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Abstract 

Risk factors and biomarkers as predictors 

for cardiovascular outcomes in chronic kidney disease 

- Focusing on socioeconomic status and high-sensitivity troponin T - 

 

Eunjeong Kang, M.D. 

Department of Internal Medicine  

The Graduate School 

Seoul National University College of Medicine 
 

Introduction: Cardiovascular (CV) diseases are the leading cause of death among 

patients with chronic kidney disease (CKD). Thus, it is important to identify risk 

factors for the prevention of CV disease in patients with CKD to facilitate early 

intervention. Thus, the risk factors and diagnostic biomarkers for subclinical cardiac 

changes were investigated in this study. In the first part of this study, I aimed to reveal 

the association between left ventricular (LV) structure, function and socioeconomic 

status (SES). In the second part of this study, I evaluated the relationship between 

high-sensitivity troponin T (hs-TnT) and LV structure, function in the CKD 

population according to the estimated glomerular filtration rate (eGFR).  
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Methods: Data were collected from the KoreaN Cohort Study for Outcome in 

Patients With Chronic Kidney Disease (KNOW-CKD, NCT01630486 at 

http://www.clinicaltrials.gov) which is a prospective cohort study with non-dialysis-

dependent CKD patients. Echocardiography was conducted for evaluation of left 

ventricular hypertrophy (LVH), systolic and diastolic dysfunction at baseline and 

after 4 years. Information on educational attainment and monthly income level, which 

were captured from patient-reported questionnaires, was used as indicators of SES. 

Cardiac troponin T levels were measured using high-sensitivity assay, and the 

participants were categorized into quartiles according to hs-TnT concentrations.  

Results: In the analysis regarding SES and LVH, LVH was associated with 

parameters of SES and these associations had graded responses. Lower education and 

income level showed a statistically significant determinant of LVH in total 

participants and a subgroup with age ≥ 50 years, but not age < 50 years in the 

multivariate analysis. In view of diastolic dysfunction, the monthly income level was 

associated with diastolic dysfunction in total patients and patients age ≥ 50 years in 

the multivariable analysis. In the second part of this study, elevated hs-TnT was 

associated with LVH and diastolic dysfunction at baseline in an adjusted model, but 

not in systolic dysfunction. These associations remained significant for both eGFR 

subgroups based on eGFR 60mL/min/1.73m2, irrespective of renal function. ROC 

analysis showed that hs-TnT levels as a continuous variable exhibited fair 

significance for the detection of LVH (Area under the curve [AUC] 0.69) and 
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diastolic dysfunction (AUC 0.74). Finally, multivariable analysis showed that higher 

hs-TnT levels at study entry were related to the development of new LVH but not the 

development of diastolic dysfunction among participants with follow-up 

echocardiography at 4 years (N=864). 

Conclusion: The present study shows that educational attainment and monthly 

income level are possible risk factors for LVH and monthly income level is a 

significant determinant of diastolic dysfunction. Additionally, in the view of 

biomarkers, hs-TnT is strongly associated with alterations of LV structure and 

diastolic dysfunction regardless of renal function. Baseline hs-TnT levels are 

predictive of new LVH on follow-up. Further studies regarding novel risk factors and 

the mechanisms for CV disease in non-dialysis-dependent CKD population is 

warranted to improve the CV outcomes.  

Parts of the results in this thesis have been published in the following articles: 

 Eunjeong Kang et al. (2018). “The association between socioeconomic 

disparities and left ventricular hypertrophy in chronic kidney disease: results 

from the KoreaN Cohort Study for Outcomes in Patients With Chronic 

Kidney Disease (KNOW-CKD)”. BMC Nephrology 19(1):203.  

 Eunjeong Kang et al. (2019). “Association Between High‐Sensitivity 

Cardiac Troponin T and Echocardiographic Parameters in Chronic Kidney 

Disease: Results From the KNOW‐CKD Cohort Study”. Journal of 

American Heart Association 17;8(18):e013357 
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Chapter 1. Introduction 

 

1.1 Backgrounds  

The importance of cardiovascular disease in chronic kidney disease  

Worldwide, cardiovascular (CV) diseases are the leading cause of death among 

patients with chronic kidney disease (CKD) and end-stage renal disease (ESRD), 

irrespective of race and ethnicity,(1) especially, it is reported that CV disease may 

account for half of the deaths in CKD patients irrespective of biological age.(2) Also, 

CV disease is the primary cause of death in CKD patients in Korea, accounting for 

39% of mortality cases in peritoneal dialysis and 36% in hemodialysis patients.(3)  

The presence of CV disease is independently related to kidney function decline.(4) 

From several epidemiological studies, it is certain that patients with CKD are at higher 

risk of developing CVD.(5) Many previous studies reported that low estimated 

glomerular filtration rate (eGFR) and higher level of albuminuria are related to CV 

diseases and mortality.(6, 7) Especially, the risk of CV mortality linearly inclines with 

decreasing eGFR below 75 mL/min/1.73m2 even after adjustment for traditional CV 

risk factors and albuminuria.(6, 7) According to the CKD stages, the CV mortality 

rate was twice as high in patients with CKD stage 3 (30-59mL/min/1.73m2) and three 

times higher in CKD stage 4 (15-29 mL/min/1.73m2) compared to those with normal 
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renal function.(6-8) In the view of albuminuria, the adjusted hazard ratio of CV 

mortality is more than two folds at the 30-299 mg/g categories, compared with the 

risk in individuals with normal albuminuria.(6-8) In particular, given that even a small 

amount of albuminuria increases the risk of CV mortality, physicians and 

nephrologists should pay attention to the albuminuria itself. Thus, it is important to 

identify risk factors for the prevention of cardiovascular disease in patients with CKD 

in order to facilitate treatment in the asymptomatic phase.  

 

The risk factors for adverse cardiovascular event in CKD patients  

So far, the underlying mechanisms of the association between CKD and CV risk 

remain unclear. CKD alters metabolism in the uremic milieu and plenty of risk factors 

were observed in CKD patients. Various links between the CV and renal systems 

represent complex associations. These complicated relationships between CKD and 

CV diseases come from an assembly of multiple CV risk factors, including the 

“traditional risk factors” and “non-traditional risk factors”. Representatively, 

traditional risk factors that were revealed from the Framingham cohort study, such as 

age, lifestyle, dyslipidemia, left ventricular hypertrophy, hypertension and diabetes 

mellitus predict CV mortality from CKD with mild to moderate renal dysfunction.(9) 

Recently, novel risk factors for CV disease, including inflammation, endothelial cell 

dysfunction, sympathetic tone over-activation, protein energy-wasting,(10) oxidative 
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stress, vascular calcification, and volume overload seem to play a more important role 

for CV disease in CKD patients than general population.(11-14) All of these 

traditional and non-traditional risk factors interact with each other in CKD 

populations and have a great influence on the development of CV diseases. However, 

we need to consider that the association between traditional risk factors and CV 

diseases is complicated: i.e., the well-known association between traditional risk 

factors in the general population is not observed in the patients with advanced 

CKD.(15) The high prevalence of protein-energy wasting, persistent inflammation 

and volume overload in advanced CKD are the main reasons for the paradoxical 

association between established risk factors and CV outcomes in this population 

group.(16, 17)  

 

Pathophysiology of cardiovascular disease in CKD patients  

In particular, CKD patients are exposed to pressure overload, volume overload, and 

CKD-related non-hemodynamic factors that change the myocardium. Pressure 

overload results from long-standing hypertension and vascular stiffness.(18) It leads 

to an increment of cardiac afterload and decrement of arterial compliance through 

concentric thickening of the left ventricular wall. Additionally, volume overload leads 

to eccentric hypertrophy secondary to the addition of new sarcomeres and may be 

related to increased extracellular volume and anemia. As a result, increased left 
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ventricular wall stress from pressure and volume overload induces changes in the 

myocardium.(2) Left ventricular hypertrophy (LVH) provoked by this process 

through physiologic adaptation, causes decreased diastolic compliance and leads to 

ischemic cardiomyopathy, even in the absence of coronary artery disease.(19) More 

specifically, in a cohort of patients starting dialysis therapy, cardiac enlargement and 

decreased systolic function exhibited a relationship with ischemic heart disease and 

cardiac failure.(20) LVH lead to various clinical sequels including myocardial 

infarction, intradialytic hypotension, angina, heart failure, and sudden cardiac death. 

(2) The prevalence of LVH is estimated to be between 16-31% in patients with GFR 

>30mL/min/1.73m2, and it increases to 60-75% before initiation dialysis also rises to 

more than 90% after starting renal replacement therapy.(21) Cardiac symptoms may 

not occur until the changes of heart structure and function are severe, thus, it is 

important to diagnose subclinical disease including LVH earlier and stratify risks for 

CV outcomes. 

In addition to hemodynamic changes, improper activation of the renin-angiotensin 

system, oxidative stress, inflammation, and stimulation of many kinds of hypertrophic 

and fibrogenic factors (transforming growth factorβ, cardiotrophin-1, galectin-3, 

fibroblast growth factor) are important CV risk factors in CKD patients.(22)  
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Since both the traditional and CKD-specific non-traditional risk factors 

aforementioned effect to raise the CV risk, further studies are needed for early 

detection and interruption of these pathophysiologic mechanisms.  

 

Cardiovascular diseases in CKD patients  

The spectrum of CVD in CKD populations is varied since it includes congestive heart 

failure, arrhythmias, ischemic heart disease, stroke, valvular calcification and 

peripheral vascular disease.(23-26)  

First of all, congestive heart failure (CHF) is the leading CV disease in CKD patients, 

which is characterized by pulmonary edema and dyspnea.(2) LV dysfunction is 

observed among CKD patients and is related to the increment of the prevalence of 

CHF and CV mortality. Especially, diastolic dysfunction may occur in the early stages 

of CKD, even without LVH. The mortality was slightly higher for diastolic 

dysfunction than for systolic dysfunction.(27)  

In addition, as eGFR decreases, the incidence of coronary artery disease (CAD) 

increases.(28, 29) In CKD patients, CAD is characterized by diffuse multi-vessel 

involvement with coronary artery calcification. CKD and ESRD patients rarely show 

typical manifestations (“oligo-symptomatic”) such as chest pain when developing 

myocardial infarction and CAD; 72% of patients with normal kidney function who 
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present with acute myocardial infarction complain of chest pain, arm or shoulder pain, 

while only 44% patients with eGFR <60 mL/min/1.73m2 develop above 

symptoms.(30) Thus, differences in the acute manifestations profile in CKD patients 

should be addressed in real clinical settings.  

 

KoreaN cohort study for Outcome in patients With Chronic Kidney Disease 

(KNOW-CKD) 

CKD is a rapidly growing disease and worldwide problem. The prevalence of CKD 

in South Korea is estimated to be at 13.7% in the adult by the population-based 

study.(31) Recently, several CKD cohorts were established worldwide and most of 

them are primarily based on the CKD populations with low GFR (less than 

60mL/min/1.73m2).(32-34)  

The KNOW-CKD cohort, funded by the Korea Center for Disease Control and 

Prevention was established in 2011 in South Korea. The main purposes of this cohort 

are as follows: 1) to establish an adult pre-dialysis CKD cohort covering early, as well 

as advanced, CKD, 2) to evaluate the natural history of CKD including renal 

progression, death, CV disease, and other complications, 3) to investigate the 

etiologic factors for renal progression and cardiovascular complications, 4) to find out 

the mechanisms between renal dysfunction and adverse outcomes, and 5) to identify 
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the genetic and molecular effect on renal progression and complications.(35) The 

strong point of KNOW-CKD is the composition of participants which included a 

broad range of renal dysfunction – from early to advanced CKD patients. Therefore, 

KNOW-CKD is suitable for investigating various aspects of CKD.  

 

1.2 The purpose of this study 

As mentioned above, it is important to prevent and detect CV disease and 

complications early in CKD populations for improving the clinical outcomes. In this 

theses, risk factors and diagnostic biomarker for subclinical cardiac changes were 

investigated based on the KNOW-CKD Study.   
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Chapter 2. The association between socioeconomics disparities 

and echocardiographic parameters in chronic kidney disease  

 

2.1 Background  

Socioeconomic status and chronic kidney disease  

Socioeconomic status (SES) is a measurement of social and economic wellbeing 

assessed by three aspects: education, occupation, and income. SES is an important 

and strong predictor of morbidity and mortality. Generally, education level, 

occupation, race, housing, social support, and income are key components to be 

evaluated as SES. Multiple determinants of health care level vary with SES levels, 

including risk of all-cause mortality,(36) cardiovascular diseases,(37-39) diabetes 

mellitus,(39, 40) cancer,(41, 42) and CKD.(39, 43) Socioeconomic status may affect 

health by the availability of resources to maintain health including a safe place to 

exercise, healthy food, access to health care, and health insurance.(44) Such 

determinants may interact with and combine to affect the health outcomes in an 

interconnected mechanism. 

