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Objective

To assess cardiac function using two-dimensional speckle-tracking echocardiography (2D-STI) in diabetic nephropathy (DN) patients and investigate the relationship between albuminuria and early cardiac systolic and diastolic dysfunction, along with associated risk factors based on clinical indicators.





Methods

A total of 75 patients with DN, 100 patients with diabetes mellitus (DM), and 37 healthy controls were recruited. Clinical data were collected, and conventional echocardiography as well as 2D-STI were performed on all participants.





Results

2D-STI findings revealed a significant increased occurrence rate of subclinical left ventricular systolic dysfunction [global longitudinal strain values (GLS) <18%], among diabetic patients compared to healthy controls. Furthermore, the proportion of GLS<18% occurrence was higher in the DN group compared to the DM group (p<0.001) and especially higher in the massive albuminuria group than that in the microalbuminuria group (p<0.001). The results demonstrated that albuminuria, eGFR<60 ml/min/1.73 m2, and total cholesterol were identified as significant risk factors for the development of subclinical left ventricular systolic insufficiency in diabetic patients. However, when considering only patients with DN and adjusting for covariates, it was found that only total cholesterol remained statistically significant (p< 0.05).





Conclusion

The higher cholesterol levels in patients with DN are associated with a greater risk of subclinical left ventricular systolic dysfunction reflected by a decrease in GLS assayed with 2D-STI.





Critical relevance statement

GLS measured by 2D-STI combined with clinical indexes to evaluate and predict subclinical left ventricular systolic function in patients with DM, providing reference for early prevention and treatment of cardiac dysfunction in patients with DN.
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Highlights

	Subclinical left ventricular systolic dysfunction assessed by GLS in DM.

	Cholesterol was the risk factor for subclinical left ventricular systolic insufficiency in DN.

	Providing early detection measures of left ventricular systolic dysfunction in DN.







Introduction

According to statistics, the global prevalence of DM is 10.5% in 2021, and this figure is expected to rise to 12.2% in 2045 (1). With the adoption of a westernized lifestyle and an aging population, the prevalence of DM in China has experienced a rapid surge from 0.67% in 1980 to 10.4% in 2013, marking a sixteen-fold increase over a span of thirty years (2). Furthermore, based on a survey conducted in 2010, the prevalence of prediabetes in China was found to be at approximately 50.1%, indicating that around half a billion Chinese adults are affected by prediabetic conditions. As such, China currently harbors the largest diabetic population globally with no signs of abating (3).

DN is one of the microvascular complications of diabetes and occurs in about 40% of diabetic patients. The most significant cardiovascular complication in diabetes is premature coronary atherosclerosis leading to ischemic heart disease. Another diabetic cardiovascular complication, diabetic cardiomyopathy (DCM), has garnered increased attention in recent years. DCM is now recognized as being an alteration occurring within myocardial structure and function specifically related to DM independent from other established cardiovascular risk factors like coronary artery disease, major valvular disease, or hypertension (4). It has been suggested that altered cardiac function observed in DCM initially manifests as impaired diastolic function followed by impaired systolic function during later stages (5).

Patients afflicted with DN face an exceptionally high risk for experiencing cardiovascular events which remain the primary cause of mortality amongst this group. This heightened risk can only be partially attributed to DM itself along with other comorbidities commonly associated with DM including hypertension and obesity. Identifying novel risk factors that underpin the association between DN and cardiovascular disease (CVD) is crucial for risk stratification, personalized treatment and identification of new therapeutic targets (6). Currently, both albuminuria and reduced GFR are acknowledged as independent risk factors and predictors of CVD development (7–9).

Presently, domestic and international expert consensus and guidelines consistently advocate for albuminuria as a pivotal criterion for DN diagnosis and prognostic evaluation. Studies have demonstrated that albuminuria is independently associated with left ventricular systolic and diastolic hypofunction, which may elucidate the close correlation between proteinuria and the heightened incidence of CVD in DN patients (10). Some studies have indicated an association between proteinuria levels and increased occurrence of left ventricular hypertrophy (LVH) (11–13) and myocardial fibrosis (14) in DN patients. Therefore, the role of albuminuria in the structural and functional changes of the heart in DN patients should not be underestimated.

Echocardiography, being a non-invasive imaging technique, possesses unique advantages in assessing cardiac functional changes. 2D-STI, a novel ultrasound imaging technique designed to objectively quantify myocardial function while providing information about myocardial strain, can identify discrete changes that conventional echocardiography fails to detect while offering additional prognostic insights (17).

In this study, 2D-STI was utilized to assess the cardiac function of patients with DN. This method was combined with clinical parameters to investigate the correlation between albuminuria and the development of cardiac systolic and diastolic dysfunction. The primary objective was to detect early changes in cardiac function in DN patients and implement prompt intervention and treatment. This approach may serve as a foundation for evaluating clinical outcomes and predicting prognosis.





Methods




Study population

75 patients with DN and 100 patients with non-nephropathic DM clinically diagnosed at the Huadong Hospital Affiliated to Fudan University from November 2021 to March 2023 were selected for the study. Inclusion and exclusion criteria for the DN group: patients clinically diagnosed with DN in our hospital (for diagnostic criteria, see 2022 KDIGO Clinical Practice Guidelines for the Management of Diabetes Mellitus in Chronic Kidney Disease) (15) were eligible, adults and ≤ 80 years of age, and were eligible if they had no known cardiac disease. Exclusion criteria included (1) end-stage renal disease with maintenance hemodialysis or peritoneal dialysis, or renal transplantation; (2) comorbid nondiabetic renal disease, including other primary and secondary glomerular or systemic diseases; hereditary renal disease; normoalbuminuric DN; and (3) comorbid known cardiac disease including heart failure; coronary artery disease (CAD). CAD: previous stable angina, myocardial infarction, previous percutaneous coronary intervention or after coronary artery bypass grafting; atrial flutter or atrial fibrillation, left or right bundle branch block, congenital heart disease, implantation of a pacemaker or implantable cardioverter-defibrillator; and congenital heart disease; (4) LVEF < 50%; and (5) malignant tumor. Inclusion and exclusion criteria for the DM alone group: patients who were clinically diagnosed with DM by our hospital (see ADA2021 guidelines for diagnostic criteria) (16), all of whom were adults and ≤80 years of age, and were eligible if they had no known heart disease or renal disease. Thirty-seven persons who came to our hospital for a physical examination during the same period and were excluded from having heart disease by taking a medical history and performing an echocardiogram were used as healthy controls.

