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Abstract Öz 
Purpose: The aim of this study was to investigate the 
incidence of left ventricular geometric patterns in patients 
with chronic kidney disease (CKD). 
Materials and Methods: A total of 162 patients (100 
males) with stage 2–5 CKD were included in the study. 
Patient age was between 17 and 79 years. Left ventricular 
geometry (LVG) patterns were calculated as left 
ventricular normal geometry (LVNG), left ventricular 
concentric remodeling (LVCR), concentric left ventricular 
hypertrophy (cLVH) and eccentric left ventricular 
hypertrophy (eLVH) by echocardiographic parameters. 
Results: The incidence of LVH was 45.1%. LVG patterns 
were found as follows: eLVH in patients 18(11.1%), cLVH 
in 42(25.9%), LVCR in 51(31.5%), and LVNG 51(31.5%). 
LVNG was found 10.38% and 34.27% in CKD stage 2 
and dialysis, respectively. LVCR was as high as 62.3% in 
CKD stage2. cLVH and eLVH were found as 35.92% and 
29.13% in stage 5 non-dialysis and dialysis, respectively. 
There was a relationship between clinical characteristics 
and LVG as follows age and GFR with LVCR, HbA1C 
and serum levels of albumin and sodium with cLVH, and 
age and serum albumin with eLVH 
Conclusions: In our CKD patients, abnormal LVG  was 
found as earlier as CKD stage 2. The incidence of cLVH 
and eLVH was higher in advanced stages of CKD. 
Nontraditional factors such as volume status and nutrition 
were also crucial for left ventricular remodeling. 

Amaç: Bu çalışmanın amacı kronik böbrek hastalığı 
(KBH) olan hastalarda sol ventrikül geometrisi (SVG) çeşit 
ve sıklığını araştırmaktır. 
Gereç ve Yöntem: Evre 2-5 KBH’lı, yaşı 17-79 aralığında, 
100’ü erkek toplam 162 hasta çalışmaya dahil edildi. SVG 
ekokardiyografik parametrelere göre; sol ventrikül normal 
geometrisi (SVNG), sol ventrikül konsantrik remodelling 
(SVKR), konsatrik sol ventrikül hipertrofisi (SVKH) ve 
eksantrik sol ventrikül hipertrofisi (ESVH) olarak 
hesaplandı. 
Bulgular: Hastalarımızda SVH sıklığı % 45.1 idi. SVG 
paternleri: ESVH 18 (% 11.1), KSVH 42 (% 25.9), SVKR 
51 (% 31.5) ve SVNG 51 (% 31.5) saptandı. SVNG evre 2 
KBH ve diyaliz hastalarında sırasıyla %10.38 ve %34.27 idi. 
SVKR, evre 2 KBH’da yüksek sıklıkta (% 62.3) saptandı. 
Non-diyaliz evre 5 KBH ve diyaliz hastalarında KSVH ve 
ESVH sıklığı sırasıyla % 35.92 ve % 29.13 bulundu. Klinik 
özellikler ile SVG değerlendirildiğinde; yaş ve GFR SVKR 
ile, HbA1C, serum albumin ve sodyum seviyeleri KSVH 
ile, yaş ve serum albumin ESVH ile ilişkiliydi. 
Sonuç: KBH hastalarımızda, evre 2 KBH aşamasında bile 
anormal SVG saptandı. KBH’ın ileri evrelerinde KSVH ve 
ESVH insidansı daha yüksekti. Volum durumu ve 
beslenme gibi geleneksel olmayan faktörler de sol ventrikül 
yeniden şekillenmesinde önemliydi. 

Keywords:. Left ventricular geometry, left ventricular 
hypertrophy, chronic kidney disease 

Anahtar kelimeler: Sol ventrikül geometrisi, sol ventrikül 
hipertrofisi, kronik böbrek hastalığı 

 
 

INTRODUCTION 

Cardiovascular disease (CVD) is a leading cause of 
death in chronic kidney disease (CKD) patients, in 

whom mortality is 20–30 times higher than in the 
general population1. The increased risk cannot be 
attributed only to conventional cardiovascular risk 
factors, such as advanced age, smoking, hypertension 
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(HTN), hyperlipidemia, and diabetes mellitus (DM). 
Other risk factors such as inflammation, 
hypervolemia, malnutrition, anemia, secondary 
hyperparathyroidism (SHPT), oxidative stress, and 
bone mineral disorders also play a role in CKD 
patients2-5. Left ventricular hypertrophy (LVH) and 
left ventricular mass index (LVMI) are independent 
predictors of cardiovascular mortality in CKD 
patients6-8. Many factors play a role in the 
development of LVH in CKD patients, including 
anemia, HTN, hyperphosphatemia, SHPT, chronic 
volume overload, and inflammation6,9,10. LVH 
prevalence has been reported as 30-70% in CKD 
patients and 70% at the beginning of dialysis11. LVH 
is generally a prognostic marker and is an 
independent risk factor for arrhythmia, sudden death, 
cardiac failure, myocardial ischemia, post-transplant 
the major cardiovascular event, and early graft 
failure6,12. 

