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Introduction: Indoxyl sulfate, a protein-bound uremic toxin, has been reported as an atherosclerosis and fibrosis accelerator. This
study aimed to determine whether serum indoxyl sulfate is associated with cardiac abnormalities, cardiovascular events, and renal
progression to dialysis in patients with chronic kidney disease (CKD).
Methods: The prospective study enrolled 89 patients with CKD stage 3 to 5 patients. Serum biochemistry data and indoxyl sulfate
were measured. All patients underwent echocardiographic examination. Global longitudinal strain (GLS) was calculated using two-
dimensional speckle tracking. The clinical outcomes including cardiovascular event and dialysis initiation were recorded during
a 2-year follow-up.
Results: Patients were divided into 2 groups based on the median value of serum indoxyl sulfate (low and high indoxyl sulfate
groups). Kaplan–Meier analysis revealed that patients with higher indoxyl sulfate (≥6.124 mg/L) were significantly associated with
renal progression to dialysis (p < 0.001). There was no significant difference in cardiovascular events between 2 groups (p = 0.082). In
addition, serum indoxyl sulfate level was independently associated with GLS (r = 0.62; p = 0.01). The risk of cardiovascular events
was significantly higher in patients with impaired GLS (>−16%) (p = 0.015).
Conclusion: Serum indoxyl sulfate level was a significant predictor for CKD progression to dialysis and was correlated with GLS,
a speckle tracking echocardiography parameter representing early LV systolic dysfunction. Furthermore, GLS was associated with
cardiovascular events in CKD patients. Serum indoxyl sulfate measurement may help to identify the high dialysis and cardiovascular
risk CKD patients beyond traditional risk factors.
Keywords: indoxyl sulfate, chronic kidney disease, echocardiographic parameters, renal outcomes, cardiovascular events

Introduction
Chronic kidney disease (CKD) is one of the most important global health problems and significantly increases
cardiovascular disease (CVD).1 In CKD patients, the prevalence of heart failure and acute myocardial infarction
was about four times higher than normal population.2 Moreover, cardiovascular events and mortality risks are
significantly increasing along with the degree of declining renal function.3 The development of cardiomyopathy and
vasculopathy in CKD patients could not be explained only by traditional risk factors, such as hypertension,
dyslipidemia, diabetes, and smoking. Additional risk factors including oxidative stress, inflammation, endothelial
dysfunction, and uremic-specific risk factors such as uremic toxin accumulation, anemia, and mineral bone disorder
(CKD-MBD), are also proposed.4,5
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Indoxyl sulfate is an important protein-bound uremic toxin derived from indole, a by-product of tryptophan
metabolism of the gut microbiome. Indoxyl sulfate cannot be efficiently eliminated in patients with renal insufficiency,
resulting in accumulation in the body and detrimental consequences on multiple organs.6 In vitro and animal studies
previously revealed an association between indoxyl sulfate and renal tubular cell damage, tubulointerstitial fibrosis,
cardiac fibrosis, vascular calcification, and atherosclerosis.6–9 A rising number of clinical studies suggests that indoxyl
sulfate may also contribute to CVD and mortality in CKD patients.10,11 However, the association of serum indoxyl
sulfate levels and renal progression especially dialysis initiation as well as structural cardiac abnormalities in CKD
patients still requires more evidence.

In this prospective 2-year follow-up cohort study, we aimed to determine whether the indoxyl sulfate level is
associated with renal progression and cardiac abnormalities represented by echocardiographic parameters. In addition,
this study also investigated whether indoxyl sulfate and echocardiography-related cardiac abnormalities are potential
predictors of cardiovascular (CV) events in pre-dialysis CKD stage 3–5 patients.

