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Objective: Volume overload is a frequent feature related to left ventricular hypertrophy (LVH) in dialysis patients, but its influence on patients with chronic kidney disease (CKD) not on dialysis has not been accurately uncovered. This article was to examine the relationship between overhydration (OH) and LVH in patients with CKD not yet on dialysis.

Methods: A total of 302 patients with CKD stages 1–4 were included. Participants were divided into different subgroups according to occurring LVH or not, and OH tertiles. Clinical and laboratory parameters were compared among groups. Spearman correlation analyses were adopted to explore the relationships of echocardiographic findings with the clinical and laboratory characteristics. Binary logistic regression models were performed to estimate the odds ratios (ORs) for the associations between OH and LVH. Restricted cubic splines were implemented to assess the possible non-linear relationship between OH and LVH. LVH was defined as left ventricular mass index (LVMI) >115 g/m2 in men and >95 g/m2 in women.

Results: Of the enrolled patients with CKD, the mean age was 45.03 ± 15.14 years old, 165 (54.6%) cases were men, and 65 (21.5%) cases had LVH. Spearman correlation analyses revealed that OH was positively correlated with LVMI (r = 0.263, P < 0.001). After adjustment for age, gender, diabetes, body mass index (BMI), systolic blood pressure (SBP), hemoglobin, serum albumin, estimated glomerular filtration rate (eGFR), and logarithmic transformation of urinary sodium and urinary protein, multivariate logistic regression analyses demonstrated that both the middle and highest tertile of OH was associated with increased odds of LVH [OR: 3.082 (1.170–8.114), P = 0.023; OR: 4.481 (1.332–15.078), P = 0.015, respectively], in comparison to the lowest tierce. Restricted cubic spline analyses were employed to investigate the relationship between OH and LVH, which unfolded a significant non-linear association (P for non-linear = 0.0363). Furthermore, patients were divided into two groups according to CKD stages. The multivariate logistic regression analyses uncovered that increased odds of LVH were observed in the middle and the highest tertile of OH [OR: 3.908 (0.975–15.670), P = 0.054; OR: 6.347 (1.257–32.054), P = 0.025, respectively] in patients with stages 1–2.

Conclusion: These findings suggest that a higher level of OH was associated with a higher occurrence of LVH in patients with CKD not on dialysis, especially in patients with CKD stages 1–2.
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INTRODUCTION

As chronic kidney disease (CKD) progresses, the prevalence of cardiovascular disease (CVD) and cardiac death is strikingly rising (1). Increasing evidence has revealed that CVD instead of end-stage renal disease (ESRD) is a real burden in patients with mild-to-moderate renal injury (2–4). Of all the cardiac problems in patients with CKD, left ventricular hypertrophy (LVH), histologically characterized by myocardial fibrosis, is the most common structural impairment (5). LVH not only accelerates renal dysfunction but also elevates the proportion of sudden cardiac death in patients with CKD (6–8). For decades, approaches to predict LVH have been constantly studied and mostly rely upon the clinical factors containing blood pressure, BMI, estimated glomerular filtration rate, serum phosphate, and fibroblast growth factor 23 (9–13). However, it is indispensable to discover novel predictors for LVH in patients with CKD, which is beneficial to more effective therapeutic interventions.

Volume expansion is a common complication of CKD (14) and is frequently related to inflammation, CKD progression, and mortality (15–17). Therefore, exact assessment and management of fluid status are of paramount importance in these patients. In comparison with conventional tools to evaluate fluid volume, bioelectrical impedance analysis (BIA) has been a simple, non-invasive, and high-efficient means, and is widely used in patients with CKD (18). Until recently, overhydration (OH), generated from a three-compartment model, has replaced the ratios of extracellular water (ECW)/total body water (TBW) and ECW/intracellular water (ICW) as the representative of evaluating volume status (19). Previous studies have reported the predictive impacts of OH on LVH in patients with CKD stage 5 (20, 21). However, it has not been adequately illustrated about these parameters in patients with an estimated glomerular filtration rate (eGFR) of more than 15 ml/min/1.73 m2. With this aim in mind, this study investigated the association of OH with clinical features and LVH in patients with CKD not yet on dialysis.



MATERIALS AND METHODS


Subjects

A total of 386 patients with CKD with stages 1–4 from December 2019 to January 2021 were retrospectively reviewed and they were treated at the department of nephrology, the First Affiliated Hospital of Nanjing Medical University. The inclusion criteria were patients diagnosed with CKD, whose eGFR >15 ml/min/1.73 m2. CKD is defined as abnormalities of kidney structure or function, present for >3 months in accordance with the guidelines of the Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice (22). Exclusion criteria were as follows: (1) lack of body composition index and echocardiography information; (2) implantation of a cardiac pacemaker, defibrillator, or metallic objects; (3) the amputation of any extremity; (4) clinical state affecting body composition, such as liver cirrhosis, active infectious disease or acute cardiovascular events within 3 months before screening for inclusion; (5) left ventricular ejection fraction (LVEF) <50%; (6) comorbid cardiovascular disease, such as coronary artery disease, atrial fibrillation, valvular heart disease or primary cardiomyopathy; (7) pregnancy and malignancy. Ultimately, 302 participants were included (Figure 1).
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FIGURE 1. Flowchart of study participants. CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy.




Clinical and Laboratory Measurements

The patient's clinical characteristics containing age, gender, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), history of hypertension and diabetes, and current medication were recorded at the enrollment. The plasma levels of creatinine, albumin, triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), hemoglobin, and C-reactive protein (CRP) were measured using blood samples taken from patients who were under fasting condition. In order to assess urinary protein, sodium, and potassium, patients were required to simultaneously gather 24-h urine specimens. eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)2009 equation (23).



