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Background: Patients with end-stage kidney disease face increased risk of cardiovascular events, and left ventricular diastolic dys-
function (LVDD) contributes to the high occurrence of cardiovascular mortality (CM). Although a high serum aldosterone (sALD) level 
is involved in the development of cardiovascular complications in the general population, this association is unclear in patients under-
going hemodialysis. We aimed to determine the impact of sALD on LVDD and CM among hemodialysis patients (HDPs). 
Methods: We performed a prospective cohort study of maintenance HDPs without cardiovascular disease. The patients were divided 
into two groups according to the median level of sALD. All patients underwent baseline echocardiography to evaluate diastolic dys-
function (E/e’ ratio > 15). The LVDD and CM rates were compared between the high and low aldosterone groups. 
Results: We enrolled a total of 60 adult patients (mean age, 57.9 ± 12.1 years; males, 30.0%). The low aldosterone group had an in-
creased left ventricular diastolic dimension compared with the high aldosterone group (52.2 ± 8.4 mm vs. 50.3 ± 5.2 mm, respec-
tively; p = 0.03). Low log-aldosterone (odds ratio [OR], 0.40; 95% confidence interval [CI], 0.19–0.86) and large left atrial dimension 
(OR, 1.31; 95% CI, 1.11–1.54) were independent risk factors for LVDD at baseline. In addition, Cox regression analysis demonstrated 
that low sALD was an independent predictor of CM in HDPs (hazard ratio, 0.46; 95% CI, 0.25–0.85; p = 0.01) during follow-up. 
Conclusion: Low sALD was not only associated with LVDD but was also an independent predictor of CM among HDPs regardless of 
their interdialytic weight gain. 
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Introduction 

Among patients on hemodialysis (HD), cardiovascular (CV) 

mortality is the leading cause of death and accounts for 

almost 50% of deaths in these patients. The renin-angio-

tensin-aldosterone system (RAAS) plays a significant role 

in the pathogenesis of vascular remodeling of the heart and 

systemic organs, in addition to its classical role in the main-

tenance of water-electrolyte balance, acid-base balance, 

and blood pressure regulation [1]. Aldosterone is the prima-
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ry effector hormone of the RAAS and may have deleterious 

effects, including fibrosis, hypertrophy, and stimulation of 

smooth muscle cell proliferation and collagen production 

with a concurrent elevation in inflammatory and oxidative 

signaling [2]. Accordingly, aldosterone contributes to the 

development of myocardial hypertrophy and interstitial fi-

brosis, thereby promoting left ventricular diastolic dysfunc-

tion (LVDD) [3–5]. Likewise, it is actively involved in the 

development of proinflammatory and prothrombotic states, 

such as atherosclerotic CV disease [6].  

Despite accumulating evidence supporting the positive 

correlation between aldosterone concentration and CV 

mortality in the general population as well as in patients 

with chronic kidney disease (CKD) [7–9], the results have 

been conflicting in patients undergoing HD. Interestingly, 

two previous studies reported the paradoxical causality be-

tween aldosterone and mortality among HD patients [10,11]. 

Left ventricular (LV) remodeling may play an important role 

in this inverse correlation. Therefore, we hypothesized that 

low serum aldosterone levels may be associated with LVDD 

and may increase the incidence of CV mortality in mainte-

nance HD patients. 

Methods 

Study population 

This study was conducted at Hallym University Kangnam 

Sacred Heart Hospital (Seoul, Korea). Ninety-five mainte-

nance HD patients were eligible for the study and were fol-

lowed up from March 2012 to February 2019. HD was per-

formed three times weekly for four hours each session. Each 

patient underwent outpatient HD for at least three months. 

Patients with a history of CV disease and transplantation 

who had an active infection or a documented malignancy 

or those who failed to undergo an echocardiogram were ex-

cluded. Of the 95 enrolled patients, 33 had a previous histo-

ry of CV disease, one had liver cirrhosis, and one was treat-

ed for hepatocellular carcinoma. The 60 remaining patients 

were included in this study. Patients were grouped based on 

their levels of serum aldosterone (Fig. 1). This prospective 

observational study was conducted in accordance with the 

principles contained in the Declaration of Helsinki and was 

approved by the Institutional Review Board of Hallym Uni-

versity Kangnam Sacred Hospital (No. 2010-05-33). Written 

informed consent was obtained from all participants. 

Clinical and biochemical parameters 

Baseline parameters including demographic, laboratory, 

and HD data were collected during the study enrollment 

process. CV disease included coronary artery, cerebrovas-

cular, and peripheral vascular diseases, and CV mortality 

was defined as death attributable to CV disease. Blood sam-

ples to assess the serum aldosterone level were obtained 

before the midweek dialysis session to measure various 

markers using standard techniques after a 15-minute pe-

riod of rest in the supine position [10]. The method for the 

quantitative determination of the LIAISON aldosterone 

assay is a competitive assay that uses sheep monoclonal 

antibodies to capture the aldosterone molecule (intraassay 

coefficient of variation, 2.1%–4.2%; interassay coefficient of 

variation, 5.8%–10.5%) (DiaSorin Inc., Stillwater, MN, USA). 