The left ventricular mass (LVM) is divided into four 
categories according to the geometric pattern. 
Normal LVM is divided into two subgroups, being 
left ventricular normal geometry (LVNG) and left 
ventricular concentric remodeling (LVCR), while 
increased LVM is evaluated in two groups as 
concentric LVH (cLVH) and eccentric LVH (eLVH). 
The relative wall thickness (RWT) is increased when 
compared to the left ventricular cavity in patients 
with cLVH, while this is not the case for patients with 
eLVH13. Abnormalities associated with left 
ventricular geometry (LVG) are seen frequently in 
CKD patients14. cLVH is more common in with 
predialysis CKD patients, and eLVH is more 
common in dialysis patients11,15-17. LVG changes over 
time and the progression of CKD17,18. Both 
geometric patterns are associated with increased 
CVD risk, while the risk of sudden death is five-fold 
in patients with eLVH when compared to cLVH in 
undergoing dialysis patients16,19.  

Therefore, detection and prevention of factors 
affecting LVG in CKD patients are vital in reducing 
the risk of CVD. In this cross-sectional study, we 
evaluate the frequency of LVH and LVG patterns, 
and the affecting factors, in 162 patients with CKD 
stage 2–5. 

MATERIALS AND METHODS 

All procedures were performed in the study were in 
accordance with the ethical standards of the Helsinki 
Declaration. Informed consent was obtained from all 

patients included in the study. This study has been 
approved by the ethics committee of the Cukurova 
University Faculty of Medicine (31.08.2018, 80/32). 

Patients between 18-80 years old, CKD stage 2 and 
above, who applied to our Nephrology outpatient 
clinic were included in our study.  Patients with class 
3–4 congestive heart failure, chronic liver disease, 
acute infection, acute coronary syndrome, history of 
renal transplantation, obesity (BMI≥35 kg/m2), 
malignancy, and patients who declined to give 
consent were excluded from the study. Two hundred 
patients were included in our study, but 38 patients 
were excluded because of exclusion criteria. The 
remaining 162 patients were included in our study. 

Procedure 
Height, weight, body mass index (BMI), Blood 
Pressure (BP) and physical examination findings of 
the patients were recorded. Office BP was measured 
two times with 3 minutes interval using a mercury 
sphygmomanometer while the patient was in a sitting 
position in a quiet room. All patients were asked to 
avoid caffeinated drinks, alcohol, tobacco products, 
for 30 minutes before the measurements. Patients 
with office BP>140/90 mmHg or treated with the 
anti-hypertensive drug(s) were accepted as 
hypertensive. BMI was calculated based on height 
and weight measurements (kg)/height²(meter2).  

Biochemical evaluations 

Blood samples were drawn in the morning following 
a fasting period of 12 hours. Biochemical tests, 
including glucose, BUN, creatinine, uric acid (UA), 
sodium (Na), potassium (K), calcium (Ca), 
phosphorus (P), albumin, HDL, LDL, triglyceride, 
ferritin, HbA1c, parathormone (PTH), 25 OH 
Vitamin D, Fibroblast growth factor 23 (FGF23), C-
reactive protein (CRP) and whole blood count were 
measured. Glomerular filtration rate (eGFR) was 
calculated using the MDRD formula20  

Of the study sample, 16 patients were undergoing 
four hours of hemodialysis (HD) three times a week, 
involving treatment with a dialysate solution of 2.0 
mmol/l K+, 1.25 mmol/l Ca2+, 138 mmol/l Na + and 
0.5 mmol/l Mg2 +. Standard (conventional) PD 
solutions (Baxter Healthcare, Deerfield, IL, USA, and 
Fresenius Medical Care, Germany) were used on 29 
patients undergoing peritoneal dialysis (PD) 
treatment. 

Biochemical parameters were measured 
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Roche/Hitachi 912/917/MODULAR. 25 OH 
Vitamin D was measured using HPLC (High-
pressure liquid chromatography). The FGF23 level 
was measured using an Enzyme-Linked 
Immunosorbent Assay (ELISA) using a commercial 
kit (USCN Life Science Inc. Wuhan, China). 

