0.987-1229) [ 0085

OR, odds ratio; Cl, confidence interval.
Using logistic regression analysis while adjusting for the effects of variables including BMI, SBP, DBP, and HDL-C in multivariable models 1-4.





OPS/images/fcvm-11-1460826-t005.jpg
Variable Standardized f-coefficient OR (95% Cl) p-value

Model 1°

Sex 2.946 19.022 (7.237-49.998) <0.001
Age (years) 0304 1.355 (1.259-1.459) <0.001
Hypertension 1.497 4.466 (1.849-10.787) 0.001
Impaired glucose regulation 2.300 9.979 (3.394-29.338) <0.001
Current smoker 1.721 5.587 (1.708-18.279) 0.004
GLS,,, (%) -0.162 0.85 (0.732-0.988) 0.034
Model 2°

Sex 2.611 13.617 (5.460-33.961) <0.001
Age (years) 0300 1.35 (1.259-1447) <0.001
HDL-C (mmol/L) ~0.085 0.918 (0.877-0.962) <0.001
Total cholesterol (mmol/L) 0.013 1.013 (1.002-1.023) 0.020
SBP (mmHg) 0.042 1.043 (1.024-1.063) <0.001
GLS,., (%) 0.156 1.169 (1.006-1.359) 0.042
GCS, (%) 0.009 1.009 (0.941-1.081) 0.809
Model 3¢

Sex 2,683 14.622 (5.745-37.215) <0.001
Age (years) 0303 1.353 (1.260-1.453) <0.001
HDL-C (mmol/L) —0.092 0.912 (0.869-0.957) <0.001
Total cholesterol (mmol/L) 0.013 1.013 (1.002-1.024) 0019
SBP (mmHg) 0.044 1.045 (1.025-1.065) <0.001
GLSmid (%) 0.161 1.175 (1.014-1.362) 0.032
GCSendo (%) 0.163 1.177 (1.022-1.356) 0.024
GCSpma (%) -0.175 0.840 (0.717-0.983) 0.030

*Multivariable model 1 included the following: age, sex, hypertension, current smoker, chronic kidney disease, HFpEF, dyslipidemia, impaired glucose regulation, GLS, and GCS.
"Multivariable model 2 included the following: age, sex, BMI, HDL-C, total cholesterol, systolic and diastolic blood pressure, GLS o and GCSy.
‘Multivariable model 3 induded the following: model 2 and GLSder GLSmds GLSeris GCSendor GLSmud, and GCSeie





OPS/images/fcvm-11-1460826-t002.jpg
Variables Control group (n = 124) Hypertensive group (n = 239) t/2/7° p-value

LVEDD (mm) 45.09=4.12 4628+3.63 -2.831 0.005
LVESD (mm) 2816335 2880 £2.92 ~1.887 0.060
1VSd (mm) 911098 986116 ~6.141 <0.001
LVPWd (mm) 870086 9472107 ~6.950 <0.001
RWT (cm) 0392004 0410.05 -4226 <0.001
LV mass index (g/m?) 8038+ 14.13 9031592 —5.844 <0.001
LVEF (%) 67472525 6741£4.94 0.110 0913
Ele 7152230 7.94+3.05 -2526 0.012
GLS, (%) —2130 %285 ~19.99£321 -3.838 <0.001
GLSeno (%) ~2223+3.00 ~20.73+331 -4215 <0.001
GLS s (%) ~2132+288 -19.922327 —4.018 <0.001
GLS: (%) -2035+2.88 -19.32£3.17 ~3.044 0.003
GCS, (%) -2428+624 ~24.06574 -0318 0.750
GCSendo (%) ~28.16%6.69 ~28.05+635 ~0.151 0.850
GCSua (%) -2374%6.10 ~23.48+5.86 ~0383 0.702
GCSepy (%) 2094+ 6.64 —20.51+596 —0.609 0.543
geometry
Normal (n) 85 (68.5%) 136 (56.9%) 4.648 0.031
Concentric remodeling () 28 (22.6%) 64 (268%) 0.760 0.383
Eccentric hypertrophy (n) 11 (8.9%) 15 (63%) 0.827 0363
Concentric (n) 00 24 (10%) <0.001%

LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; IVSd, interventricular septum diameter; LVPWd, left ventricular end-diastolic posterior wal

thickness; RWT, relative wall thickness; LVEF, left ventricular ejection fraction; E, early diastolic mitral flow (pulsed Doppler); ¢, average of the peak carly diastolic relaxation velocity of

the septal and lateral mitral annulus (tissue Doppler); LS, whole-wall global longitudinal strain; GLScrgs, endomyocardial global longitudinal strain; GLSu, midmyocardial global

longitudinal strain; GLSqy, epimyocardial global longitudinal strain; GCSyne, whole-wall global strain; GCSenor global strain; GLS
global strain; GCSep global strain.

R R





OPS/images/fcvm-11-1460826-t003.jpg
Intra-observer variability Inter-observer variability

Mean difference 1.96 SD Mean difference 1.96 SD
GLSendo 044 475 0943 050 7.74 0.858
GLSma 065 464 0940 071 7.12 0852
GlLSepi 047 442 0940 049 7.86 0833
GCS,y 044 444 0955 047 7.56 0.879
GCSno 039 438 0944 045 7.26 0.864
GCS g 049 451 0950 055 7.41 0.888
GCS 0.46 448 0961 042 8.05 0.885

ICC. intra-class correlation coeflicient: SD. standard deviation.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between myocardial layer-specific strain and high 10-year risk of atherosclerotic cardiovascular disease in hypertension—findings from the China-PAR project study

		1 Introduction



		2 Methods



		2.1 Study population



		2.2 Inclusion and exclusion criteria



		2.3 Baseline measurements



		2.4 Blood pressure measurement



		2.5 Prediction of 10-year ASCVD risk



		2.6 Echocardiography



		2.7 Speckle-tracking image analysis



		2.8 Blood biochemical analysis



		2.9 Statistical analysis











		3 Results



		3.1 Baseline characteristics



		3.2 Reproducibility



		3.3 Relationship between layer-specific GLS, GCS, and hypertension



		3.4 Relationship between layer-specific GLS, GCS, and clinical variables



		3.5 Comparison of myocardial layer-specific strain in different cardiovascular risks



		3.6 Relationship between myocardial layer-specific strain and 10Y-ASCVDR











		4 Discussion



		4.1 Limitations











		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Association between myocardial
layer-specific strain and high 10-year risk
of atherosclerotic cardiovascular disease

in hypertension—findings from the
China-PAR project study





OPS/images/fcvm-11-1460826-g001.jpg
LYAP2 Mg Pesk L Srinn 163 % LV AP2 Ep Paak L. Strain = 150%
LY AP2 1 Pesk L. Srsin= 203% LY AP Ep Pask L. Sirain= 195%
LV AP4 Endo Pesk L. Srin = 163% LY P4 1id Peak L. Srin= 168 % LV AP Ep Pesk L. Sirsin = 16.5%

LY Global Endo Peok L. Stsin=-15.1% LY Glabst 1 Pesk L. Sirsin=-476% LY Giobal Ep Pask L Srsin=-170%

c

b]

LV SAX A Endo Paak C. Strain= 288 % LV SAX A NG Pesk €. Srsin LV SAX AEpi Peak . Strain =115 %
LY SAX M Endo Peak C. Srsin = 234 % LV SAX M Epi Peak C. Strain =108 %
LV SAX B Endo Pesk . Strsin= 248 % LV SAX 8 Md Peak C. Strain= 21.0% LV SAX B Epi Peak C. Srsin=-182%

Ly Giobsl Endo Pasi C. Srsin = 250 % LV Global hid Pesk C. trin = 164 % LV Global Epi Peak C. Stain =135 %