The study complied with ethical guidelines and was approved by the Ethics Review Committee of the Huadong Hospital Affiliated to Fudan University, and all participants signed a written informed consent.





Collection of general data and biochemical indicators

Age, sex, systolic blood pressure, diastolic blood pressure, height and weight were collected from patients with DN, non-nephropathic DM and healthy controls, and the body mass index (BMI) and body surface area (BSA) of the subjects were calculated according to the formula. Blood counts (hemoglobin, erythrocyte distribution width), C-reactive protein (CRP), urinary albumin-to-creatinine ratio (UACR), renal function (serum creatinine, urea nitrogen), serum albumin, and lipids (HDL, LDL, triglycerides, cholesterol), glucose metabolism (fasting glucose, glycosylated hemoglobin) and other related parameters.





Acquisition of routine echocardiographic parameters

A GE Vivid E95 diagnostic ultrasound machine was used. Before echocardiography, blood pressure and electrocardiogram at rest were recorded in supine position in all patients. Routine echocardiography was performed first to exclude subjects with any previously undetected structural heart disease, including cardiomyopathy, valvular disease, or pericardial disease. Routine measurements of left atrial anteroposterior diameter (LAD), left ventricular end-diastolic internal diameter (LVEDd), left ventricular end-systolic internal diameter (LVESd), left ventricular ejection fraction (LVEF), interventricular septal thickness (IVST), and left ventricular posterior wall thickness (LVPWT) were performed. Spectral and tissue wave Doppler examinations were performed in apical 4-chamber cardiac views to obtain flow velocities in early (E) and late (A) mitral orifice diastole. Mean values of mitral annular septum and left ventricular lateral wall early diastolic blood flow velocities (e’) were determined from four-chamber cardiac views of the lateral region of the mitral annulus, and E/A and E/e’ were calculated. And left ventricular mass index (LVMI) was calculated according to the formula.





Acquisition of 2D-STI parameters

After the routine parameter acquisition was completed, the M5S 2D probe was utilized to acquire three consecutive cardiac cycle images in apical two-chamber, apical three-chamber, and apical four-chamber views, respectively. Parameters were acquired in such a way that the myocardium between the epicardial and endocardial contour lines was used as the tracking range, and all the myocardium of the left ventricle was delineated into the speckle tracking range. After the endocardial rim was automatically outlined, the width of the region of interest was manually adjusted to equal the myocardial thickness to ensure that all LV myocardial segments were included and accurately tracked throughout the cardiac cycle. Strain fractions were subsequently calculated for the 3 sections. The global longitudinal strain value (GLS) was determined as the average peak strain of the 17 segments obtained from the 3 standardized views of the sections and expressed as an absolute value. The 17-segment model was used for the segmentation of LV myocardium in this study: the LV myocardium was divided into 3 myocardial rings (apical, intermediate, and basal), and in short-axis views, the intermediate and basal rings were each divided into 6 equal 60° segments, the apical ring was divided into 4 equal 90° segments, and the portion of the myocardium that extends beyond the end of the cardiac chambers was defined as the apical cap; this resulted in 17 segments. Subclinical LV systolic insufficiency was regularly defined in this study as LVEF ≥50% and GLS <18% (29).

All of the above echocardiographic images were acquired and analyzed by the same physician with more than 10 years of experience in ultrasonography.





Statistical analysis

SPSS 26.0 software was used for statistical analysis. Measurement data conforming to normal distribution were expressed as mean ± standard deviation (SD), t-test was used for comparison between two groups, and one-way ANOVA was used for comparison between multiple groups; non-normally distributed measurement data were expressed as median (interquartile range), Mann-Whitney U test was used for comparison between two groups, and Kruskal-Wallis test was used for comparison between multiple groups. Count data were expressed as frequency (percentage), and the χ2 test was used. Logistic regression model was used to analyze the relationship between multiple factors and the occurrence of subclinical left ventricular systolic insufficiency and diastolic insufficiency, and the relative risk ratios (ORs) and 95% confidence intervals (CIs) were estimated, and p<0.05 was considered indicative of significance. Processing of missing data: This study intends to adopt multiple methods to handle missing data: Directly delete variables with missing values >30%; For continuous variables of normal distribution with fewer missing values, the mean value is used for filling, and for continuous variables of non-normal distribution, the median is used for filling.






Results




Baseline information

A total of 75 patients with DN and 100 patients with non-nephropathic DM were included in this study. Microalbuminuria accounted for 42 patients and macroalbuminuria accounted for 33 patients with DN. In addition, 37 healthy volunteers were included as controls. Baseline statistics of all patients are shown in Table 1A and Table 2A.


Table 1A | Characteristics of the clinical data of each group.




Table 1B | Characteristics of echocardiographic indices in each group.




Table 2A | Comparison of general information of all diabetic patients.




Table 2B | Comparison of echocardiographic indicesof all diabetic patients.







Echocardiographic characteristics

The baseline echocardiographic characteristics are shown in Table 1B and Table 2B. Comparison of the cardiac ultrasound indices of all the included individuals revealed an increase in LAD, IVST, LVPWT, LVMI, A, E/e’, and LAEV in the DN group compared with the DM-only group (p< 0.05). Comparison of cardiac ultrasound indexes in all diabetic patients revealed that LAD, LVPWT, LVMI, LVEDV, A, E/e’ were significantly larger in the massive albuminuria group than in the microalbuminuria group, and LVEDd, LVESd, IVST, and SV were significantly increased compared with those of the normoalbuminuria group (p< 0.05).