Echocardiographic measurements 

The examination was performed with two-
dimensional echocardiography (ACUSON SC 256 
machine with a transducer 3.5 MHz). HD patients 
were examined 2 to 24 hours after the last HD 
session. The echocardiographic technique, 
calculation of dimensions, and different cardiac 
volumes were realized according to 
recommendations of the American Society and 
European Association of Echocardiography. The 
echocardiographic evaluation included endocavitary 
dimensions of the left ventricle and other cardiac 
chambers. The LVM was calculated according to 
Devereux formula21: 1.04 × (LVID + PWT + IVST)3 
- LVID3× 0.8 + 0.6 where LVID indicates left 
ventricular internal diameter; PWT, posterior wall 
thickness; and IVST, intraventricular septal thickness. 
LVH was determined as LVMI higher than 115 g/m² 
for men and greater than 95 g/m² for women. The 
relative wall thickness (RWTH) was calculated as 
PWT plus IVST, divided by the LVID; the limit value 
was considered 0.42 and greater.  

According to LVM and RWTH, the prevalence of 4 
geometrical models of the left ventricle was evaluated 
for the patients: LVNG (LVMI, ≤ 95 g/m² for 
women and ≤ 115 g/ m² for men; RWTH, ≤ 0.42); 
LVCR (LVMI ≤ 95 g/m² for women and ≤ 115 g/ 
m² for men; RWTH, > 0.42); cLVH (LVMI > 95 
g/m² for women and > 115 g/ m² for men; RWTH, 
> 0.42); eLVH (LVMI > 95 g/m² for women and > 
115 g/ m² for men; RWTH, ≤ 0.42)13. 

Statistical analysis 
The data were analyzed using the SPSS 19.0 program 
(IBM, Chicago IL. USA). Categorical measurements 
were done using number and percentage; numerical 
measurements were done using average and standard 
deviation (when appropriate median and minimum-
maximum). Student T-test, Mann witney U test, and 
chi-square test were used to compare groups with and 

without LVH. The Tukey test was used to determine 
the difference between the groups.  

The multinomial logistic regression model assessed 
the relationship between LVG patterns. To estimate 
the predictors of different geometric models, a 
multinomial logistic regression analysis was 
performed with normal geometry as the reference 
category. Age, SBP, GFR, hgb, albumin, Na, P, CaxP, 
PTH, FGF23, HbA1C, LDL, and CRP were included 
as covariates. The covariates of the multinational 
logistic regression model were selected based on their 
importance in univariate analyzes, potential 
confounding factors based on the comparison of 
groups with and without LVH, and literature reviews.  
Statistical probability was used as 0.05 in all the tests. 

RESULTS  

A total of 162 patients in our study were divided into 
five groups according to CKD stages: 17 stages two 
patients, 38 stages three patients, 39 stages four 
patient, 23 stages five patient in the non-dialysis 
(5ND), and 45 dialysis patient (5D). Among the 5D 
group, 16 patients were receiving HD, and 29 were 
receiving PD treatments.  

The causes of CKD were diabetic nephropathy in 58 
patients, chronic glomerulonephritis in 14, polycystic 
kidney disease in 13, nephrolithiasis in 10, 
hypertensive nephrosclerosis in 9 and other causes in 
19 patients, while the cause of CKD was unknown in 
39 patients. Of the total study sample, 81 were 
cigarette smokers, while 22 were alcohol consumers. 
Demographic and clinical data of the patients are 
presented in table 1. The rate of LVH was found to 
be 51/117 (43.6%), 22/45 (48.9%), and 73/162 
(45.1%) in predialysis, dialysis, and the whole series, 
respectively. Frequency of LVH by stage were 3/17 
(17.6%), 12/38 (31.6%), 22/39 (56.4%), 14/23 
(60.9%) and 22/45 (48.9%) in stage 2, stage 3, stage 
4, 5ND and 5D, respectively. 

cLVH and eLVH were identified in 42/73 (%57.5) 
and 18/73 (24.6%) of the patients with LVH, 
respectively. The LVG patterns were shown in Figure 
1. The rate of LVNG was found to be the lowest in 
CKD stage 2 (10.38%) and the highest in 5D 
(34.27%). 
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Table 1. Demographic and clinical characteristics of chronic kidney disease patients (n=162) 

Parameters Stage 2 
(n=17) 

Stage 3 
(n=38) 

Stage 4 
(n=39) 

Stage 5ND 
(n=23) 

