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Chronic heart failure phenotypes in prevalent patients treated with
hemodialysis — a single-center experience

DeHOTUNIOBH XPOHUYHE CpUaHe HHCY(UIU)EHITH]e KOJI O0JIECHUKA JICUCHUX

XEMOJINjaJTU30M — UCKYCTBO JETHOT IICHTpa

SUMMARY

Introduction/Objective Heart failure (HF) is the main
cause of morbidity and mortality of hemodialysis (HD)
patients. The aim of this cross-sectional, single center,
study was to examine: 1. frequency and characteristics of
HF phenotypes in prevalent HD patients, 2. association
of HF with traditional and non-traditional risk factors for
cardiovascular diseases.

Methods We included all 96 maintenance HD patients
from Special Hospital for Internal Diseases, Lazarevac,
Serbia, and determined the prevalence of HF with
preserved ejection fraction- HFpEF (per the 2016 criteria
of the European Society of Cardiology) and HF with
reduced and moderately reduced EF- HFrEF +HFmrEF-
together in a group HFrEF (EF < 50%) using
standardized post-HD transthoracic echocardiography.
Clinical, routine laboratory and volume status parameters
(by bioimpedance spectroscopy) was assessed.

Results 63 /96 examined patients (65.6%) had/ HF,
among them 42 had HFpEF (66.7%), and 21 had HFrEF
(33.3%). HFrEF was more common in older males, with
diabetic nephropathy as underlying kidney disease (DN),
with a longer dialysis vintage and, in" those with a
previous history of/ischemic heart disease. HFpEF was
more common in males, with lower HD quality (kT/V)
and higher pre-dialytic systolic blood pressure. In
multivariable regression analysis, HFrEF was associated
with DN, hypervolemia (positively) and triglyceride
(negatively), while HFpEF was associated negatively
with hemoglabin, iron and triglyceride.

Conclusion In order to control patients on maintenance
HD with HF, in addition to appropriate drug therapy, it is

advice to control of volemia and maintaining
triglyceride, hemoglobin and iron concentration
approximately within normal limits.
Keywords: heart failure; hemodialysis; associated
factors

INTRODUCTION

CAXKETAK

Yeoa/Inmw Cpuana uncypuimjenimja (CH) je rnaBHHA
y3pOK MOPOUIUTETA I MOPTATUTETa OOIECCHHUKA JIYCHUX
xemoaujanmzom (XJ). Iluwp oBe cTyauje mpeceka
CIPOBEJICHE Yy jeIHOM IIEHTpY OHo je aa ucrura: 1)
y4ecTanocT U kapaktepuctuke Gperorunoa CU kox X
nanujeHara; 2) nosezaHoct CU ca TpaauIUOHATHIM U
HETpaauIHOHATHIM (daxropuma pH3HKa 3a
KapJIMOBacKyJIapHe 0ojecTy.

Metone YKbYyYHIIN CMO CBUX 96 0oJecHHKA JIeUEHUX
XA y CroenujanHoj OOIHHIK 332 WHTEpHE O0O0JECTH,
Jlazapesar, CpOuja, u yrBpaiIu npesanenunjy CU ca
O4yBaHOM ejekioHoM (pakuujom (EF) — SIpEF (mo
KpurepujymMuMa EBpOIICKOT KapANOIOIIKOT IPYINTBA U3
2016) u CH ca cMameHOM U YMEpeHO cMambeHoM EF —
SIrEF + SIMrEF — 3ajenno y rpymu SIFEF (EF < 50%)
MPUMEHOM CTaHAapau30BaHe NocT-X]I TpaHCTOpaKaiHe
exokapauorpapuje. IlponemuBaHN Cy KIMHUYKH,
PYTHHCKH JTa0OPAaTOPHjCKH U TTApaMETPH 3alIPEMUHCKOT
craryca (OMOMMIIEJAHCHOM CIIEKTPOCKOIIH)jOM).
Pesyaratu lle3necer Tpu ox 96 nucnuraHux OONECHUKA
(65,6%) umaino je CH, ox tora 42 SIpEF (66,7%), a 21
SIFEF (33,3%). SIrEF je Gmma demma KOX CTapHjHX
MyIIKapara, ca qujadbetudaxom HedpomnarujoMm (IH) xao
OCHOBHOM Goremy 6yGpera, ca IyKHM MEpPHOIOM
JUjanu3e ¥ KOA OHHUX ca IPETXOAHOM HCXEMHjCKOM
Goremnty cpua. SIPEF je 6ma wemrma Kox Mymikapara,
ca wumwkuMm kBamutetom XJ[  (KT/V) u Bummm
NpeIUjau3HUM CHCTOJIHUM KPBHUM MPUTHCKOM. Y
MYJITUBApHjaHTHOj perpecuoHoj ananusy, SIFEF je 6una
noBe3ana ca JIH, xumepBonemujoM (TIO3UTHBHO) W
TpurauuepuauMa (HeratuBHO), mok je SIpEF Omma
MOBE3aHA HETaTUBHO Ca XEMOTIIOOMHOM, TBOXKheM U
Tpuriimaepuauma.