CKD is a complex disease of genetic and environmental factors. Social determinants 

of health might affect environmental components. Because SES might similarly 

influence CKD patients as it does the general population, it is important to clarify 
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health-related risk factors in CKD affected by SES. Thus, understanding the social 

determinants of health is very important. Until now, several studies have reported that 

low income is associated with albuminuria and eGFR <60mL/min/1.73m in Jackson 

Heart Study (45) and Reasons for Geographic and Racial Differences in Stroke 

(REGARDS) cohort.(46, 47) Also, lower-income and education were related to lower 

eGFR in the CRIC study. Besides, the incidence of ESRD was higher in patients with 

low income and educational attainment.(48, 49)  

 

Socioeconomic status and cardiovascular disease  

SES also has a significant impact on CV disease, and the people with low SES levels 

carry a substantial burden of CV disease and are more likely to experience increased 

event rates and poorer clinical outcomes (50). There are many studies regarding the 

association between income level and mortality, myocardial infarction, and coronary 

heart disease in western countries. All of these studies revealed that low income level 

is associated with significantly higher rates of events and poorer outcomes compared 

to the group with higher income level.(51-53) Additionally, in the view of educational 

attainment, several studies have demonstrated a higher risk of CV disease and 

mortality.(54) Especially, in South Korea, low education level was associated with an 

increased risk of three-year cardiac events and all-cause mortality (55).  
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In one study, Carlos et al.(56) reported that lower SES is an independent risk factor 

for increased left ventricular mass among hypertensive and normotensive African 

Americans. Additionally, low family SES at childhood was associated with increased 

LV mass and diastolic dysfunction after more than 30 years.(57) However, the 

relationship between SES and risk factors of cardiovascular mortality, including LVH, 

is less well known among CKD patients. 

However, most of the studies were conducted to find out the prevalence of CV disease 

according to SES in the general population, or reveal the influence of SES on poorer 

clinical outcomes in the patients with myocardial infarction. Few studies have been 

conducted regarding SES and CVD in the CKD population.  

 

The purpose of this part of the study  

Since some social determinants of health are modifiable through education and 

governmental health policies, investigating the influence of SES on the outcome of 

CKD and CVD is crucial. As mentioned above, LVH and diastolic dysfunction are 

one of the most important factors for subclinical disease in CKD populations. 

Therefore, here, I investigated the association between LVH and diastolic dysfunction, 

the representative risk factor for CV mortality in CKD and socioeconomic status, 
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evaluated by educational attainment and monthly income level, among participants in 

the KNOW-CKD. 

  



12 

 

2.2 Materials and methods  

Study populations  

This study was performed using the database extracted from KNOW-CKD, a Korean 

multicenter prospective cohort study that enrolled subjects with non-dialysis 

dependent CKD (stages 1 to 5) from 2011 to 2016. The study protocol was approved 

by the Institutional Review Board at each participating clinical center. The study was 

conducted in accordance with the principles of the Declaration of Helsinki. The study 

protocol summary is registered at ClinicalTrials.gov under accession number 

NCT01630486. Written informed consent was obtained from all subjects at the time 

of enrollment. Briefly, a total of 2,238 patients were enrolled in the KNOW-CKD 

study. 

Among them, I excluded 1) individuals who did not respond to the questionnaire 

regarding SES, 2) with no measured left ventricular (LV) mass and 3) who were lost 

to follow-up (Figure 1). Finally, 1,648 subjects were included in the analyses. 
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Figure 1 Study flow   

Abbreviations: SES, socioeconomic status; LV, left ventricular  



14 

 

Evaluation of socioeconomic status  

Information on educational attainment and monthly income level, which were 

captured from the patient-reported questionnaire, was used as indicators of SES. 

Monthly income level based on the average household income level was classified 

into three levels: less than $ 1500, $ 1500 to $ 4500, and over $ 4500 per month. With 

regard to educational attainment, the patients were asked about the level at which their 

formal school education was completed. Educational attainment was classified into 

three levels: “less than high school” included those who never went to high school or 

who completed only part of high school, “completed high school” included those who 

had graduated from high school but not completed college, “college degree or beyond” 

included those who had completed college or a higher degree.  

 

Evaluation of echocardiography    

Two-dimensional echocardiography was conducted at study entry and during the 4th 

year of follow-up to measure cardiac parameters including LV dimensions, geometry, 

mass, and systolic and diastolic dysfunction. LV mass was calculated using the 

formula 0.8 x {1.04[LVIDd + PWTd + SWTd)3 - (LVIDd)3]} + 0.6 g, where LVIDd 

refers to LV end-diastolic internal dimension and PWTd and SWTd are posterior wall 

thickness at end-diastole and septal wall thickness at end-diastole, respectively.(58) 
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To account for gender differences and variations in body size, LV mass was indexed 

to height2.7 because LV mass indexed to body surface area is problematic in that 

weight is affected by volume overload in CKD.(59-61) LVH was defined as an LV 

mass/height2.7 ≥ 47 g/m2.7 in women and ≥ 50 g/m2.7 in men. Relative wall thickness 

(RWT) was calculated as twice the posterior wall thickness / LV internal linear 

dimension in diastole. RWT values > 0.42 were considered to be increased.(62) LV 

mass and RWT were used to classify LV geometry: normal (no LVH and RWT ≤ 

0.42), concentric remodeling (No LVH and RWT > 0.42), eccentric hypertrophy 

(LVH and RWT ≤ 0.42), and concentric hypertrophy (LVH and RWT > 0.42).  

 

Data collection 

Demographics, and clinical and laboratory values at enrollment were extracted from 

an electronic data management system (http://www.phactaX.org). The eGFR was 

estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation using creatinine.(63) Resting blood pressure was measured with mercury 

sphygmomanometers and cuffs of appropriate size three times for average blood 

pressure. Hypertension (HTN) was defined as a blood pressure recording ≥140/90 

mmHg, a self-reported history of hypertension, or the use of antihypertensive agents. 

Diabetes (DM) was defined by self-reporting or the use of hypoglycemic medications. 

Physical activity was quantified by the International Physical Activity Questionnaire. 
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Subjects were categorized by total Metabolic Equivalent of Task (MET) - 

minutes/week; “high” was defined as ≥3000 METs-minutes/week, “moderate” as 

600–2999 METs-minutes/week and “low” as < 600 METs-minutes/week. Anemia 

was defined as hemoglobin < 13 g/dL for males, or < 12 g/dL for females. Body mass 

index (BMI) was calculated by measuring height and body weight [weight (kg)/height 

(m2)]. Smoking status was categorized as current smoker, ex-smoker, or never smoker. 

 

Statistical analysis  

Continuous variables are presented as a mean ± standard deviation. Proportions were 

used for categorical variables, including age groups, sex, CKD stages, and 

comorbidities. I used a one-way analysis of variance for comparison of continuous 

variables and the χ2 test for categorical variables. Statistical significance was 

determined at P < 0.05 using two-sided tests. I conducted logistic regression to 

evaluate the association between LVH and SES, which is categorized into three 

education or monthly income levels. I carried out additional subgroup analyses 

according to age (age < 50 years, ≥ 50 years). The Hosmer-Lemeshow goodness of 

fit test was performed for determining whether multivariable models are fit of data. 

Statistical analyses were carried out using the R, version 3.5.2 (The R Foundation for 

Statistical Computing, Vienna, Austria).  
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Ethics statement  

The study protocol was approved by the Institutional Review Board at each 

participating clinical center — i.e., Seoul National University Hospital (1104–089-

359), Seoul National University Bundang Hospital (B-1106/129–008), Yonsei 

University Severance Hospital (4–2011-0163), Kangbuk Samsung Medical Center 

(2011–01-076), Seoul St. Mary’s Hospital (KC11OIMI0441), Gil Hospital 

(GIRBA2553), Eulji General Hospital (201105–01), Chonnam National University 

Hospital (CNUH-2011-092), and Pusan Paik Hospital (11–091) in 2011. This study 

was conducted in accordance with the principles of the Declaration of Helsinki. 
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2.3 Results  

Baseline characteristics of the study population 

Baseline characteristics of the study subjects at study entry are shown in Table 1. The 

Mean age was 52.8 ± 11.9 years, and 1,014 (61.5%) were men. Mean eGFR was 55.0 

± 30.6 mL/min/1.73m2 and the number of patients with a CKD stage G3a, G3b, G4, 

and G5 were 274 (16.6%), 362 (22.0%), 311 (18.9%), and 84 (5.1%), respectively. 

Subjects with DM and HTN comprised 32.6% and 95.7% of the study participants, 

respectively. Anemia was prevalent in 673 (40.8%) subjects.  

 

Comparison of baseline characteristics according to socioeconomic status  

I compared baseline characteristics according to education attainment (Table 1) and 

monthly income levels (Table 2). With respect to educational strata, the mean age was 

11 years older in the lowest educational group. Subjects in the lowest education group 

exhibited the lowest eGFR (61.3 ± 31.7 mL/min/1.73m2 for ‘college or beyond’, 53.8 

± 30.5 mL/min/1.73m2 for ‘completed high school’, and 44.1 ± 25.0 mL/min/1.73m2 

for ‘less than high school’ groups, respectively, P for trend < 0.001). The higher 

education group was associated with higher monthly household income (P for trend 

< 0.001). The prevalence of anemia increased with a decreasing level of educational 

attainment (32.3%, 43.6%, and 53.7%, respectively; P for trend < 0.001). The 
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proportion of diabetic patients was the highest in the lowest education group. No 

group differences were exhibited in sodium excretion from 24-hour urine collection.  

When the subjects were categorized based on monthly income level, similar trends 

were observed in terms of age, eGFR, DM, anemia, and 24-hour sodium excretion. 
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Table 1 Baseline characteristics according to educational attainment 

  Total College or 
beyond 

Completed 
high school 

Lower than 
high school P P for trend 

  (N=1693) (N=730) (N=600) (N=363) 

Age (year, mean ± SD)  52.8 ± 11.9 49.2 ± 12.4 52.9 ± 11.3 60.1 ±  8.0 <0.001 <0.001 

Male (N, %)     1014 (61.5%) 521 (73.1%) 339 (57.9%) 154 (44.0%) <0.001 <0.001 

LVH (N, %)  357 (21.7%) 108 (15.1%) 132 (22.6%) 117 (33.4%) <0.001 <0.001 

Systolic dysfunction (N, %)  19 (1.2%) 7 (1.0%) 6 (1.0%) 6 (1.7%) 0.539 0.771 

Diastolic dysfunction (N, %)  120 (7.3%) 31 (4.3%) 49 (8.4%) 40 (11.4%) <0.001 <0.001 

eGFR (mL/min/1.73m2)         55.0 ± 30.6 61.3 ± 31.7 53.8 ± 30.5 44.1 ± 25.0 <0.001 <0.001 

BMI (kg/m2, mean ± SD)  24.6 ± 3.4 24.6 ± 3.4 24.3 ± 3.3 25.0 ± 3.3 0.009 0.063 

CKD stage (N, %)       <0.001 <0.001 

 Stage 1 284 (17.2%) 158 (22.2%) 99 (16.9%) 27 (7.7%)   

 Stage 2 333 (20.2%) 169 (23.7%) 109 (18.6%) 55 (15.7%)   

 Stage 3a 274 (16.6%) 130 (18.2%) 94 (16.1%) 50 (14.3%)   

 Stage 3b 362 (22.0%) 126 (17.7%) 137 (23.4%) 99 (28.3%)   

 Stage 4 311 (18.9%) 108 (15.1%) 112 (19.1%) 91 (26.0%)   

 Stage 5 84 (5.1%) 22 (3.1%) 34 (5.8%) 28 (8.0%)   
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Diabetes mellitus (N, %)                 538 (32.6%) 189 (26.5%) 184 (31.5%) 165 (47.1%) <0.001 <0.001 

Hypertension (N, %)  1577 (95.7%) 671 (94.1%) 563 (96.2%) 343 (98.0%) 0.004 0.001 

SBP (mmHg, mean ± SD)       127.3 ± 15.3 126.8 ± 14.1 127.0 ± 16.1 128.6 ± 16.3 0.265 0.116 

DBP (mmHg, mean ± SD)                             77.1 ± 10.6 78.0 ± 10.3 76.8 ± 10.9 75.7 ± 10.7 0.001 <0.001 

Monthly income (N, %)                     <0.001 <0.001 

 > $ 4,500 414 (25.1%) 283 (39.7%) 104 (17.8%) 27 (7.7%)   