Stage 5D 
(n=45) p 

Age, years 
61.2±10.8 56.9±10.7 51.3±13.2 47±13 47.9±15.2 

<0.001*,0.007c, 
0.004d,0.035f,0.016

g 

BMI, kg/m2 28.8±3.8 27.5±3.2 27.9±4.2 25.9±4.7 25.7±4.6 0.020* 

SBP, mmHg 125.3±16.2 134.1±16.7 132.8±18.2 136.1±18.5 136.2±19.9 0.294 
DBP, mmHg 73.5±7 80.5±10.6 83.1±10.2 83.5±11.4 83.2±10.3 0.011*, 0.014b, 

0.024c, 0.01d 

BP≥140/90 mmHg, 
n(%) 

3(17.6) 18(47.4) 17(43.6) 10(43.5) 25(55.6) 0.121*,0.059d 

HTN, n(%) 14(82.4) 36(94.7) 37(94.9) 20(87) 35(77.8) 0.086* 

Anti-HT drug, n(%) 13(76.5) 32(84.2) 35(89.7) 20(87) 30(66.7) 0.071* 

ACEI, n(%) 7(41.2) 11(28.9) 6(15.4) 3(13) 3(6.7) 0.008*, 0.014d 

ARB, n(%) 5(29.4) 10(26.3) 7(17.9) 3(13) 3(6.7) 0.101* 

Beta blocker, n(%) 3(17.6) 11(28.9) 18(46.2) 11(47.8) 15(33.3) 0.160* 

CCB, n(%) 5(29.4) 14(36.8) 19(48.7) 13(56.5) 23(51.1) 0.316* 

Phosphour binders,    
n(%) 0 0 3(7.7) 7(30.4) 28(62.2) <0.001*,d,g,j, 0.046c, 

0.003k 
Calcitriol, n(%) 0 3(7.9) 4(10.3) 12(52.2) 23(51.1) <0.001*,s,d,f,g,j, 

0.001h 
CKD time (month) 10.6±2.6 33.3±28.1 35.2±28.5 55.0±54 49.8±34.4 <0,001*,c,d 

eGFR, 
ml/min/1.73m2 70.2±7.8 42.9±7.8 22.0±3.3 11.4±3.0 7.0±3.7 <0.001*,a,b,c,d,e,f,g,h,j, 

0.015k 

DM, n (%) 11(64.7) 18(47.4) 13(33.3) 6(26.1) 10(22.2) 0.011*, 0.014d 

FGF23, pg/ml 8.2(5.6-11.3) 10.4(4.2-
42.1) 16.2(3-86.2) 10.4(4.1-

31.3) 10.4(5.1-190) 0.145* 

Hgb, g/dl 12.4±1.8 13.3±2.1 11.7±1.6 10.7±1.7 10.7±1.5 <0.001*,f,g, 0.036c 
0.014d, 0.002e 

Ferritin, ng/ml 77.4(19-267) 29.6(6-669) 57.3(9-387) 111.9(18-
993) 

316.8(10-
1075) <0.001*,d,g,j,k 

Glucose, mg/dl 171.5±99.6 119.7±43.2 106.8±38.8 130.5±83 98.9±25.6 <0.001*, 0.012a 
0.001b, <0.001d 

Creatinine, mg/dl 0.9±0.2 1.6±0.3 2.7±0.6 5.3±1.8 8.7±2.6 <0.001 

Albumin, g/dl 3.6±0.5 3.9±0.5 3.6±0.5 3.4±0.7 3.4±0.6 0.001*, 0.011f 
<0.001g 

Sodium, mmol/l 135.6±2.7 136.3±3.4 135.8±2.9 136.1±3.1 134.8±3.2 0.257 

Phosphorus, g/dl 3.7±0.5 3.6±0.8 3.8±0.7 4.9±1.3 5.4±1.4 <0.001*,d,f,g,j, 
0.009c, 0.002h 

Calcium, mg/dl 9.6±0.7 9.5±0.4 9.3±0.5 9.3±0.5 9.0±1.0 0.008*, 0.041d, 
0.009g 

CaxP, mg2/dl2 35.9±6.4 34.5±7.5 35.4±7.6 45.2±12.7 47.6±12.6 <0.001*,g,j, 0.033c, 
0.001d,f, 0.002h 

Parathomon, pq/ml 49.5(12-131) 83.05(22.6-
722) 

147.2(10.2-
414) 

305.5(74.5-
1167) 

337(49.3-
1426) 