3ak/pydak Y OUby KOHTpPOJIE MalHjeHaTa JedeHux X/
ca CH, mopex omropapajyie Tepamije JEKOBHMA,
caBeTyje ce KOHTpoJia BOJIEMHjEe U  OJAPKaBAbE
KOHIIEHTpal{je TPUIIINLEPUa, XeMOTIIo0MHa U TBOKha
NPUONMKHO Y TpaHUIIaMa HopMaJie.

Kibyune peuu: cpuaHa uHCy punmjeHnuja;
XEeMOJIMjaNn3a; NPUAPYKeH! GakTopu

Patients on hemodialysis (HD) are at a higher risk of developing cardiovascular disease

(CVD), which is a leading cause of death and accounts for approximately 30%-35% of all-
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cause mortality among patients on HD [1]. Besides coronary artery disease (CAD), heart failure
(HF) is the most common CVD in HD patients [2]. It is known that one third of patients have
HF at the initiation of HD, and 25% of patients develop HF de novo during dialysis treatment

[2].

Patients treated with HD have an increased risk of HF. In addition to the traditional (age,
hypertension, diabetes, and dyslipidemia), many non-traditional factors mostly related to
chronic kidney disease and dialysis itself are involved in the development of CVD and HF
(volume load, hypertrophy and impaired left ventricular function (systolic and diastolic),
valvular defects, AV fistula, anemia, mineral metabolism disorders, oxidative stress,

inflammation) [2].

Three types of HF in general population are recognized: HF with preserved ejection
fraction (EF), known as diastolic HF, HF with reduced EF known as systolic HF, and HF with
moderately reduced EF [3]. Their clinical presentation and risk factors are similar, but the
approach to treatment and response to treatment is different. Having in mind that HF is a poor
predictor of HD patient outcome [1, 4], timely identification of HF risk factors, and clinical
presentation would be helpful in prevention and management of those patients [5].

In_order to contribute to the timely diagnosis of HF in HD patients, we conducted this
study aiming to define: 1. frequency and characteristics of left ventricular function in prevalent
patients treated with chronic HD, 2. association of HF with traditional and non-traditional risk
factors for CVD.

METHODS
Patients

The study population consisted of 96 maintenance HD patients treated at the Special
Hospital for Internal Diseases, Lazarevac, Serbia. Only the patients older than 18 who spent
more than six months on HD were included. They were all asymptomatic for chest pain and
had no history of acute coronary syndrome in the past three months. Exclusion criteria was the

inability of the patients to provide. According to the criteria of the American and European
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Society of Cardiology [5] and based on signs and/or symptoms of heart failure, and left
ventricular function indicators obtained by transthoracic echocardiography, patients were
divided into groups: 1. with HF and reduced - EF-rEF (EF< 40%), plus moderately reduced
HFmrEF (EF = 40-50%)- 21 patients, 2. with HF and preserved EF- HFpEF (EF > 50%)- 42
patients and 3. without overt HF - 33 patients.

The participants were monitored from January 2020 to the end of September 2020. The
approval of the local ethics committee was obtained (number110/21.1.2020) and written
informed consent was obtained from all the participants.