2D-STI results showed a significant decrease in LV GLS and a significant increase in the proportion of occurrence of subclinical left ventricular systolic insufficiency (GLS <18%) in diabetic patients compared with healthy controls; GLS was further decreased in the DN group compared with the non-nephropathic DM group (16.00% vs. 17.80%, p< 0.001), and the proportion of occurrence of subclinical left ventricular systolic insufficiency (GLS < 18%) occurred in a significantly higher proportion (81.3% vs 54.0%) (p< 0.001). GLS gradually decreased with increasing albuminuria levels, and the proportion of subclinical left ventricular systolic insufficiency was significantly higher in the macroalbuminuria group (93.9%) than in the microalbuminuria group (71.4%) and the normoalbuminuria group (54.0%) (p< 0.001) (Figure 1). The percentage of occurrence of left ventricular diastolic insufficiency was significantly higher in the massive albuminuria group (27.3%) than in the microalbuminuria group (2.4%) and the normoalbuminuria group (5.0%) (p< 0.001) (Tables 1B, 2B).
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Figure 1 | GLS levels in all diabetic patients.







Analysis of risk factors for developing subclinical left ventricular systolic insufficiency in DM patients

Multifactorial logistic regression analysis showed that albuminuria, eGFR <60 ml/min/1.73m2, and total cholesterol were risk factors for the development of subclinical left ventricular systolic insufficiency in patients with DM, and the risk of subclinical left ventricular systolic insufficiency in patients with DN was 2.501 times higher than that of patients with albuminuria-negative DM alone. In contrast, when only DN patients were included and adjusted for age, sex, hypertension, duration of diabetes (in years), smoking history, obesity, triglycerides, cholesterol, proteinuria, and eGFR <60 ml/min/1.73 m2, it was found that only total cholesterol retained statistical significance (OR = 3.081, 95% CI 1.118-8.491, p< 0.05) (Table 3).


Table 3 | Logistic regression analysis of the occurrence of subclinical left ventricular systolic dysfunction in patients with DM.








Discussion

The global rise in DM is attributed to the increasing rates of obesity, metabolic syndrome, and adoption of Westernized lifestyle. Consequently, there is a gradual increase in the prevalence of DN, a microvascular complication associated with DM (17). Data from a 2017 statistical report indicated that the age-standardized prevalence of DN was 15.48/1000 for men and 16.50/1000 for women worldwide (18). Ischemic cardiomyopathy is identified as the primary cause of mortality among diabetic patients. Furthermore, diabetic patients may experience microvascular disease and a decrease in cardiac capillary density in addition to coronary artery disease. Diabetic cardiomyopathy is a disease of the myocardium in diabetic patients that cannot be explained by the etiology of coronary atherosclerosis, hypertension, heart valve disease, and other heart diseases, which can be asymptomatic in the early stages and lead to heart failure in the late stages, and which occurs independently of other cardiovascular risk factors (19).

In this study, the incidence of subclinical left ventricular systolic insufficiency (GLS<18%) was found to be 65.7% (115/175) in DM patients, which was significantly higher than that in healthy controls. The occurrence of subclinical left ventricular systolic dysfunction in patients with DM has shown variability across various studies (20–22), potentially attributed to the inclusion of individuals with diverse clinical profiles, including varying durations of DM, severity of associated complications, and comorbidities. Limited research exists on the early cardiac functional alterations in DN patients. In our study, 75 patients with DN were included, and the 2D-STI results revealed that the incidence of subclinical left ventricular systolic insufficiency was 81.3% (61/75), which was significantly higher than that in patients with non-nephropathic DM, and with the increase in the degree of albuminuria, the GLS gradually decreased, which suggests that the incidence of subclinical left ventricular systolic insufficiency is gradually increasing.

In order to investigate the relationship between changes in the structural function of the heart and proteinuria in patients with DN, in this study, patients with DM were divided into three groups according to the level of albuminuria. The results showed that as levels of albuminuria increased, there was a corresponding increase in LVEDd, LVESd, and LV hypertrophy indices (manifested as an increase in LVMI, LVPWT, and LVST). Liu et al. have also reported that the LVPWT and LVMI increased progressively from the normoalbuminuric group to the macroalbuminuric group, and that mitral E/A ratio was lower in the microalbuminuric and macroalbuminuric groups compared to the normoalbuminuric group (10). Katz et al. found significant increase in LVMI and LVPWT with increasing UACR (23).

Patients with DN are at very high risk of cardiovascular events due to diabetes itself as well as diabetic complications and comorbidities, and it is currently believed that variables such as hypertension, hyperlipidemia, and obesity are potential cardiovascular risk factors in diabetic patients, but they do not fully explain the higher cardiovascular morbidity in patients with DN. The identification of new risk factors that support the association between DN and CVD is essential for risk stratification, individualization of treatment, and identification of new therapeutic targets (6, 24). This study aimed to investigate the risk factors associated with subclinical left ventricular systolic insufficiency in patients with DM. The results of multivariate Logistic regression analysis showed that proteinuria was an independent risk factor for subclinical left ventricular systolic insufficiency, and the risk of subclinical left ventricular systolic insufficiency in the DN group was 2.501 times higher than that in the DM group (normoalbuminuric group). Previous research has concentrated on the association between proteinuria and left ventricular function in individuals with DM. For instance, Katz et al. (23) found that log-transformed UACR was significantly negatively correlated with GLS, and that the negative correlation between the absolute values of UACR and GLS persisted after adjustment for DM, eGFR, and CAD. When only DN patients were included in Model 2 in this study, multifactorial logistic regression analysis suggested an increased risk of subclinical left ventricular systolic insufficiency in the massive albuminuria group compared with the microalbuminuria group, but the difference was not statistically significant. It was considered that the final results were influenced by the fact that some patients were already using ACEI/ARB analogs before the study. Additionally, the limited sample size of the massive proteinuria group included in this study could have contributed to the lack of statistically significant difference.