Methods
Study Population
We enrolled pre-dialysis CKD stage 3–5 patients who attended at outpatient clinic in the Nephrology Department of King
Chulalongkorn Memorial Hospital, Bangkok, Thailand, from January 2017 to December 2020. The inclusion criteria were
patients aged > 18 years old with estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73m2 defined by Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation12 for at least 3 months. The exclusion criteria were
patients with CVD (acute coronary artery disease, congestive heart failure, cerebrovascular disease) in the past 3 months.
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Data Collection
Demographic data, including age, sex, causes of CKD, and medical history were obtained. All patients underwent
baseline laboratory measurement, echocardiography, ankle-brachial index (ABI), and cardio-ankle vascular index (CAVI)
measurement. Serum indoxyl sulfate was measured by high-performance liquid chromatography (HPLC) at the
Pharmacology Department, Faculty of Medicine, Chulalongkorn University.

All echocardiographic parameters were performed and measured by one experienced cardiologist who was blind to
patient data. Two-Dimensional (2D) and 2D guided M-mode images were recorded from the standardized views (4-cham-
ber, 2-chamber, and apical long-axis) using gray-scale harmonic imaging and saved in raw data format (Epiq CVx, Philips
Medical System, Bothell, Washington). Images were obtained at a frame rate of 50 to 70 per second and digital loops were
saved onto an optical disc for offline analysis (Qlab version 10.2, Philips Healthcare). The echocardiographic measurements
included left atrial (LA) diameter, LA volume index (LAVI), early transmitral filling wave velocity (E), late transmitral
filling wave velocity (A), early diastolic mitral annular velocity (e’), E/A and E/e’ ratios, left ventricular end-diastolic
diameter (LVDd), and left ventricular end-systolic diameter (LVDs). Left atrial enlargement was defined as LAVI > 34 m2.
Left ventricular (LV) mass was calculated with the formula: LV mass = 0.8 × {1.04[([LV internal dimension + septal wall
thickness + posterior wall thickness]3 − LV internal dimension3)] + 0.6 g. Left ventricular mass index (LVMI) was
calculated by dividing left ventricular mass by body surface area.13 Left ventricular hypertrophy (LVH) was defined as
LVMI > 95 g/m2 in women and > 115 g/m2 in men. End-diastolic and end-systolic volumes were used to calculate left
ventricular ejection fraction (LVEF) using the Simpson biplane method from the apical 4- and 2-chamber views. Preserved
LVEF was defined as ≥ 50%.14

LV systolic dysfunction was diagnosed by using global longitudinal strain (GLS) which is a parameter that expresses LV
longitudinal shortening as a percentage (change in length as a proportion to baseline length). GLS measurements were
performed offline utilizing commercially available dedicated automated software. The endocardial borders were traced in the
end-systolic frame of the 2D images from the 3 apical views, assessed tracking quality and integration. Frame by frame tissue
speckle tracking of the LVendocardium was performed and endocardial borders were readjusted manually until satisfactory
tracking was achieved.15 GLS was calculated as the mean strain of 17 segments which the American Heart Association
recommended.16 GLS varies typically with age, sex, and LV loading condition. Therefore, defining abnormal GLS is not
straightforward. Previous studies have demonstrated that healthy individuals have GLS ranging from −16 to −20%.17 In our
study, impaired GLS was defined as >-16% (a less negative value reflects a more impaired GLS).

ABI and CAVI were used to determine vascular stiffness at baseline by using a portable ultrasonography-based
machine (VaSera VS-200; Fukuda-Denshi Company, Tokyo, Japan). ABI is determined by the highest systolic
pressure on foot of that side/ average of the highest pressure from both arms, while CAVI score was calculated by
the machine. The ABI score < 0.9 and 0.91–0.99 are peripheral arterial disease and borderline, respectively, while
ABI at 1–1.4 and >1.4 are normal and non-compressible arteries, respectively.18 The CAVI score < 8 and 8–9 are
normal and at risk for atherosclerosis, respectively, while CAVI > 9 is possible atherosclerosis.19

Study Follow-Up
Participants were followed-up every 3 months for 24 months. Complete clinical evaluation and renal function measurements
were recorded. Patients received CKD care from multidisciplinary team consisting of nephrologists, nephrology nurses, and
renal dietitians. Concomitant pharmacological and non-pharmacological therapies such as renin-angiotensin-aldosterone
system (RAAS) inhibitors, anemia and CKD-MBD managements, and blood pressure control were prescribed according to
the therapeutic target of standard guidelines. Dietary advice was organized by dietitians and nephrologists throughout the
study period.