The study variables were as follows:

1. Demografic data: age, gender, renal disease, comorbidities (coronary artery disease,
hypertension, diabetes mellitus, dyslipidemia, and peripheral obstructive arterial disease),
residual diuresis, and body mass index (BMI)_including history of coronary artery disease
defined as prior revascularization (through angioplasty or coronary artery bypass). Also, each
patient was physically examined and questioned for signs and/ or symptoms of HF including
edema of the lower extremities, (exertional) dyspnea graded by the New York Heart
Association criteria (NYHA I-1V) and paroxysmal nocturnal dyspnea/orthopnea [6].

2. Dialytic data: duration of dialysis session (four hours three times a week), dialysis
vintage, dialysis membrane (low and high flow polysulphone membrane), single pool Kt/V [7],
interdialytic weight gain, dialysis access, and systolic and diastolic blood pressure before HD
session, volume status checked by bioimpedance spectroscopy, using the device Body

Composition Monitor (BCM) manufactured by Fresenius Medical Care.

3. Laboratory data: urea, creatinine, markers of anemia, lipid fraction, lipoprotein
subfraction, biomarkers of mineral bone disorder were determined by routine laboratory

analyzes at the respective dialysis session.

4. Transthoracic echocardiography characteristics: left ventricular function, right
ventricular function, pulmonary hypertension, diastolic dysfunction, pericardial effusion, and
valvular heart disease. All echocardiographic measurements were performed by two
experienced echocardiographers (cardiologists) who were blinded to the clinical status of the

patients. Intra-observer variability was 4%.

DOI: https://doi.org/10.2298/SARH220509096D Copyright © Serbian Medical Society



Srp Arh Celok Lek 2022 | Online First: September 20, 2022 | DOI: https://doi.org/10.2298/SARH220509096D 5

To avoid the effect of volume load, all echocardiographic data were collected on dialysis
days when the HD was done [8]. Atrial volume and ejection fraction (EF) were assessed using
the modified Simpson biplane method [9]. LV mass was calculated using the Devereux formula
and normalized by body surface area (LV mass index [LVVMI]). Relative wall thickness (RWT)
was calculated as 2 times PW divided by the LV diastolic diameter. Early and late diastolic
peak filling velocities E and A waves were measured at the mitral leaflet tips. The early (e’)
and late (a”) diastolic velocities at septal and lateral corner of mitral annulus were assessed with

pulse-wave Tissue Doppler from a standard apical 4-chamber view [9].

Statistical analyses

The SPSS software (version 25.0) and R software (version 3.6.1) were used in the
statistical analyses. Continuous variates with normal distribution were presented as mean = SD
and compared using the Student’s t-test. Variables without normal distribution data were
presented as median with interquartile ranges and compared using the Mann-Whitney U test.
Categorical data were presented as the number of cases and percentages and compared using
the y2 test. Multivariable logistic regression model including all significantly different
characteristics in the univariate logistic regression models (at a significance level of 0.05) as
well as those predictors that are known to affect the dependent variable, was used to determine

the independent association with HF. Two-sided P-values <0.05 were considered significant.

Data availability

The datasets used and/or analyzed during the current study are available from the

corresponding author on reasonable request.

RESULTS
Baseline characteristics

The baseline data on studied patients are presented in Table 1. Out of 96 examined
patients 63 (65.6%) had HF, among them 42 patients had HFpEF (66.7%), and 21 patients had
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HFrEF (33.3%). These groups compared with the control group consisted of 33 patients with
no HF. The average patients’ age in all three groups was higher than 60 years, but patients with
HF were significantly older than patients without HF. Also, there were predominantly males
in the groups with HF. In the previous history, a significantly smaller number of patients with
HFpEF had myocardial infarction-IM and coronary artery bypass grafting (CABG) compared
to the other two groups of patients. ACEi, calcium channel antagonists and beta blockers were
most often used antihypertensive drugs in combination, or less often alone. Only beta-blockers
were used in the smallest number of patients in group 3 compared to the other two groups of
patients (data on treatment is not presented). Insignificantly but a slightly larger number of
patients in group 1 were treated with statins. No difference was found among groups regarding

underlying kidney disease, co-morbidities, BMI and smoking habit.