Several studies have indicated that, apart from albuminuria, decreased eGFR is an independent risk factor for CVD events in patients with DM (9). eGFR reduction may mediate the high incidence of CVD in patients with DN through nontraditional risk factors for CVD such as, hyperhomocysteinemia, elevated markers of oxidative stress and inflammation, anemia, and abnormalities of calcium and phosphorus metabolism (25). These factors have often not been adequately evaluated in previous research. Reduced eGFR by itself may be a risk factor for ventricular remodeling and progression of cardiac dysfunction, and may serve as a marker of CVD (26). Recent studies have also revealed that DN patients with reduced eGFR are less likely to receive cardioprotective drugs and therapies than patients with normal eGFR (27). Given the increased risk of CVD in patients with DN, the under-treatment among patients with decreased eGFR is of concern, which may be due to the fact that clinicians assessing the risk-benefit emphasize the risk of short-term side effects while ignoring the long-term benefit of reduced mortality. In our own study, an eGFR <60 ml/min/1.73 m2 was identified as a risk factor for the development of subclinical left ventricular systolic insufficiency in DM patients, although the statistical significance of eGFR was no longer evident when only DN patients were considered in the analysis.

In our study, it was observed that the prevalence of subclinical left ventricular systolic insufficiency in patients with DM and DN rose significantly in correlation with elevated total cholesterol levels. Previous clinical investigations have demonstrated that hyperlipidemia increases the risk of developing nonischemic heart failure and that lowering lipids reverses cardiac dysfunction. In addition to hyperlipidemia affecting cardiac function by promoting the development of atherosclerosis, it directly affects cardiac electrophysiological responses, which may be related to cardiac lipid deposition and the subsequent occurrence of systemic oxidative stress, inflammatory responses, and mitochondrial dysfunction (28).

The development of CVD in patients with DN, in addition to being influenced by the traditional risk factors, it is also driven by kidney-specific risk factors. Although the association between proteinuria and CVD morbidity and mortality has been demonstrated in previous studies, CVD is often under-diagnosed and under-treated in patients with DN. The present study confirms that proteinuria is involved in the pathogenesis of subclinical left ventricular systolic insufficiency in patients with DN, and that GLS was significantly lower in patients with massive albuminuria than in those with microalbuminuria. Managing lipid levels and reducing proteinuria through appropriate use of cardioprotective medications may represent a promising approach to prevent decline in cardiac function among DN patients.

Presently, the left ventricular ejection fraction (LVEF) serves as the predominant cardiac ultrasound parameter utilized for evaluating left ventricular systolic function in clinical settings. However, this research employed GLS to evaluate the comprehensive longitudinal function of the ventricle, enabling the detection of subtle changes occurring at the myocardial level. GLS has the capability to identify cardiac function abnormalities with heightened sensitivity and early detection, thereby offering more precise prognostic insights. This study was a single-center cross-sectional investigation with a relatively modest sample size, potentially leading to selection bias and a limitation in analyzing the longitudinal trajectory of cardiac function alterations. Furthermore, patients with coronary artery disease were excluded based on medical history, electrocardiogram, and echocardiogram, although the absence of coronary angiography, the gold standard for diagnosing coronary artery disease, may not have entirely ruled out asymptomatic cases. Future research could involve a longitudinal cohort study with a larger patient cohort to further assess and validate the study’s outcomes.

In conclusion, the results of this study suggest that albuminuria, hypercholesterolemia and eGFR<60 ml/min/1.73 m2 are strongly associated with early left ventricular systolic longitudinal myocardial dysfunction in asymptomatic diabetic patients with preserved LVEF, and that the higher cholesterol levels in patients with DN are associated with a greater risk of subclinical left ventricular systolic dysfunction.





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 Ethics Committee of Huadong Hospital of Fudan University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

XNZ: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. CJ: Resources, Writing – review & editing. ZY: Supervision, Writing – review & editing. YZ: Writing – original draft, Investigation, Software, Validation, Supervision. XLZ: Writing – original draft, Methodology, Resources, Supervision, Project administration, Conceptualization, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the National Natural Science Foundation of China (82270714).





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.




Abbreviations



DN, Diabetic nephropathy; 2D-STI, Two-dimensional speckle-tracking echocardiography; GLS, Global longitudinal strain; DM, Diabetes mellitus; DCM, Diabetic cardiomyopathy; CVD, Cardiovascular disease; LVH, Left ventricular hypertrophy; CAD, Coronary artery disease; BMI, Body mass index; BSA, Body surface area; CRP, C-reactive protein; UACR, Urinary albumin-to-creatinine ratio; LAD, Left atrial anteroposterior diameter; LVEDd, Left ventricular end-diastolic internal diameter; LVESd, Left ventricular end-systolic internal diameter; LVEF, Left ventricular ejection fraction; IVST, Interventricular septal thickness; LVPWT, Left ventricular posterior wall thickness; LVMI, Left ventricular mass index; SD, Standard deviation; ORs, Relative risk ratios; CIs, Confidence intervals; RAAS, Renin-angiotensin-aldosterone system.