Body Composition Measurements

Assessment of volume status was performed on a body composition monitor (BCM) (Fresenius Medical Care, Bad Homburg, Germany) by the same experienced nurse according to the instrument instructions. The patient's clinical parameters containing age, gender, height, and weight were inputted into the device. Electrodes were placed on the hand and foot of patients' non-dominant side, and then electrical responses were collected every 50 discrete frequencies from 5 to 1,000 kHZ. Given the measured impedance information, TBW, ECW, and intracellular water (ICW) were calculated by the equations proposed by Moissl et al. (24). Over the next few years, Chamney et al. (19) proposed a three-compartment model to describe OH in absolute liters. The model consists of lean tissue mass, adipose tissue mass, and OH. OH is calculated by subtracting water in the tissue measured by physiologic models under normal status from ECW present in tissue that was actually measured. Fluid overload (FO) was defined as an absolute OH ≥1.1 L in this study (14).



Echocardiographic Measurements

Echocardiography was performed using an ultrasound machine (Vivid E9; GE Vingemed Ultrasound AS, Horten, Norway) with a 2.5-MHz transducer by a single experienced cardiologist who was completely blinded to the patient information. M-mode and two-dimensional measurements were used to perform cardiac chamber quantification in accordance with the guidelines of the American Society of Echocardiography (25). Thereafter, the dimensions of the interventricular septal thickness (IVST), left ventricular end-diastolic dimension (LVDd), left ventricular posterior wall thickness (PWT), left atrial dimension (LAD), and LVEF using the biplane Simpson's method were measured. IVST and PWT were measured at end-diastole. At the level of the mitral valve tips during diastole, pulse-wave Doppler was employed to observe transmitral early diastolic velocity (E), peak velocity flow in the late diastole caused by atrial contraction (A), and their deceleration time in the apical four-chamber view. Meanwhile, early diastolic mitral annular tissue velocity (e'), the average of septal and lateral mitral annular velocities, was calculated as well as E/e'. The following equations were performed according to the American Society of Echocardiography guidelines (25). Left ventricular mass = 0.8 × 1.04 × [(IVST + LVDd + PWT)3 – LVDd3] + 0.6 (g). Body surface area (BSA) = (0.007184 × weight0.425 × height0.725) m2. Left ventricular mass index (LVMI) = LVM/BSA (g/m2). Relative wall thickness (RWT) = 2 × PWT/LVDd. The left ventricular hypertrophy (LVH) was defined as an LVMI > 115 g/m2 in men and > 95 g/m2 in women (25).



Statistical Analysis

Participants were categorized into subgroups according to occurring LVH or not, and OH tertiles. Data were presented as mean ± SD, median, and interquartile range or percentage as appropriate. Comparisons between groups were performed using Student's t-test or ANOVA, Mann–Whitney test, Kruskal–Wallis test, or chi-squared test as appropriate. Spearman correlation analyses were adopted to explore the relationships of echocardiographic findings with clinical and laboratory parameters. The ORs for the associations between OH and LVH were evaluated by binary logistic regression models. Crucial covariates for LVH, including age, gender, diabetes, BMI, SBP, hemoglobin, serum albumin, eGFR, urinary sodium excretion, and urinary protein excretion, were selected based on prior knowledge and the findings of univariable analyses were adjusted in multivariable analyses. Possible non-linear relationships between OH and LVH were examined with restricted cubic splines using the same multivariable model (26). P < 0.05 was considered statistically significant. All the statistics were done in IBM SPSS version 20.0 and R version 4.1.0.




RESULTS


Baseline Clinical and Laboratory Characteristics of Patients With CKD

In total, 302 patients with CKD stages 1–4 were recruited in this study (Table 1). Their mean age was 45.03 ± 15.14 years old, and 54.6% of patients were men. Patients with CKD stages 1, 2, 3, and 4 accounted for 53.0, 22.8, 17.9, and 6.3% of the enrolled patients, respectively. LVH was present in 21.5% of all the enrolled patients. Suffering from LVH was 40 (17.5%) cases in CKD stages 1–2 but 25 (34.2%) cases in CKD stages 3–4. There was a significant increase in the prevalence of LVH in patients with CKD 3–4 as opposed to CKD 1–2 (P = 0.002). A total of 140 (46.4%) cases had hypertension, and 51 (16.9%) cases had diabetes. Among all the enrolled participants, the median OH, LVMI, urinary protein excretion, and eGFR were 0.50 L [interquartile range (IQR) −0.50–1.93], 87.91 g/m2 (IQR 74.77–99.79), 1.14 g/d (IQR 0.38–3.91), and 92.95 ml/min/1.73 m2 (IQR 61.24–111.97), respectively. Next, patients were categorized into two groups according to the occurrence of LVH. Compared with the patients without LVH, significantly higher levels of age, SBP, MAP, LAD, LVDd, LVMI, RWT, E/e' ratio, urinary protein excretion, and OH were observed in patients with LVH, and the lower levels of LVEF, E/A ratio, eGFR, serum albumin, hemoglobin, and ICW. Moreover, female sex, hypertension, diabetes, FO, and the use of medications containing calcium-channel blocker (CCB) and β-blocker were more prevalent among patients with LVH (all P < 0.05, Table 1).


Table 1. Comparisons of clinical, laboratory, and echocardiographic parameters and volume status between the non-LVH and LVH groups in patients with CKD.
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Comparisons of Clinical and Laboratory Parameters According to OH Tertiles

On account of the finding that OH level obviously distinguished between patients with and without the occurrence of LVH, we further divided patients into three groups according to OH tertiles, and then compared the clinical and laboratory features among them (Table 2). Patients with the highest tertile of OH had the highest levels of age, SBP, MAP, LAD, LVDd, LVMI, E/e' ratio, TG, TC, LDL-C, HDL-C, urinary protein excretion, urinary sodium excretion, ECW, and TBW, along with the lowest levels of serum albumin and hemoglobin (all P < 0.05). While the levels of age, SBP, MAP, LAD, LVDd, LVMI, E/e' ratio, TG, TC, LDL-C, HDL-C, urinary protein excretion, urinary sodium excretion, ECW, and TBW were the lowest in the lowest tierce, which had the highest serum albumin and hemoglobin levels (all P < 0.05). In addition, the incidence of the male sex, diabetes, LVH, and the usage rate of CCB and diuretics were the most prevalent in patients with the highest OH tertile (all P < 0.05). However, no significant differences were observed in BMI, eGFR, serum creatinine, CRP, and urinary potassium excretion. Also, the incidence of hypertension and usage rate of β-blocker and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEI/ARB) did not differ among the three groups according to OH tertiles.