Data on HD characteristics, predialysis blood pressure, and NYHA are showed in Table
2. Patients with HF had lower kT/V, higher predialysis systolic pressure, and-OH than patients
without HF. Dialysis lasted the longest in group 1 patients.-The most common access for HD
was arteriovenous fistula in all three studied groups (data not presented). The mean value of
OH / ECW measured by bioimpedance and indicating hyperhydration was highest in patients
of group 1, in which 60% of patients had OH / ECW > 15%, which is higher than in the other
two groups. No difference'was found.in NYHA classes groups between the examined patients
with and without HF.

Laboratory analyses and echocardiographic parameters

The lowest serum concentration of hemoglobin, iron and TG was observed in groups
with HF and HFpEF who additionally had the lowest iPTH concentration (Table 3). Also,
almost half of the patients from groups 1 and 2 had TG below lower laboratory limit. Patients
from group 1 had the lowest total cholesterol and LDL-C. The HDL / LDL ratio as an indicator
of atherosclerosis risk in all three groups was within normal and similar in almost all three
groups. Other laboratory analyses were similar. Unhealthy lean body mass was found in all
studied patients (data not shown).

Echocardiographic findings are presented in Table 4. Several echocardiographic
parameters distinguished both the HF groups from that without HF, as these patients had larger

left ventricular, left atrial diameters and mass index, as well as E/e’ (Table 4).
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Predictors of heart failure

The likelihood of HF (all HF, HFrEF, HFpEF) in comparison to no HF in prevalent

hemodialysis patients is presented in Figure 1.

In multivariable regression analysis, HF was associated with patients’ age, urea volume
distribution and use of beta blockers, but HFrEF was associated with diabetic nephropathy and
hypervolemia (positively) and triglyceride (negatively), while HFpEF was associated

negatively with hemoglobin, iron and triglyceride.

DISCUSSION

Presence and risk factors of HF in patients on maintenance hemodialysis were analyzed
in this single- center study. The key findings are the following: 1. 65.6% of all studied HD
patients fulfilled the diagnostic criteria for HF, among them 66.7% had HFpEF, and 33.3% of
patients had HFrEF. 2. No differences in patients' symptoms in different HF phenotypes were
observed. 3. HF and both HE phenotypes share some clinical and biochemical contributing

factors.

The frequency of HF.in.our group of patients is similar to that described by other authors
[10, 11, 22]. Atlanger et al. reported on the prevalence of HF of up to 70% patients among 105
maintenance HD, of whom 81% had HFpEF and 19 % had HFrEF [10]. In the USA registry
data, it was estimated.that 44% of HD patients have HF: 10% with HFpEF, 13% with HFrEF
[11]. Wang et al. found a slightly lower incidence of HF in 220 patients treated with PD, which
was expected for this type of dialysis. The authors found that 86 (39.1%) patients had HF, of
which 47 (54.7%) had a HFpEF and 39 (45.3%) had HFrEF [12].

The clinical diagnosis of HF is usually started on the identification of accompanying
symptoms. In dialysis patients it is not easy to identify which symptoms originate from HF and
which from ESKD and HD per se. Typical HF symptoms, such as paroxysmal nocturnal
dyspnea, orthopnea, dyspnea, fatigue, ascites, and lower legs edema, may be intermittent.
These symptoms are difficult to distinguish from periodic fluid retention, and chronic renal
anemia, so the development of structural heart abnormalities may remain unrecognized in
patients with ESKD treated with dialysis. Even the symptoms reported by patients (and
according to NYHA criteria) are not completely reliable for the diagnosis of HF that was in
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line with previous studies [10, 13, 14]. The presented results have shown that the majority of
our patients had no or mild HF symptoms, i.e., more than 80% of patients with HFpEF and
about 60% of patients with HFrEF had no or mild heart problems (NYHA classes 1 and 2).
Furthermore, tests and biomarkers used to diagnose CVD and HF in the general population,
including Framingham risk model cannot be performed and reliably interpreted in the dialysis
population [15, 16]. However, patients with dialysis-dependent HF should undergo the same
evaluation as patients with non—dialysis-dependent HF. K/DOQI guideline was recommended
to perform a detailed echocardiographic and cardiac examination of all patients who start
dialysis and then every three years during the treatment to monitor functional and-structural
changes in the myocardium even if they are asymptomatic and without overt cardiovascular
disease [17, 18].