 $ 1,500 to 4,500 903 (54.8%) 370 (51.9%) 359 (61.4%) 174 (49.7%)   

 < $ 1,500 331 (20.1%) 60 (8.4%) 122 (20.9%) 149 (42.6%)   

Physical activity (N, %)         0.001 0.094 

 High 498 (33.9%) 209 (32.2%) 199 (38.8%) 90 (29.2%)   

 Moderate 594 (40.4%) 291 (44.8%) 182 (35.5%) 121 (39.3%)   

 Low 378 (25.7%) 149 (23.0%) 132 (25.7%) 97 (31.5%)   

Anemia (N, %)  673 (40.8%) 230 (32.3%) 255 (43.6%) 188 (53.7%) <0.001 <0.001 

Serum laboratory findings 
(mean ± SD) 

       

 Hemoglobin (g/dL) 13.0 ± 2.0 13.5 ± 1.9 12.8 ± 1.9 12.2 ± 1.9 <0.001 <0.001 

 Albumin (g/dL)  4.2 ± 0.4  4.2 ± 0.4  4.2 ± 0.4  4.1 ± 0.4 <0.001 <0.001 

 Calcium (mg/dL)  9.1 ± 0.5  9.2 ± 0.5  9.1 ± 0.5  9.1 ± 0.5 0.100 0.020 
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 Phosphorus (mg/dL)  3.6 ± 0.7  3.5 ± 0.6  3.7 ± 0.7  3.8 ± 0.7 <0.001 <0.001 

 Total cholesterol (mg/dL) 174.4 ± 38.6 174.5 ± 38.4 174.3 ± 37.3 174.5 ± 41.3 0.994 0.872 

 LDL (mg/dL) 96.5 ± 31.4 96.5 ± 31.2 97.0 ± 31.7 95.9 ± 31.6 0.864 0.748 

 HDL (mg/dL) 49.8 ± 15.3 50.5 ± 15.8 49.9 ± 14.5 48.0 ± 15.4 0.044 0.039 

 Triglyceride (mg/dL) 157.2 ± 98.4 155.7 ± 97.3 152.4 ± 87.9 168.3 ± 115.1 0.052 0.074 

24hr urinary sodium (mEq/day) 159.6 ± 78.3 155.5 ± 65.1 166.4 ± 95.6 156.3 ± 69.6 0.043 0.750 

Abbreviations: SD standard deviation, eGFR estimated glomerular filtration rate, BMI body mass index, CKD chronic kidney disease, LDL low density 
lipoprotein, HDL high density lipoprotein 
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Table 2 Baseline characteristics according to monthly income level 

  Total > $ 4,500 $ 1,500 to 
4,500 < $ 1,500 

P P for trend 
  (N=1693) (N=422) (N=932) (N=339) 

Age (year, mean ± SD)  52.8 ± 11.9 51.1 ± 10.5 52.0 ± 12.4 57.3 ± 11.3 <0.001 <0.001 

Male (N, %)     1014 (61.5%) 282 (68.1%) 529 (58.6%) 203 (61.3%) 0.004 0.005 

LVH (N, %)  357 (21.7%) 69 (16.7%) 180 (19.9%) 108 (32.6%) <0.001 <0.001 

Systolic dysfunction (N, %)  19 (1.2%) 4 (1.0%) 9 (1.0%) 6 (1.8%) 0.453 0.242 

Diastolic dysfunction (N, %)  120 (7.3%) 16 (3.9%) 61 (6.8%) 43 (13.0%) <0.001 <0.001 

eGFR (mL/min/1.73m2)         55.0 ± 30.6 59.7 ± 30.1 56.2 ± 31.1 45.5 ± 28.1 <0.001 <0.001 

BMI (kg/m2, mean ± SD)  24.6 ±  3.4 24.5 ±  3.1 24.5 ±  3.5 24.9 ±  3.3 0.108 0.068 

CKD stage (N, %)                  <0.001 <0.001 

 Stage 1 284 (17.2%) 85 (20.5%) 167 (18.5%) 32 (9.7%)   

 Stage 2 333 (20.2%) 96 (23.2%) 184 (20.4%) 53 (16.0%)   

 Stage 3a 274 (16.6%) 76 (18.4%) 152 (16.8%) 46 (13.9%)   

 Stage 3b 362 (22.0%) 83 (20.0%) 199 (22.0%) 80 (24.2%)   

 Stage 4 311 (18.9%) 65 (15.7%) 152 (16.8%) 94 (28.4%)   



24 

 

 Stage 5 84 (5.1%) 9 (2.2%) 49 (5.4%) 26 (7.9%)   

Diabetes mellitus (N, %)                 538 (32.6%) 113 (27.3%) 274 (30.3%) 151 (45.6%) <0.001 <0.001 

Hypertension (N, %)  1577 (95.7%) 400 (96.6%) 859 (95.1%) 318 (96.1%) 0.354 0.645 

SBP (mmHg, mean ± SD)       127.3 ± 15.3 126.8 ± 13.5 126.4 ± 15.4 130.2 ± 16.7 0.007 0.003 

DBP (mmHg, mean ± SD)                             77.1 ± 10.6 78.6 ±  9.9 76.6 ± 10.8 76.6 ± 11.0 0.005 0.008 

Educational attainment (N, %)                     <0.001 <0.001 

 College or beyond 713 (43.3%) 283 (68.4%) 370 (41.0%) 60 (18.1%)   

 Completed high school 585 (35.5%) 104 (25.1%) 359 (39.8%) 122 (36.9%)   

 Lower than high school 350 (21.2%) 27 (6.5%) 174 (19.3%) 149 (45.0%)   

Physical activity (N, %)         0.005 0.053 

 High 130 (32.6%) 272 (35.2%) 96 (32.1%) 98 (32.1%)   

 Moderate 182 (45.6%) 308 (39.9%) 104 (34.8%) 107 (35.1%)   

 Low 87 (21.8%) 192 (24.9%) 99 (33.1%) 100 (32.8%)   

Anemia (N, %)  135 (32.6%) 372 (41.2%) 166 (50.2%) 170 (50.1%) <0.001 <0.001 

Serum laboratory findings  
(mean ± SD)        

 Hemoglobin (g/dL) 13.0 ± 2.0 13.4 ± 1.9 13.0 ± 2.0 12.5 ± 2.0 <0.001 <0.001 

 Albumin (g/dL)  4.2 ± 0.4  4.2 ± 0.4  4.2 ± 0.4  4.1 ± 0.4 <0.001 <0.001 
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 Calcium (mg/dL)  9.1 ± 0.5  9.2 ± 0.5  9.2 ± 0.5  9.1 ± 0.5 0.002 0.002 

 Phosphorus (mg/dL)  3.6 ± 0.7  3.6 ± 0.6  3.7 ± 0.7  3.7 ± 0.8 0.011 0.007 

 Total cholesterol 
(mg/dL) 174.4 ± 38.6 174.1 ± 37.3 175.0 ± 38.8 173.1 ± 40.0 0.774 0.870 

 LDL (mg/dL) 96.5 ± 31.4 94.5 ± 30.1 97.7 ± 31.9 95.8 ± 31.8 0.486 0.440 

 HDL (mg/dL) 49.8 ± 15.3 51.3 ± 15.3 49.8 ± 15.3 47.9 ± 14.9 0.003 0.006 

 Triglyceride (mg/dL) 157.2 ± 98.4 156.5 ± 106.0 155.9 ± 97.6 161.6 ± 90.4 0.523 0.449 
24hr urinary sodium 
(mEq/day)  159.6 ± 78.3 159.4 ± 68.4 155.7 ± 83.4 169.8 ± 75.2 0.116 0.068 

Abbreviations: SD standard deviation, eGFR estimated glomerular filtration rate, BMI body mass index, CKD chronic kidney disease, LDL low density 
lipoprotein, HDL high density lipoprotein 
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The distribution of socioeconomic status according to age  

Concerning educational attainment, the proportion of 'college or beyond' decreased, 

from 67.2% in their 20s to 30% in their 50s (Figure 2B). In terms of monthly 

household income level, '$1,500 to $4,500' group accounted for more than half of all 

age groups, and the proportion of high-income level more than $4,500 is the highest 

in the 40s. In a comparison of monthly income and educational attainment, the high-

income earners were 39.7% of the 'college or beyond' group and the highest 

percentage of low-income earners under $1,500 was 42.6% in the 'lower than high 

school' (Figure 4). 
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Figure 2 The distribution of educational attainment according to age   

(A) The number of participants  

(B) The percentages of participants 
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Figure 3 The distribution of monthly income according to age 

(A) The number of participants  

(B) The percentages of participants 
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Figure 4 The distribution of educational attainment and monthly income level 
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Socioeconomic status and left ventricular hypertrophy  

The total number of patients diagnosed with LVH on echocardiography was 357 

(21.7%). With the increase of the household income level or with the increase of the 

educational attainment, the prevalence of LVH gradually increased (Table 1 and 2, P 

for trend <0.001, respectively). In unadjusted analyses, the risk of LVH increased 

with decreasing levels of education attainment and monthly income level, 

respectively (Table 3, Table 4 and Figure 5). In particular, the lowest educational level 

(lower than high school) was independently associated with LVH after adjusting for 

age, sex, pulse pressure, DM, CKD stage and physical activity (‘college or beyond,’ 

reference; ‘completed high school’, odds ratio [OR] 1.26, 95% CI 0.92–1.72; ‘less 

than high school’ OR 1.59, 95% CI 1.11–2.26; Table 3 and Figure 5A). Additionally, 

when anemia included as a covariate in the multivariable model, the association 

between the lowest education level and LVH still showed the statistical significance 

(Table 3). Monthly income level is a risk factor for LVH in a multivariable analysis 

adjusted age, sex, pulse pressure, diabetes, CKD stage, and physical activity, even if 

anemia was added to the analysis. In the subgroup analysis according to age, there 

were no independent relationships between socioeconomic status (educational 

attainment and monthly income level) and LVH in the subgroup aged <50 years. 

However, in the group of patients aged ≥50 years, the lowest educational attainment 

showed a significant association with LVH in univariate and multivariate analysis 

(Table 3, Figure 5). 
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Table 3 The relationship between LVH and educational attainment according to age  

 Univariate analysis Multivariate analysis* Multivariate analysis¶ 
 OR (95% CI) P OR (95% CI) P OR (95% CI) P 
Total participants       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 1.60 (1.21-2.12) 0.001  1.26 (0.92-1.72) 0.153  1.26 (0.92-1.72) 0.151 

< high school 2.90 (2.16-3.90) <0.001 1.59 (1.11-2.26) 0.011  1.59 (1.11-2.26) 0.01 
Age <50 years       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 1.82 (1.09-3.03) 0.021  1.50 (0.83-2.68) 0.174  1.51 (0.84-2.70) 0.168 

< high school 2.26 (0.72-5.94) 0.122  1.42 (0.41-4.38) 0.547  1.37 (0.40-4.13) 0.59 
Age ≥50 years       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 1.30 (0.93-1.83) 0.130  1.21 (0.83-1.77) 0.324  1.21 (0.83-1.76) 0.33 

< high school 1.99 (1.43-2.80) <0.001 1.57 (1.06-2.32) 0.024  1.56 (1.06-2.31) 0.026 
Abbreviations: LVH, left ventricular hypertrophy; OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease 

*Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity 

¶Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity and anemia 
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Table 4 The relationship between LVH and monthly income level according to age 

 Univariate analysis Multivariate analysis* Multivariate analysis¶ 
 OR (95% CI) P OR (95% CI) P OR (95% CI) P 
Total participants       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 1.23 (0.91-1.67) 0.179  1.13 (0.82-1.57) 0.470 1.13 (0.82-1.57) 0.467 

< $ 1,500 2.40 (1.71-3.38) <0.001 1.52 (1.04-2.23) 0.030 1.52 (1.04-2.23) 0.029 
Age <50 years       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 0.84 (0.48-1.51) 0.546 1.00 (0.54-1.88) 0.992 1.02 (0.55-1.94) 0.947 

< $ 1,500 2.52 (1.23-5.13) 0.011 1.67 (0.73-3.76) 0.218 1.70 (0.74-3.82) 0.206 
Age ≥50 years       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 1.33 (0.93-1.93) 0.118 1.19 (0.80-1.77) 0.395 1.18 (0.80-1.76) 0.403 

< $ 1,500 1.98 (1.33-2.96) <0.001 1.49 (0.96-2.31) 0.077 1.48 (0.96-2.31) 0.078 
Abbreviations: LVH, left ventricular hypertrophy; OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease 

*Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity 

¶Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity and anemia 
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Figure 5 Odds ratio for LVH according to SES in multivariate analysis 