Table 2. Comparisons of clinical, laboratory, and echocardiographic parameters and volume status according to OH tertiles in patients with CKD.
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Correlations Between Echocardiographic Findings and Clinical and Laboratory Parameters

As shown in Figure 2, Spearman correlation analyses indicated that LVMI positively correlated with OH (r = 0.263, P < 0.001), ECW (r = 0.238, P < 0.001), TBW (r = 0.152, P = 0.008), urinary sodium excretion (r = 0.185, P = 0.001), urinary protein excretion (r = 0.242, P < 0.001), CRP (r = 0.127, P = 0.027), age (r = 0.402, P < 0.001), BMI (r = 0.207, P < 0.001), SBP (r = 0.371, P < 0.001), and DBP (r = 0.172, P = 0.003), whereas it was negatively correlated with eGFR (r = −0.344, P < 0.001). Besides, OH was positively correlated with LVDd (r = 0.207, P < 0.001), LAD (r = 0.254, P < 0.001), and E/e' ratio (r = 0.302, P < 0.001), it was negatively correlated with LVEF (r = −0.140, P = 0.015), nevertheless. However, the correlations of LVMI with urinary potassium excretion and ICW, and the correlations of OH with RWT and E/A ratio showed no significant differences.


[image: Figure 2]
FIGURE 2. Correlations between echocardiographic findings and clinical and laboratory parameters. The correlation coefficients (A) and P-values (B) of Spearman correlation analyses in all the enrolled patients. LVMI, left ventricular mass index; RWT, relative wall thickness; LVDd, left ventricular end-diastolic dimension; LAD, left atrial dimension; LVEF, left ventricular ejection fraction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; OH, overhydration; ECW, extracellular water; ICW, intracellular water; TBW, total body water.




Overhydration and Left Ventricular Hypertrophy

As shown in Table 3, the ORs for the associations between OH and LVH were determined by binary logistic regression models. In unadjusted models, the highest tertile [OR: 6.156 (2.674–14.171), P < 0.001] and middle tertile [OR: 3.880 (1.650–9.124), P = 0.002] of OH were significantly associated with increased odds of LVH in comparison to the lowest tertile. Also, age, gender, diabetes, SBP, hemoglobin, eGFR, and logarithmic transformation of urinary protein excretion were associated with LVH. After adjustment for age, gender, diabetes, BMI, SBP, hemoglobin, serum albumin, eGFR, and logarithmic transformation of urinary sodium and urinary protein in the multivariate logistic regression analyses, increased odds of LVH were also observed in the middle and highest tertiles of OH [OR: 3.082 (1.170–8.114), P = 0.023; OR: 4.481 (1.332–15.078), P = 0.015, respectively]. Furthermore, the same multivariable-adjusted restricted cubic spline analyses confirmed this finding, which verified a significant non-linear association between OH and LVH (P for non-linear = 0.0363, Figure 3). In addition, the multivariate logistic regression analysis demonstrated that age [OR: 1.037 (1.010–1.064), P = 0.006], gender [OR: 3.412 (1.472–7.905), P = 0.004], and SBP [OR: 1.024 (1.003–1.046), P = 0.027] were independently associated with LVH. Nevertheless, other clinical and laboratory parameters containing diabetes, BMI, hemoglobin, serum albumin, eGFR, and logarithmic transformation of urinary sodium excretion and urinary protein excretion did not relate to LVH.


Table 3. Univariate and multivariate logistic regression for the association between OH and LVH in all the enrolled patients with CKD.
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FIGURE 3. Association of OH with OR of LVH by restricted cubic splines. Restricted cubic splines were plotted using four default knots at the 20th, 40th, 60th, and 80th percentiles. ORs were adjusted for age, gender, diabetes, BMI, SBP, hemoglobin, serum albumin, eGFR, and logarithmic transformation of urinary sodium and urinary protein. The P-value for non-linear association was 0.0363. OH, overhydration; OR, odds ratio; BMI, body mass index; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate.


Furthermore, the patients were divided into two groups (group 1: patients with CKD stages 1–2; group 2: patients with CKD stages 3–4) according to CKD stages. In univariate logistic regression analyses, patients with higher tertile of OH showed a higher occurrence of LVH both in patients with stages 1–2 and in patients with stages 3–4. However, increased odds of LVH were observed in the middle and highest tertile of OH [OR: 3.908 (0.975–15.670), P = 0.054; OR: 6.347 (1.257–32.054), P = 0.025, respectively, P for trend = 0.026] only in patients with stages 1–2, with adjustment for age, gender, diabetes, BMI, SBP, hemoglobin, serum albumin, and logarithmic transformation of urinary sodium and urinary protein in the multivariate logistic regression analyses.




DISCUSSION

Our study demonstrated a significant association between OH and LVH in patients with non-dialysis CKD. First of all, our results verified LVMI was positively correlated with OH, ECW, TBW, urinary sodium excretion, and urinary protein excretion, whereas it was negatively correlated with eGFR. Furthermore, patients with the highest tertile of OH had the highest prevalence of LVH. Most importantly, both the middle and highest tertile of OH were associated with significantly increased odds of LVH after adjustment for important covariates, which indicated a higher level of OH was an independent determining factor for a higher occurrence of LVH in patients with CKD not on dialysis. In addition, restricted cubic spline analyses unfolded a significant non-linear association between OH and LVH, which suggested OH must be the dummy variable when taken into logistic regression analyses.