The body mass index (BMI) was calculated as the partic-

ipants’ dry weight in kilograms divided by their height in 

meters squared (kg/m2). The Kt/V was determined using 

the logarithmic estimate of the Daugirdas method [12]. To 

estimate the volume status, the interdialytic weight gain 

(IDWG) was calculated as the mean value of weight gain 

after three consecutive HD sessions during the week of 

enrollment [13]. The dry weight was ascertained by clinical 

assessment at least monthly using chest X-rays. The ratio of 

absolute IDWG to the patient’s dry weight was defined as 

the IDWG%; an IDWG% of ≥4.0 was regarded as excessive 

[14]. Medical staff and dietitians advised the patients to 

limit their sodium intake to <2.3 g per day to improve vol-

ume control [15]. Additionally, patients who were currently 

taking an angiotensin-converting enzyme inhibitor (ACEI) 

or an angiotensin receptor blocker (ARB) were divided into 

two groups according to the prescription drug dose. Those 

taking the maximum dose of ACEI or ARB were placed into 

the high-dose group, while those on lower doses made up 

the low group.  

Echocardiography 

Transthoracic echocardiograms were performed for base-

line assessments on a nondialysis day within 1 month from 

the date of receipt of informed consent and were obtained 

by fundamental imaging (two-dimensional, M-mode, and 
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tissue Doppler imaging [TDI]) using a 2.5-MHz transducer 

and a commercial ultrasound system (Vivid 7; GE Vingmed 

Ultrasound AS, Horten, Norway); no further follow-up ex-

aminations were performed. The chamber dimensions, 

wall thickness, and LV ejection fraction (EF) were measured 

(M-mode), and the mitral annular velocities were obtained 

by TDI. The left atrial dimension (LAD) was determined 

from M-mode echocardiograms using a leading edge to 

leading edge technique by measuring the maximal distance 

between the posterior aortic root wall and the posterior LA 

wall at end-systole [16]. We measured the peak velocities 

of early diastole (e’) and calculated the E/e’ ratio, which 

reflects the mean LV diastolic pressure; an E/e’ ratio of >15 

indicates LVDD [17]. The LV mass was calculated using the 

Devereux formula [LV mass (g) = 1.04 × (interventricular 

septal thickness + LV end-diastolic dimension + posterior 

wall thickness)3 – (LV end-diastolic dimension)3 – 13.6] [18], 

and the LV mass index (LVMI) was determined as the LV 

mass in grams divided by the body surface area. LV hyper-

trophy (LVH) was defined as an LVMI of at least 149 g/m2 

in males and 122 g/m2 in females according to the current 

American and European guidelines [19]. LV systolic func-

tion was assessed by calculating the EF using a modified 

Simpson’s method, and LV systolic dysfunction (LVSD) was 

defined as an EF of <50% [20]. Echocardiography was per-

formed by two experienced specialists who were blinded to 

all patient information. 

Statistical analysis 

The patients were divided into two groups according to 

their median level of serum aldosterone. The associations 

between serum aldosterone, IDWG, and echocardiographic 

parameters were assessed at study enrollment. The partici-

pants were followed up to evaluate the effect of aldosterone 

on CV mortality until death or through March 2019. The re-

searchers obtained the date and cause of death from a med-

ical record review or a phone call at the end of the follow-up 

period. These summary statistics are expressed as the mean 

(standard deviation) or median (interquartile range) for 

continuous variables and as frequencies or percentages for 

categorical variables. Continuous variables were compared 

Figure 1. Flow diagram summarizing the process of patient enrollment and follow-up.
HD, hemodialysis; CV, cardiovascular.

35 Were excluded
33 History of CV disease
1 Liver cirrhosis
1 Hepatocellular carcinoma

60 HD patients enrolled

Follow-up from March 2012 to February 2019

11 (36.7%) died
8 (26.7%) CV death
3 (10%) infection

19 (63.3%) survived 6 (20%) died
2 (6.7%) CV death
3 (10%) infection
1 (3.3%) lymphoma

24 (80%) survived

95 Receiving outpatient HD for at least 3 months
at Hallym University Kangnam Sacred Heart Hospital

in March 2012 

30 With low aldosterone 30 With high aldosterone
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using the Student t test for two groups or the Mann-Whitney 

U test for the nonparametric test. Categorical variables were 

compared using the chi-square test. A multivariate logistic 

regression analysis was performed to identify the indepen-

dent risk factors for LVDD. A multivariate analysis that used 

the enter method was performed on variables that were 

shown to be meaningful upon univariate analysis. A Cox 

regression analysis was performed by the enter method to 

evaluate the influence of serum aldosterone on CV and all-

cause mortality. All tests were performed using the PASW 

Statistics version 18.0 (IBM Corp., Armonk, NY, USA). A 

p-value of <0.05 was considered statistically significant. 