(A) Total participants  

(B) Age <50 years  

(C) Age ≥50 years 

Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity 

*: P < 0.05 

Abbreviations: LVH, left ventricular hypertrophy; SES, Socioeconomic status; CKD, chronic 

kidney disease; USD, US dollar  
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Socioeconomic status and diastolic dysfunction 

The total number of participants diagnosed with diastolic dysfunction on 

echocardiography was 120 (7.3%). In terms of educational attainment, the tendency 

of gradual increment was observed only in the univariate analysis in total participants 

(Table 5). With the decrement of the monthly income level, the OR of diastolic 

dysfunction gradually increased in unadjusted and multivariate analysis (Table 6, 

Figure 6). In the subgroup analysis according to age, there are no significant 

associations between both socioeconomic status and diastolic dysfunction in the 

subgroup aged <50 years. In the group of patients aged ≥50 years, the lowest monthly 

income level showed a significant association with diastolic dysfunction in univariate 

and multivariate analysis (Table 6, Figure 6).  
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Table 5 The relationship between diastolic dysfunction and educational attainment according to age  

 Univariate analysis Multivariate analysis* Multivariate analysis¶ 
 OR (95% CI) P OR (95% CI) P OR (95% CI) P 
Total participants       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 2.01 (1.27-3.23) 0.003 1.49 (0.90-2.49) 0.12 1.48 (0.89-2.48) 0.13 

< high school 2.84 (1.75-4.65) <0.001 1.23 (0.70-2.18) 0.47 1.22 (0.69-2.17) 0.48 
Age <50 years       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 1.71 (0.58-5.05) 0.32 0.83 (0.21-2.97) 0.78 0.82 (0.21-2.94) 0.77 

< high school 1.95 (0.10-11.56) 0.54 1.22 (0.06-9.37) 0.87 1.22 (0.06-9.40) 0.87 
Age ≥50 years       

≥ College 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
High school 1.74 (1.04-2.99) 0.04 1.61 (0.92-2.88) 0.10 1.60 (0.91-2.87) 0.11 

< high school 1.88 (1.11-3.23) 0.02 1.27 (0.69-2.35) 0.44 1.25 (0.69-2.33) 0.46 
Abbreviations: LVH, left ventricular hypertrophy; OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease  

*Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity 

¶Adjusted for age, sex, pulse pressure, diabetes, CKD stage, physical activity and anemia 
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Table 6 The relationship between diastolic dysfunction and monthly income level according to age 

 Univariate analysis Multivariate analysis* Multivariate analysis¶ 
 OR (95% CI) P OR (95% CI) P OR (95% CI) P 
Total participants       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 1.79 (1.05-3.25) 0.04 1.38 (0.77-2.58) 0.29 1.37 (0.76-2.56) 0.31 

< $ 1,500 3.70 (2.09-6.89) <0.001 2.20 (1.19-4.23) 0.01 2.19 (1.18-4.21) 0.01 
Age <50 years       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 1.36 (0.39-6.29) 0.65 1.11 (0.27-5.63) 0.89 1.09 (0.26-5.55) 0.91 

< $ 1,500 3.58 (0.77-18.56) 0.10 2.04 (0.38-11.70) 0.40 2.03 (0.38-11.16) 0.40 
Age ≥50 years       

> $ 4,500 1.00 (Reference)  1.00 (Reference)  1.00 (Reference)  
$ 1,500 - 4,500 1.80 (0.99-3.51) 0.06 1.40 (0.74-2.83) 0.32 1.40 (0.74-2.81) 0.33 

< $ 1,500 2.97 (1.58-5.93) 0.001 2.23 (1.14-4.59) 0.02 2.22 (1.14-4.57) 0.02 
Abbreviations: LVH, left ventricular hypertrophy; OR, odds ratio; CI, confidence interval 

*Adjusted for age, sex, diabetes, CKD stages, physical activity 

¶ Adjusted for age, sex, diabetes, CKD stages, physical activity and anemia 
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Figure 6 Odds ratio for diastolic dysfunction according to SES in multivariate 

analysis 

(A) Total participants  

(B) Age <50 years  

(C) Age ≥50 years 

Adjusted for age, sex, diabetes, CKD stage, physical activity and anemia  

*: P < 0.05 

Abbreviations: SES, Socioeconomic status; CKD, chronic kidney disease; USD, US dollar  
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Chapter 3. The association between high-sensitivity cardiac 

troponin T and echocardiographic parameters in chronic 

kidney disease  

 

3.1 Background  

Biomarkers of cardiovascular disease: high-sensitivity troponin T  

The conventional cardiac troponin T (TnT) assay was developed in 2000 and has 

since become a widely used biomarker for diagnosing acute coronary syndrome.(58) 

Since their introduction, troponin assays have continued to evolve, and a high-

sensitivity TnT (hs-TnT) assay with detection limits 10 to 100 times lower than 

conventional assays is now available. Importantly, hs-TnT can be detected in 

asymptomatic patients with no history of cardiovascular disease. 

Sustained elevation of hs-TnT was recently shown to be associated with chronic 

subclinical myocardial damage in the general population, including left ventricular 

structure abnormalities (64-66). However, subjects with CKD have persistently 

elevated TnT levels when compared to those with normal renal function (67). In 

addition, chronic structural and functional abnormalities of the heart are very common 

among CKD patients (68). Because hs-TnT is easier to obtain in an outpatient setting 
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and is relatively low in cost compared to a traditional echocardiogram, there is an 

important and clinically relevant need to define cardiac structural and functional 

correlates of hs-TnT levels. Therefore, the ability to interpret elevated troponin levels 

in CKD patients is critical, as their elevation may predict clinical and subclinical 

cardiac injury in subjects with or without CKD. 

 

The purpose of this part of the study  

In the second part of this study, to better understand the implication of elevated hs-

TnT level in CKD patients across a broad range of estimated eGFRs, the association 

between hs-TnT and left ventricular (LV) structure and function was  investigated 

based on two different eGFR strata in the KNOW-CKD cohort, which comprises 

subjects with both mild and severe renal dysfunction.  
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3.2 Materials and methods  

Study populations  

This study was performed using the database extracted from KNOW-CKD, a Korean 

multicenter prospective cohort study that enrolled subjects with non-dialysis 

dependent CKD (stages 1 to 5) from 2011 to 2015. The ethics statement was described 

in section 2.2.6. Briefly, a total of 2,238 patients were enrolled in the KNOW-CKD 

study. Subjects were excluded who, at study entry, 1) did not have a hs-TnT 

measurement at our central laboratory, 2) did not have an LV mass index 

measurement, or 3) had been diagnosed with heart failure. Finally, a total of 2,017 

patients were included in our cross-sectional analysis (Figure 7). Patients who 

completed follow-up transthoracic echocardiography after 4years were included in a 

longitudinal analysis of new changes of cardiac structure and function (n= 864, 42.8% 

of total participants).  

Additionally, because hs-TnT could be elevated in patients with coronary artery 

disease, I conducted a sensitivity analysis in the group of patients without a history of 

coronary artery disease. A total of 116 participants with a history of coronary artery 

disease were excluded. In this analysis, finally, a total of 1,901 patients were analyzed.  
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Figure 7 Study flow  

Abbreviations: hs-TnT, high-sensitivity cardiac troponin T; KNOW-CKD, KoreaN Cohort 

Study for Outcomes in Patients With Chronic Kidney Disease; LVMI, left ventricular mass 

index  
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Measurement of hs-TnT  

Serum hs-TnT was measured using a highly-sensitive electro-chemiluminescence 

immunoassay on an Elecsys 2010 by Roche Diagnostics Corp. (Basel, Swiss) which 

has an analytical measurement range of 3-10,000 pg/mL.  

 

Evaluation of left ventricular structure and function in echocardiography  

The primary outcome was LVH, systolic and diastolic dysfunction. Two-dimensional 

echocardiography was conducted at enrollment and 4th year of follow-up. The 

definitions of LVH and LV geometry were described in the “Evaluation of 

echocardiography” section (14 page). Additional data regarding systolic and diastolic 

dysfunction were collected. LV systolic dysfunction was defined as an ejection 

fraction (EF) <50%.(60) Diastolic dysfunction was defined as an E/e’ >15.(61)  

 

Statistical analysis   

Continuous variables are presented as the mean ± standard deviation. Categorical 

variables are presented by proportion and frequency. I used a one-way analysis of 

variance for comparison of continuous variables and the χ2 test for categorical 

variables.  
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Patients were stratified into four groups according to hs-TnT quartiles. Multivariable 

logistic regression analysis was used to evaluate an independent association between 

hs-TnT and outcomes of this study. Univariate analysis for each variable was 

conducted primarily, the results of which were used to select the covariates included 

in the multivariate analysis based on P <0.05. Although some variables did not show 

statistical significance, variables of clinical importance were included based on the 

judgment of the researchers.  

Subjects were stratified into two subgroups based on an eGFR ≥ 60 mL/min/1.73 m2 

or eGFR < 60 mL/min/1.73 m2 to evaluate the modifying effect of renal impairment 

on hs-TnT. eGFR strata did not show a statistically significant interaction for the hs-

TnT level (P for interactions were 0.07, 0.55 and 0.41 in LVH, systolic dysfunction, 

and diastolic dysfunction, respectively.). Additional analyses were carried out to 

investigate whether hs-TnT can be used as a screening test to detect structural and 

functional abnormalities. Receiver operating characteristic (ROC) analysis was 

performed for the area under the curve (AUC) determination. Optimal cut-off 

concentrations for hs-TnT were defined as points of the ROC curves by the Youden 

method.(69) Additionally, multivariate ROC analysis was conducted with 

adjustments for the co-variables which were selected in the previous logistic 

regression, and the AUCs were compared according to renal function. Pairwise 

comparisons among the AUCs were made using Delong’s method.(70) 
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A two-tailed P value of <0.05 was used as the cutoff for statistical significance. All 

statistical analyses were performed using R (version 3.5.2; The R Foundation for 

Statistical Computing, Vienna, Austria).  
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3.3 Results  

Distribution of hs-TnT  

The overall distribution of hs-TnT was skewed to the right, and an inverse relationship 

between hs-TnT and eGFR (Figure 8) was observed.  
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Figure 8 Distributions of hs-TnT in the KNOW-CKD cohort 

(A) Histogram according to hs-TnT     (B) Distribution of hs-TnT according to eGFR 

Abbreviations: hs-TnT, high-sensitivity cardiac troponin T; KNOW-CKD, KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney 

Disease; eGFR, estimated glomerular filtration rate 
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Baseline characteristics of the study population 

The mean age of the subjects was 53.5 ± 12.2 years, and 1,229 (60.9%) patients were 

men (Table 7). The median (interquartile range [IQR]) hs-TnT level was 10.0 (6.0-

16.0) pg/mL and the mean eGFR was 53.6 ± 30.9 mL/min/1.73 m2. Subjects with 

higher hs-TnT levels were older and more likely to be male and tended to have lower 

eGFRs and higher systolic blood pressures. Additionally, the higher the hs-TnT 

concentration, the higher the percentage of patients diagnosed with diabetic or 

hypertensive nephropathy. 

