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Abstract. Aim: The aim of the present study was to investigate whether an association 
between lipid indices- atherogenic index of plasma (AIP), Castelli Risk Index I (CRI-I), Castelli 
Risk Index II (CRI-II) and triglyceride index (TGL-index) and the development of left ventricular 
hypertrophy exists in patients with heart failure with mid-range ejection fraction (HFmrEF). 
Material and methods: The study involved 56 patients with HFmrEF and normal lipid profile, 
median age 64 (47-84) and 22 healthy subjects, median age 58 (51-69). The patients were 
divided in two subgroups: subjects with left ventricular hypertrophy (n=32); (HFmrEF+LVH) 
and subjects without left ventricular hypertrophy (n=24); (HFmrEF-LVH). The lipid profile was 
measured by laboratory, while lipid indices were calculated, using the established formulas. 
Results: There was not statistically significant difference between the lipid indices in patients 
with heart failure with mid-range ejection fraction compared to healthy controls (p>0.05). 
HFmrEF+LVH patients showed statistically significantly higher values of atherogenic index of 
plasma than HFrEF-LVH patients: 0.16 (0.05÷0.37) vs. 0.04 (0.01÷0.11); (KW=5.80; p=0.02).  
TC/HDL, LDL/HDL and TG/HDL values were not significantly higher in HFmrHEF+LVH than 
HFmrEF-LVH patients: 4.8 (3.98÷5.75) vs. 4.49 (3.58÷5.63); 2.91 (2.1÷4.0) vs. 2.9 (2.5÷4.25) 
and 1.36 (1.11÷2.08) vs. 1.13 (0.9÷1.53), respectively (p>0.05). No significant gender 
differences between lipid indices were found. Atherogenic index of plasma showed correlation 
with LVH (r=0.45; p=0.01) and interventricular septum thickness (r=0.55; p=0.002). Conclusion: 
Our findings show an association between atherogenic index of plasma and LVH in patients 
with HFmrEF with normal lipid profile. Further studies are warranted to confirm whether 
determination of AIP may be used for monitoring development and progression of left 
ventricular hypertrophy in heart failure with mid-range ejection fraction.
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Sažetak. Cilj: Cilj ove studije bio je istražiti postoji li povezanost između lipidnih indeksa – 
aterogeni indeks plazme (engl. atherogenic index of plasma; AIP), Castellijev indeks rizika I 
(engl. Castelli Risk Index I; CRI-I), Castellijev indeks rizika II (engl. Castelli Risk Index II; CRI-II) i 
trigliceridni indeks (engl. triglyceride index; TGL-index), i razvoja hipertrofije lijeve klijetke u 
bolesnika sa zatajivanjem srca s umjereno smanjenom ejekcijskom frakcijom (HFmrEF). 
Materijali i metode: Ispitano je 56 bolesnika s HFmrEF s normalnim lipidnim profilom, 
prosječne dobi 64 (47 – 84) godine i 22 zdrava ispitanika prosječne dobi 58 (51 – 69). 
Pacijenti su podijeljeni u dvije podskupine: ispitanici s hipertrofijom lijeve klijetke (n = 32) 
(HFmrEF+LVH) i ispitanici bez hipertrofije lijeve klijetke (n = 24) (HFmrEF-LVH). Profil lipida 
mjeren je laboratorijski, dok su indeksi lipida izračunati pomoću ustaljenih formula. 
Rezultati: Nije bilo statistički značajne razlike između indeksa lipida u bolesnika sa srčanim 
zatajenjem s izbacivačkom frakcijom srednjeg opsega u usporedbi sa zdravim kontrolama  
(p > 0,05). Pacijenti s HFmrEF+LVH pokazali su statistički značajno veće vrijednosti 
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aterogenog indeksa plazme od bolesnika s HFmrEF-LVH: 
0,16 (0,05 ÷ 0,37) naspram 0,04 (0,01 ÷ 0,11) (KW = 5,80;  
p = 0,02). Vrijednosti TC/HDL, LDL/ HDL i TG/HDL nisu bile 
statistički značajno više u bolesnika s HFmrEF+LVH nego u 
skupini HFmrEF-LVH: 4,8 (3,98 ÷ 5,75) naspram 4,59 (3,58 ÷ 
5,63), 2,91 (2,1 ÷ 4.0) naspram 2,9 (2,5 ÷ 4,25), odnosno 
1,36 (1,11 ÷ 2,08) naspram 1,13 (0,9 ÷ 1,53) (p > 0,05). Nisu 
pronađene značajne razlike između indeksa lipida koje bi 
ovisile o spolu ispitanika. Aterogeni indeks plazme pokazao 
je korelaciju s LVH (r = 0,45; p = 0,01) i debljinom 
interventrikularnog septuma (r = 0,55; p = 0,002). Zaključak: 
Naši nalazi pokazuju povezanost između aterogenog indeksa 
plazme i LVH u bolesnika s HFrEF s normalnim lipidnim 
profilom. Daljnja ispitivanja opravdana su kako bi se 
potvrdilo može li se određivanje AIP koristiti za praćenje 
razvoja i napredovanja hipertrofije lijeve klijetke u zatajenju 
srca s izbacivačkom frakcijom srednjeg raspona.