On account of reduced glomerular filtration rate, sodium retention, and proteinuria (27, 28), impaired volume homeostasis is one of the main characteristics of CKD, especially in the later stages. Numerous studies have identified a series of adverse effects of FO on patients with CKD. In patients with CKD, Braam et al. (29) pointed out extracellular volume expansion was associated with increased arterial stiffness and uncontrolled hypertension. Another finding from a prospective observational cohort study of CKD also observed a significant association between higher ECW/TBW ratio and increased 24-h SBP (30). Through our study, we used OH that a new, effective, and representative clinical index to assess volume status. Results showed that patients with a higher level of OH had higher SBP, which was consistent with the aforementioned studies. In addition, several studies reported that higher levels of BP and worse BP control statuses were verified related to LVH (31, 32). In line with this, we found patients with a higher level of SBP manifested increased LVMI. Most importantly, SBP was independently associated with LVH. These observations suggested BP might be an intermediate link between OH and LVH. However, the key finding of this study was that higher OH was related to increased odds of LVH independent of SBP, suggesting other unknown mechanisms were involved.

Accumulated evidence has confirmed inflammation and endothelial dysfunction linked to OH. Increase in inflammatory cytokines containing interleukin (IL)-8, IL-6, and tumor necrosis factor-α (TNF-α) and disorder in endothelial function markers including E-selectin, vascular adhesion molecule (VCAM)-1, and thrombomodulin were detectable in serum or peripheral blood cells in patients with CKD, with some increasing with overhydration (15, 33, 34). Moreover, inflammation is perceived to be probably linked to LVH in patients with CKD. Striking increased levels of serum macrophage migratory inflammatory factor, CRP, IL-1 receptor antagonist, IL-6, and TNF-α were linked to elevated odds of LVH (35, 36). Morphology and function of vascular smooth muscle cells could be altered by inflammation, causing increased arterial stiffness, accelerating the development of LVH. Meanwhile, the subclinical inflammation brings about adverse left ventricular geometry by changing the equilibrium, which adjusts cell growth, apoptosis, phenotype, and matrix turnover of cardiac tissue (37). In addition, Francis et al. (38) perceived inflammation increased bone-derived hormone fibroblast growth factor 23 (FGF23) production, a crucial regulator of mineral metabolism and biomarker of fibrosis, which has been verified to link with LVH in both the animal models and clinical experiment models (39, 40). In this study, CRP, one of the inflammation markers, was also observed positively correlated with LVMI, which suggested inflammation might take part in the latent mechanism of an obvious association between higher OH and a higher level of LVMI in patients with CKD.

Another important finding was that patients with a higher level of OH had higher proteinuria, which was a strong factor in the development of LVH (41). In addition, our findings were consistent with previous studies that elevated OH linked with worse urinary protein (34, 42). On the contrary, heavy proteinuria causes hypoproteinemia, which adds interstitial fluid volume and contracts intravascular volume by a diminished oncotic pressure gradient, inducing renal sodium retention by activation of the renin-angiotensin-aldosterone (43). On the other hand, in the rat's model that was subjected to unilateral nephrectomy and a high-salt diet, it was unfolded that fluid retention was associated with an increase in the renal inflammation with macrophage infiltration and tumor necrosis factor-α overexpression, and glomerular sclerosis (44). Therefore, volume overload might be involved in an aggravating renal injury, which results in massive urinary protein.

Interestingly, our data showed that urinary sodium excretion did not relate to LVH in patients with CKD. Dhingra et al. (45). also observed urinary sodium excretion measured on a spot urine sample was not linked with LVH. Nevertheless, in the study by Zhang et al. (46), the highest tertile of night/day urinary sodium excretion ratio was independently associated with LVH in Chinese patients with CKD. The discrepancy in results may be due to differences in the methods of measurement and ranges of urinary sodium excretion, study populations, and failure to explore non-linear associations (47). Also, there was no significant association between the severity of CKD and LVH. One example is the wide heterogeneity in the prevalence of LVH, which may be due to the number of patients recruited, the proportion of subjects, the presence of comorbidities, and differences in the stages of CKD. FO is associated with the incidence rate of cardiovascular disease and all-cause mortality in patients with CKD without dialysis. The difference between this study and the previously mentioned results maybe because of the differences in registration criteria and patient cohort composition. Schneider et al. (48) showed that in patients with mild-to-moderate CKD, the volume status assessed by bioelectrical impedance spectroscopy (BIS) was independent of the LV mass measured by MRI. In that study, the eGFR range of enrolled patients was 41–62 ml/min and the urinary ACR range was 8–375 mg/g. They found that increased BMI, hemoglobin, and 24-h SBP were key determinants of LVH. Regression models showed that hydration status, endothelial function, inflammation, or MBD parameters did not increase the significance of LVH models.

In addition, our study found that a significant association between OH and LVH was observed in CKD patients with stages 1–2 but not in stages 3–4. Numerous studies revealed that not only FO, but also renin-angiotensin-aldosterone system (RAAS) system activation, endothelial dysfunction, and proinflammatory factors overexpression existed in CKD with moderate-to-serious renal dysfunction, which was related to LVH (15, 34, 49–51). In that case, changes in OH alone were not enough to increase the prevalence of LVH, which might explain why OH did not associate with LVH in CKD patients with stages 3–4. In addition, the numbers with CKD stages 3–4 were much lower than stages 1–2, causing this subgroup analysis underpowered, which was also the explanation of the discrepancy in associations between OH and LVH in CKD stages 1–2 and stages 3–4. Intriguingly, findings showed that the relationship between OH and LVH was stronger where the CKD is less severe (stages 1–2), and with larger ORs. Moreover, there were still 33.2% of CKD patients with stages 1–2 suffering from overhydrated (OH ≥ 1.1 L). Compared with patients without overhydrated, urinary sodium excretion, an important means to measure dietary salt intake, was significantly increased in these patients with overhydrated, which reflected higher salt and water retention. Apart from that, an article published in JAMA pointed out higher urinary sodium excretion was associated with an increased risk of cardiovascular disease in CKD patients (52). All these phenomena suggest that volume management should be initiated even in the patients with early CKD, such as dietary restriction of salt.