Results 

Baseline characteristics according to serum aldosterone 
level 

Among the 60 participants, the mean age was 57.9 ± 12.1 

years (range, 34–82 years), and 18 patients (30.0%) were 

male. The median dialysis duration was 3.2 years (interquar-

tile range, 0.4–22.0 years). The underlying cause of end-stage 

renal disease (ESRD) was diabetes in 30 patients (50.0%).  

Table 1 shows the baseline data of the low and high serum 

aldosterone groups. The high aldosterone group had higher 

levels of serum albumin (4.1 ± 0.3 g/dL vs. 3.8 ± 0.4 g/dL, re-

spectively; p =  0.008) than the low aldosterone group. No sig-

nificant differences were observed in the absolute IDWG (2.5 

± 1.3 kg vs. 2.4 ± 1.1 kg, respectively; p = 0.88), the proportion 

of excessive IDWG (4.3% ± 2.2% vs. 4.7% ± 2.3%, respectively; 

p = 0.46), and the BMI (23.2 ± 3.4 kg/m2 vs. 21.5 ± 3.1 kg/m2, 

respectively; p = 0.06) between the high aldosterone group 

and the low aldosterone group (Table 1). There was no sig-

nificant difference in the proportion of patients taking an 

ACEI or ARB between the two groups; likewise, there was 

no significant difference according to the dose. 

Baseline characteristics according to interdialytic weight 
gain 

Table 2 shows a comparative analysis of the baseline charac-

teristics of patients with excessive IDWG and those without 

excessive IDWG. No significant difference was observed in 

the aldosterone levels between the group with an IDWG of 

>4% and that without an IDWG of >4% (p = 0.30) (Table 2). 

Patients with excessive IDWG had higher levels of serum 

potassium (4.9 ± 0.6 mEq/L vs. 4.3 ± 0.7 mEq/L, respective-

ly; p = 0.001), calcium (8.5 ± 1.0 mg/dL vs. 8.1 ± 0.6 mg/dL, 

respectively; p = 0.03), phosphorus (5.4 ± 1.3 mg/dL vs. 4.1 

± 1.2 mg/dL, respectively; p < 0.001), and high-density lipo-

protein cholesterol (46.9 ± 15.1 mg/dL vs. 38.8 ± 10.1 mg/

dL, respectively; p = 0.02) and lower levels of total CO2 (18.6 

± 1.6 mmol/L vs. 20.7 ± 2.3 mmol/L, respectively; p < 0.001) 

than those without. 

Aldosterone as an independent risk factor for left ventric-
ular diastolic dysfunction 

The log-aldosterone showed a negative correlation with 

the E/e’ ratio (r = –0.435, p = 0.001) (Fig. 2) and a significant 

positive relationship with the serum albumin (r = 0.513, p < 

0.001). The low aldosterone group had a higher LV diastolic 

dimension than the high aldosterone group (52.2 ± 8.4 mm 

vs. 50.3 ± 5.2 mm, respectively; p = 0.03) (Table 3). The E/e’ 

ratio (21.0 ± 11.9 vs. 14.6 ± 5.3, p = 0.01) and the proportion 

of LVDD (66.6% vs. 40.0%, p = 0.04) were significantly higher 

in the low aldosterone group than in the high aldosterone 

group, respectively. There were no significant differences in 

LVMI and the proportion of LVH between the two groups. 

The high aldosterone group had higher EFs than the low 

aldosterone group. However, there was no significant dif-

ference in the proportion of LVSD between the two groups 

(Table 3). A multivariate logistic regression revealed that 

low log-aldosterone (odds ratio [OR], 0.40; 95% confidence 

interval [CI], 0.19–0.86) and LAD (OR, 1.31; 95% CI, 1.11–

1.54) were independent risk factors for LVDD (Table 4). 

Aldosterone and predictors of cardiovascular mortality 

During the mean follow-up period of 5.2 years, 10 of 17 

deaths were due to CV disease, which occurred in eight pa-

tients (26.7%) in the low aldosterone vs. two patients (6.7%) 

in the high aldosterone group (Fig. 1). A survival analysis 

showed that the cumulative incidence rates of CV mortality 

were significantly higher in the low aldosterone group (log-

rank test, p = 0.03) (Fig. 3). In a Cox multivariate analysis 

that had been adjusted for ACEI/ARB use, the albumin, 

high-sensitivity C-reactive protein (CRP), and Cox regres-

sion analysis showed that old age (OR, 1.17; 95% CI, 1.06–

1.30; p = 0.003) and low aldosterone levels (OR, 0.46; 95% 

80 www.krcp-ksn.org

Kidney Res Clin Pract 2022;41(1):77-88



Table 1. Baseline characteristics of patients according to serum aldosterone level
Characteristic All Low aldosterone group High aldosterone group p-value