Definition of Outcomes
The primary outcome was CKD progression, defined as the initiation of renal replacement therapy (initiation of
maintenance dialysis or kidney transplantation). The commencement of dialysis was made based on laboratory data,
nutrition status, and uremic symptoms by nephrologist in the outpatient or inpatient consultation. The secondary outcome
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was cardiovascular (CV) events defined as fatal or non-fatal myocardial infarction (MI), angina pectoris, congestive heart
failure, sudden death, cerebrovascular disorder, or peripheral arterial disease.

Statistical Analysis
Data were presented as mean ± (standard deviation; SD) for normally distributed or median (interquartile range; IQR) for non-
normally distributed continuous variables. Categorical data were described as numbers and percentages. Statistical signifi-
cance between the groups at baseline was evaluated by the One-way ANOVA or Kruskal–Wallis test. For analytical purposes,
patients were divided according to the median serum indoxyl sulfate levels into 2 groups (low and high indoxyl sulfate
groups). Comparison between the low and high indoxyl sulfate groups was evaluated by chi-square, unpaired t-tests, and
Mann–Whitney U-test as appropriate.

The relationship between indoxyl sulfate levels and variables of interest and echocardiographic parameters were
assessed using univariate and multivariate linear regression analyses for continuous variables. The multivariate model
included all valuables that had a significant correlation with indoxyl sulfate in the univariate analysis.

Cumulative cardiovascular event-free survival estimates were calculated by utilizing the Kaplan–Meier method. The
Log rank test was used to compare survival curves. Cox proportional hazards regression analysis was performed to
calculate the hazard ratio (HR) and 95% confidence interval (95% CI) for cardiovascular events. Multivariate Cox
proportional hazard regression analyses were performed to adjust various factors. A two-tailed p-value < 0.05 was
considered significant. The participants with any missing data were excluded from analyses. Data were analyzed using
the Stata Statistical Software version 15.0 (StataCorp LLC, College Station, TX).

Results
Patient Characteristics
This study cohort consists of 89 pre-dialysis CKD stage 3 to 5 patients. The mean age was 63.5±15 years. The most
common cause of CKD was diabetic nephropathy (44.9%) followed by hypertensive nephropathy (16.8%), and
chronic glomerulonephritis (12.4%). The percentage of CKD stage 3, 4, and 5 was 29.2%, 32.6%, and 38.2%,
respectively. Serum indoxyl sulfate levels were significantly higher in patients with worsening renal function. The
mean serum indoxyl sulfate levels were 2.73 ± 1.97, 5.83 ± 3.35, and 18.44 ± 10.31 mg/L in stages 3, 4, and 5 CKD,
respectively.

Patients with worse renal function had a higher prevalence of left atrial (LA) enlargement (19% in CKD stage 3, 46.1% in
CKD stage 4, and 57.6% in CKD stage 5; p=0.02), left ventricular hypertrophy (LVH) (48% in CKD stage 3, 75.8% in CKD
stage 4, and 82.3% in CKD stage 5; p=0.01), and impaired global longitudinal strain (GLS) (43.3%, 51.7%, and 70.6% in
CKD stage 3,4, and 5, respectively; p=0.04). However, there were no significant differences in the prevalence of the remaining
echocardiographic parameters, including left ventricular ejection fraction (LVEF), among pre-dialysis CKD stage 3 to 5
patients (Data not shown).

Comparison Between Low and High Indoxyl Sulfate Groups
Patients were divided into 2 groups on the basis of the median serum indoxyl sulfate levels (low indoxyl sulfate
group, < 6.124 mg/L and high indoxyl sulfate group, ≥ 6.124 mg/L) (Table 1). The high indoxyl sulfate group
showed significantly lower eGFR, higher phosphate levels, and greater CAVI than the low indoxyl sulfate group.
Patients with high indoxyl sulfate had a higher prevalence of LA enlargement, LVH, and impaired GLS) than
patients in the low indoxyl sulfate group.