Overall, there were 483 patients (23.9%) with LVH on echocardiography. LV mass 

index increased gradually across the hs-TnT quartile groups. The proportion of 

concentric LVH, concentric remodeling and eccentric LVH all gradually increased 

across the quartiles of cardiac troponin T concentration (Figure 9). There were 21 

patients (1.0%) with systolic dysfunction and 166 patients (8.2%) with diastolic 

dysfunction, respectively. The proportions of both LV dysfunction were higher in 

patients with higher hs-TnT levels than those with lower levels. 
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Table 7 Baseline characteristics of participants according to hs-TnT level 

 Total 
(N=2,017) 

TnT category (pg/mL) 
P P for 

trend ≤6.0 >6.0-10.0 >10.0-16.0 >16.0 
(N=517) (N=579) (N=436) (N=485) 

Age (years)           53.5 ± 12.2 46.0 ± 10.6 51.6 ± 11.4 58.5 ± 10.9 59.1 ± 10.9 <0.001 <0.001 
Sex (N, %)       <0.001 <0.001 
 Female  788 (39.1) 288 (55.7) 223 (38.5) 155 (35.6) 122 (25.2)   
 Male  1229 (60.9) 229 (44.3) 356 (61.5) 281 (64.4) 363 (74.8)   
Body mass index (kg/m2)  24.6 ± 3.4 24.0 ± 3.5 24.6 ± 3.2 24.7 ± 3.3 25.1 ± 3.4 <0.001 <0.001 
Blood pressure          
 SBP (mmHg) 127.9 ± 16.2 125.0 ± 14.1 126.3 ± 14.8 127.7 ± 15.6 133.2 ± 18.9 <0.001 <0.001 
 DBP (mmHg) 77.1 ± 11.1 78.3 ± 10.5 77.5 ± 10.3 75.7 ± 10.7 76.5 ± 12.7 0.002 <0.001 
 Mean arterial pressure (mmHg) 94.0 ± 11.6 93.8 ± 10.9 93.8 ± 10.9 9± 11.0 95.4 ± 13.6 0.02 0.20 
Current smoker (N, %)  325 (16.1) 79 (15.3) 97 (16.8) 76 (17.4) 73 (15.1) <0.001  
Diabetes (N, %)  673 (33.4) 60 (11.6) 112 (19.3) 172 (39.4) 329 (67.8) <0.001 <0.001 
Hypertension (N, %)  1937 (96.0) 466 (90.1) 563 (97.2) 432 (99.1) 476 (98.1) <0.001 <0.001 
Coronary artery disease (N, %) 102 (5.1) 4 (0.8) 18 (3.1) 28 (6.4) 52 (10.7) <0.001 <0.001 
Cause of CKD (N, %)       <0.001 0.10 
 Diabetic nephropathy 466 (23.1) 21 (4.1) 52 (9.0) 122 (28.0) 271 (55.9)   
 Glomerulonephritis 720 (35.7) 232 (44.9) 283 (48.9) 128 (29.4) 77 (15.9)   
 Hypertensive nephropathy 368 (18.2) 56 (10.8) 100 (17.3) 118 (27.1) 94 (19.4)   
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 PKD 344 (17.1) 181 (35.0) 115 (19.9) 35 (8.0) 13 (2.7)   
 Unknown 119 (5.9) 27 ( 5.2) 29 ( 5.0) 33 (7.6) 30 (6.2)   
eGFR (mL/min/1.73 m2)  53.6 ± 30.9 80.9 ± 28.9 58.6 ± 26.2 40.9 ± 21.7 29.8 ± 17.3 <0.001 <0.001 
CKD stage (N, %)       <0.001 <0.001 
 Stage 1 335 (16.6) 217 (42.0) 91 (15.7) 21 (4.8) 6 (1.2)   
 Stage 2 385 (19.1) 162 (31.3) 152 (26.3) 46 (10.6) 25 (5.2)   
 Stage 3a 328 (16.3) 72 (13.9) 131 (22.6) 85 (19.5) 40 (8.2)   
 Stage 3b 428 (21.2) 50 (9.7) 132 (22.8) 131 (30.0) 115 (23.7)   
 Stage 4 417 (20.7) 14 (2.7) 64 (1) 120 (27.5) 219 (45.2)   
 Stage 5 124 (6.1) 2 ( 0.4) 9 (1.6) 33 (7.6) 80 (16.5)   
Laboratory findings         
 CRP (mg/dL) 2.0 ± 5.2 1.5 ± 4.3 1.9 ± 4.6 2.2 ± 5.5 2.5 ± 6.5 0.01 <0.001 
 HDL (mg/dL) 49.3 ± 15.5 54.2 ± 15.9 50.7 ± 14.7 46.3 ± 13.4 45.0 ± 15.9 <0.001 <0.001 

 Triglyceride (mg/dL) 157.4 ± 97.9 144.6 ± 89.9 155.4 ± 98.4 163.2 ± 93.2 167.7 ± 
107.5 0.001  

 Hemoglobin (g/dL) 12.9 ± 2.0 13.6 ± 1.7 13.4 ± 1.9 12.5 ± 2.0 11.7 ± 1.9 <0.001 <0.001 
Urine protein/creatinine ratio (g/g, IQR) 0.5 (0.1-1.5) 0.3 (0.07-0.7) 0.3 (0.1-0.9) 0.5 (0.2-1.5) 1.4 (0.5-3.4) <0.001 <0.001 

Urine albumin/creatinine ratio (mg/mg, IQR) 347.7  
(76.8-1052.1) 

167.5  
(27.9-530.0) 

242.8 
 (59.1-665.7) 

366.4  
(83.3-1063.2) 

997.0  
(350.8-2378.9) <0.001 <0.001 

Data from echocardiography        
 LVM index (g/m2.7) 41.9 ± 11.5 36.6 ± 9.0 39.7 ± 9.2 43.8 ± 10.7 48.3 ± 13.5 <0.001 <0.001 
 LVH (N, %) 483 (23.9) 56 (10.8) 92 (15.9) 129 (29.6) 206 (42.5) <0.001 <0.001 
 LV geometry (N, %)      <0.001 <0.001 
 Normal 1237 (61.3) 392 (75.8) 400 (69.1) 246 (56.4) 199 (41.0)   
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 Concentric LVH 245 (12.1) 38 (7.4) 58 (10.0) 55 (12.6) 94 (19.4)   
 Concentric remodeling 294 (14.6) 57 (11.0) 87 (15.0) 70 (16.1) 80 (16.5)   
 Eccentric LVH 236 (11.7) 29 ( 5.6) 33 ( 5.7) 64 (14.7) 110 (22.7)   
 E/E’  9.9 ± 3.7 8.3 ± 2.4 9.2 ± 3.0 10.4 ± 3.8 11.9 ± 4.4 <0.001 <0.001 
 Ejection fraction (%) 64.2 ± 5.9 63.8 ± 5.6 64.7 ± 5.6 64.1 ± 5.8 64.2 ± 6.7 0.08 0.04 
 Systolic dysfunction (N, %) 21 (1.0) 2 (0.4) 4 (0.7) 4 (0.9) 11 (2.3) <0.001 <0.001 
 Diastolic dysfunction (N, %) 166 (8.2) 8 (1.5) 26 (4.5) 47 (10.8) 85 (17.5) <0.001 <0.001 

Abbreviations: hs-TnT, high sensitivity troponin T; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic kidney disease; PKD, 
polycystic kidney disease; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein; HDL, high density lipoprotein; IQR, 
interquartile range; LVM, left ventricular mass; LVH, left ventricular hypertrophy 
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Figure 9 Elevated hs-TnT levels are associated with LVH in patients with CKD 

With higher quartiles of hs-TnT, the prevalence of concentric and eccentric LVH and 

concentric remodeling increased.  

Abbreviations: hs-TnT, high-sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; 

CKD, chronic kidney disease   
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The association between hs-TnT and echocardiographic parameters  

Table 8 summarizes the independent association between hs-TnT and 

echocardiographic parameters with multivariable analysis. At baseline, the two 

highest quartiles of hs-TnT were found to have an OR > 1.9 for LVH in the fully 

adjusted model (Figure 10, P for trend < 0.001). All subjects were stratified into two 

groups, based on eGFR 60 mL/min/1.73 m2 in order to evaluate the modifying effect 

of renal impairment on the association between hs-TnT and echocardiographic 

parameters. The highest quartiles of hs-TnT were significantly associated with LVH 

in both the eGFR strata, suggesting the results were independent of renal function in 

multivariable analysis. No significant association between hs-TnT and systolic 

dysfunction was identified in multivariable analysis. Higher hs-TnT concentrations 

were independently associated with diastolic dysfunction in our fully adjusted model 

(P for trend < 0.001). In a stratified analysis according to eGFR, diastolic dysfunction 

continued to show a significant relationship with the highest hs-TnT range for both 

eGFR strata. 
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Table 8 Association between hs-TnT and LV structure and functional abnormalities according to eGFR  

hs-TnT (pg/mL) Odds of LVH* P Odds of systolic dysfunction† P Odds of diastolic dysfunction§ P 
Total patients       

≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  
>6.0-10.0 1.13 (0.76-1.70) 0.55 1.06 (0.20-7.87) 0.95 2.52 (0.76-1.70) 0.032 

>10.0-16.0 1.93 (1.24-3.02) 0.004 1.23 (0.20-10.07) 0.83 4.75 (1.24-3.02) <0.001 
>16.0 3.08 (1.90-5.04) <0.001 2.20 (0.41-17.50) 0.39 8.15 (3.47-21.19) <0.001 

eGFR ≥60 mL/min/1.73 m2       
≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  

>6.0-10.0 1.17 (0.65-3.47) 0.60 1.08 (0.08-14.00) 0.95 1.99 (0.64-6.87) 0.25 
>10.0-16.0 1.51 (0.63-3.47) 0.34 3.91 (0.27-55.70) 0.29 2.08 (0.47-9.07) 0.32 

>16.0 8.88 (3.06-26.19) <0.001 6.02 (0.38-94.00) 0.18 8.46 (1.82-39.84) 0.006 
eGFR <60 mL/min/1.73 m2       

≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  
>6.0-10.0 0.92 (0.51-1.68) 0.77 1.05 (0.13-21.79) 0.96 2.04 (0.65-8.99) 0.27 

>10.0-16.0 1.61 (0.90-2.94) 0.11 0.86 (0.09-18.87) 0.91 4.18 (1.40-18.08) 0.02 
>16.0 2.34 (1.28-4.44) 0.007 1.63 (0.22-33.79) 0.68 6.92 (2.37-30.28) 0.002 

Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy; eGFR, estimated glomerular filtration rate  

*LVH: adjusted for age, sex, pulse pressure, diabetes, hypertension, history of coronary artery disease, chronic kidney disease stage, body mass index, high-density 
lipoprotein, triglyceride, and hemoglobin 

†Systolic dysfunction: adjusted for age, sex, history of coronary artery disease, chronic kidney disease stage 

§Diastolic dysfunction: Adjusted for age, sex, pulse pressure, chronic kidney disease stage, history of coronary artery disease, BMI, hemoglobin, HDL cholesterol
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Figure 10 The association between hs-TnT and left ventricular structure and function at baseline echocardiography 

(A) LVH: Adjusted for age, sex, pulse pressure, diabetes, hypertension, history of coronary artery disease, chronic kidney disease stage, 
body mass index, high-density lipoprotein, triglyceride, and hemoglobin 

(B) Systolic dysfunction: Adjusted for age, sex, history of coronary artery disease, chronic kidney disease stage 

(C) Diastolic dysfunction: Adjusted for age, sex, pulse pressure, chronic kidney disease stage, history of coronary artery disease, body 
mass index, hemoglobin, HDL cholesterol 

Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy; HDL, high density lipoprotein  
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Evaluation of hs-TnT as a screening test for LVH and diastolic dysfunction 

Next, it was evaluated whether hs-TnT as a continuous variable can be used as a 

screening test for LVH and LV function in the CKD population (Table 9). Levels of 

hs-TnT exhibited fair significance for the detection of each outcome. By ROC 

analysis, the optimized hs-TnT cut-off value for LVH was 9 pg/mL for patients with 

an eGFR ≥ 60 mL/min/1.73 m2 and 15 pg/mL for those with an eGFR < 60 

mL/min/1.73 m2, respectively. With respect to diastolic dysfunction, the optimized 

hs-TnT cut-off values were 9 pg/mL and 14pg/mL for patients with eGFRs ≥ 60 

mL/min/1.73 m2 and < 60 mL/min/1.73 m2, respectively. When comparing the 

multivariable ROC curves with other covariates for the two eGFR strata, the 

differences between the two curves were statistically significant for both LVH and 

diastolic dysfunction, not in systolic dysfunction (Figure 11). 
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Table 9 hs-TnT as a single diagnostic test for LVH and diastolic dysfunction 

 AUC (95% CI) 
Optimal 
cut off 

(pg/mL) 

Sensitivity 
(%) 

Specificity 
(%) 

Positive 
predictive 
value (%) 

Negative 
predictive 
value (%) 