This study has several limitations. First, this study was cross-sectional observational research so causation could not be inferred. Moreover, while covariates affecting LVH had been adjusted as much as we could, residual confounding was still a latent limitation. Second, this study was conducted in a single center, and the sample size was small as compared with the article published in JAMA (52). Statistical power might be reduced when we performed subgroup analysis based on eGFR due to the limited samples. In particular, the sample size of the two groups was not balanced (Table 4). More samples are required in future studies to verify the results of this association in CKD stages 1–2. Third, most patients lacked other laboratory indexes reflecting fluid status and cardiac function, such as amino-terminal pro-B-natriuretic peptide (NT-proBNP), and cardiac troponin T(cTnT), which cannot be included in the subsequent analysis. Further multiple-center and controlled prospective studies on large groups of patients are needed.


Table 4. Univariate and multivariate logistic regression for the association between OH and LVH in CKD patients with stages 1–2 and 3–4.
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CONCLUSION

In conclusion, this study demonstrated that a higher level of OH was associated with a higher occurrence of LVH in patients with CKD not on dialysis, especially in CKD patients with stages 1–2. This association was significant regardless of age, gender, diabetes, BMI, SBP, hemoglobin, serum albumin, eGFR, urinary sodium excretion, and urinary protein excretion.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of The First Affiliated Hospital of Nanjing Medical University (approval number: No. 2018-SR-250). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LS designed and conducted the research, and analyzed the data. QL, ZS, and SD contributed to the writing and critical review of the manuscript. GN, JD, CZ, MZ, BS, YY, and NW reviewed the manuscript. CX and HM coordinated and conceived the study and revised the manuscript. BZ is the guarantor of this study and had complete access to all the data in the study. All authors have read the final manuscript and approved the submission.



FUNDING

This study was supported by grants from the Natural Science Foundation of Jiangsu Province (No. BK 20151588), the National Natural Science Foundation of China (No. 82100767), and the Natural Science Foundation of Jiangsu Province (No. BK20191075).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.761848/full#supplementary-material



REFERENCES

 1. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, Mann JF, et al. Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, and prevention. Lancet. (2013) 382:339–52. doi: 10.1016/S0140-6736(13)60595-4

 2. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, et al. Association of estimated glomerular filtration rate and albuminuria with all-cause and cardiovascular mortality in general population cohorts: a collaborative meta-analysis. Lancet. (2010) 375:2073–81. doi: 10.1016/S0140-6736(10)60674-5

 3. van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward M, Levey A, et al. Lower estimated glomerular filtration rate and higher albuminuria are associated with all-cause and cardiovascular mortality. A collaborative meta-analysis of high-risk population cohorts. Kidney Int. (2011) 79:1341–52. doi: 10.1038/ki.2010.536

 4. Gansevoort RT, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, et al. Lower estimated GFR and higher albuminuria are associated with adverse kidney outcomes. A collaborative meta-analysis of general and high-risk population cohorts. Kidney Int. (2011) 80:93–104. doi: 10.1038/ki.2010.531

 5. Mitsnefes MM. Cardiovascular disease in children with chronic kidney disease. J Am Soc Nephrol. (2012) 23:578–85. doi: 10.1681/ASN.2011111115

 6. Ronco C, McCullough P, Anker SD, Anand I, Aspromonte N, Bagshaw SM, et al. Cardio-renal syndromes: report from the consensus conference of the acute dialysis quality initiative. Eur Heart J. (2010) 31:703–11. doi: 10.1093/eurheartj/ehp507

 7. Drechsler C, Krane V, Winkler K, Dekker FW, Wanner C. Changes in adiponectin and the risk of sudden death, stroke, myocardial infarction, and mortality in hemodialysis patients. Kidney Int. (2009) 76:567–75. doi: 10.1038/ki.2009.200

 8. Green D, Roberts PR, New DI, Kalra PA. Sudden cardiac death in hemodialysis patients: an in-depth review. Am J Kidney Dis. (2011) 57:921–9. doi: 10.1053/j.ajkd.2011.02.376

 9. Miskulin DC, Jiang H, Gul A, Pankratz VS, Paine SS, Gassman JJ, et al. Comparison of dialysis unit and home blood pressures: an observational cohort study. Am J Kidney Dis. (2021) 78:640–8. doi: 10.1053/j.ajkd.2021.04.013

 10. Zhou C, Shi Z, Ouyang N, Ruan X. Hyperphosphatemia and cardiovascular disease. Front Cell Dev Biol. (2021) 9:644363. doi: 10.3389/fcell.2021.644363

 11. Brady TM, Roem J, Cox C, Schneider MF, Wilson AC, Furth SL, et al. Adiposity, sex, and cardiovascular disease risk in children with ckd: a longitudinal study of youth enrolled in the Chronic Kidney Disease in Children (CKiD) study. Am J Kidney Dis. (2020) 76:166–73. doi: 10.1053/j.ajkd.2020.01.011

 12. Izumaru K, Hata J, Nakano T, Nakashima Y, Nagata M, Fukuhara M, et al. Reduced estimated GFR and cardiac remodeling: a population-based autopsy study. Am J Kidney Dis. (2019) 74:373–81. doi: 10.1053/j.ajkd.2019.02.013

 13. Smith K, deFilippi C, Isakova T, Gutiérrez OM, Laliberte K, Seliger S, et al. Fibroblast growth factor 23, high-sensitivity cardiac troponin, and left ventricular hypertrophy in CKD. Am J Kidney Dis. (2013) 61:67–73. doi: 10.1053/j.ajkd.2012.06.022

 14. Wieskotten S, Heinke S, Wabel P, Moissl U, Becker J, Pirlich M, et al. Bioimpedance-based identification of malnutrition using fuzzy logic. Physiol Meas. (2008) 29:639–54. doi: 10.1088/0967-3334/29/5/009

 15. Mitsides N, Cornelis T, Broers NJH, Diederen NMP, Brenchley P, van der Sande FM, et al. Extracellular overhydration linked with endothelial dysfunction in the context of inflammation in haemodialysis dependent chronic kidney disease. PLoS ONE. (2017) 12:e0183281. doi: 10.1371/journal.pone.0183281