Correlation Between Indoxyl Sulfate Levels and Clinical and Echocardiographic
Parameters
The univariate correlations between serum indoxyl sulfate levels and clinical and echocardiographic parameters of the
study population are shown in Table 2. A significant positive correlation was detected for creatinine, phosphate, and
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GLS, while a significant negative correlation was observed for hemoglobin. Figure 1 depicts a positive linear relationship
between serum indoxyl sulfate levels and GLS (r=0.62, p = 0.01).

In multivariate linear regression analysis, creatinine (r = 1.49, p < 0.001), hemoglobin (r = −1.76, p = 0.002), and
GLS (r= 0.42, p = 0.033) were independently correlated with indoxyl sulfate levels.

Predictor of Renal Outcomes
There were 34 patients who initiated renal replacement therapy during 24 months of follow-up. As detailed in Table 3,
unadjusted predictors of progression to dialysis were age (p=0.005), creatinine (p<0.001), using of renin-angiotensin-
aldosterone system (RAAS) inhibitors (p=0.001), serum indoxyl sulfate levels (p<0.001), LVEF (p=0.035), and GLS
(p=0.010). Kaplan–Meier curve of the cumulative event-free survival for the dialysis dichotomized according to indoxyl

Table 1 Clinical Characteristics Stratified According to Indoxyl Sulfate Levels

Low Indoxyl Sulfate (n=44) High Indoxyl Sulfate (n=45) p-value

Age 67.36 ± 14.57 59.71 ± 14.81 0.016

Diabetes mellitus 20 (45.45%) 25 (55.56%) 0.346

Creatinine (mg/dL) 2.56 ± 2.53 5.57 ± 2.77 <0.001

eGFR (mL/min/1.73m2) 32.52 ± 12.08 12.46 ± 9.11 <0.001

Calcium (mg/dL) 9.24 ± 1.47 9.03 ± 1.07 0.448

Phosphate (mg/dL) 3.55 ± 0.64 4.74 ± 1.25 <0.001

Albumin (g/dL) 4.04 ± 0.32 3.91 ± 0.36 0.086

Hemoglobin (g/dL) 11.82 ± 1.75 10.15 ± 0.49 <0.001

C-reactive protein (mg/L) 14.04 (11.84) 20.9 (18.8) <0.001

ABI 1.06 ± 0.16 1.07 ± 0.14 0.756

CAVI 7.76 ± 1.45 8.67 ± 1.46 0.012

LVDd 4.78 ± 0.92 4.88 ± 0.80 0.621

LVDs 3.09 ± 1.04 3.09 ± 0 0.73 0.979

LVEF 62.56 ± 13 64.02 ± 12 0.595

LVMI 116.12 ± 37 121.92 ±36 0.465

LAVI 29.49 ± 12 36.29 ± 15 0.029

E/A 1.01 ± 0.37 0.98 ± 0.42 0.738

E/e’ 15.82 ± 6.5 17.39 ± 6.16 0.269

GLS (%) −16.87 ± 5.32 −14.9 ± 4.09 0.125

Reduced LVEF 5 (11.36%) 7 (15.56%) 0.567

LVH 25(57%) 37 (82.2%) 0.013

LA enlargement 12 (27.2%) 25 (55.5%) 0.010

Impaired LV strain 20 (45.5%) 30 (66.7%) 0.025

Note: Data are presented as mean ± SD, median (IQR).
Abbreviations: ABI, ankle-brachial index; CAVI, cardio-ankle vascular index; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; LAVI, left atrial
volume index; LVEF, left ventricular ejection fraction; LVDd, left ventricular diastolic dimension; LVDs, left ventricular systolic dimension; LVH, left ventricular hypertrophy;
LVMI, left ventricular mass index.
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sulfate levels (low and high) is reported in Figure 2. The high indoxyl sulfate group was associated with dialysis
initiation when compared with low indoxyl sulfate group (log-rank p < 0.001). After adjustment for age, using RAAS
inhibitors, creatinine, and GLS; indoxyl sulfate and LVEF remained independent predictors for progression to dialysis
(HR 1.04; 95% CI 1.01–1.08; p=0.022) (Table 3).