Demographic data

 No. of patients 60 30 30

 Age (yr) 57.9 ± 12.1 60.3 ± 13.2 55.5 ± 10.6 0.13

 Male sex 18 (30.0) 8 (26.7) 10 (33.3) 0.40

 Diabetes mellitus 30 (50.0) 15 (50.0) 15 (50.0) >0.99

 Hypertension 49 (81.7) 27 (90.0) 22 (73.3) 0.18

 SBP (mmHg) 143.4 ± 11.4 144.8 ± 10.1 141.9 ± 12.6 0.36

 DBP (mmHg) 82.1 ± 7.2 83.3 ± 6.2 80.7 ± 7.9 0.20

 Dialysis vintage (yr) 4.7 ± 4.6 4.0 ± 3.8 5.4 ± 5.3 0.25

 Body mass index (kg/m2) 22.3 ± 3.4 21.5 ± 3.1 23.2 ± 3.4 0.06

 Kt/V 1.58 ± 0.26 1.58 ± 0.21 1.57 ± 0.31 0.85

Laboratory data

 Log-aldosterone 3.8 ± 1.4 2.8 ± 1.2 4.8 ± 0.8 <0.001

 Aldosterone (ng/dL)a 44.0 (0.1–1,210.4) 23.0 (0.1–44.0) 96.8 (47.5–1,210.4) 0.001

 Hemoglobin (g/dL) 10.0 ± 0.9 9.8 ± 0.8 10.3 ± 1.0 0.07

 hs-CRP (mg/L) 2.1 ± 1.9 2.0 ± 1.8 2.2 ± 2.1 0.68

 Albumin (g/dL) 4.0 ±0.4 3.8 ± 0.4 4.1 ± 0.3 0.008

 iPTH (pg/mL) 204.3 ± 302.7 197.9 ± 384.9 210.8 ± 195.3 0.87

 Sodium (mEq/L) 137.9 ± 3.1 137.9 ± 3.2 137.9 ± 3.1 0.94

 Potassium (mEq/L) 4.6 ± 0.7 4.5 ± 0.7 4.7 ± 0.7 0.13

 Calcium (mg/dL) 8.3 ± 0.8 8.2 ± 0.7 8.5 ± 0.9 0.28

 Phosphorus (mg/dL) 4.8 ± 1.4 4.6 ± 1.3 5.1 ± 1.4 0.18

 Total CO2 (mmol/L) 19.5 ± 2.1 19.8 ± 1.8 19.1 ± 2.4 0.19

 Total cholesterol (mg/dL) 154.8 ± 32.7 150.1 ± 26.9 159.4 ± 37.4 0.28

 Triglyceride (mg/dL) 108.4 ± 70.9 91.5 ± 51.8 125.2 ± 83.4 0.07

 HDL cholesterol (mg/dL) 43.4 ± 13.7 43.1 ± 12.5 43.7 ± 14.9 0.86

 LDL cholesterol (mg/dL) 87.0 ± 27.3 85.5 ± 20.9 88.6 ± 32.8 0.66

Current medicationb

 Aspirin 46 (76.7) 23 (76.6) 23 (76.6) >0.99

 ACEI or ARB 44 (73.3) 24 (80.0) 20 (66.7) 0.24

  High dose 28 (63.7) 17 (70.8) 11 (55.0) 0.35

 Calcium channel blocker 39 (65.0) 23 (76.7) 16 (53.3) 0.10

 Beta-blocker 33 (55.0) 20 (66.7) 13 (43.3) 0.12

 Statin 5 (8.3) 2 (6.7) 3 (8.3) >0.99

IDWG (kg) 2.5 ± 1.2 2.4 ± 1.1 2.5 ± 1.3 0.88

 IDWG% 4.5 ± 2.2 4.7 ± 2.3 4.3 ± 2.2 0.46

 Excessive IDWG 34 (56.7) 17 (56.7) 17 (56.7) >0.99

Data are expressed as number only, mean ± standard deviation, number (%), or median (interquartile range).
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; HDL, high-density lipoprotein; hs-CRP, 
high-sensitivity C-reactive protein; IDWG, interdialytic weight gain; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein; SBP, systolic blood pres-
sure.
aMedian (interquartile range) values are presented because of a skewed distribution. bNone of the patients was treated with aldosterone antagonists.

CI, 0.25–0.85; p = 0.01) were significantly associated with CV 

mortality in maintenance HD patients (Table 5). However, 

the all-cause mortality (p = 0.09) and non-CV mortality (p > 

0.99) rates were not significantly different between the two 

groups. 
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Discussion 

This study demonstrated the effect of low serum aldoste-

rone on CV mortality irrespective of IDWG status. Low 

aldosterone level was significantly associated with a higher 

prevalence of LVDD. Moreover, low aldosterone was an 

independent predictor of CV mortality among patients 

on maintenance HD regardless of IDWG status. Our study 

results demonstrate the paradoxical effect of serum aldo-

sterone on CV mortality in HD patients compared with the 

general population. An elevated serum aldosterone level is 

an established risk factor for LVH and myocardial fibrosis 

in hypertensive patients without ESRD [21]. However, the 

mechanisms behind this aldosterone paradox in HD pa-

tients are not well understood, and it has been argued that 

this association may be due to confounding variables. 