<0.001*,c,d,f,g,j, 
0.005h 

25 OH D vitamin, 
ng/ml 

13.3±10.4 19.6±10.4 18.6±13 15.3±8.0 12.0±10.3 0.010*, 0.014g, 
0.046j 

HbA1C, (%) 7.3±2.2 6.7±1.5 6.2±1.5 6.3±1.7 5.7±0.9 0.001*, 0.002d, 
0.018g 

CRP, mg/dl 0.6 (0.31-3.11) 0.5(0.1-2.5) 0.5(0.12-6.2) 0.5(0.16-7.8) 0.7(0.18-9.8) 0.074* 

T. Cholesterol, mg/dl 193±41 191±44 183±48 189±47 193±50 0.885* 

LDL, mg/dl 115±36 118±38 111±36 117±36 119±47 0.889* 

HDL, mg/dl 37±7 37±8 35±7 41±13 37±11 0.349* 

Triglyceride, mg/dl 221±104 180±85 175±103 154±95 187±139 0.407* 

LVMI, gr/m2 92.1±15.3 94.6±24.2 105.3±19.9 110.9±27.6 106.8±32.2 0.035* 

LVH, yes(%)/no 3(17.6)/14 12(31.6)/26 22(56.4)/17 14(60.9)/9 22(48.9)/33 0.014* 

SBP: systolic blood pressure, DBP: Diastolic blood pressure, BP: Blood pressure, HT: Hypertension, CCB: Calcium channel blocker, 
ACEI: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin receptor blocker, CKD: Chronic kidney disease, GFR: Glomerular 
filtration rate, DM: Diabetes mellitus, LVMI: Left ventricular mass index 
 *All group, astage2-3, bstage2-4, cstage2-5ND, dstage2-5D, estage3-4, fstage3-5ND, gstage3-5D, hstage4-5ND, jstage 4-5D, kstage5-5D 
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Table 2. Comparing patients with/without left ventricular hypertrophy in chronic kidney patients (n=162) 
Parameters LVH, yes (n=73) LVH, no (n=89) p 
Male/Female (n/n) 46/27 54/35 0.444 
Age, year 53.7±13.1 50.8±14.2 0.174 
eGFR, ml/min/1.73m2 21.4±16.6 30.3±23.2 0.007 
BMI, kg/m2 26.4±4.4 27.6±4.1 0.081 
SBP, mmHg 138±18.4 130±17.5 0.006 
DBP, mmHg 83.4±9.9 80±10.8 0.043 
ACEI,n(%) 12 (16.4) 18(20.2) 0.341 
ARB,n(%) 12(16.4) 16(18) 0.482 
CCB, n(%) 35(47.9) 39(43.8) 0.357 
Beta blocker, n(%) 35(47.9) 23(25.8) 0.003 
Diuretic, n(%) 24(32.9) 27(30.3) 0.429 
CKD time, month 39.3±32.3 38.8±38.1 0.939 
Smokers, yes (%) 39(53.4) 47(52.8) 0.264 
DM, n(%) 30(41.1) 28(31.5) 0.134 
FGF23, pg/ml 9.6(3-189.7) 9(3.3-179.3) 0.439 
Hgb, g/dl 11.4±2.05 11.9±1.9 0.085 
Ferritin, ng/ml 95.5(9-977) 75(6-1075) 0.812 
Glucose, mg/dl 118±55.8 117.6±59.8 0.968 
BUN, mg/dl 47.4±25.8 37.9±21.2 0.011 
Creatinine,mg/dl 4.6±3.2 4±3.5 0.237 
Albumin, g/dl 3.5±0.5 3.7±0.6 0.009 
Calcium, mg/dl 9.2±0.7 9.3±0.7 0.871 
PTH, pg/ml 199(10.2-870.3) 147.2(12-1426) 0.668 
25 OH D vitamin, ng/ml 14.5±9.1 17.2±12.4 0.125 
HbA1C, % 6.4±1.5 6.2±1.5 0.488 
CRP, mg/dl 0.6(0.1-9.8) 0.5(0.1-7.82) 0.538 
T. Cholesterol, mg/dl 190±52 190±42 0.988 
LDL, mg/dl 118±42 114±38 0.507 
HDL, mg/dl 36.8±9.4 37.6±9.6 0.602 
Triglyceride, mg/dl 168.3±86.5 192.3±125.5 0.167 

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BP: Blood pressure, CCB: Calcium channel blocker, ACEI: Angiotensin-
converting enzyme inhibitor, ARB: Angiotensin receptor blocker, CKD: Chronic kidney disease, GFR: Glomerular filtration rate, DM: 
Diabetes mellitus, LVH: left ventricular hypertrophy  
 