Ključne riječi: hipertrofija lijeve klijetke; lipidi; zatajenje srca

There is growing evidence that a cross-talk exists 
between the renin-angiotensin system (RAS) and 
lipoproteins. Studies suggest up-regulation of 
different RAS components and atherosclerosis. 
Angiotensin II (AngII) over-activation has been as-
sumed to aggravate atherosclerosis progression. 
It has been theorized that “lipid accumulation in 
the blood vessels enhances the expression of 
RAS components; on the other hand, activation 
of RAS stimulates accumulation of low-density 
lipoproteins, particularly the oxidatively modified 
form, in the blood vessels”⁵. This concept of  
interaction between dyslipidemia and RAS 
activation has been proven in laboratory-based 
studies. “Clinical trials also suggest that blockade 
of dyslipidemia and RAS may have a synergistic 
salutary effect on the outcome of patients with 
hypertension and/or manifestations of athero
sclerosis”⁵. However, little is known about the 
underlying mechanisms by which lipids interact 
with RAS in heart failure.
Assessment of lipid profile is used as one of the 
standard tests to �����������������������������  determine��������������������   ������������������� cardiovascular dis-
ease (CVD) risk. Noteworthy, in the presence of 
normal lipid profile the possibility of CVD cannot 
be excluded. It has been demonstrated that when 
the traditional lipid indicators: triglycerides (TGL), 
high-density lipoprotein cholesterol (HDL‑C), low-
density lipoprotein cholesterol (LDL‑C), and total 
cholesterol����������������������������������������� (TC) �����������������������������������show������������������������������� ������������������������������normal������������������������ �����������������������levels�����������������, ���������������the������������ lipid �����indi-
ces such as: atherogenic index of plasma (AIP) = 
log [TG/HDL], the Castelli Risk Index I (CRI-I)=  
TC/HDL, Castelli Risk Index II (CRI-II)= LDL/HDL and 
triglyceride index (TGL-index)= TG/HDL might be 
alternatives ��������������������������������������in������������������������������������ �����������������������������������assessment������������������������� ������������������������of���������������������� ���������������������CVD������������������ �����������������risk�������������⁶⁻¹⁰. �������Accord-
ing to the current understandings AIP and LDL/HDL 
ratio may predict ischemic heart disease risk¹¹⁻¹⁴, 
whereas TC/HDL ratio has been reported to be 
associated with metabolic derangement predictive 
of cardiovascular risks and related to insulin 
resistance¹⁵, ¹⁶. As for TGL/HDL ratio, it has been 
reported as a marker of insulin resistance and 
small LDL¹⁷, ¹⁸.
The primary goal of this study was to investigate 
whether an association between lipid indices AIP, 
CRI-I, CRI-II and TGL-index and the development 
of ��������������������������������������������       LVH�����������������������������������������        exists in patients with HFmrEF ��������� with nor-
mal lipid profile.

Atherogenic index of plasma values in patients with 
heart failure with mid-range ejection fraction and left 
ventricular hypertrophy is statistically significantly 
higher than in patients without left ventricular 
hypertrophy. Atherogenic index of plasma correlates 
with left ventricular hypertrophy in heart failure with 
mid-range ejection fraction. 