Table 2. Comparative analysis of the baseline characteristics of patients according to IDWG
Characteristic All IDWG/DW < 4% IDWG/DW ≥ 4% p-value

Demographic data

 No. of patients 60 26 34

 Age (yr) 57.9 ± 12.1 60.5 ± 13.1 56.0 ± 11.3 0.16

 Male sex 18 (30.0) 10 (38.5) 8 (23.5) 0.17

 Diabetes melliuts 30 (50.0) 11 (42.3) 19 (55.9) 0.22

 Hypertension 49 (81.7) 18 (69.2) 31 (91.2) 0.03

 SBP (mmHg) 143.4 ± 11.4 141.2 ± 12.7 145.4 ± 10.0 0.19

 DBP (mmHg) 82.1 ± 7.2 81.6 ± 6.2 82.5 ± 8.0 0.65

 Dialysis vintage (yr) 4.7 ± 4.6 3.5 ± 4.4 5.8 ± 4.6 0.06

 Body mass index (kg/m2) 22.3 ± 3.4 22.4 ± 2.9 22.4 ± 3.8 0.93

 Kt/V 1.58 ± 0.26 1.52 ± 0.28 1.62 ± 0.25 0.15

Laboratory data

 Log-aldosterone 3.8 ± 1.4 3.7 ± 1.5 4.0 ± 1.4 0.30

 Hemoglobin (g/dL) 10.0 ± 0.9 10.3 ± 1.1 9.9 ± 0.9 0.13

 hs-CRP (mg/L) 2.1 ± 1.9 2.1 ± 1.6 2.2 ± 2.2 0.87

 Albumin (g/dL) 4.0 ± 0.4 3.9 ± 0.5 4.1 ± 0.4 0.23

 iPTH (pg/mL) 204.3 ± 302.7 153.4 ± 120.3 243.4 ± 386.3 0.26

 Sodium (mEq/L) 137.9 ± 3.1 138.4 ± 3.1 137.5 ± 3.1 0.30

 Potassium (mEq/L) 4.6 ± 0.7 4.3 ± 0.7 4.9 ± 0.6 0.001

 Calcium (mg/dL) 8.3 ± 0.9 8.1 ± 0.6 8.5 ± 1.0 0.03

 Phosphorus (mg/dL) 4.9 ± 1.4 4.1 ± 1.2 5.4 ± 1.3 <0.001

 Total CO2 (mmol/L) 19.5 ± 2.1 20.7 ± 2.3 18.6 ± 1.6 <0.001

 Total cholesterol (mg/dL) 154.8 ± 32.7 160.6 ± 37.0 150.3 ± 28.7 0.23

 Triglyceride (mg/dL) 108.4 ± 70.9 140.4 ± 76.9 83.8 ± 55.5 0.002

 HDL cholesterol (mg/dL) 43.4 ± 13.7 38.8 ± 10.1 46.9 ± 15.1 0.02

 LDL cholesterol (mg/dL) 87.0 ± 27.3 93.6 ± 29.8 82.0 ± 24.5 0.10

Current medication

 Aspirin 46 (76.7) 18 (69.2) 28 (82.4) 0.23

 ACEI or ARB 44 (73.3) 15 (57.6) 29 (85.3) 0.02

 Calcium channel blocker 39 (65.0) 12 (46.2) 27 (79.4) 0.008

 Beta-blocker 33 (55.0) 6 (23.1) 27 (79.4) <0.001

 Statin 5 (8.3) 1 (3.8) 4 (11.8) 0.27

 IDWG (kg) 2.5 ± 1.2 1.4 ± 0.8 3.3 ± 0.7 <0.001

 IDWG% 4.5 ± 2.2 2.5 ± 1.3 6.1 ± 1.5 <0.001

Data are expressed as number only, mean ± standard deviation, or number (%).
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; DW, dry weight; HDL, high-density lipo-
protein; hs-CRP, high-sensitivity C-reactive protein; IDWG, interdialytic weight gain; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein; SBP, sys-
tolic blood pressure.
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Aldosterone is metabolized predominantly in the liver 

and is excreted by the kidney. The serum concentration of 

aldosterone is substantially raised in HD patients. Cooke 

et al. [22] reported that no diurnal variation in the plasma 

aldosterone concentration could be demonstrated in HD 

patients. However, at least three factors play a role in the 

regulation of aldosterone secretion, including (1) sodium or 

volume-related stimuli mediated by the renin-angiotensin 

system, (2) potassium level, and (3) level of adrenocortico-

tropic hormone. Therefore, both the IDWG and sodium in-

take can be important triggers that lead to an increase in the 

plasma renin activity and aldosterone level. However, our 

study could not determine whether patients’ pre-HD serum 

aldosterone levels can be a surrogate for long-term IDWG 

trends. As the glomerular filtration rate decreases, the plas-

ma aldosterone level is inappropriately elevated relative to 

Table 3. Baseline echocardiographic findings according to serum aldosterone level
Variable All (n = 60) Low aldosterone group (n = 30) High aldosterone group (n = 30) p-value