 

Table 3. Echocardiographical parameters according to stages of chronic kidney disease (n:162). 
Variables Stage 2 

(n=17) 
Stage 3 
(n=38) 

Stage 4 
(n=39) 

Stage 5ND 
(n=23) 

Stage 5D 
(n=45) 

P value 

LVMI, gr/m2 92.1±15.3 94.6±24.2 105.3±19.9 110.9±27.5 106.8±32.2 *0.035 
EF, % 61.1±3.3 62.7±4.2 63±4.5 62.8±4.9 60.6 ±6.9 0.167 

LVEDD, mm 44.9±3.6 46.5±4.7 48.4±4.4 48.7±4.9 48.5±4.6 *0.019 , d0.049 
LVESD, mm 29.1±3.9 29.2±3.4 30.7±4.1 30.2±3.5 30.7±4.8 0.314 

PWT, mm 10.7±0.96 10.2±1.23 10.8±1.37 10.8±1.35 10.4±1.4 0.221 

IVST, mm 11.2±1.44 11.3±1.59 11.5±1.52 11.4±1.8 11.1±1.8 0.836 
LAD, mm 34.5±5.15 36.9±5.12 37±4.65 35.7±5.3 37.5±3.9 0.279 

LVM: Left ventricular mass, LVMI: Left ventricular mass index, EF: Ejection fraction, LVEDD: Left ventricular end-diastolic diameter, 
LVESD: Left ventricular end-systolic diameter, PWT: Posterior wall thickness, IVST: Interventricular septum thickness, LAD: Sol atrium 
diameter 
*All group, astage2-3, bstage2-4, cstage2-5ND, dstage2-5D, estage3-4, fstage3-5ND, gstage3-5D, hstage4-5ND, stage 4-5D 
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Table 4. Multinomial logistic regression analysis of the relationship between clinical characteristics and left 
ventricular geometry  

 Concentric remodeling Concentric LVH Eccentric LVH 
 β OR (95%CI) p β OR (95%CI) p β OR (95%CI) p 
Age -1.983 0.138(0.027-0.697) 0.017 -

1.081 0.339(0.54-2.116) 0.247 -
1.983 0.138(0.019-0.983) 0.048 

GFR 1.354 3.873(1.172-12.797) 0.026 -
0.236 0.790(0.212-2.942) 0.725 0.306 1.357(0.256-7.198) 0.720 

SBP 0.365 1.440(0.559-3.714) 0.450 -
0.365 0.694(0.259-1.863) 0.469 -

0.355 0.701(0.206-2.389) 0.570 

Hgb 0.683 1.980(0.491-7.981) 0.337 -
0.119 0.888(0.232-3.392) 0.862 0.013 1.013(0.186-5.532) 0.988 

Albumin -0.940 0.391(0.145-1.054) 0.063 -
1.473 0.229(0.073-0.719) 0.012 -

2.261 0.104(0.18-0.595) 0.011 

FGF23 -1.056 0.348(0.086-1.401) 0.137 -
1.297 0.273(0.063-1.191) 0.084 -

0.351 0.704(0.090-5.529) 0.738 

P -0.026 0.975(0.246-3.853) 0.971 0.316 1.371(0.330-5.699) 0.664 -
0.974 0.378(0.055-2.606) 0.323 

CaxP 0.205 1.227(0.199-7.577) 0.826 0.278 1.320(0.232-7.501) 0.754 -
0.311 

0.733(0.049-
11.067) 0.822 

PTH 0.222 1.249(0.392-3.977) 0.707 -
0.091 0.913(0.270-3.085) 0.884 0.177 1.194(0.254-5.616) 0.823 

HbA1C 0.318 1.374(0.519-3.639) 0.522 1.505 4.504(1.579-12.844) 0.005 0.015 1.015(0.264-3.901) 0.982 
LDL 0.147 0.815(0.312-2.129) 0.676 0.851 2.343(0.729-7.532) 0.153 0.855 2.350(0.563-9.814) 0.241 
CRP 0.248 1.282(0.464-3.539) 0.632 -

0.414 0.661(0.221-1.980) 0.460 0.659 1.933(0.552-6.774) 0.303 

Na 0.717 2.049(0.807-5.204) 0.132 1.415 4.118(1.371-12.368) 0.012 -
0.083 0.920(0.268-3.162) 0.895 