Predictors of Cardiovascular Events
There were 19 cardiovascular events during 24 months of follow-up. On univariate Cox proportional hazard analysis,
LVEF and GLS were significantly associated with cardiovascular events together with age and CAVI. In contrast, there
was no significant association between serum indoxyl sulfate levels and cardiovascular events (Table 4). Following
adjustment with multivariate analysis, only GLS remained a significant predictor of cardiovascular events (HR 1.26; 95%
CI 1.01–1.59; p=0.045) (Table 4). The cardiovascular events in impaired GLS group was significantly higher than the
preserved GLS group (p=0.015) (Figure 3). There was no significant difference in cardiovascular events between low and
high indoxyl sulfate groups (p=0.082).

Discussion
In pre-dialysis CKD stage 3 to 5 patients, the results in the present prospective 2-year follow-up cohort study
demonstrated that high serum indoxyl sulfate could predict progression to dialysis. In addition, indoxyl sulfate was
significantly associated with GLS, an emerging echocardiography technique for measuring more subtle disturbances in
LV systolic function that could forecast CVD events in pre-dialysis CKD patients.

Table 2 Univariate and Multivariate Linear Regression Analyses for Indoxyl Sulfate

Univariate Analysis Multivariate Analysis

r p-value r p-value

Age −0.19 0.005 −0.06 0.271

Creatinine 2.16 <0.001 1.49 <0.001

Calcium −1.23 0.164

Phosphate 4.47 <0.001 0.04 0.97

Albumin −2.34 0.428

Hemoglobin −2.44 <0.001 −1.76 0.002

ABI 11.33 0.166

CAVI 0.04 0.955

LVDd 1.23 0.314

LVDs 1.07 0.361

LVEF −0.01 0.918

LVMI 0.02 0.45

LAVI 0.04 0.574

E/A 0.62 0.82

E/e’ 0.05 0.756

GLS (%) 0.62 0.01 0.42 0.033

Abbreviations: ABI, ankle-brachial index; CAVI, cardio-ankle vascular index; GLS, global longitudinal strain; LAVI, left atrial
volume index; LVEF, left ventricular ejection fraction; LVDd, left ventricular diastolic dimension; LVDs, left ventricular systolic
dimension; LVMI, left ventricular mass index.
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Indoxyl sulfate has been reported as an atherosclerosis accelerator by increasing proinflammatory cytokines and
oxidative stress, promoting endothelial dysfunction, inhibiting bone turnover, and inducing vascular calcification.6,7,20

Furthermore, a line of evidence illustrates that indoxyl sulfate could contribute to CKD progression. In in vitro and
animal models of CKD, indoxyl sulfate was demonstrated to have direct toxic effects on tubular cells, leading to

Figure 1 Linear regression curve. Relationship between serum levels of indoxyl sulfate and global longitudinal strain.

Table 3 Univariate and Multivariate Cox Proportional Hazards Models of Dialysis Initiation During Follow-Up