References

1. Sun, H, Saeedi, P, Karuranga, S, Pinkepank, M, Ogurtsova, K, Duncan, BB, et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119

2. Jia, W, Weng, J, Zhu, D, Ji, L, Lu, J, Zhou, Z, et al. Standards of medical care for type 2 diabetes in China 2019. Diabetes Metab Res Rev. (2019) 35(6):e3158. doi: 10.1002/dmrr.3158

3. Wang, L, Gao, P, Zhang, M, Huang, Z, Zhang, D, Deng, Q, et al. Prevalence and ethnic pattern of diabetes and prediabetes in China in 2013. Jama. (2017) 317(24):2515–23. doi: 10.1001/jama.2017.7596

4. Falcão-Pires, I, and Leite-Moreira, AF. Diabetic cardiomyopathy: understanding the molecular and cellular basis to progress in diagnosis and treatment. Heart Fail Rev. (2012) 17(3):325–44. doi: 10.1007/s10741-011-9257-z

5. Redfield, MM, Jacobsen, SJ, Burnett, JC Jr, Mahoney, DW, Bailey, KR, and Rodeheffer, RJ. Burden of systolic and diastolic ventricular dysfunction in the community: appreciating the scope of the heart failure epidemic. Jama. (2003) 289(2):194–202. doi: 10.1001/jama.289.2.194

6. Kourtidou, C, Stangou, M, Marinaki, S, and Tziomalos, K. Novel cardiovascular risk factors in patients with diabetic kidney disease. Int J Mol Sci. (2021) 22(20). doi: 10.3390/ijms222011196

7. Filippatos, G, Anker, SD, Agarwal, R, Pitt, B, Ruilope, LM, Rossing, P, et al. Finerenone and cardiovascular outcomes in patients with chronic kidney disease and type 2 diabetes. Circulation. (2021) 143(6):540–52. doi: 10.1161/circulationaha.120.051898

8. Delles, C, and Jardine, AG. Renal function and cardiovascular events: relevance of eGFR and albuminuria in patients with diabetes. Diabetologia. (2011) 54(1):4–6. doi: 10.1007/s00125-010-1942-2

9. Drury, PL, Ting, R, Zannino, D, Ehnholm, C, Flack, J, Whiting, M, et al. Estimated glomerular filtration rate and albuminuria are independent predictors of cardiovascular events and death in type 2 diabetes mellitus: the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study. Diabetologia. (2011) 54(1):32–43. doi: 10.1007/s00125-010-1854-1

10. Liu, JE, Robbins, DC, Palmieri, V, Bella, JN, Roman, MJ, Fabsitz, R, et al. Association of albuminuria with systolic and diastolic left ventricular dysfunction in type 2 diabetes: the Strong Heart Study. J Am Coll Cardiol. (2003) 41(11):2022–8. doi: 10.1016/s0735-1097(03)00403-0

11. Wu, N, Zhao, W, Ye, K, Li, Y, He, M, Lu, B, et al. Albuminuria is associated with left ventricular hypertrophy in patients with early diabetic kidney disease. Int J Endocrinol. (2014) 2014:351945. doi: 10.1155/2014/351945

12. Salmasi, AM, Jepson, E, Grenfell, A, Kirollos, C, and Dancy, M. The degree of albuminuria is related to left ventricular hypertrophy in hypertensive diabetics and is associated with abnormal left ventricular filling: a pilot study. Angiology. (2003) 54(6):671–8. doi: 10.1177/000331970305400606

13. Palmieri, V, Tracy, RP, Roman, MJ, Liu, JE, Best, LG, Bella, JN, et al. Relation of left ventricular hypertrophy to inflammation and albuminuria in adults with type 2 diabetes: the strong heart study. Diabetes Care. (2003) 26(10):2764–9. doi: 10.2337/diacare.26.10.2764

14. Turkbey, EB, Backlund, JY, Genuth, S, Jain, A, Miao, C, Cleary, PA, et al. Myocardial structure, function, and scar in patients with type 1 diabetes mellitus. Circulation. (2011) 124(16):1737–46. doi: 10.1161/circulationaha.111.022327

15. KDIGO. Clinical practice guideline for diabetes management in chronic kidney disease. Kidney Int. (2022) 102(5s):S1–s127. doi: 10.1016/j.kint.2022.06.008

16. American Diabetes Association. Classification and diagnosis of diabetes: standards of medical care in diabetes-2021. Diabetes Care. (2021) 44(Suppl 1):S15–s33. doi: 10.2337/dc21-S002

17. Thomas, MC, Brownlee, M, Susztak, K, Sharma, K, Jandeleit-Dahm, KA, Zoungas, S, et al. Diabetic kidney disease. Nat Rev Dis Primers. (2015) 1:15018. doi: 10.1038/nrdp.2015.18

18. Thomas, B. The global burden of diabetic kidney disease: time trends and gender gaps. Curr Diabetes Rep. (2019) 19(4):18. doi: 10.1007/s11892-019-1133-6

19. Dillmann, WH. Diabetic cardiomyopathy. Circ Res. (2019) 124(8):1160–2. doi: 10.1161/circresaha.118.314665

20. Nakai, H, Takeuchi, M, Nishikage, T, Lang, RM, and Otsuji, Y. Subclinical left ventricular dysfunction in asymptomatic diabetic patients assessed by two-dimensional speckle tracking echocardiography: correlation with diabetic duration. Eur J Echocardiogr. (2009) 10(8):926–32. doi: 10.1093/ejechocard/jep097

21. Ernande, L, Bergerot, C, Girerd, N, Thibault, H, Davidsen, ES, Gautier Pignon-Blanc, P, et al. Longitudinal myocardial strain alteration is associated with left ventricular remodeling in asymptomatic patients with type 2 diabetes mellitus. J Am Soc Echocardiogr. (2014) 27(5):479–88. doi: 10.1016/j.echo.2014.01.001

22. Mochizuki, Y, Tanaka, H, Matsumoto, K, Sano, H, Toki, H, Shimoura, H, et al. Clinical features of subclinical left ventricular systolic dysfunction in patients with diabetes mellitus. Cardiovasc Diabetol. (2015) 14:37. doi: 10.1186/s12933-015-0201-8