 16. Zoccali C, Moissl U, Chazot C, Mallamaci F, Tripepi G, Arkossy O, et al. Chronic fluid overload and mortality in ESRD. J Am Soc Nephrol. (2017) 28:2491–7. doi: 10.1681/ASN.2016121341

 17. Tai R, Ohashi Y, Mizuiri S, Aikawa A, Sakai K. Association between ratio of measured extracellular volume to expected body fluid volume and renal outcomes in patients with chronic kidney disease: a retrospective single-center cohort study. BMC Nephrol. (2014) 15:189. doi: 10.1186/1471-2369-15-189

 18. Matthie JR. Bioimpedance measurements of human body composition: critical analysis and outlook. Expert Rev Med Devices. (2008) 5:239–61. doi: 10.1586/17434440.5.2.239

 19. Chamney PW, Wabel P, Moissl UM, Müller MJ, Bosy-Westphal A, Korth O, et al. A whole-body model to distinguish excess fluid from the hydration of major body tissues. Am J Clin Nutr. (2007) 85:80–9. doi: 10.1093/ajcn/85.1.80

 20. Han BG, Lee JY, Choi SO, Yang JW, Kim JS. Relative overhydration is independently associated with left ventricular hypertrophy in dialysis naïve patients with stage 5 chronic kidney disease. Sci Rep. (2020) 10:15924. doi: 10.1038/s41598-020-73038-8

 21. Han BG, Lee JY, Kim MR, Shin H, Kim JS, Yang JW, et al. Fluid overload is a determinant for cardiac structural and functional impairments in type 2 diabetes mellitus and chronic kidney disease stage 5 not undergoing dialysis. PLoS ONE. (2020) 15:e0235640. doi: 10.1371/journal.pone.0235640

 22. KDIGO 2021 clinical practice guideline for the management of blood pressure in chronic kidney disease. Kidney Int. (2021) 99:S1–87. doi: 10.1016/j.kint.2020.11.003

 23. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

 24. Moissl UM, Wabel P, Chamney PW, Bosaeus I, Levin NW, Bosy-Westphal A, et al. Body fluid volume determination via body composition spectroscopy in health and disease. Physiol Meas. (2006) 27:921–33. doi: 10.1088/0967-3334/27/9/012

 25. Recommendations 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. (2016) 17:412. doi: 10.1093/ehjci/jew041

 26. Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med. (1989) 8:551–61. doi: 10.1002/sim.4780080504

 27. Khan S, Floris M, Pani A, Rosner MH. Sodium and volume disorders in advanced chronic kidney disease. Adv Chronic Kid Dis. (2016) 23:240–6. doi: 10.1053/j.ackd.2015.12.003

 28. Palmer BF, Clegg DJ. Fluid overload as a therapeutic target for the preservative management of chronic kidney disease. Curr Opin Nephrol Hypertens. (2020) 29:22–8. doi: 10.1097/MNH.0000000000000563

 29. Braam B, Lai CF, Abinader J, Bello AK. Extracellular fluid volume expansion, arterial stiffness and uncontrolled hypertension in patients with chronic kidney disease. Nephrol Dial Transplant. (2020) 35:1393–8. doi: 10.1093/ndt/gfz020

 30. Park S, Lee CJ, Lee M, Cha MU, An SY, Nam KH, et al. Differential effects of arterial stiffness and fluid overload on blood pressure according to renal function in patients at risk for cardiovascular disease. Hypertens Res. (2019) 42:341–53. doi: 10.1038/s41440-018-0151-0

 31. Cha RH, Lee H, Lee JP, Kang E, Song YR, Kim YS, Kim SG. Changes of blood pressure patterns and target organ damage in patients with chronic kidney disease: results of the APrODiTe-2 study. J Hypertens (2017) 35:593–601. doi: 10.1097/HJH.0000000000001185

 32. Sinha MD, Tibby SM, Rasmussen P, Rawlins D, Turner C, Dalton RN, et al. Blood pressure control and left ventricular mass in children with chronic kidney disease. Clin J Am Soc Nephrol. (2011) 6:543–51. doi: 10.2215/CJN.04690510

 33. Mitsides N, Alsehli FMS, Mc Hough D, Shalamanova L, Wilkinson F, et al. Salt and water retention is associated with microinflammation and endothelial injury in chronic kidney disease. Nephron. (2019) 143:234–42. doi: 10.1159/000502011

 34. Hung SC, Kuo KL, Peng CH, Wu CH, Lien YC, Wang YC, et al. Volume overload correlates with cardiovascular risk factors in patients with chronic kidney disease. Kidney Int. (2014) 85:703–9. doi: 10.1038/ki.2013.336

 35. Liu Y, Zhang X, Liu G, Huang J, Pan Y, Hu Z. Expressions of macrophage migration inhibitory factor in patients with chronic kidney disease. Niger J Clin Pract. (2016) 19:778–83. doi: 10.4103/1119-3077.183239

 36. Gupta J, Dominic EA, Fink JC, Ojo AO, Barrows IR, Reilly MP, et al. Association between inflammation and cardiac geometry in chronic kidney disease: findings from the CRIC study. PLoS ONE. (2015) 10:e0124772. doi: 10.1371/journal.pone.0124772

 37. Dervisoglu E, Kozdag G, Etiler N, Kalender B. Association of glomerular filtration rate and inflammation with left ventricular hypertrophy in chronic kidney disease patients. Hippokratia. (2012) 16:137–42.