LAD (mm) 41.6 ± 7.3 42.3 ± 7.1 41.2 ± 6.7 0.55

LAVI (mL) 37.3 ± 13.5 40.8 ± 15.1 33.9 ± 10.9 0.05

LVDd (mm) 51.2 ± 7.0 52.2 ± 8.4 50.3 ± 5.2 0.03

IVSd (mm) 10.6 ± 1.8 10.6 ± 1.6 10.6 ± 2.0 0.89

PWd (mm) 10.4 ± 1.9 10.6 ± 1.6 10.2 ± 2.2 0.43

PAP (mmHg) 38.9 ± 15.0 41.2 ± 15.3 36.4 ± 14.6 0.23

LVMI (g/m2) 135.5 ± 43.8 141.6 ± 44.7 129.4 ± 42.7 0.29

LVH 30 (50.0) 18 (60.0) 12 (40.0) 0.12

E/e’ ratio 17.2 ± 6.9 21.0 ± 11.9 14.6 ± 5.3 0.01

LVDD 32 (53.3) 20 (66.7) 12 (40.0) 0.04

EF (%) 60.5 ± 9.6 57.2 ± 10.9 63.8 ± 6.9 0.007

LVSD 5 (8.3) 4 (13.3) 1 (3.3) 0.35

Data are expressed as mean ± standard deviation or number (%).
LAD, left atrial dimension; LAVI, left atrial volume index; LVDd, end-diastolic left ventricular dimension; IVSd, interventricular septum thickness at end-di-
astole; PWd, posterior wall thickness at end-diastole; PAP, pulmonary artery pressure; LVMI, left ventricular mass index; LVH, left ventricular hypertrophy; 
E, early diastolic mitral inflow velocity; e’, early diastolic mitral annular velocity; LVDD, left ventricular diastolic dysfunction; EF, ejection fraction; LVSD, left 
ventricular systolic dysfunction.

Figure 2. Correlations between log-aldosterone and E/e’ ratio and log-aldosterone and serum albumin. E/e’ presented a negative 
correlation (r = –0.435, p = 0.001) (A), while serum albumin demonstrated a positive correlation with log-aldosterone (r = 0.513, p < 
0.001) (B).

r = –0.435, p = 0.001 r = 0.513, p < 0.001
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the accompanying extracellular fluid expansion [23]. 

A growing body of evidence links aldosterone excess to 

an increased risk of CV mortality in the general popula-

tion [7–9]. Patients with CKD also exhibit abnormally high 

aldosterone levels and a greater CV risk [24]. However, 

previous studies that have investigated the association be-

tween serum aldosterone and CV mortality in HD patients 

have yielded inconsistent results. Abd ElHafeez et al. [21] 

reported that the role of aldosterone as an inverse predictor 

of mortality was negligible after adjusting for potential con-

founders, such as malnutrition, inflammation, and volume 

biomarkers. In contrast, Drechsler et al. [25] found that 

elevated aldosterone levels were associated with strongly 

higher risks of sudden cardiac death in HD patients with di-

abetes. Our findings are consistent with those of Kohagura 

et al. [10], which showed that a lower aldosterone level was 

an independent predictor of mortality. They limited their 

study to hypertensive HD patients and excluded patients 

treated with RAAS inhibitors. In their study, the high aldo-

sterone group had increased serum albumin and IDWG val-

ues and reduced CV and all-cause mortality rates. However, 

in our study, the high aldosterone group did not have either 

a higher IDWG or decreased non-CV mortality rates com-

Table 4. Univariate and multivariate logistic regression analysis of LVDD
Univariate Multivariate