23. Katz, DH, Burns, JA, Aguilar, FG, Beussink, L, and Shah, SJ. Albuminuria is independently associated with cardiac remodeling, abnormal right and left ventricular function, and worse outcomes in heart failure with preserved ejection fraction. JACC Heart Fail. (2014) 2(6):586–96. doi: 10.1016/j.jchf.2014.05.016

24. Kelsey, MD, Nelson, AJ, Green, JB, Granger, CB, Peterson, ED, McGuire, DK, et al. Guidelines for cardiovascular risk reduction in patients with type 2 diabetes: JACC guideline comparison. J Am Coll Cardiol. (2022) 79(18):1849–57. doi: 10.1016/j.jacc.2022.02.046

25. Sarnak, MJ, Levey, AS, Schoolwerth, AC, Coresh, J, Culleton, B, Hamm, LL, et al. Kidney disease as a risk factor for development of cardiovascular disease: a statement from the American Heart Association Councils on Kidney in Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation. (2003) 108(17):2154–69. doi: 10.1161/01.Cir.0000095676.90936.80

26. Wright, RS, Reeder, GS, Herzog, CA, Albright, RC, Williams, BA, Dvorak, DL, et al. Acute myocardial infarction and renal dysfunction: a high-risk combination. Ann Intern Med. (2002) 137(7):563–70. doi: 10.7326/0003-4819-137-7-200210010-00007

27. Shlipak, MG, Heidenreich, PA, Noguchi, H, Chertow, GM, Browner, WS, and McClellan, MB. Association of renal insufficiency with treatment and outcomes after myocardial infarction in elderly patients. Ann Intern Med. (2002) 137(7):555–62. doi: 10.7326/0003-4819-137-7-200210010-00006

28. Yao, YS, Li, TD, and Zeng, ZH. Mechanisms underlying direct actions of hyperlipidemia on myocardium: an updated review. Lipids Health Dis. (2020) 19(1):23. doi: 10.1186/s12944-019-1171-8

29. Mor-Avi, V, Lang, RM, Badano, LP, Belohlavek, M, Cardim, NM, Derumeaux, G, et al. Current and evolving echocardiographic techniques for the quantitative evaluation of cardiac mechanics: ASE/EAE consensus statement on methodology and indications: endorsed by the Japanese Society of Echocardiography. J Am Soc Echocardiogr. (2011) 24(3):277–313. doi: 10.1016/j.echo.2011.01.015




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.

Copyright © 2025 Zhang, Jiang, Ye, Zhang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1547078-g001.jpg
GLS (%)

30

20






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Assessment of left ventricular function in patients with diabetic nephropathy using two-dimensional speckle-tracking echocardiography

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Critical relevance statement

        



        		

          Highlights

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study population

          



          		

            Collection of general data and biochemical indicators

          



          		

            Acquisition of routine echocardiographic parameters

          



          		

            Acquisition of 2D-STI parameters

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline information

          



          		

            Echocardiographic characteristics

          



          		

            Analysis of risk factors for developing subclinical left ventricular systolic insufficiency in DM patients

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Routine echocardiogram Control (n=3

LAD (mm) 37.61 + 496" 35.28 £3.77 3427 £ 4.55 0.000
LVEDd (mm) 4522 + 4.49 43.71 +3.60 4432 +3.16 0.066
LVESd (mm) 28.26 + 3.90 27.36 +2.96 2800 £ 3.15 0.203
IVST (mm) 10.00 (9.00, 10.00)™® 9.00 (8.00, 10.00) 9.00 (8.00, 9.50) 0.005
LVPWT (mm) 9.00 (9.00, 10.00)*” 9.00 (8.00, 9.00) 9.00 (8.00,9.00) 0.022
LVMI (g/m2) 83.36 + 21.16™° 74.36 + 14.72 75.92 + 14.66 0.031
LVEF (%) 64.50 (61.00, 68.00) 66.00 (62.00, 68.00) 66.00 (61.00, 68.00) 0.406
SV (ml) 54.00 (45.75, 67.50) 50.00 (45.00, 59.00) 54.00 (44.00, 63.50) 0.130
LVEDV (ml) 86.50 (72.00, 106.25) 77.00 (68.00, 92.00) 84.00 (68.50, 98.50) 0.086
HR(beats/min) 7547 + 1127 73.84 % 1130 7097 +9.79 0.131
E 70.00 (57.75, 82.25) 67.00 (58.00, 76.00) 69.00 (52.50, 82.00) 0.648
A 91.50 (77.75, 105.25)"° 87.00 (75.00, 95.00) 79.00 (67.50, 96.00) 0.007
E/A 0.74 (0.63, 0.89) 0.77 (0.66, 0.88) | 0.80 (0.71, 0.94) 0.123
IVRT (ms) 86.99 + 18.50 84.11 = 13.81 84.03 = 16.62 0.461
Ele 9.15 (8.10, 11.65)™° 8.60 (7.40, 10.00) 850 (6.23, 9.65) 0.008
Diastolic insufficiency (E/e’ >14) 10 (13.3%) 5 (5.0%) 1(2.7%) 0.054
2D-STI

GLS (%) | 16.00 (14.30, 17.50)°® 17.80 (16.70, 19.10)” 19.80 (18.05, 20.65) 0.000
Subclinical left ventricular systolic 61 (81.3%)° 54 (54.0%)® 7 (18.9%) 0.000

dysfunction (GLS <18%)

Depending on the distribution, continuous variables are expressed as mean + SD or median (interquartile range), and categorical variables are expressed as frequency (percentage).
© p<0.05 compared with the control group.
® p<0.05 compared with the diabetes-only group.
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Routine echocardiogram

Normal albuminuria

Microalbuminuria

Macroalbuminuria

(n=100) (n=42) (n=33)