INTRODUCTION

Cardiac remodeling describes the reorganization 
of myocytes, intercellular matrix components and 
vessels in response to the index stimuli. Left ven-
tricular hypertrophy (LVH) and fibrosis are major 
characteristics of myocardial remodeling. These 
processes increase heart workload and play key 
roles in cardiovascular morbidity and mortality¹. 
Other than age, LVH is the most potent predictor 
of adverse cardiovascular events in the hyperten-
sive population, and is also an independent risk 
factor for ischemic heart disease (IHD), sudden 
cardiac death, heart failure and stroke².
Heart failure with mid-range ejection fraction 
(HFmrEF) mostly represents a transition pheno-
type, either to full recovery or to a downhill 
course of worsening systolic function³, ⁴. Despite 
HFmrEF has a high prevalence of hypertension, 
atrial fibrillation and vascular disease, limited 
data is available on the interaction of lipids with 
left ventricular (LV) morphology in the settings of 
HFmrEF.
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PATIENTS AND METHODS 

Inclusion and exclusion study criteria
Study inclusion criteria: patients with chronic 
heart failure with mid-range ejection fraction and 
normal lipid profile. HFmrEF was defined by the 
criteria of 2016 European Society of Cardiology 
Guidelines for the diagnosis¹⁹ and treatment of 
acute and chronic heart failure: (1) HF symptoms 
with/without signs; (2) left ventricular ejection 
fraction determined by echocardiography in the 
following range (40-49%); (3) relevant structural 
heart disese with/or diastolic dysfunction. 
-Study exclusion criteria: known autoimmune 
disease, collagenoses, malignant disease, ad-
vanced renal disease (creatinine levels more than 
250 µmol/l and hemodialysis), bacterial endocar-
ditis, pulmonary thromboembolism, informed 
consent refusal. Subjects from the control group 
were randomly assigned from a family doctor’s 
practice. Healthy volunteers were informed be-
forehand with the aims and methods of the study 
and signed informed consent.

Ethics Statement

The scientific project was approved by the ethics 
commission of Medical University-Pleven. All the 
procedures followed were in accordance with the 
ethical standards of the responsible committee 
on human experimentation (institutional or re-
gional) and with the Helsinki Declaration of 1975, 
as revised in 2000. All subjects were informed be-
forehand with the aims and methods of the study 
and they signed informed consent.

Subjects

The examined clinical contingent was from the vi-
cinity of the Pleven University Hospital, Bulgaria. 
Subjects’ sera were taken from experienced staff. 
The current study included 56 patients with HFm-
rEF and normal lipid profile, median age 64 (47-
84) and control group of 22 age and sex matched 
healthy subjects with no family history of diabe-
tes, atherosclerosis or hypertension, median age 
58 (51-69).

Hypertension-Mediated Organ Damage (HMOD) 
Evaluation

HMOD refers to structural or functional changes 
in arteries or end organs (heart, blood vessels, 

brain, eyes, and kidney) caused by an elevated 
blood pressure (BP), and is a marker of pre-clini-
cal or asymptomatic cardiovascular disease 
(CVD). To assess presence of heart HMOD pa-
tients were inspected by: anamnesis and physical 
examination for established cardiovascular or 
premature CVD, 12-lead ECG and transthoracic 
echocardiography. In order to determine pres-
ence of brain HMOD patients were investigated 
by: anamnesis and physical examination for cere-
brovascular damage. To evaluate presence of 
eyes HMOD patients were examined by: anam-
nesis and physical examination for ophthalmo-
logical damage and fundoscopy. To assess 
presence of kidney HMOD patients were ex-
plored by: anamnesis and physical examination 
for renal damage, blood creatinine and eGFR. If 
any HMOD was found at the initial examination, 
then patient was further consulted with a refer-
ring specialist (cardiologist, nephrologist, neurol-
ogist, ophthalmologist).

Blood pressure

Hypertension was defined according to The 2018 
ESC/ESH Arterial Hypertension Guidelines²⁰������� as of-
fice systolic BP (SBP) values ≥ 140 mmHg and/or 
diastolic BP (DBP) values ≥ 90 mmHg via repeat-
ed office BP measurements. ��������������������Arterial blood pres-
sure was measured using a standard anearoid 
sphygmomanometer, to the nearest 2 mmHg, in 
the dominant arm after at least 10-min rest in su-
pine position. 

Electrocardiography

Electrocardiography was performed for LVH as-
sessment and the Sokolow–Lyon index, Cornell 
voltage duration product or Cornell voltage were 
estimated²¹. 