 38. Francis C, David V. Inflammation regulates fibroblast growth factor 23 production. Curr Opin Nephrol Hypertens. (2016) 25:325–32. doi: 10.1097/MNH.0000000000000232

 39. Sharma S, Katz R, Dubin RF, Drew DA, Gutierrez OM, Shlipak MG, et al. FGF23 and cause-specific mortality in community-living individuals-the health, aging, and body composition study. J Am Geriatr Soc. (2021) 69:711–7. doi: 10.1111/jgs.16910

 40. Milovanova LY, Dobrosmyslov IA, Milovanov YS, Taranova MV, Kozlov VV, Milovanova SY, et al. Fibroblast growth factor-23 (FGF-23)/soluble Klotho protein (sKlotho)/sclerostin glycoprotein ratio disturbance is a novel risk factor for cardiovascular complications in ESRD patients receiving treatment with regular hemodialysis or hemodiafiltration. Ter Arkh. (2018) 90:48–54. doi: 10.26442/terarkh201890648-54

 41. Forlemu A, Menanga A, Ashuntantang G, Kingue S. Urinary protein excretion is associated with left ventricular hypertrophy in treatment-naïve hypertensive patients in an african hospital setting. Cardiorenal Med. (2013) 3:57–62. doi: 10.1159/000349938

 42. Tsai YC, Chiu YW, Tsai JC, Kuo HT, Hung CC, Hwang SJ, et al. Association of fluid overload with cardiovascular morbidity and all-cause mortality in stages 4 and 5 CKD. Clin J Am Soc Nephrol. (2015) 10:39–46. doi: 10.2215/CJN.03610414

 43. Humphreys MH. Mechanisms and management of nephrotic edema. Kidney Int. (1994) 45:266–81. doi: 10.1038/ki.1994.33

 44. Hung SC, Lai YS, Kuo KL, Tarng DC. Volume overload and adverse outcomes in chronic kidney disease: clinical observational and animal studies. J Am Heart Assoc. (2015) 4:e001918. doi: 10.1161/JAHA.115.001918

 45. Dhingra R, Pencina MJ, Benjamin EJ, Levy D, Larson MG, Meigs JB, et al. Cross-sectional relations of urinary sodium excretion to cardiac structure and hypertrophy. The Framingham Heart Study. Am J Hypertens. (2004) 17:891–6. doi: 10.1016/S0895-7061(04)00869-6

 46. Zhang J, Rao J, Liu M, Zhou W, Li Y, Wu J, et al. Abnormal circadian rhythm of urinary sodium excretion correlates closely with hypertension and target organ damage in Chinese patients with CKD. Int J Med Sci. (2020) 17:702–11. doi: 10.7150/ijms.42875

 47. O'Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K, et al. Urinary sodium and potassium excretion and risk of cardiovascular events. JAMA. (2011) 306:2229–38. doi: 10.1001/jama.2011.1729

 48. Schneider MP, Scheppach JB, Raff U, Toncar S, Ritter C, Klink T, et al. Left ventricular structure in patients with mild-to-moderate CKD-a magnetic resonance imaging study. Kidney Int Rep. (2019) 4:267–74. doi: 10.1016/j.ekir.2018.10.004

 49. Laurent S, Boutouyrie P. The structural factor of hypertension: large and small artery alterations. Circ Res. (2015) 116:1007–21. doi: 10.1161/CIRCRESAHA.116.303596

 50. Wiig H, Schröder A, Neuhofer W, Jantsch J, Kopp C, Karlsen TV, et al. Immune cells control skin lymphatic electrolyte homeostasis and blood pressure. J Clin Invest. (2013) 123:2803–15. doi: 10.1172/JCI60113

 51. Borrelli S, Provenzano M, Gagliardi I, Michael A, Liberti ME, De Nicola L, et al. Sodium intake and chronic kidney disease. Int J Mol Sci. (2020) 21:4744. doi: 10.3390/ijms21134744

 52. Mills KT, Chen J, Yang W, Appel LJ, Kusek JW, Alper A, et al. Sodium excretion and the risk of cardiovascular disease in patients with chronic kidney disease. JAMA. (2016) 315:2200–10. doi: 10.1001/jama.2016.4447

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.

Copyright © 2022 Sun, Li, Sun, Duan, Nie, Dong, Zhang, Zeng, Sun, Yuan, Wang, Mao, Xing 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.



OPS/images/fnut-09-761848-t002.jpg
Parameter

n
Age (years)

Sex (male/female)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

MAP (mmHg)
Hypertension (%)
Diabetes (%)

LAD (om)

LVDd (cm)

LWMI (g/m?)

RWT

LVEF (%)

E/e’ ratio

E/A ratio

LVH (%)

€GFR (mV/min/1.78 m?)
Ser (umol/L)

Serum albumin (/L)
TG (mmolL)

TC (mmol/L)

LDL-C (mmolL)
HDL-C (mmol/L)
Hemoglobin (g/L)

CRP (mg/L)

Urinary protein (g/c)
Urinary sodium (mmol/d)
Urinary potassium (mmol/d)
OH()

ECW (1)

oW (L)

TBW (L)

ACEVARB (%)

CCB (%)

p-blocker (%)

Diuretic (%)

Tertile 1 (<—0.1)

105
40.72 +£12.87
57/48
24.65 +8.99
124.81 % 16.14
80.10 + 13.32
95.01 % 13.44
43(41.0)
11(105)

3.20 (2.90, 3.60)
4.50 (4.30, 4.80)
83,54 (72.57,92.07)
0.42(0.39, 0.44)
64.40 (63.00, 65.70)
6.60 (5.80, 7.60)
1.00 (080, 1.30)
8(7.6)
98.81(57.30, 116.30)
79.30 (6330, 116.80)
38.60 (36.25, 41.86)
1.42(1.00, 2.01)
457 (3.88,5.38)
2.78(2.21,3.35)
1.06 (0.94, 1.27)
136,80 = 19.54
205 (1.47,3.59)
059 (0.30, 1.05)
109.90 (77.10, 151.05)
30,60 (22.80, 39.10)
~0.80 (~1.80, ~0.45)
14,10 (12.35, 16.10)
19.50 (16.30, 22.40)
33.70 (28.70, 38.85)
46 (43.8)
25(238)
4(38)

2(19

OH ()

Tertile 2 (-0.1-12)

99
44.33 £+ 14.83
45/54

2436 + 851
129.98 + 16.06
82.18 + 12,02
98,11 12.48

44 (44.4)

10 (10.1)