Univariate Analysis Multivariate Analysis

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

Age (years) 1.03 (1.01–1.05) 0.005 0.98 (0.96–1.01) 0.194

Male 1.18 (0.60–2.39) 0.480

Diabetes mellitus 0.95 (0.48–1.86) 0.884

Smoking 1.17 (0.28–4.91) 0.829

RAAS inhibitors 0.22 (0.09–0.54) 0.001 0.45 (0.17–1.16) 0.099

Creatinine (mg/dL) 1.17 (1.10–1.25) < 0.001 1.1 (0.98–1.22) 0.093

Indoxyl sulfate (mg/L) 1.08 (1.05–1.11) < 0.001 1.04 (1.01–1.08) 0.022

CAVI 0.99 (0.78–1.27) 0.984

GLS 1.11 (1.02–1.19) 0.010 1.00 (0.90–1.11) 0.931

LVEF (%) 0.97 (0.95–0.99) 0.035 0.96 (0.93–0.99) 0.033

Abbreviations: CAVI, cardio-ankle vascular index; GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; RAAS, renin-angiotensin-aldosterone
system.
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increased oxidative stress, inflammation, and fibrosis.21–23 Direct renal injury and vascular toxicity of indoxyl sulfate
might accelerate renal progression. However, only a few prospective studies have evaluated the impact of serum indoxyl
sulfate levels on CKD progression. The only one prospective cohort in 269 adult CKD G1-5 patients, revealed
a significant association between serum indoxyl sulfate levels and renal progression, defined as a reduction of eGFR

Figure 2 Kaplan–Meier curves of cumulative event-free survival for dialysis according to low- and high- indoxyl sulfate group.

Table 4 Cox Univariate and Multivariate Regression Analyses for Predictors of Cardiovascular Events

Univariate Analysis Multivariate Analysis

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

Age (years) 1.08 (1.02–1.13) 0.004 1.05 (0.97–1.13) 0.225

Male 3.94 (0.89–17.47) 0.071

Smoking 1.19 (0.16–9.03) 0.868

Creatinine (mg/dL) 1.03 (0.99–1.06) 0.067

Indoxyl sulfate (mg/L) 0.92 (0.83–1.00) 0.069

ABI 6.21 (0.03–11.84) 0.495

CAVI 1.72 (1.10–2.69) 0.017 1.15 (0.69–1.90) 0.580

LVEF (%) 0.96 (0.93–0.99) 0.011 0.98 (0.89–1.08) 0.736

LVMI (g/m2) 1.01 (0.99–1.02) 0.261

LAVI (mL/m2) 1.02 (0.99–1.05) 0.184

GLS (%) 1.21 (1.02–1.42) 0.026 1.26 (1.01–1.59) 0.045

Abbreviations: ABI, ankle-brachial index; CAVI, cardio-ankle vascular index; GLS, global longitudinal strain; LAVI, left atrial volume index; LVMI, left ventricular
mass index.
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by 50% or end stage kidney disease requiring dialysis, after 21 months follow-up period.24 In the present study, we
provided the result of a significant correlation between indoxyl sulfate and the commencement of dialysis which was
independent of patients’ cardiovascular status, adjusted with CAVI, LVMI, and LVEF (Table 3). These findings suggest
the temporal relationship between nephrotoxicity of indoxyl sulfate and CKD progression.

Regarding cardiovascular changes, hemodynamic and metabolic alterations in CKD result in cardiac remodeling which
occurs early and is significantly worse than non-CKD.25 Hypervolemia and renal anemia contribute to volume load while
hypertension, vascular calcifications, and increased sympathetic activation in CKD result in pressure load. Both volume and
pressure overloads can cause LV geometric changes. In our cohort, LV mass and the prevalence of LVH increased with
deteriorating kidney function, whereas there was no significant difference in LVEF among CKD stages 3, 4, and 5. The LVH
enhancing effect observed in the present study was also detected in a previous study in patients with more advanced
CKD26,27 while the prevalence of LV systolic dysfunction (reduced LVEF) in CKD patients varied according to different
methodologies.28 Although the reduction in LVEF is good predictive of CVevents and mortality, there were some limitations
in utilizing LVEF as a predictor. The methods of LVEF measurement involve inaccuracies associated with unclear
delineation of endocardial borders and the assumption of geometric uniformity.29 Furthermore, LVEF may be insufficiently
sensitive to identify mild or subclinical degrees of LV systolic dysfunction. These limitations have led to an interest in new
echocardiographic techniques that provide more objective and sensitive measures of LV myocardial function. GLS is
a relatively new echocardiographic application used increasingly in the general population. This technique is an offline
application that follows the motion of myocardial tissue throughout the cardiac cycle by tracking acoustic reflections, known
as speckles. As GLS quantifies longitudinal contraction, especially in the subendocardial fibers, the wall layer most
susceptible to ischemia, reductions in longitudinal strain may be found prior to a reduction in LVEF.30 GLS is an effective
tool for detecting early subtle disturbances of LV systolic function when LVEF is normal. In the present study, patients with
more advanced CKD had a higher prevalence of impaired GLS but had no significant differences in reduced LVEF.