Echocardiography

To assess the left ventricular ejection fraction, 
cardiac structure and function parameters, 2D 
(two-dimensional) transthoracic echocardiogra-
phy was performed with General Electric (Vivid 
S5) with 4-MHz transducer. All measurements 
were obtained according to European Associa-
tion of Cardiovascular Imaging (EACVI) and Тhe 
American Society of Echocardiography (ASE)  
criteria for Cardiac Chamber Quantification by 
Echocardiography²². Using echocardiographic  
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Table 3. Echocardiographic data of patients with heart failure with 
mid-range ejection fraction divided by presence or absence of LVH

HFmrEF+LVH HFmrEF-LVH P
LVEDD 52.13±5.81 45.25±6.01 0.0004*
LVESD 39.44±4.66 33.69±3.5 0.0001*
LVEDV 132.25±34.36 91.63±21.84 0.0001*
LVESV 58.22±14.0 58.22±14.0 0.0002*
IVS 13.38±1.18 0.94±0.85 <0.0001*
LVPWD 13.41±1.01 0.95±1.12 <0.0001*
EF% 47.5±2.4 47.81±2.37 p>0.05
LV mass (g) 193.96±28.76 118.67±19.83 <0.0001*
LVMI (g/m²) 54.34±6.86 36.44±4.5 <0.0001*
Count 32 24

Data are presented as mean±SD, * Comparison between groups by ANOVA

List of abbreviations: HFmrEF+LVH – mid-range ejection fraction and left 
ventricular hypertrophy; HFmrEF-LVH – mid-range ejection fraction without left 
ventricular hypertrophy; LVEDD – left ventricular end-diastolic diameter;  
LVESD – left ventricular end-diastolic systolic diameter; LVEDV – left ventricular 
end-diastolic volume; LVESV – left ventricular end-systolic volume;  
IVS – interventricular septal thickness; LVPWD – posterior wall thickness;  
EF% – left ventricular ejection fraction; LVM – left ventricular mass; LVMI – left 
ventricular mass index

Table 1. Clinical data of patients with heart failure with mid-range ejection fraction and healthy controls

Clinical data HFmrEF+LVH HFmrEF-LVH Controls

Age 63 (47-82)  64 (52-84)  58 (51-69)

Gender (M/F) 18/14 14/10 12/10

Mean duration AH (years) 9.57±6.63 7.63±5.26  N/A

Mean duration HF (years) 5.6±2.9 4.89±1.60  N/A

SBP (mmHg) 151.35±16.05 139.11±18.42 118.26±13.74

DBP (mmHg) 89.05±10.32 84.41±11.73 76.4±8.4

BMI (kg/m²) 28.52±5.99 28.36±4.96 22.11±3.27

Total cholesterol (mmol/l) 4.99±1.30 4.79±0.83 3.99±0.65

HDL (mmol/l)  0.87±0.29 1.16±0.20 0.96±0.20

LDL (mmol/l) 3.27±1.17 3.01±1.07 2.43±0.64

Triglycerides (mmol/l) 1.49±1.66 1.50±1.39 1.31±0.61

Blood glycose (mmol/l) 6.00±0.52 6.11±0.83  N/A

Creatinine (μmol/l) 101.21±2.87 99.58±3.69  N/A

Hypertensive heart damage (n=21) -  

Hypertensive brain damage (n=4) (n=2)

Hypertensive kidney damage (n=6) (n=4)

Hypertensive eye damage (n=2) (n=2)

Smoking 21 16 8

Count 32 24 22

Data are presented as mean±SD

List of abbreviations in alphabetical order: BMI – Body mass index; DBP – Diastolic blood pressure; HDL – High density lipoprotein cholesterol; 
HFmrEF+LVH – mid-range ejection fraction and left ventricular hypertrophy; HFmrEF-LVH – mid-range ejection fraction without left ventricular 
hypertrophy; LDL – Low density lipoprotein cholesterol; SBP – Systolic blood pressure; M – male; F – female; AH – arterial hypertension; HF – heart failure

Table 2. Echocardiographic data of all patients with 
heart failure with mid-range ejection fraction 