Beta OR (95% CI) p-value Beta OR (95% CI) p-value

LAD (mm) 0.251 1.29 (1.14–1.46) <0.001 0.268 1.31 (1.11–1.54) 0.001

Log-aldosterone –0.648 0.52 (0.31–0.88) 0.02 –0.910 0.40 (0.19–0.86) 0.02

Low aldosterone 1.099 3.00 (1.05–8.60) 0.04

LVMI (g/m2) 0.023 1.02 (1.01–1.04) 0.005 0.004 1.00 (0.98–1.03) 0.74

Age (yr) 0.029 1.03 (0.99–1.08) 0.20

Hypertension 0.847 2.33 (0.60–9.02) 0.22

Diabetes mellitus 0.815 2.26 (0.80–6.36) 0.12

Dialysis vintage (yr) 0.018 1.02 (0.91–1.14) 0.76

Female sex 0.838 2.31 (0.75–7.16) 0.15

IDWG (kg) 0.161 1.17 (0.77–1.80) 0.46

Hemoglobin (g/dL) –0.088 0.92 (0.55–1.54) 0.74

Albumin (g/dL) –0.198 0.82 (0.25–2.68) 0.74

Phosphorus (mg/dL) 0.193 1.21 (0.83–1.77) 0.31

Use of ACEI/ARB –0.526 0.59 (0.19–1.87) 0.37

SBP (mmHg) 0.038 1.04 (0.99–1.09) 0.14

DBP (mmHg) 0.024 1.03 (0.95–1.11) 0.54

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; CI, confidence interval; DBP, diastolic blood pressure; IDWG, intradia-
lytic weight gain; LAD, left atrial dimension; LVDD, left ventricular diastolic dysfunction; LVMI, left ventricular mass index; OR, odds ratio; SBP, systolic blood 
pressure.
Covariates with p-values of <0.05 upon univariate analysis (n = 3) were included in the multivariate logistic analysis model, which used an enter method.

Figure 3. Kaplan-Meier survival curves for cardiovascular mor-
tality according to the medians of log-aldosterone. Seven-year 
cardiovascular survival was significantly higher among patients 
in the upper median of log-aldosterone than those in the lower 
median of log-aldosterone (93.3% vs. 73.3%, log-rank test, p = 
0.027).
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Table 5. Cox regression analysis of the predictors of cardiovascular mortality
Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Age (yr) 1.14 (1.06–1.22) <0.001 1.17 (1.06–1.30) 0.003

Log-aldosterone 0.53 (0.37–0.76) <0.001 0.46 (0.25–0.85) 0.01

Low aldosterone 4.88 (1.03–23.09) 0.05

Albumin (g/dL) 0.24 (0.06–0.94) 0.04 5.46 (0.70–42.63) 0.12

Phosphorus (mg/dL) 0.62 (0.39–0.99) 0.05 1.10 (0.59–2.08) 0.76

LAD (mm) 1.00 (0.92–1.09) 0.99

E/e’ ratioe 1.09 (1.00–1.20) 0.06

Hemoglobin (g/dL) 0.90 (0.48–1.68) 0.73

hs-CRP (mg/L) 1.19 (0.93–1.54) 0.20 1.24 (0.91–1.69) 0.17

Female sex 1.90 (0.40–8.96) 0.42

Diabetes mellitus 2.70 (0.70–10.44) 0.15

Hypertension 1.01 (0.21–4.75) 0.99

SBP (mmHg) 1.01 (0.95–1.07) 0.79

DBP (mmHg) 0.99 (0.90–1.09) 0.79

IDWG (kg) 0.87 (0.53–1.45) 0.60

Dialysis vintage (yr) 0.87 (0.69–1.09) 0.22

Total cholesterol (mg/dL) 0.97 (0.98–1.02) 0.97

Sodium (mEq/L) 0.95 (0.79–1.14) 0.60

Potassium (mEq/L) 0.54 (0.23–1.25) 0.15

Use of ACEI/ARB 0.57 (0.16–2.00) 0.38 0.92 (0.17–5.11) 0.93

Use of CCB 1.39 (0.36–5.39) 0.63

Use of a beta-blocker 0.86 (0.25–2.98) 0.81

Use of a statin 1.42 (0.18–11.21) 0.74

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CI, confidence interval; DBP, diastolic 
blood pressure; E, early diastolic mitral inflow velocity; e`, early diastolic mitral annular velocity; hs-CRP, high-sensitivity C-reactive protein; IDWG, intradia-
lytic weight gain; OR, odds ratio; SBP, systolic blood pressure.
Covariates with p-values < 0.05 upon univariate analysis (n = 4), hs-CRP and use of ACEI/ARB were included in the multivariate logistic analysis model, 
method with enter.

pared with the low aldosterone group. Hung et al. [11] also 

demonstrated that a high aldosterone level was inversely 

associated with decreased all-cause mortality and CV event 

rates only during a state of volume overload. In contrast, our 

subgroup analysis of the presence of excessive IDWG did 

not show opposite survival curves (p = 0.79, Supplementary 

Fig. 1A) and instead suggested that patients in the high al-

dosterone group without evidence of volume overload had 

better survival (100.0% vs. 69.2%, p = 0.03) (Supplementary 

Fig. 1B). Contrary to our expectations, the inverse associ-

ation of aldosterone levels became profound in patients 

without any volume overload. The difference between our 

findings and the results of the two studies [10,11] men-

tioned above seemed to result from the differences in study 

population, the operational definition of volume overload, 

and the HD vintage. In our study, the group that did not 

have excessive IDWG had a tendency to have a shorter HD 

vintage, which may also have affected the results. Therefore, 

further investigation is needed to reveal the relationship 

among serum aldosterone, IDWG, and CV mortality. 

LVDD develops early in most patients with cardiac dis-

eases and leads to the elevation of LV filling pressure. Fur-

thermore, it is an independent predictor of CV outcome. 