LAD (mm) 35.28 +3.77 ‘ 36.24 +4.33 3941 52200 0.000
LVEDd (mm) 43.71 £ 3.60 44.55 £ 4.26 46.09 + 4.700 0.014
LVESd (mm) 27.36 £ 2.96 27.60 + 3.95 29.13 £ 3.730 0.037
IVST (mm) 9.00 (8.00, 10.00) 9.00 (8.00, 10.00) 10.00 (9.00, 11.00)® 0.004
LVPWT (mm) 9.00 (8.00, 9.00) 9.00 (8.00, 9.00) 9.00 (9.00, 10.00)0® 0.003
LVMI (g/mz) 74.36 £ 14.72 78.48 + 19.63 89.78 + 21.670@ 0.003
LVEF (%) 66.00 (62.00, 68.00) 65.00 (61.75, 68.25) 64.00 (61.00, 67.00) 0.269
SV (ml) 50.00 (45.00, 59.00) 52.50 (42.50, 64.00) 58.00 (47.75, 76.50)® 0.031
LVEDV (ml) 77.00 (68.00, 92.00) 78.50 (67.25, 101.25) 96.00 (75.25, 120.50)0@ 0.011
HR(beats/min) 73.84 = 11.30 7595:+:12.33 74.84 + 9.86 0.59
E 67.00 (58.00, 76.00) 65.00 (56.50, 79.50) 75.00 (64.00, 93.00) 0.089
A 87.00 (75.00, 95.00) 88.50 (75.75, 98.25) 99.00 (84.25, 109.00)0® 0.008
E/A 0.77 (0.66, 0.88) 0.72 (0.63, 0.86) 0.76 (0.63, 0.91) 0517
IVRT (ms) 84.11 + 13.81 83.98 + 16.18 90.94 + 20.76 0.225
E/e 8.60 (7.40, 10.00) 8.50 (7.65, 10.65) 10.60 (8.84, 13.42)0@ 0.000
Diastolic insufficiency (E/e’ >14) 5 (5.0%) 1(2.4%) 9 (27.3%)0@ 0.000
2D-STI

GLS (%) 17.80 (16.70, 19.10) 16.40 (14.30, 18.10)® 15.30 (13.60, 16.20)0@ 0.000
Subclinical left ventricular systolic dysfunction 54 (54.0%) 30 (71.4%) 31 (93.9%)0@ 0.000

(GLS <18%)

® Compared with the normoalbuminuria group, p< 0.05.
® Compared with the microalbuminuria group, p< 0.05.





OEBPS/Images/table3.jpg
Normal albuminuria (n

Macroalbuminu

Sex (male%) 46 (46.0%) 25 (59.5%)® 25 (75.8%)0@ 0.009
Age (years) 62.00 (58.00, 68.75) 60.50 (52.75, 68.25) 65.00 (58.50, 70.50) 0.365
I BMI (kg/m2) 23.78 +3.09 24.68 + 3.14 24.40 +2.51 0.22
Duration of diabetes (years) 9.50 (2.00, 17.00) 10.00 (1.00, 18.50) 14.00 (10.00, 20.00)@® 0.013
Smoking history 25 (25.0%) 8 (19.0%) 9 (27.3%) 0.666
Systolic blood pressure (mmHg) 124.02 +9.81 130.02 + 11.14® 136.15 + 12.5000 0.000
Diastolic blood pressure (mmHg) 75.93 + 8.63 81.60 + 9.000 81.18 + 7.220 0.000
Hemoglobin (g/L) 134.04 +13.34 132.64 + 2031 109.42 + 26.0702 0.000
[ Erythrocyte distribution width (%) 12,90 (12.50, 13.28) 12.80 (12.38, 13.40) 12.90 (12.45, 13.80) 0.504
CRp (mg/L) 1.20 (0.67, 2.69) 1.72 (0.80, 3.97) 291 (1.20, 4.90)® 0.016
Serum creatinine (umol/L) 62.65 (53.60, 77.80) 68.25 (55.38, 100.05) 147.90 (111.25, 327.25)0@ 0.000
Urea nitrogen (mmol/L) 5.20 (4.30, 6.30) 5.40 (4.30, 8.65) 10.70 (8.00, 19.15)0@ 0.000
eGFR (ml/min/1.73m?) 94.00 (86.00, 101.75) 93.00 (67.75, 105.00) 34.00 (18.50, 54.50)0® 0.000
Triglycerides (mmol/L) 1.46 (1.13, 2.01) 1.33 (0.99, 2.18) 1.32 (0.90, 2.21) 0.807
Total cholesterol (mmol/L) 434 (3.72, 5.04) 4.03 (3.55, 4.82) 4.50 (3.12, 5.34) 0.350
HDL (mmol/L) 1.19 (1.03, 1.39) 1.06 (0.86, 1.42) ‘ 1.22 (1.05, 1.36) 0.225
LDL (mmol/L) 2.49 (1.99, 2.98) 2.09 (1.65, 2.80) 2.51 (1.53, 3.15) 0218
Serum albumin (g/L) 41.90 (40.10, 44.38) 41.70 (38.58, 43.53) 3550 (30.80, 40.15)0® 0.000
Glycated hemoglobin (%) 8.15 (6.83, 10.38) 8.55 (6.80, 10.18) 6.75 (6.13, 8.35)00 0.002
Fasting blood glucose (mmol/L) 6.20 (5.33, 7.18) 7.00 (5.65, 8.83)® ‘ 5.40 (4.35, 6.65)00 0.001

® Compared with the normoalbuminuria group, p< 0.05.
@ Compared with the microalbuminuria group, p< 0.05.