Indoxyl sulfate has strong proinflammatory and pro-hypertrophic effects on cardiac cells. In addition, this protein-
bound uremic toxin contributed to cardiac fibrosis in in vitro by stimulating synthesis of transforming growth factor-beta,
and encouraging the NF-kB pathway activation.8 Therefore, accumulation of indoxyl sulfate in CKD patients might
directly induce detrimental effects on the cardiac cells and cause adverse cardiac remodeling. Indoxyl sulfate also induces

Figure 3 Kaplan–Meier curve of the cumulative cardiovascular event-free survival stratified by GLS (preserved and impaired GLS groups).
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proinflammatory cytokines and oxidative stress, resulting in endothelial dysfunction and atherosclerosis.31 We demon-
strated that patients with a high indoxyl sulfate group had a higher prevalence of LVH and impaired GLS than the low
indoxyl sulfate group (Table 1). Of interest, there was a significant association between serum indoxyl sulfate levels and
GLS in pre-dialysis CKD stage 3 to 5 patients (Table 2 and Figure 1). This finding was supported by a previous study in
patients with CKD stages 3 and 4 by Krishnasamy et al who revealed that GLS was independently associated with free
indoxyl sulfate level, body mass index, and arterial stiffness.32

In terms of cardiac events, we revealed a significant association between impaired GLS and cardiovascular events
(Table 4). Although certain previous studies reported a correlation between GLS and cardiovascular events in non-CKD
patients with heart failure,33,34 there were sparse data assessing the prognostic value of GLS in pre-dialysis CKD. In
a cross-sectional study of 106 CKD patients stage 1–5 with preserved LVEF, Panoulas et al found that patients with
impaired GLS (more than −16%) had an increased risk of major adverse cardiac events.35 However, this significant
association was lost after adjustment for age, gender, diabetes, hypertension, and eGFR. In another prospective cohort in
106 pre-dialysis CKD patients with preserved LVEF, Sulemane et al demonstrated that GLS was a significant indepen-
dent predictor of the composite endpoint of all-cause mortality, acute coronary syndrome, stable angina requiring
revascularization, Hospitalization for heart failure, and stroke.36

As indoxyl sulfate is associated with GLS, serum indoxyl sulfate is supposed to be a good predictor of cardiac events
in CKD patients. However, we did not find the significant association between serum indoxyl sulfate and cardiovascular
events during the follow-up period (Table 4). On the contrary, Shimazu et al revealed that serum indoxyl sulfate was
a significant predictor of cardiac events in patients with dilated cardiomyopathy.37 Moreover, a previous 3-year
prospective cohort in CKD patients showed an association between indoxyl sulfate and major adverse cardiac
events.38 The different outcomes might be explained by the disparities in populations, low incidence of cardiac events,
and shorter follow-up time in our study.

There are some limitations in this study. First, the numbers of participants and the occurrence of cardiovascular events
were relatively small. Therefore, the power to demonstrate the relationship between indoxyl sulfate and cardiovascular
events might be limited. Second, the follow-up time is relatively short for detecting cardiovascular outcomes. Further
studies with a larger sample size and longer follow-up time are still needed.

Conclusions
The persistently heightened serum indoxyl sulfate in CKD is associated with early impaired left ventricular systolic
function detected by GLS. In addition, high serum indoxyl sulfate and reduced LVEF are significant predictors for
dialysis initiation while impaired GLS significantly forecasts cardiovascular events in CKD patients.
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