Age<65 years, SBP (systolic blood pressure) <140/90 mmHg, Hgb <10 g/dl, Albumin <4 g/dl, eGFR <30 ml/min/1.73m2, Sodium 
(Na) <135 mmol/l, CRP<0.8 mg/dl, Phosphorus (P) <5 mg/dl, Parathormon (PTH) <150 pg/ml, LDL<100 mg/dl, HbA1C < 6% 
 

 

Figure 1. Left ventricular geometry  according to 
the stage of chronic kidney disease patients 
(n=162) 

LVCR started in the early CKD stages (62.3% in stage 
2), and its frequency was lower in the advanced stages 
(13.71% in 5D). The frequency of cLVH 
progressively increased as the CKD stage increased, 
and was most common in 5ND (35.92%). The 
frequency of eLVH was highest in the advanced 
stages, and especially in 5D (29.13%). Comparing 

patients with/without LVH serum 
albumin(p=0.009), GFR (p=0.007), systolic BP 
(p=0.006), diastolic BP (p=0.043) and BUN 
(p=0.011) were found different (Table 2). 

According to the echocardiographic parameters, 
LVMI was found to increase as the CKD stage 
increased, and was found to be lower in 5D than in 
5ND (Table 3). The affecting factors were age (β=-
1.983, p=0.017) and GFR (β=1.354, p=0.026) for 
LVCR, and HbA1C (β=1.505, p=0.005), serum 
albumin (β=-1.473, p=0.012), and serum sodium 
(β=1.415, p=0.012) for cLVH, and age (β=-1.983, 
p=0.048) and serum albumin (β=-2.261, p=0.011) 
for eLVH (Table 4). 

DISCUSSION 

The close link between kidney and heart disease has 
been known for a long time.  The decrease in GFR is 
associated with volume retention and increased 
preload in the heart. Hemodynamic load increases 
muscle contraction with neurohumoral mechanisms, 
and over time, cardiac hypertrophy develops22. 
Changes in the cardiovascular system develop in the 
early stages of CKD lead to an increase in morbidity 
and mortality. LVH, one of these cardiovascular 
complications, is an independent risk factor for 
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myocardial infarct, heart failure, arrhythmia, and 
other cardiovascular deaths23,24. However, multiple 
randomized clinical trials were showed that intensive 
HD reduces cardiac hypertrophy25-28. The prevalence 
of LVH found to be 43.6 and 48.9 percent in 
predialysis and dialysis patients in our study, 
respectively, and was lower than the reported in the 
literature (51.2%, 53%) and (54.6%)29-31. The younger 
age of the CKD patients (5D patients, 47.9±15.2 
years) in our study might have played a role in this 
discrepancy. 

In our patients older than 65 years, eLVH and LVCR 
were more common. Physiological cardiac changes 
caused by aging, additionally progressive AS and 
cardiac effects, can lead to the left ventricle more 
sensitive to volume and pressure load. LV dilatation 
is an independent predictor for mortality in ESRD 
patients32. eLVH, the echocardiographic finding of 
left ventricular dilation, was detected in our 5D group 
at most. Dialysis patients are likely at risk for 
eccentric LVH because they are under an overload 
due to anuria or inadequate dialysis. 

In our study, LVH saw in the early stages of CKD 
and increased as the CKD stage increased. It was 
most common in stage 5ND, and less in stage 5D 
than stage 5ND patients. It suggests that cardiac 
changes occur at a very early stage. Dialysis in CKD-
5D can effectively treat as uremia, hypervolemia, 
acidosis, hyperphosphatemia, and anemia. The higher 
detection of LVH in stage 5D compared to 5ND may 
result from the left ventricle exposed to pressure and 
volume load in the predialysis-stage. On the other 
hand, in stage 5D, cardiac hypertrophy may be 
resolved as a result of the resolution of many 
complications through dialysis treatment. However, 
some such patients may have died due to 
cardiovascular problems or for other reasons before 
reaching the dialysis stage. 

Interestingly, the prevalence of patients with LVNG 
was higher than the rate of LVNG (17.7%) reported 
by Nube et all33 (17.7%) and the highest in 5D 
(34.27%). The presence of LVNG patients in a 
substantial ratio, even among patients with 5D, 
suggests that cardiac disorders in CKD may be 
preventable. However, early CKD patients with LVH 
may not reach the 5D period. The cross-sectional 
nature of our study is insufficient to explain this high 
rate. 