Many studies have been conducted to evaluate the factors associated with chronic HF
related to dialysis, but the findings have been inconsistent. The association of among several
traditional risk factors, such as age, diabetes, BMI, blood-pressure, serum cholesterol, and

mortality and HF have been previously reparted [12, 19, 20].

Similarly to the aforementioned studies, we have found that HF phenotypes share some
of the contributing factors based on demographic and clinical information. HFrEF was more
common in older males, with diabetic nephropathy as underlying kidney disease and in those
with a previous history of ischemic heart disease, with a longer dialysis vintage. On the other
side, HFpEF was more common in males, with lower kT/V and higher pre-dialytic systolic
blood pressure. Of these, only patients’ age, diabetic nephropathy, and use of beta-blocker
have been independently associated with HF, which is in accordance with previous data in
dialysis patients [12, 19, 20].

Present results showed that HF and both HF phenotypes were associated negatively with
triglyceride, meaning that the lower triglyceride, the more likely HF is to be present. This
finding is in accordance with the earlier study conducted in non-CKD populations with HF.
Namely, chronic HF can lead to a catabolic state and cachexia in advanced cases with reduced
appetite, malabsorption, and reduced anabolic steroids levels with consequent low cholesterol
and triglyceride level. At the molecular level, inflammation, endotoxins accumulation,
adrenergic activation, oxidative stress, and tissue injury develop during chronic HF [21]. Also,
HF might alter both the production and the storage of triglycerides true liver ischemia.

Therefore, low triglyceride is not the cause of HF, but a sign of a disturbed state in the body.
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The volume of urea distribution and the OH / ECW ratio as indicators of hypervolemia
were selected as predictors of HF and HFrEF in our studied patients. The higher the OH / ECW
ratio, the more likely a patient is to have HFrEF. Repeated water retention between dialysis
contributes to the development of LVH and both types of HF in dialysis patients [12, 22, 23].
Thus, the control of hypervolemia by ultrafiltration during HD is the mainstay of treatment in
the prevention of CV instability [17, 22, 24]. On the other hand, there is evidence that excessive
ultrafiltration can adversely affect the hemodynamic stability of the cardiovascular system and
trigger a range of inflammatory reactions in patients and thus affect the development of HF

[20], suggesting that continuous volume status assessment in dialysis patients is necessary.

Hemoglobin concentration is an independent contributing factor for the development of
HF and HFpEF in our analysis, with a negative sign. This is«in-line with literature data that
anemia in CKD patients and those treated with dialysis.is a strong predictor of HF [1, 2, 25].
Stable and almost normal Hb, especially after the introduction of erythropoietin stimulating
agents, made it possible to maintain a good oxygen supply to the tissues, which had a protective

effect especially on cardiomyocytes and coronary microvascular dysfunction [26].

In addition, iron concentration was selected as independent contributing factor of HFpEF
in our study. For each reduction of iron per unit of measure, the probability that a patient will
have HFpEF increases by 1.23 times. There is growing evidence that iron treatment has a
beneficial.effect in the non-CKD population with HF. The explanation lies in the fact that high
metabolic needs in cardiomyocytes depend on iron [26]. When observing dialysis patients,
maintaining iron balance-was important not only for treating anemia, but also for reducing the

number of hospitalizations due to HF and nonfatal myocardial infarction [27].

Some limitations of the current study need to be mentioned. This study was cross-
sectional and therefore does not provide information on when HF developed. For the same
reason, it was not possible to draw conclusions about causality, but about the association of HF

and various examined factors.

CONCLUSION

Our cross-sectional study showed that more than half of the patients on maintenance
hemodialysis met the criteria for HF. As it is not easy to distinguish common HF symptoms
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from intermittent complications that accompany HD, it is recommended that a complete CV
investigation be performed in accordance with the KDIGO guidelines. In addition to immutable
factors such as patients age and sex and DN, HF should be sought in patients with recurrent
hyperhydration, who have poorer parameters of HD adequacy, with lower TG, iron, and

anemia.