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2025.1547078_cover.jpg
& frontiers | Frontiers in Endocrinology

Assessment of left ventricular function in
patients with diabetic nephropathy using
two-dimensional speckle-tracking
echocardiography





OEBPS/Images/table1.jpg
Variables

Sex (male%) 50 (66.7%)™ 46 (46.0%)” 17 (45.9%) 0.016
Age (years) 63.00 (57.00, 69.00) 62.00 (58.00, 68.75) 64.00 (5050, 69.50) 0910
BMI (kg/m?) 24.56 + 2.87 23.78 +3.09 23.62 £ 2.60 0.146
Duration of diabetes (years) 10.00 (6.00, 20.00) 9.50 (2.00, 17.00) I NA 0.037
Smoking history 17 (22.7%) 25 (25.0%) 6 (16.2%) 0.552
Systolic blood pressure (mmHg) 132.72 + 12.07°° 124.02 £ 9.81 121.81 £ 9.99 0.000
Diastolic blood pressure (mmHg) 81.41 + 8.21°° 75.93 + 8.63 77.05 + 7.38 0.000
Hemoglobin (g/L) 122.43 £ 2563 134.04 £ 1334 134.89 + 18.21 0.004
Erythrocyte distribution width (%) 12.90 (12.40, 13.50) 12.90 (12.50, 13.28) 12.90 (12.55, 13.20) 0.982
CRp(mg/L) 2.14 (0.84, 4.78)° 1.20 (0.67, 2.69)” 272 (101, 4.74) 0.002
Serum creatinine (umol/L) 90.90 (61.00, 147.90)*® 62.65 (53.60, 77.80) 71.20 (56.15, 80.80) 0.000
Urea nitrogen (mmol/L) 7.80 (5.00, 11.0)*® 5.20 (4.30, 6.30) 5.10 (4.20, 5.98) 0.000
eGFR (ml/min/1.73m?) 69.00 (34.00, 94.00)™* 94.00 (86.00, 101.75) 90.00 (78.50, 103.50) 0.000
Triglycerides (mmol/L) 133 (0.97, 2.17) 1.46 (1.13, 2.01) 1.15 (0.82, 1.74) 0.131
Total cholesterol (mmol/L) 4.18 (343, 5.05)° 434 (3.72, 5.04)° 4.98 (4.63, 5.59) 0.004
HDL (mmol/L) 1.15 (095, 1.40)” » 1.19 (1.03, 1.39)” 136 (1.22, 1.59) 0.001
LDL (mmol/L) 228 (162, 2.92)° 249 (1.9, 2.98)” 3.03 (264, 3.41) 0.001
Serum albumin (g/L) 40.00 (34.30, 42.80)° 41.90 (40.10, 44.38) 41.80 (39.75, 44.35) 0.000
Glycated hemoglobin (%) 7.30 (6.40, 9.53) 8.15 (6.83, 10.38) NA 0.036
I Fasting blood glucose (mmol/L) 630 (4.90, 8.20)° 620 (5.33,7.18)” i 4.80 (4.60, 5.30) 0.000

Depending on the distribution, continuous variables are expressed as mean + SD or median (interquartile range), and categorical variables are expressed as frequency (percentage).
® p<0.05 compared with the control group.
® p<0.05 compared with the diabetes-only group.
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GLS<18% Single factor Multifactor model 1 Multifactor model 2

OR (95%ClI) OR (95%Cl) B OR (95%Cl) P

Sex (male) 2.034 (1.080-3.832) 0.028 1.762 (0.745-4.167) 0.197 3.791 (0.681-21.109) 0.128

Age (years) ‘ 0.988 (0.956-1.020) 0.444 0.993 (0.952-1.035) 0.738 1.025 (0.945-1.111) 0.555

Duration of diabetes (years) 1.009 (0.974-1.046) 0.617 1.022 (0.979-1.068) 0.321 1.005 (0.912-1.107) 0.926

Smoking history 1.219 (0.579-2.567) 0.602 1.165 (0.426-3.182) 0.766 2.545 (0.213-30.372) 0.460

Obesity % (BMI > 24) ‘ 1.700 (0.906-3.191) 0.099 1.596 (0.761-3.348) 0.216 0.287 (0.039-2.116) 0.221
i Hypertension % 1.260 (0.658-2.412) 0.486 0.868 (0.390-1.933) 0.729 1.876 (0.222-15.864) 0.563

Albuminuria 3.712 (1.841-7.485) 0.000 2501 (1.092-5.726) 0.030 3.623 (0.312-42.061) 0.303

eGFR <60ml/min/1.73m2 6.380 (2.149-18.942) 0.001 4.008 (1.180-13.612) 0.026 1.983 (0.211-18.607) 0.549

Triglycerides (mmol/L) 1.488 (1.028-2.153) 0.035 1.307 (0.870-1.966) 0.198 1.031 (0.443-2.396) 0.944

Total cholesterol (mmol/L) 1.382 (1.027-1.860) 0.033 1.552 (1.059-2.275) 0.024 3.081 (1.118-8.491) 0.030

HDL(mmol/L) 0.657 (0.256-1.691) 0.384

LDL(mmol/L) 1.434 (0.986-2.087) 0.059

Serum albumin (g/L) 0.952 (0.890-1.019) 0.157

Glycated hemoglobin (%) 1.066 (0.929-1.223) 0.365

Fasting blood glucose (mmol/L) = 1.072 (0.936-1.227) 0.318

Systolic blood 1.018 (0.991-1.046) 0.195

pressure (mmHg)

Diastolic blood 1.013 (0.978-1.050) 0.474

pressure (mmHg)

Hemoglobin (g/L) 0.992 (0.977-1.008) 0.343

Erythrocyte distribution 0.903 (0.726-1.122) 0.355

width (%)

CRp(mg/L) 1.009 (0.980-1.039) 0.554

Smoking history, obesity, triglycerides, cholesterol, proteinuria, and eGFR <60ml/min/1.73m> Multifactorial model 1: adjusted for age, sex, hypertension, duration of diabetes (years);
Multifactorial model 2: Only DN patients were included. Adjusted for age, sex, hypertension, duration of diabetes (years), smoking history, obesity, triglycerides, cholesterol, proteinuria, and
eGFR <60ml/min/1.73m>.