OPS/images/fcvm-11-1460826-g002.jpg
-~ I I 000000 L Y 4 ' 4
s ff S 1000000 Y @
wgl 1000000 Y )
s JlY 0000080 Y o
@000 L1700 /0
- @OOOF. II00O /0
s @OOOLS. #0080 /0
=~ 0O00III 0O NV I
~ 0000 e/
moooooooo ’octs\o e .
DBP ' / “
) V 4 a LY I
T « LIl /08
-~ QOVVNNNNVONVOVD WO
e @ OOOISSIIOO N\ )
o 0000% 0080 \0%
- IQ0%0000N 20
o 2990 Y

Y XTIY N





OPS/images/fcvm-11-1460826-g003.jpg
St

)

GCSy (%

Low Risk High Risk

GCSengo (%)

High Risk

Low Risk High Risk

GCS g (%)

High Risk

L

Low Risk High Risk

GCSeyi (%)

High Risk

Low Risk High Risk

High Risk





OPS/images/fcvm-11-1460826-g004.jpg
<

AAADSV-AOT

20

GCSww (%)

20

GLSww (%)

s

2 &
HAADSV-A0L

HAADSV-A0L

=

20

GCSendo (%)

20

GLSendo (%)

| 8
UAAISV-AOT

AAADSV-AOT

20

GCSmid (%)

20

GLSmid (%)

2 &
HAADSV-A0L

HAADSV-A0L

20

g
B
K]
<]









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1460826-t001.jpg
Variables Control group (n = 124) Hypertensive group (n = 239) t/Z/2° p-value
Age (years) 57311262 59421237
Sex (men) 58 (46.8%) 134 (56.1%)
Current smoker (1) 21 (169%) 52 (21.8%)
Antihypertension (n) 0(0) 137 (57.3%)
ACEI 00 6 (25%)
ARB 0(0) 67 (28.0%)
PB-blockers 0 (0) 29 (12.1%)
Calcium channel blockers 0(0) 69 (28.9%)
Diuretics (loop or thiazide) 00 11 (46%)
Comorbidities
Chronic kidney disease 3 (24%) 5 (3.8%)
HFpEF 5 (4.0%) 11 (63%)
Dyslipidemia 20 (16.1%) 51 (21.4%)
Impaired glucose regulation 34 (27.4%) 74 (31.0%)

BMI (kg/m’) 23,00 £331 245369
SBP (mmHg) 12212£11.29 15028 +22.14
DBP (mmHg) 75.94+8.13 90.56 = 14.26
Heart rate (beats/min) 77.98 1256 78261365
Laboratory
Total cholesterol (mmol/L) 455+ 1.02 464 = 1.00
HDL-C (mmol/L) 119033 109027
Glucose (mmol/L) 585+197 625193
€GFR (ml/min) 116.04 +32.56 11226 %30.01
HbAIC (%) 566+0.71 587054
BNP (pg/ml) 3450 (17.60-49.25) 27.65 (1447-48.12)
<Tnl (pg/l) 0.00 (0.00-0.00) 000 (0.00-0.01)
China-PAR ASCVD risk

10Y-ASCVDR | 581 (257-1048) | 957 (574-1629) | sess | <0001
10Y-ASCVDR >10% | 36 (29%) | 115 (48.1%) | 12240 | <0.001
ACEL ARB, angiotensin receptor blockers; HFpEF, heart filure with preserved ejection fraction; BMI, body mass index; eGFR, estimated glomerulax

filtration rate; HDL-C, high-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; BNP, brain natriuretic peptide; ¢Tnl, cardiac troponin I; 10¥-ASCVDR, 10-year atheroscleroti
cardiovascular disease risk.

Data are expressed as mean + standard deviation, median (interquartile range), or n (%).

Fisher's exact test. 1 mmHg = 0.133 kPa.