Conflict of interest: None declared.
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Table 1. Baseline characteristics of examined patients

. Group 1 Group 2 Group 3
Characteristics | ereF + HEmEF HFpEF No HF P
Number of patients 21 42 33
f-(1+2):3=0.003
Sex, m/f* 16 (76.2) /5 (23.8) | 32(76.2)/10(23.8) | 15 (45.5) /18 (54.5) 1:3=0.04
2:3=0.008

Age, years? 69 +1.88 68.62 = 2.07 63.60 + 1.67 1:3=0.042
Kidney diseases*:
DN 8 (38.1) 10 (23.8) 4(12.1) NS
Nscl 6 (28.6) 19 (45.3) 14 (42.4)
Others 7 (33.3) 13 (30.9) 15 (45.5)
BMI 25.6 (19.2) 24.7 (5.9) 24.5 (6.5) NS
Smoking* 6 (28.6) 9(21.4) 7(21.2) NS
Comorbidities*:
Hypertension 13 (61.9%) 19 (45%) 16 (48.5%)
CVI 1 2 2
PVD 2 - 1
Diabetes 1 3 €
Malignancies 1 2 1
HOBD 2 5 2
Coronary heart
disease*:
IM 7 1 4 1:2=0.0013
PCI 1 0 1
CABG 5 1 3 1:2=10.013

Nscl — nephroangiosclerosis; ‘DN — diabetic nephropathy; BMI — body mass index; CVI —

cardiovascular insult; PVD"— peripheral vascular disease; COPB — chronic obstructive pulmonary

disease; IM —myocardial infarction; PCI — percutaneous coronary intervention; CABG — coronary

artery bypass grafting;

mean + SD or median (IQR);

*frequency (%)
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Table 2. Data on hemodialysis duration, kKT/V, volemia, and pre-dialysis blood pressure

Parameter Group 1 Group 2 Group 3
HFrEF+HFmrEF HFpEF No HF P
HD duration, months! 57 (227) 31.50 (143) 36 (58.5) 1:2=0.027
(1+2):3 = 0.036
KT/V 1.08 £ 0.06 1.07£004 | 1.22+0.05 23 = 0,042
Interdialytic weight gain, kg* 3.41+0.33 3.02+0.17 2.83+0.18 NS
- (1+2):3=0,044
_ *
gritg'l?(':y;'me: : 149.04 £ 5.30 151.38+3.49 | 141.09+3.26 | 1:3=0.029
ystolic, g 2:3=0.039
Diastolic, mmHg 71.38 £ 2.92 7488+19 | 7515+ 203
NYHA class, No.
| 4 (19%) 8 (19.05%) 9 (27.3%) »
I 11 (52.4%) 26 (61.9%) 20 (60.6%)
1 6 (28.6%) 8 (19.05%) 4 (12.1%)
1:3 = 0.005
OH 3.2 (5.93) 2.9 (3.8) 2.1/(1.8) Xd o 035
ECW % 19.8 (21.83) 16.7 (16.8) 11.8 (10.9) NS
OH / ECW 18.63 £ 2.59 1655+211 | 12.69+143 |/ 1:2=0.035
OH/ECW 1:2=0.05
S 150 12/20 (60%) | 13/39 (33.33%) | 9/30.(30%) 5= 0.045
Water load 37.74£7.01 36.7 (12.3) 33.1 (6.43) 2:3=0.04
Volume of urea distribution 355 (7.33) 34.4(11.6) | 30.45 (5.67) ;g - 882?
ECW/ ICW 115+ 0.04 1.09£003 | 1.03+0.03 1:3=0.013

14

NYHA — New York Heart Association classification of heart failure; OH — overhydration;

ECW — extracellular water; ICW —intracellular water;

*mean £ SD. median (IQR)
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Table 3. Laboratory analyses