Positive 
likelihood 

ratio 

Negative 
likelihood 

ratio 

LVH         

Total participants 0.69 (0.66-0.72) 10 69.4 61.8 13.5 83.6 1.8 0.5 

eGFR ≥ 60 mL/min/1.73 m2 0.63 (0.58-0.68) 9 38.7 81.9 11.7 74.5 2.3 0.8 

eGFR < 60 mL/min/1.73 m2 0.64 (0.61-0.68) 15 56.2 63.9 24 57.2 1.4 0.5 

Systolic dysfunction         

Total participants 0.69 (0.58-0.80) 16 52.4 76.3 0.7 97.7 2.2 0.4 

eGFR ≥ 60 mL/min/1.73 m2 0.78 (0.56-1.00) 8 75 76.1 0.2 98.3 3.1 0.3 

eGFR < 60 mL/min/1.73 m2 0.64 (0.49-0.79) 31 41.2 88.5 0.9 95.5 3.6 0.7 

Diastolic dysfunction         

Total participants 0.74 (0.71-0.78) 12 79.5 57.3 3.5 83.6 2.2 0.4 

eGFR ≥ 60 mL/min/1.73 m2 0.71 (0.63-0.79) 9 54.3 80.2 2.4 90.3 2.2 0.4 

eGFR < 60 mL/min/1.73 m2 0.70 (0.65-0.74) 14 64.2 60.3 4.9 80.6 1.8 0.5 
Abbreviations: hs-TnT, high-sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; AUC, area under the curve; CI, confidence interval; 
eGFR, estimated glomerular filtration rate  
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Figure 11 Receiver operating characteristic (ROC) curve and area under the 

curve (AUC) after adjustment for co-variables according to renal function  

(A) LVH: Adjusted for age, sex, pulse pressure, diabetes, hypertension, history of 

coronary artery disease, chronic kidney disease stage, body mass index, high-density 

lipoprotein, triglyceride, and hemoglobin 

(B) Systolic dysfunction: Adjusted for age, sex, history of coronary artery disease, 

chronic kidney disease stage 

(C) Diastolic dysfunction: Adjusted for age, sex, Pulse Pressure, chronic kidney 

disease stage, history of coronary artery disease, body mass index, hemoglobin, HDL 

cholesterol 

Abbreviations: LVH, left ventricular hypertrophy; HDL, high density lipoprotein 
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The association between hs-TnT and new changes in LV structure and function  

Among all 2,017 enrolled patients, 864 patients underwent follow-up 

echocardiography after 4 years of follow-up. Patients were excluded who were 

previously diagnosed with LVH at baseline echocardiography, 86 (12.3%) out of 698 

patients developed new LVH. Among 828 patients who did not have diastolic 

dysfunction at baseline, 44 (5.3%) patients developed new diastolic dysfunction at 4 

years. Only seven patients were diagnosed with new systolic dysfunction. The 

percentage of patients who developed new LVH and new diastolic dysfunction 

increased with elevation of hs-TnT levels. In terms of LV geometry at 4 years, the 

results were similar to the baseline, in that each proportion of concentric LVH, 

concentric remodeling, and eccentric LVH, respectively, increased across the 

quartiles of cardiac troponin T concentration (Figure 12). Finally, multivariable 

analysis showed that increased hs-TnT was related to new LVH (Figure 13A, P for 

trend <0.001), but not to diastolic dysfunction (Figure 13B, P for trend = 0.262).   
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Figure 12 Elevated hs-TnT are associated with new LVH in patients with CKD  

Abbreviations: hs-TnT, high-sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; 

CKD, chronic kidney disease 
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Figure 13 The association between hs-TnT and follow-up echocardiography 

(A) LVH: Adjusted for age, sex, pulse pressure, diabetes, hypertension, history of 

coronary artery disease, chronic kidney disease stage, body mass index, high-density 

lipoprotein, triglyceride, and hemoglobin  

(B) Diastolic dysfunction: Adjusted for age, sex, pulse Pressure, chronic kidney 

disease stage, history of coronary artery disease, body mass index, hemoglobin, HDL 

cholesterol 

Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy; eGFR, 

estimated glomerular filtration rate; HDL, high density lipoprotein;  
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Sensitivity analysis except for patients previously diagnosed with coronary 

artery disease 

Table 10 summarizes the baseline characteristics of patients without coronary artery 

disease at study entry. A total of 1,901 patients were included in the sensitivity 

analysis after the exclusion of the participants with a history of coronary artery disease. 

LV mass index was increased gradually according to the increment of hs-TnT quartile 

groups. The proportion of concentric LVH, concentric remodeling and eccentric LVH 

all gradually increased across the hs-TnT quartile groups. There were 435 patients 

(22.9%) with LVH, 11 patients (0.6%) with systolic dysfunction and 150 patients 

(7.9%) with diastolic dysfunction, respectively. The proportions of diastolic 

dysfunction were higher in patients with higher hs-TnT concentrations than those with 

lower concentrations. The distribution of most variables was similar to the main 

analysis.  
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Table 10 Baseline characteristics according to hs-TnT concentration in the patients without previous history of coronary artery 

disease  

   hs-TnT category (pg/mL)  

  Total ≤6.0 >6.0-10.0 >10.0-16.0 >16.0 P 
value 

  (N=1901) (N=511) (N=559) (N=407) (N=424)  

Age (years)  52.9 ± 12.2 45.8 ± 10.5 51.3 ± 11.4 58.1 ± 11.0 58.7 ± 11.0 <0.001 

Sex       <0.001 

 Female (N, %) 769 (40.5%) 288 (56.4%) 218 (39.0%) 151 (37.1%) 112 (26.4%)  

 Male (N, %) 1132 (59.5%) 223 (43.6%) 341 (61.0%) 256 (62.9%) 312 (73.6%)  

Body mass index (kg/m2) 24.5 ± 3.4 23.9 ± 3.5 24.6 ± 3.3 24.7 ±  3.4 25.0 ±  3.4 <0.001 

Blood pressure         

 SBP (mmHg) 127.8 ± 16.2 124.9 ± 14.1 126.2 ± 14.9 127.6 ± 15.7 133.4 ± 19.1 <0.001 

 DBP (mmHg) 77.2 ± 11.1 78.3 ± 10.5 77.6 ± 10.4 75.9 ± 10.8 76.8 ± 12.7 0.008 

 Mean arterial pressure (mmHg) 94.1 ± 11.7 93.9 ± 10.9 93.8 ± 11.0 93.1 ± 11.2 95.7 ± 13.7 0.012 

Diabetes (N, %)  600 (31.6%) 60 (11.7%) 102 (18.2%) 156 (38.3%) 282 (66.5%) <0.001 

Hypertension (N, %)  1823 (95.9%) 460 (90.0%) 543 (97.1%) 404 (99.3%) 416 (98.1%) <0.001 
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Current smoker (N, %) 306 (16.1%) 77 (15.1%) 92 (16.5%) 73 (17.9%) 64 (15.1%) <0.001 

Cause of CKD (N, %)      <0.001 

 Diabetic nephropathy 706 (37.1%) 230 (45.0%) 281 (50.3%) 123 (30.2%) 72 (17.0%)  

 Glomerulonephritis 410 (21.6%) 21 (4.1%) 44 (7.9%) 109 (26.8%) 236 (55.7%)  

 Hypertensive nephropathy 335 (17.6%) 53 (10.4%) 92 (16.5%) 108 (26.5%) 82 (19.3%)  

 ADPKD 341 (17.9%) 180 (35.2%) 114 (20.4%) 35 (8.6%) 12 (2.8%)  

 Unknown 109 (5.7%) 27 (5.3%) 28 (5.0%) 32 (7.9%) 22 (5.2%)  

eGFR (mL/min/1.73 m2) 54.5 ± 31.2 81.1 ± 28.9 58.8 ± 26.4 41.0 ± 21.8 29.6 ± 17.6 <0.001 

CKD stage (N, %)       <0.001 

 Stage 1 332 (17.5%) 216 (42.3%) 90 (16.1%) 20 (4.9%) 6 (1.4%)  

 Stage 2 371 (19.5%) 160 (31.3%) 147 (26.3%) 43 (10.6%) 21 (5.0%)  

 Stage 3a 306 (16.1%) 70 (13.7%) 124 (22.2%) 80 (19.7%) 32 (7.5%)  

 Stage 3b 399 (21.0%) 49 (9.6%) 128 (22.9%) 121 (29.7%) 101 (23.8%)  

 Stage 4 374 (19.7%) 14 (2.7%) 61 (10.9%) 111 (27.3%) 188 (44.3%)  

 Stage 5 119 (6.3%) 2 (0.4%) 9 (1.6%) 32 (7.9%) 76 (17.9%)  

Laboratory findings        

 CRP (mg/dL)  2.0 ± 5.3  1.5 ± 4.3  1.9 ± 4.6  2.2 ± 5.7  2.6 ± 6.7 0.014 

 HDL (mg/dL) 49.6 ± 15.5 54.4 ± 15.9 51.0 ± 14.7 46.8 ± 13.5 44.8 ± 16.0 <0.001 
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 Triglyceride (mg/dL) 157.0 ± 98.9 144.2 ± 89.8 155.4 ± 99.3 162.3 ± 94.8 169.1 ± 110.1 0.001 

 Hemoglobin (g/dL) 12.9 ± 2.0 13.6 ± 1.7 13.4 ± 1.9 12.5 ± 2.0 11.7 ± 1.9 <0.001 

Urine protein/creatinine ratio (g/g, IQR)  1.2 ± 2.0  0.6 ± 0.9  0.8 ± 1.3  1.1 ± 1.6  2.6 ± 3.2 <0.001 

Urine albumin/creatinine ratio (mg/mg, IQR) 852.7 ± 1361.9 426.5 ± 642.7 576.3 ± 906.8 798.1 ± 1090.6 1781.4 ± 2100.4 <0.001 

Data from echocardiography       

 LVM index (g/m2.7) 41.5 ± 11.3 36.6 ± 8.9 39.7 ± 9.2 43.5 ± 10.6 47.9 ± 13.5 <0.001 

 LVH (N, %) 435 (22.9%) 54 (10.6%) 90 (16.1%) 116 (28.5%) 175 (41.3%) <0.001 

 LV geometry (N, %)      <0.001 

 Normal 1190 (62.6%) 387 (75.7%) 391 (69.9%) 232 (57.0%) 180 (42.5%)  

 Concentric LVH 223 (11.7%) 38 (7.4%) 56 (10.0%) 50 (12.3%) 79 (18.6%)  

 Concentric remodeling 269 (14.2%) 56 (11.0%) 79 (14.1%) 67 (16.5%) 67 (15.8%)  

 Eccentric LVH 214 (11.3%) 29 (5.7%) 32 (5.7%) 57 (14.0%) 96 (22.6%)  

 E/E’   9.8 ± 3.7  8.3 ± 2.4  9.1 ± 3.0 10.4 ± 3.9 11.9 ± 4.5 <0.001 

 Ejection fraction (%) 64.4 ± 5.7 63.8 ± 5.5 64.7 ± 5.6 64.3 ± 5.8 64.7 ± 6.0 0.045 

 Systolic dysfunction (N, %) 11 (0.6%) 1 (0.2%) 4 (0.7%) 4 (1.0%) 2 (0.5%) 0.438 
 Diastolic dysfunction (N, %) 150 (7.9%) 7 (1.4%) 24 (4.3%) 45 (11.1%) 74 (17.5%) <0.001 

Abbreviations: hs-TnT, high sensitivity troponin T; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic kidney disease; PKD, 
polycystic kidney disease; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein; HDL, high density lipoprotein; IQR, 
interquartile range; LVM, left ventricular mass; LVH, left ventricular hypertrophy 
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Table 11 showed the results of the independent relationship between hs-TnT and 

clinical outcomes. At baseline, the two highest quartiles of hs-TnT exhibited an OR 

> 1.9 for LVH in the multivariable analysis (Figure 14). LVH continued to show a 

statistically significant relationship between the highest hs-TnT concentrations for 

both eGFR strata. No significant association between hs-TnT and systolic dysfunction 

was observed on multivariable analysis because the number of participants with 

systolic dysfunction was very low. Additionally, higher hs-TnT levels were related to 

diastolic dysfunction in the fully adjusted model (P for trend <0.001). In a stratified 

analysis according to eGFR 60mL/min/1.73m2, statistical significance for the 

association between diastolic dysfunction and hs-TnT was observed for both eGFR 

strata.  
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Table 11 The association between hs-TnT and left ventricular structure according to renal function in the patients without 
previous history of coronary artery disease  

hs-TnT (pg/mL) Odds of LVH* P Odds of systolic 
dysfunction† P Odds of diastolic 

dysfunction§ P 

Total patients       
≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  

>6.0-10.0 1.20 (0.79-1.85) 0.39 2.34 (0.41-24.33) 0.36 3.00 (1.22-8.54) 0.024 
>10.0-16.0 1.92 (1.20-3.08) 0.007 4.60 (0.69-52.18) 0.12 5.95 (2.38-17.23) <0.001 

>16.0 3.05 (1.81-5.20) <0.001 2.71 (0.27-36.51) 0.39 9.78 (3.71-29.61) <0.001 
eGFR ≥60 mL/min/1.73 m2       

≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  
>6.0-10.0 1.36 (0.74-2.50) 0.33 3.80 (0.19-586.60) 0.39 1.65 (0.44-6.92) 0.46 

>10.0-16.0 1.69 (0.69-4.04) 0.24 19.56 (0.93-2999.91) 0.06 1.72 (0.33-8.91) 0.51 
>16.0 11.31 (3.49-37.83) <0.001 34.81 (1.52-5672.45) 0.03 14.45 (2.95-78.34) 0.001 

eGFR <60 mL/min/1.73 m2       
≤6.0 1.00 (reference)  1.00 (reference)  1.00 (reference)  