In CKD stage 2, LVCR was the most common, and 
LVNG was the least. As reported to Park et all34, 

substantial changes in the cardiovascular system 
started in our study from the early CKD stage. Unlike 
LVCR, the frequency of cLVH increased as the CKD 
stage progressed and was highest in the 5ND group. 
These findings may be attributed to calcium-
phosphorus metabolism disorders, inflammation, 
and uremic toxins related to the CKD progression 
and co-morbid diseases such as HTN and DM. 
Considering that many CKD complications are 
preventable through the dialysis treatment, the lower 
rate of cLVH in the 5D group compared to the 5ND 
suggests that the cardiovascular complications of 
CKD may partially improve with dialysis treatment. 

Nube et all33 reported that eLVH (44%) is the most 
common type of LVG in dialysis patients. In our 
study, eLVH (29.13%) was highest but lower in 5D 
patients. In stage 5ND, the most frequently detected 
cLVH was associated with low serum Na and 
albumin and high HbA1c. Nutritional disorders and 
fluid and electrolyte imbalances, which commonly 
seen in the CKD 5ND group, may explain these 
findings. On the other hand, younger age and 
decreased albumin levels were found to be significant 
in eLVH compared to LVNG. Serum albumin is a 
negative inflammatory marker, and the presence of 
inflammation together with hypoalbuminemia is 
associated with endothelial dysfunction, 
atherosclerosis, and cardiovascular mortality in CKD 
patients35. Hypoalbuminemia may also be a marker of 
malnutrition or hypervolemia. However, since serum 
CRP levels were found to be low in our patients, this 
may be primarily associated with hypervolemia. Both 
hypervolemia and malnutrition may play a role in the 
development of CVD36-38. CVD is a significant cause 
of death in CKD patients, and therefore it is logical 
to decrease serum albumin with cardiovascular 
structural changes. 

In our study, cLVH was found to be higher among 
diabetic patients. DM is an important cardiovascular 
risk factor that causes both macrovascular and 
microvascular complications. Pathophysiological 
mechanisms are chronic hyperglycemia, insulin 
resistance, accumulation of collagen, and glycosylated 
end products in myocardium39,40. Diabetic 
cardiomyopathy is a condition associated with left 
ventricular diastolic and systolic dysfunction, 
cardiomyocyte hypertrophy, myocardial interstitial 
fibrosis, cardiomyocyte apoptosis, and oxidative 
stress, and is one of the leading causes of heart 
failure40. The higher rate of detection of cLVH in 
diabetic patients in our study supports the adverse 
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outcomes of diabetes on the cardiovascular system. 

The LVCR increased in our study with increasing age. 
Aortic stiffness results in increased systolic BP, 
decreased diastolic BP, and increased aortic pulse 
wave velocity and pulse pressure due to reduced 
elastin and increased collagen with aging41,42. 
Decreased diastolic pressure reduces coronary 
perfusion, causing myocardial ischemia, and high 
systolic pressure increases left ventricular load. 
Chronically high systolic pressure causes an increase 
in LVH and myocardial oxygen demand in the 
heart43. Many negative factors, such as increased 
coronary atherosclerosis and impaired myocardial 
blood flow due to decreased diastolic BP, are 
responsible for cardiovascular changes in older age. 

Serum sodium levels were higher in our cLVH 
patients than LVNG. cLVH was found at the highest 
frequency in stage 4 and stage 5, and LVNG in 5D. 
Dilutional hyponatremia is common in dialysis 
patients due to hypervolemia. Serum sodium levels 
were the lowest (134.8 ± 3.2 mmol/l) in 5D 
compared to other CKD groups. Also, in our study, 
serum sodium level was found to be lower than 140 
mmol/L (mean <136) in all patients who could 
explain the relationship between cLVH and serum 
Na.   

Interestingly serum FGF 23 levels, which is known as 
a biomarker for SHPT and cardiovascular disease in 
CKD patients, did not show any correlation or 
difference with any echocardiographic parameters. 
The frequency of LVNG was low in CKD stage 2 
and highest in 5D. It may be that early-stage CKD 
patients are older and cannot reach 5D. Our cross-
sectional study cannot explain this situation. 

Some limitations of our study include cross-sectional 
and relatively small sample sizes. Since there may be 
individual differences in refilling in dialysis patients, 
there is no consensus about when to monitor cardiac 
function. However, echocardiography was 
performed 2-24 hours after dialysis, which is the 
closest period to the dry weight of the patients. 

In conclusion, we can say that abnormal LVG at 
CKD, which is an indicator of the risk of 
cardiovascular disease, started in the early stages. The 
higher risk of cardiovascular disease in advanced 
stages may be related to the higher incidence of 
eLVH and cLVH. Nontraditional factors such as 
volume status and nutrition may also be related to left 
ventricular remodeling.  
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