Analvsis Group 1 Group 2 Group 3
Y HFrEF+HFmrEF HFpEF No HF P
Hemoglobin, g/l 103.78 £ 4.73 97.94 +2.87 113.1+3.7 (1+2):3 = 0.002; 2:3 = 0.001
Sodium, mmol/| 137.9+£0.44 139+4.0 139.4 £ 0.43 1:3=0.014
Potassium, mmol/I 548 +0.18 5.3 (0.6) 5.3+0.16 NS
Calcium, mmol/I 2.14 £ 0.05 2.15 (0.28) 2.18 £ 0.04 NS
Phosphate, mmol/l 1.36 £ 0.09 1.45+0.09 1.53+0.08 NS
Ferritin, ng/ml 438.78 £ 16.09 405 (119) 395 (135) NS
(1+2):3=0.03;1:3=0.004

Iron, pmol/I 15.03+1.1 13.01+25 15.48 £ 0.72 23 = 0.002
iPTH, pg/ml 463.3 (662.3) 189.5 (239.5) | 340.5(795.47) 2:3=0.05
Total cholesterol, mmol/I 3.88 (1.87) 4.16 (1.38) 4.72 (0.18) 1:3=0.017
TG, mmol/l 1.2 (1.06) 13108) | 207@s7) (| @23 i ons O
< 1.35, No. (%) 10 (47.6) 19 (45.2) 7.(22.5)
> 1.7, No. (%) 8 (38.1) 12 (28.6)
HDL-C, mmol/l 1.47 (0.68) 1.18 (0.93) 1.14°(0.64) NS
LDL-C, mmol/l 1.7 (1.25) 2.41(0.84) 2.42 (0.96) 1:2=0.05
HDL/LDL 1.87 £ 0.26 2.05+0.13 2.19+0.15 NS

PTH — parathyroid hormone; TG — triglyceride; HDL-C — high-density lipoprotein cholesterol

particles; LDL-C — low-density lipoprotein cholesterol particles

DOI: https://doi.org/10.2298 /SARH220509096D

Copyright © Serbian Medical Society




Srp Arh Celok Lek 2022 | Online First: September 20, 2022 | DOI: https://doi.org/10.2298/SARH220509096D

Table 4. Echocardiographic parameters

Parameters Group 1 Group 2 Group 3
HFrEF+HFmrEF | HFpEF No HF P

EF, % 43 (7) 57.7+0.9 | 59.7+6.2 1:2.1:3=0.0001
1:3=0.0001

EDD, cm 5.85+0.11 555+0.1 | 475+0.08 320 0001

ESD, cm 4.39+0.13 3.73+£0.1 3.1(0.35) 1:2.2:3.1:3=0.0001

IVs 1.1 (0.25) 11(02) | 1.0(0.1) 1:2:3. p= 0.000

Posterior wall, cm 1.1 (0.20) 1.1 (0.2) 0.9 (0.2) 1:2:3. p=0.019

LVM index 145.86 + 6.6 133.1£4.7 90 (23) 1:3. 2:3 p=0.0001

LA 43+0.1 424+0.1 | 3.63+0.6 1:2. 2:3. p=0.0001

LAV 59.2 +3.9 53(21.3) | 29 (11.6) 1:3. 2:3. p=0,0001

E/ A index 0.6 (0.73) 0.64 (0.28) | 0.80 (0.26) | 1:3. 2:3. p=0,001-0.021

e’, cm/s 6 (2.25) 6 (1) 11.54 + 0.3 A AY

>3 14 (66.6%) 0 31 (93.9%) | 23 p=0000

E/e’ 1036 £ 1.1 10.87£0.7 | 546+0.3 »

>g" 14 (66.6%) 34 (80.9%) | 4 (12%) w3, 23 TR

16

EF — ejection fraction; EDD — left ventricular end diastolic diameter; ESD — left ventricular

end systolic diameter; LAVi — left atrial volume index; LVMi — left ventricular mass index;

LA — left atrial; E — early mitral valve flow velocity; A — late mitral valve flow velocity; E/A

— ratio of early to late mitral valve flow velocity; e’ — early diastolic wave; E/e’ — ratio of early

mitral valve flow velocity toearly tissue Doppler lengthening velocity;

“number of patients; mean + SEM; M(IQR)
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Figure 1. Multivariate prediction model of each contributing factor for heart failure (HF),

HFrEF or HFpEF vs. no HF;
Hb — hemoglobin; TG — triglyceride; DN - diabetic nephropathy; BB — beta blocker; UVD —

urea volume distribution
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