>6.0-10.0 0.98 (0.54-1.86) 0.96 1.22 (0.19-12.99) 0.84 2.94 (0.79-19.06) 0.16 
>10.0-16.0 1.73 (0.96-3.25) 0.08 1.58 (0.23-17.59) 0.65 6.30 (1.79-40.03) 0.02 

>16.0 2.72 (1.47-5.23) 0.002 0.58 (0.04-7.81) 0.65 9.35 (2.62-59.85) 0.003 
Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy; eGFR, estimated glomerular filtration rate  

*LVH: adjusted for age, sex, pulse pressure, diabetes, hypertension, chronic kidney disease stage, body mass index, high-density lipoprotein cholesterol, triglyceride, 
and hemoglobin 

†Systolic dysfunction: adjusted for age, sex, chronic kidney disease stage 

§Diastolic dysfunction: Adjusted for age, sex, pulse Pressure, chronic kidney disease stage, body mass index, hemoglobin, high-density lipoprotein cholesterol
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Figure 14 The association between hs-TnT and left ventricular structure and function in the patients without previous 
history of coronary artery disease 

(A) LVH: adjusted for age, sex, pulse pressure, diabetes, hypertension, chronic kidney disease stage, body mass index, high-density lipoprotein cholesterol, 
triglyceride, and hemoglobin  

(B) Systolic dysfunction: adjusted for age, sex, chronic kidney disease stage   

(C) Diastolic dysfunction: Adjusted for age, sex, pulse Pressure, chronic kidney disease stage, body mass index, hemoglobin, high-density lipoprotein 
cholesterol 

Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy;  
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Among 1,901 patients, 825 participants received follow-up echocardiography after 4 

years of follow-up. Subjects were excluded who were previously diagnosed with 

LVH at baseline echocardiography, 75 (11.2%) out of 669 patients developed new 

LVH. Among 774 patients who did not have diastolic dysfunction at baseline, 38 

(4.9%) patients developed new diastolic dysfunction in the 4th year after study entry. 

The percentage of participants who developed new LVH and diastolic dysfunction 

increased with the increment of hs-TnT concentrations.  

Finally, multivariable analysis showed that increment of hs-TnT concentrations had 

an independent association with new LVH (Figure 15A), but not with new diastolic 

dysfunction (Figure 15B).  
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Figure 15 The association between hs-TnT and follow-up echocardiography in 

the patients without previous history of coronary artery disease  

(A) LVH: Adjusted for age, sex, pulse pressure, diabetes, hypertension, chronic 
kidney disease stage, body mass index, high-density lipoprotein, triglyceride, and 
hemoglobin  

(B) Diastolic dysfunction: Adjusted for age, sex, pulse pressure, chronic kidney 
disease stage, body mass index, hemoglobin, HDL cholesterol  

Abbreviations: hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy; eGFR, 
estimated glomerular filtration rate; HDL, high density lipoprotein;  
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Chapter 4. Discussion 

 

4.1 Socioeconomic status and echocardiographic parameters 

In the first part of this study, I performed a cross-sectional analysis for the 

relationships between SES and LVH, diastolic dysfunction in a CKD population 

using the data from the KNOW-CKD cohort. LVH was associated with parameters 

of SES, such as educational attainment and monthly income level, and these 

associations had graded responses. Additional analyses were conducted to clarify 

the association between SES and LVH, adjusting for BMI, sex, age, blood pressure, 

DM, CKD stage and physical activity. After adjustment, lower education and 

income level remained a statistically significant determinant of LVH in total 

participants and patients with age ≥ 50 years, not with age <50 years. In terms of 

diastolic dysfunction, the OR for diastolic dysfunction gradually increased with 

lowering of the monthly income level in the adjusted analysis, however, such a 

tendency was not observed with respect to educational attainment.  

Compared with the statistical data of the Organization for Economic Co-operation 

and Development (OECD) statistics, the proportions of college graduates or above 

among the subjects at 25 – 45 years of age, were 69% for Koreans and 42% for the 

average OECD countries, respectively, while among those at 55-64 years of age, 
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they are 18% in Korea and 26% in OECD average.(71, 72) Namely, since most of 

the younger Korean population are college graduates, educational attainment is not 

a suitable factor for evaluating the SES among younger Korean CKD patients. In 

such respect, statistical significance according to educational attainment remained 

only in the subjects at the age of 50 or older. In view of the monthly income level, 

the value of OR was gradually increased in both groups according to age. However, 

there is no statistical significance in the younger age group. This is probably due 

to the low prevalence of LVH in younger patients compared to the older group 

(11.8% in the patients with age <50 vs. 27.8% in the patients with age ≥50 years.  

Usually, SES is defined by education, employment, income and poverty, and these 

indicators could influence one’s access to medical care and social support through 

insurance, housing stability, and quality, accessibility to healthy food and degree 

of stress.(44) Since numerous complex interactions between the selected social 

determinants of health exist, it is difficult to elucidate the mechanism for the 

association between SES and many clinical outcomes regarding the incidence, 

progression of disease and mortality. In particular, low educational attainment has 

indirect effects on one’s understanding of the disease and medical treatment. Low 

income level could affect one’s ability to engage in healthy behavior and access to 

healthcare services. It is important to identify clinical outcomes influenced by SES 

because some determinants could be modified by government policies, social 

support for access medical care, and efforts of physicians and community members.   
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Explanations for the differences in the burden of LVH between various strata of 

socio-economic status remain speculative, but there are several potential reasons 

why lower SES could be an independent risk factor for LVH. First, 

socioeconomically disadvantaged patients tend to receive less vigorous treatment 

because of poorer access to medical care.(73) It is well known that early referral to 

a nephrologist improves clinical outcomes in CKD patients (74, 75) due to timely 

and proper management for the prevention of disease progression. The primary 

health insurance system of South Korea is the National Health Insurance (NHI), 

and nearly 96% of the total Korean population joined this NHI program.(75) It 

guarantees basic medical care including in-patient and out-patient health service, 

preventive care and prescription drugs, based on the co-payment system.(76) 

However, with the rapid expansion of the enrolled population, the NHI has been 

under heavy burdens due to increased medical expenditure.(77) Inevitably, the NHI 

program had to restrict the range of covered medical services at the possible 

level.(78) Therefore, some medical services or medical tests at high costs are not 

covered by the NHI, rendering them not easily accessible to individuals at low SES. 

Besides, low SES leads to a decreased understanding of treatment plans and poor 

compliance, which results in late diagnosis and disease progression.  

Second, sympathetic stimulation is one of the mechanisms of LVH in low SES. 

The role of stress in health has been investigated since the 1950s(79) and the 

association between stress and cardiovascular disease is well known.(80-83) 
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Sympathetic nervous system activity increases with various environmental factors, 

including low SES and stress. Lower SES is an important factor in psychosocial 

stress relative to higher SES.(83) It has been reported that chronic adrenergic 

stimulation can cause increased left ventricular mass.(84) Moreover, patients with 

CKD may be unable to adapt easily to stressful situations because stress hormones 

are metabolized and cleared by the kidney.(85) Patients with CKD may present 

inappropriate reactions to chronic stress. Thus, CKD patients with lower SES 

might be subjected both to more stress, and inappropriate responses to the stress.   

Dietary differences between low and high SES groups are also related to LVH. One 

study reported that increased sodium retention might increase the risk of LVH by 

activation of the renin-angiotensin system and volume expansion.(86) Sodium 

intake tended to be higher among individuals with low SES.(87-89) In a study 

carried out among Chinese individuals, more educated participants had a lower 

intake of salt and soy sauce compared with less-educated individuals.(90) This 

tendency might also be present in CKD populations, and dietary differences could 

contribute to a greater risk of LVH by sodium intake differences. Although this 

study did not collect dietary information, I attempted to evaluate sodium intake by 

measuring 24-hour urine sodium excretion, as it might reflect dietary sodium 

intake.(91, 92) However, our data did not show a significant difference in 24-hour 

urine sodium excretion with respect to educational attainment or income level. 

Since the main source of sodium intake in the western countries is processed foods 
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(77% in the United States and 65-70% in the United Kingdom), people with low 

SES are less likely to have access to fresh food, thus, they are more likely to 

consume more processed food. In other words, the more processed food consumed, 

the more sodium intake. However, in South Korea, the main sources of salt intake 

are Kimchi, soup, and stew, and these are easily accessible to anyone regardless of 

SES. Therefore, in Korea, personal salt intake depends more heavily on the 

personal salt preference, rather than on the SES of the individual. In addition, 

though adults should consume less than 2,000 mg of sodium, or 5 grams of salt per 

day according to guidelines issued by the World Health Organization (WHO)(93), 

Korean sodium intake is very high, because Korean food is generally very salty. In 

fact, looking at the Korea National Health and Nutrition Examination Survey 

(KNHANES) data, the amount of sodium intake in Korea is 3,669 mg, far 

exceeding 2,000 mg.(94) 

Anemia has been shown to be an independent risk factor for LVH in CKD 

patients.(95, 96) The relationship between SES and anemia has been assessed 

primarily among adolescents and reproductive-aged women, for whom low SES is 

an important risk factor for anemia.(97, 98) Low intake among low SES 

populations also has been well established.(8, 99) In our subjects, anemia was more 

prevalent in the lowest educational group. Based on the above findings, I 

hypothesized that low SES might be associated with anemia, which, in turn, might 

lead to LVH. This study showed that the inclusion of anemia as a covariate in the 
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multivariate analysis could not affect the significant association between both SES 

parameters and LVH in the total participants. Namely, other social determinants 

affected by SES but not included in the analysis might contribute to LVH. Further 

studies are warranted for elucidating the interconnected mechanism underlying the 

association between SES and LVH. 

In terms of diastolic dysfunction, various comorbidities associated with the 

development of heart failure including diabetes,(100) hypertension,(101) 

peripheral vascular disease,(102) coronary heart disease,(103) anemia(104) and 

renal dysfunction(105) in the general populations. It was reported that the 

prevalence and clinical outcomes related to these comorbidities are associated with 

SES.(97, 106-110) In this study, I could not confirm these comorbidities act as 

confounders between SES and diastolic dysfunction. Further studies are needed to 

find out the confounding factors. 

This study is the first, to our knowledge, to elucidate that lower SES is an 

independent risk factor of LVH and diastolic dysfunction among the CKD 

population. However, several limitations exist. First, although LVH and diastolic 

dysfunction are influenced by many factors, and I tried to adjust as many factors 

as possible related to health and dietary behavior, there still remains a possibility 

for a residual confounder. Since this study was conducted as a cross-sectional 

analysis, I could not determine causality between SES and changes in 
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echocardiographic parameters. However, longitudinal follow-up of the same study 

subjects will show us the causal relationship between SES and CV outcome. 

Second, I have excluded those who did not respond to the self-questionnaire and 

LV mass measurement or E/e’. Because these patients are more likely to have poor 

compliance, it might influence the results. In addition, because information on the 

income and educational status was based only on the self-report, there may be a 

reporting bias. Although echocardiography was performed at each of nine 

participating centers, the data coordinating center of the KNOW-CKD Study 

collected each measurement parameter, calculated LV mass index, and relative 

wall thickness and classified LV geometry following uniform criteria from the 

American Society of Echocardiography.(62) Lastly, the study enrolled only ethnic 

Korean patients; thus, it cannot provide information on the ethnic disparities in 

CKD. 

In summary, I identified a novel relationship between SES and echocardiographic 

parameters in CKD patients. Lower SES, defined by educational attainment and 

monthly income level, is an independent factor for LVH among CKD patients. The 

monthly income level significantly associated with diastolic dysfunction. Further 

studies are needed to explore the causal relationships between the SES and adverse 

cardiovascular outcomes in the CKD population, to address factors related to socio-

environmental causes of changes of echocardiographic parameters to develop 

preventive strategies for CV mortality in patients with kidney disease. Such efforts 
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will minimize socio-economic disparities, and improve CV outcomes for patients 

with CKD. 

 

4.2 hs-TnT and echocardiographic parameters 

In the second part of the study, the relationship between hs-TnT and LV structure and 

function was investigated in CKD patients with mild-to-severe renal dysfunction. 

Consistent with previous reports (111-113), increased TnT was independently 

associated with LVH. To our knowledge, this is the 1st study regarding the association 

between diastolic dysfunction and hs-TnT in predialysis CKD patients. Given that hs-

TnT is elevated with lowering of renal function (67, 114), further analyses were 

conducted with stratification of the subjects into two subgroups based on renal 

function as determined by eGFR. Elevated hs-TnT was significantly associated with 

LVH and diastolic dysfunction in both eGFR strata.  