However, an inverse relationship between aldosterone and 

LVDD has not been established in HD patients. The preva-

lence and severity of LVDD gradually increase as renal func-

tion decreases, and it occurs in approximately 50% of HD 

patients, even in those without current symptoms of heart 

failure [26,27]. Similar to previous studies [28,29], our data 

showed that LVDD and LVSD were present in 53.3% and 

8.3% of HD patients, respectively. Numerous studies have 

indicated that the E/e’ ratio was the best noninvasive pre-
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dictor of an elevated LV filling pressure and LVDD [30,31]. 

Franczyk-Skóra et al. [26] showed that the E/e’ ratio was 

two-fold higher in patients with stage 5 CKD than in those 

with stage 2 CKD, and it was also greater in patients on HD. 

In addition to the E/e’ ratio, LAD is thought to reflect the LV 

filling pressure and has been considered an integrator of 

diastolic function over time. Therefore, this parameter pro-

vides diagnostic and prognostic information about LVDD 

and chronicity of disease [32]. Our data also support LAD 

as an independent risk factor for LVDD. By contrast, the 

main mechanism underlying LVDD is LVH with myocar-

dial interstitial fibrosis, which induces myocardial stiffness 

and impairs heart function during diastole [33]. Among the 

complex pathophysiological factors, the RAAS plays a cru-

cial role in cardiac hypertrophy, fibrosis, and inflammation 

[34]. However, our data demonstrated that low serum aldo-

sterone level was associated with an increased risk of LVDD, 

which is not in accordance with the suggested mechanism. 

The etiology of the reverse epidemiology between aldo-

sterone and CV outcome in HD patients remains unclear, 

but several possible causes can be hypothesized. First, it 

may be related to a survival bias [35]. Only a small propor-

tion of CKD patients undergo dialysis; therefore, it is likely 

that patients on HD have different CV risk factors. The fac-

tors that offer survival advantages to a small percentage of 

patients remain unknown. Another possible explanation is 

the malnutrition-inflammation complex. Serum albumin is 

recognized as a marker of malnutrition and inflammation 

and also is a strong predictor of CV outcome in HD [36]. A 

previous study [24] showed that aldosterone was inversely 

associated with inflammatory markers and directly asso-

ciated with albumin, which suggested that the inflamma-

tion-protein wasting complex was the driving stimulus of 

aldosterone in HD patients. Similarly, the present study 

revealed a statistically significant positive relationship be-

tween serum aldosterone and albumin. Thus, aldosterone 

may be a nutritional and/or inflammatory marker, especial-

ly in chronic HD patients. Several studies have reported a 

possible association between inflammation and the patho-

physiology of LVDD, although they did not include HD pa-

tients. Williams et al. [37] suggested that a higher CRP level 

was related to LVDD but not to systolic dysfunction. Mat-

subara et al. [38] also showed that inflammatory markers 

were elevated in patients with LVDD. More recently, Akin 

et al. [39] demonstrated a significant association between 

LVDD and CRP elevation. The fact that the serum aldoste-

rone level was higher in our study patients than in the gen-

eral population [8] may imply that almost all HD patients 

are already exposed to CV risks. We do not presume that 

the serum aldosterone should be excluded from the CV risk 

factors within this population but instead propose that in-

creased aldosterone may provide some survival advantages 

due to better nutrition and/or its postulated relationship 

with anti-inflammatory mediators. Third, IDWG may have 

been insufficient to adequately access patient volume status 

in this study. The clinical evaluation of volume status using 

IDWG has limitations since it does not necessarily correlate 

with extracellular fluid volume expansion, and chronic fluid 

overload could not be equivalent to IDWG [40]. 

This study had several limitations. First, this was a sin-

gle-center study with small sample size. Second, an obser-

vational study may only provide an associative link but not 

a causative link; therefore, we cannot rule out the possibility 

of unmeasured confounding factors that influenced the 

implications between aldosterone and CV outcomes. Third, 

we did not perform bioimpedance spectroscopy to evaluate 

the patients’ fluid status and did not evaluate the presence 

of residual renal function. In addition, adherence to a low-

salt diet was not assessed objectively. Lastly, we did not 

sequentially examine the echocardiographic parameters 

or the patients for the presence of CV events or risk factors 

(such as their nutritional, inflammatory, and volume sta-

tus) during the follow-up period, which would have yielded 

more informative results. 

In conclusion, this study demonstrated that low serum 

aldosterone level was not only inversely associated with 

LVDD but also was an independent predictor of CV mor-

tality among maintenance HD patients without a previous 

history of CV disease regardless of IDWG. However, further 

research and clinical trials are needed to reveal the impact 

of aldosterone on cardiac function, malnutrition-inflamma-

tion complex, and CV outcomes in HD patients. Although 

aldosterone levels are influenced by several factors, elevat-

ed levels of serum aldosterone were not associated with an 

increase in CV mortality, at least in chronic HD patients.  
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