320 (2.90, 3.40)
4.70 (4.20, 4.90)
87.86 (71.65,99.02)
0.42(0.39, 0.44)
64.40 (63.00, 65.80)
7.10(6.00, 9.00)
0.90 (0.80, 1.30)
24(242)
93.88 (69.39, 111.38)
74,50 (57.30, 101.50)
36,60 (30.70, 39.60)
1.56 (1,02, 2.27)
4.78(4.04,5.72)
289 (2.40, 3.50)
1.09 (0.95, 1.34)
128.21 £ 18.81
1,65 (1.16, 2.73)
091(0.25,2.76)
122.00 (88.90, 165.90)
28,00 (22.40, 35.10)
050 (0.20, 0.90)
15.00 (13.10, 17.60)
18.70 (16.50, 22.50)
33.90 (28.20, 39.70)
33(33.9)
30(303)
9(.1)

5(.1)

Tertile 3 (~1.2)

98
50.36 + 16.20
63/35
2481 +8.60
137.39 +20.28
83.38 + 1187
10138 + 13.15
53(54.1)
30(30.6)

355 (3.20,3.90)
4.75 (450, 5.00)
93.47 (78.44, 110.84)
0.42(0.38, 0.44)
63.50 (61.90, 65.65)
8.40 (6.38, 10.50)
0.0 (0.70, 1.20)
33(33.7)
86,59 (53.12, 107.41)
8265 (62.00, 119.75)
22.40 (18.28, 31.20)
1.88 (1.27, 2.50)
6.16 (5.12,7.85)
365 (2.89, 4.76)
1.27 (1.07,1.52)
119.69 + 23.50
1.94 (130, 3.06)
5.45 (1.90, 8.69)
140.55 (108.40, 192.65)
30,95 (24.60, 41.38)
3.30 (2,00, 5.66)
19.10 (15.93, 22.05)
19.65 (16.00, 23.10)
39.00 (33.30, 45.89)
46 (46.9)
39(39.8)
12(12.2)
14(14.3)

P-value

<0.001
0.029
0.693
<0.001
0.166
0.003
0.155
<0.001
<0.001
<0.001
<0.001
0.977
0.079
<0.001
0.248
<0.001
0.118
0.156
<0.001
0.007
<0.001
<0.001
<0.001
<0.001
0.061
<0.001
0.002
0.105
<0.001
<0.001
0.547
<0.001
0.126
0.048
0.087
0.002

CKD, chronic kidhey disease; BM, body mass index; SBR, systolc blood pressure; DBR diastolic blood pressure; MAP. mean arterial pressure; eGFR, estimated glomerler fitration rate;
Scr, serum creatinine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; CRPc,-reactive protein; LAD, left atrel
dimension; LVDG, left ventricular end-diastolic dimension; LVMI, left ventricular mass index; RWT, relative wal thickness; LVEF, left ventricular ejection fraction; OH, overhydration; ECW,
extracelllar water; ICW, intracellular water; TBW, totel bodly water; ACEVARB, angiotensin converting enzyme inhibitor/ angiotensin receptor blockers; CCB, calcium-channel blocker.

Data were presented as the mean SD, the median with interquartiie range or counts, and percentages. A two-tailed p < 0.05 was considered statisticaly significant. The bold values

mean that P < 0.05.





OPS/images/fnut-09-761848-t003.jpg
Variables Univariate
OR (95%Cl)
OHWM
Tertile 1 (<-0.1) 1 [reference]
Tertle 2 (~0.1-1.2) 3.880 (1.650, 9.124)
Tertile 3 (>1.2) 6.156 (2.674, 14.171)
P-value for trend <0001
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CKD, chronic kidney disease; OH, overhydration; LVH, left ventricular hypertrophy; BMI, body mass index; SBF, systolic blood pressure; eGFR, estimated glomerular fitration rate; OR,

odds ratio.
*Urinary sodium and urinary protein were normalized by Logyg transformation.
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CKD, chronic Kidhey disease; LVH, left ventricular hypertrophy; BMI, body mass index; SBR. systolic blood pressure; DBR, diastolic blood pressure; MAR. mean arterial pressure;
eGFR, estimated glomerular fitration rate; Scr, serum creatinine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total
cholesterol; CRP c,-reactive protein; LAD, left atrial dimension; LVDd, left ventricular end-diastolic dimension; LVMI,left ventricular mass index; RWT, relative wall thickness; LVEF, left
ventricular ejection fraction; OH, overhydration; ECW, extracelllar water; ICW, intracellular water; TBW, total body water; FO fluid overfoad; ACEVARB, angiotensin converting enzyme
inhibitor/angiotensin receptor blockers; CCB, calcium-channel blocker.
Data were presented as the mean = SD, the median with interquertile range or counts, and percentages. A two-teiled p < 0.05 was considered statisticall significant. The bold values

mean that P < 0.05.
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Stages 1-2 (n = 229)

OH ()

Tertile 1 (<-0.1) 1 [reference]
Tertile 2 (~0.1-1.1) 6250 (1.729, 22.507)
Tertile 3 (>1.1) 10.185 (2.901, 35.763)
P-value for trend <0.001

Stages 3-4 (0 = 73)

OH (U

Tertile 1 (<-0.2) 1 [reference]
Tertle 2 (~0.2-1.7) 2240 0.611,8.211)
Tertle 3 (>1.7) 4200 (1.190, 14.829)
P-value for trend 0025

P-value

0.005
<0.001

0.224
0.026

Multivariate®

OR (95%Cl)

1 [reference]

3.908 (0975, 15.670)

6.347 (1,257, 32.054)
0026

1 [reference]

1.611(0.311,8.347)

3.394 (0,277, 41.656)
0348

Multivariable: adjusted for age, gender, diabetes, BMI, SBR, hemoglobin, serum albumin, and logarithmic transformation of urinary sodium and urinary protein.
CKD, chronic kidney disease; OH, overhydration; LVH, left ventricular hypertrophy; BMI, body mass index; SBP, systolic blood pressure; OR, odds ratio.

P-value

0.054
0.025

0.570
0.339
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