As techniques for measuring biomarkers have become more sensitive, it is now easier 

to detect TnT using a highly sensitive assay. Importantly, there is growing evidence 

that elevated hs-TnT levels in the chronic setting with no cardiac symptoms and 

without acute coronary syndrome may indicate the presence of chronic subclinical 

myocardial damage (64-66). However, a previous retrospective observational study 

showed that a reduced eGFR is associated with a gradual increase in hs-TnT at the 
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individual and population levels, meaning there is an inverse relationship between hs-

TnT and eGFR (114). It is not clear whether chronic elevation of cardiac troponin 

levels in CKD patients is related to decreased renal clearance or increased cardiac 

release. Considering the relationship between renal function and hs-TnT, it remains 

unclear whether the detection of hs-TnT in asymptomatic patients is meaningful for 

identifying chronic myocardial damage. Thus, one of the greatest advantages of the 

present study is our assessment of the association between hs-TnT levels and cardiac 

structural and functional abnormalities across various stages of CKD, from relatively 

preserved renal function to severe renal dysfunction. 

This study showed that the distribution of hs-TnT was different according to the cause 

of CKD. As mentioned above, there is an inverse relationship between eGFR and hs-

TnT concentrations. In the KNOW-CKD cohort, patients with various CKD stages 

from CKD stage 1 to 5 (predialysis) were included, also, the percentage of advanced 

CKD (stage 4 and 5) was the highest in our diabetic nephropathy group and the lowest 

in the polycystic kidney disease group.(115) Thus, the higher hs-TnT concentration, 

the higher the percentage of patients diagnosed with diabetic or hypertensive 

nephropathy due to the advanced stage of renal function. One of the other mechanisms 

of this phenomenon is that people with diabetes have significantly higher hs-TnT 

values than those without diabetes.(116) Further studies for patients with similar CKD 

stages within each CKD cause are needed to confirm this observation. 
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Explanations of the relationship between hs-TnT and LV structural and functional 

abnormalities remain speculative. LVH is caused by LV pressure and/or volume 

overload in an attempt to maintain wall stress, which in turn leads to myocyte death 

that may be further exacerbated by decreased coronary perfusion, and uremia (112, 

117). In particular, uremia is one of the important factors for changing myocardial 

structure regardless of pressure and volume overload in both animal and human 

studies (118, 119). Renal impairment provokes accumulation of hypertrophic 

substances related to uremia such as endothelin 1, parathyroid hormone, tumor 

necrosis factor α, an interleukins 1α and 6 (120). In addition, LVH may lead to a 

release of hs-TnT in the hypertrophied heart, possibly reflecting changes in cell 

membrane permeability and myocardial protein turnover (111, 121). Decreased 

elimination of hs-TnT by the kidney has been suggested as one of the causes (67, 122), 

however, recently there is a controversy.  

Systolic and diastolic dysfunction are associated with increased hs-TnT in both 

general population (64, 65) and in patients with ESRD (22, 123, 124). Studies on non-

dialysis dependent CKD patients are rare, thus the results of the present study may 

help to enrich our understanding of the relationship between hs-TnT, CKD, and CV 

disease. Indeed, an independent association was observed between the highest 

quartile of hs-TnT group and diastolic dysfunction, independent of renal function. In 

contrast to the CRIC study (111), an association between hs-TnT and systolic 

dysfunction was not identified in our study; however, hs-TnT was associated with 
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diastolic dysfunction in the present study. s, Subjects who were previously diagnosed 

with congestive heart failure (New York Heart Association function class III or IV) 

were excluded in the enrollment of the KNOW-CKD cohort. Therefore, it was 

difficult to perform additional analysis for systolic dysfunction.  

The results of the present study suggest hs-TnT as a useful screening test for LVH 

and diastolic dysfunction, irrespective of renal function, prior to additional costly 

evaluation such as echocardiographic study. Specifically, there were statistically 

significant differences between the AUCs according to renal function for both LVH 

and diastolic dysfunction. An additional analysis was carried out to identify the 

optimal value of hs-TnT and the ideal cut-off values for hs-TnT were higher in 

patients with a lower eGFR for both LVH and diastolic dysfunction. These findings 

suggest that hs-TnT might be affected by renal function. However, because of the low 

prevalence of LVH and diastolic dysfunction among the study participants, the 

positive predictive values were very low. Positive and negative likelihood ratios were 

calculated to reduce the influence of low prevalence and the results suggested that hs-

TnT alone has some limitation as a definitive screening test for LVH and diastolic 

dysfunction. However, considering that echocardiography is a very expensive test, 

the present study showed the possibility of hs-TnT as a simple and cost-effective test 

for risk stratification for subjects who need further cardiac evaluation.  
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To elucidate the temporal relationship between hs-TnT and LV structural and 

functional abnormalities, additional analyses were conducted with longitudinal 

follow-up data. Follow-up echocardiography at 4 years was offered to all the subjects, 

irrespective of cardiac symptoms. Subjects who died or developed the end-stage renal 

disease before 4 years of follow-up, or who have not reached a 4-year follow-up did 

not perform the repeat echocardiography. Higher hs-TnT levels were associated only 

with new LVH, and not with diastolic dysfunction. However, because the number of 

participants who underwent follow-up echocardiography was small, further analyses 

will be warranted to elucidate the causal relationships between hs-TnT and new 

changes in cardiac structure and function.  

There were several limitations of this study that deserve attention. First, I depended 

on a single hs-TnT measurement and were thus unable to perform additional analyses 

into changes of hs-TnT levels over time. Secondly, this study was conducted 

exclusively in an Asian population without pre-existing severe heart failure. In 

addition, there were relatively few patients with systolic dysfunction, which limited 

statistical power. Additionally, echocardiographic interpretations could be prone to 

poor inter-rater reliability depending on the settings, and the echocardiography was 

conducted by different echocardiographers. Lastly, echocardiographic follow-up was 

conducted in less than 50% of the study subjects for various reasons, including 

dialysis initiation, death, and drop-out.  
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In summary, hs-TnT was strongly associated with alterations of LV structure and 

diastolic dysfunction. These tendencies persisted in a stratified analysis according to 

eGFR. Although the predictive power was limited in the low eGFR subgroup, a hs-

TnT measurement from CKD patients, nevertheless, appears to be a useful targeted 

strategy that can be used for the risk-stratification of patients who may need further 

cardiac evaluation, irrespective of renal function. The results of a four-year follow-up 

showed that increased cTnT was associated with the development of LVH. If such a 

hs-TnT screening test was incorporated, patients identified at higher risk should be 

encouraged to perform further evaluations regularly, or more targeted interventions 

in order to reduce their risk of LVH and diastolic dysfunction. Further studies are 

needed to confirm the ideal cut-off values of hs-TnT in various CKD populations, and 

such efforts will help early detection of cardiac structural and functional abnormalities 

and improve CV outcomes for patients with CKD. 
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Chapter 5. Conclusion 

 

Prevention and early detection of CV disease and complications in the CKD 

population are essential for improving clinical outcomes including mortality. In this 

study, I investigated the modifiable risk factors and a diagnostic cardiac biomarker 

for subclinical cardiac changes.  

First of all, SES is one of the most important factors for health including CKD and 

CKD-related clinical outcomes. Thus, a better understanding of SES and risk 

stratification are critical first steps in identifying and tailoring interventions to 

improve CKD-related clinical outcomes. However, there is a lack of studies regarding 

the association between SES and CV outcomes in CKD populations. In this study, I 

identified a novel relationship between LVH and SES evaluated by educational 

attainment and monthly income level in CKD patients. Some determinants of SES 

could be modified by government policies including the accessibility to health care, 

and medical information. Therefore, it is crucial to find out clinical outcomes affected 

by SES.  

In the view of biomarkers, decreased renal function may change the concentration of 

biomarkers. Additionally, we can measure biomarkers with lower concentrations 

because high-sensitivity tests were developed. Consideration of these situations 
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should be given for the interpretation of the results. I explored hs-TnT, which is one 

of the important cardiac markers broadly used. hs-TnT was associated with the change 

of LV structure and diastolic function even in the subgroup analysis according to 

eGFR in the cross-sectional study, and development of new LVH. Though predictive 

power was limited in the low eGFR group, hs-TnT could be a possible strategy for 

risk stratification of patients who may need further cardiac evaluations in CKD 

patients.  

Prevention and timely diagnosis of CV disease and complications must be achieved 

to improve the outcome of patients with CKD. In this study, I found that SES is a new 

marker for LVH, and hs-TnT concentration is associated with LVH and diastolic 

dysfunction at study entry. It is also associated with new LVH during follow-up. Such 

an associated was observed in non-dialytic CKD patients regardless of renal function. 

Further studies regarding novel risk factors and the mechanisms for CV disease in the 

non-dialytic CKD population are warranted to improve CV outcomes.  
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요약 (국문초록) 

심혈관계 질환은 만성신장질환 환자의 주요 사망원인이므로, 심혈관계 
질환의 예방을 위해 위험인자를 조기 발견하여 치료하는 것이 매우 
중요하다. 따라서 본 연구에서는 증상이 아직 나타나지 않은 심장 구조 
및 기능의 변화에 대한 위험 인자 및 진단적 바이오마커에 대해 
연구하였다. 첫번째는 만성신장질환 환자에서 사회경제적 지위와 좌심실 
구조 및 기능 변화와의 관계에 대해서, 두번째는 만성신장질환 환자에서 
추정 사구체 여과율에 따라 high-sensitivity troponin T (hs-TnT)와 좌심실 
구조 및 기능과의 관계에 대해 평가해 보고자 하였다. 

본 연구는 투석 이전의 만성신장병 환자를 대상으로 하는 전향적 
코호트인 한국인 만성신장병 장기 추적 코호트 (KNOW-CKD)의 데이터를 
이용하여 진행되었다. 심장초음파 검사는 연구 등록 당시 및 4 년 후에 
시행되었으며 이를 통해 좌심실 구조 및 기능 장애에 대한 평가를 
시행하였다. 등록 당시 시행한 설문지에서 교육 수준과 가구별 월 소득 
수준에 대한 정보를 수집하여 사회경제적 지위의 지표로 사용하였다. 
Troponin T 의 경우 high-sensitivity 로 측정하였고, 사분위수로 분류하여 
분석을 시행하였다. 

첫번째 파트인 사회경제적 지위 및 좌심실 구조에 대한 분석에서 
좌심실 비대는 사회경제적 지위(교육 수준 및 월 소득 수준)가 낮을수록 
증가하는 것으로 확인되었다. 낮은 교육 수준과 월 소득 수준 모두 전체 
환자에서 다변량 분석 시 좌심실 비대와 통계적으로 유의한 것으로 
확인되었으나, 50 세 미만에서는 유의성을 나타내지 않았다. 이완기 기능 
장애의 경우, 낮은 소득 수준만이 전체 환자 및 50 세 이상의 환자에서 
시행한 다변량 분석에서 유의한 것으로 확인되었다.  

두번째 파트에서는 등록 당시의 높은 hs-TnT 가 좌심실 비대 및 이완기 
기능 장애와 통계적으로 유의한 연관성을 보였으나, 수축기 기능 
장애와는 이러한 연관성을 보이지 않았다. 이러한 결과는 추정 사구체 
여과율 60mL/min/1.73m2 를 기준으로 두 그룹으로 나누어 분석한 
하위집단 분석에서도 동일하게 유지되었다. hs-TnT 를 연속변수로 두고 
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시행한 수신자 조작 특성 곡선(Receive Operating Curve, ROC) 분석에서 
좌심실 비대(Area under the curve [AUC] 0.69) 및 이완기 기능장애(AUC 
0.74)의 진단에 상당한 의미를 가지는 것으로 확인되었다. 마지막으로, 
다변량 분석 결과 등록 당시의 높은 hs-TnT 는 4 년 후 시행한 
심초음파에서 새롭게 발생하는 좌심실 비대와 연관성이 있으나, 새로 
진단되는 이완기 기능 장애와는 연관성을 보이지 않았다. 

본 연구는 교육 수준 및 월 소득 수준이 좌심실 비대의 위험 요소이며, 
특히 월 소득 수준은 이완기 기능장애의 위험인자임을 밝혔다. 또한 
바이오마커의 관점에서는, 등록 당시의 hs-TnT 가 높을수록 신기능에 
관계없이 좌심실 비대 및 이완기 기능 장애와 단면적 연구에서 강한 
연관성을 보임을 확인하였으며, 4 년 뒤의 좌심실 비대를 예측할 수 
있음을 본 연구에서 확인하였다. 

주요어: 만성콩팥병, 심혈관계 질환, 사망률, 바이오마커, 사회경제적 지위, 
high-sensitivity troponin T 

학번: 2016-30801 
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