All patients

LVEDD 49.73±6.64

LVESD 36.49±3.33

LVEDV 118.14±35.9

LVESV 61.88±19.77

IVS 12.6±1.54

LVPWD 12.63±1.52

EF% 47.55±2.37

LV mass (g) 155±23.58

LVMI (g/m²) 45.58±5.65

Count 56

Data are presented as mean±SD 

List of abbreviations: LVEDD – left ventricular end-diastolic 
diameter; LVESD – left ventricular end-diastolic systolic 
diameter; LVEDV – left ventricular end-diastolic volume;  
LVESV – left ventricular end-systolic volume; IVS – interventri-
cular septal thickness; LVPWD – posterior wall thickness;  
EF% – left ventricular ejection fraction; LVM – left ventricular 
mass; LVMI – left ventricular mass index
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diagnostic method LVH was defined as: [LV mass 
weight >224 g (men); >162 g (women); LV mass 
index: men > 50 g/m2; women > 47 g/m² (height 
in m)] and LV septal thickness and posterior wall 
thickness > 0.9 cm (women); >1.0 cm (men).

Laboratory tests

1.	 Serum creatinine, blood glucose were deter-
mined. Total cholesterol, triglyceride concentra-
tions, HDL were measured by enzyme assay 
(Boehringer Mannheim, Mannheim, Germany). 
LDL was calculated via Friedewald formula.
L������������������������������������������������ipid �������������������������������������������indices������������������������������������ �����������������������������������were ������������������������������determined by calculation, us-
ing the established formulas:

•	 AIP = log [TG/HDL]²³
•	 Castelli Risk Index I (CRI-I) = TC/HDL²⁴⁻²⁶
•	 Castelli Risk Index II (CRI-II) = LDL/HDL²⁴⁻²⁶
•	 TGL index = TG/HDL²⁷

2.	 Mild CKD was detected by eGFR 89-60 mL/
min/1.73 m2 (BSA), moderate CKD was assessed 
by eGFR > 59–30 mL/min/1.73 m2, while severe 
CKD by GFR < 29 mL/min/1.73 m².

Statistical analyses

The research data were processed with the com-
puter programs EXCEL (Microsoft Corporation, 
Redmond, WA) and STATGRAPHICS plus (Manu-
gistics, Rockville, MD) for WINDOWS. All results 
were described in tables, graphs, numerical val-
ues (mean ± SD, share indicators and correla-

tions). The level of significance was determined 
as (p<0.05). K-W (Kruskal-Wallis)-test was per-
formed in cases with different from normal distri-
bution. Median (M) was used in K-W test, 
together with the first and third quartile Q1 and 
Q3; (twenty-fifth and seventy-fifth percentile P25 
and 75P). The Pearson test was used for assess-
ing the correlations. 

RESULTS

Forty-one patients were with hypertension medi-
ated organ damage and 15 were without. Pa-
tients were divided in two subgroups-subjects 
with mid-range ejection fraction and left ven-
tricular hypertrophy (n=32), median age 63 (47-
82) years (HFmrEF+LVH); subjects with mid-range 
ejection fraction without left ventricular hyper-
trophy (n=24), median age 64 (52-84) years 
(HFmrEF-LVH). Clinical data of patients with 
HFmrEF and healthy controls are presented in Ta-
ble 1. Echocardiographic data of all patients with 
HFmrEF and subgroups with and without LVH are 
shown in Tables 2 and 3. �����������������������There������������������ �����������������was�������������� �������������not���������� ���������statisti-
cally����������������������������������������������� ����������������������������������������������significant����������������������������������� ����������������������������������difference������������������������ �����������������������between���������������� ���������������the������������ �����������lipid������ �����indi-
ces in patients with heart failure with mid-range 
ejection fraction compared to healthy controls 
(p>0.05) (Fig. 1). HFmrEF+LVH patients showed 
statistically significant���������������������������    ly ������������������������   higher �����������������  values�����������   of��������  �������athero-
genic index of plasma than HFmrEF-LVH patients: 
0.16 (0.05÷0.37) vs. 0.04 (0.01÷0.11) (KW=5.80; 

Figure 1. Comparison of lipid indices in patients with heart failure with mid-range ejection fraction vs. healthy controls. 
log TG/HDL = atherogenic index of plasma, TC – total cholesterol, HDL – high-density lipoprotein cholesterol, LDL – low-density 
lipoprotein cholesterol, TG – triglycerides. Data are expressed as median.
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p=0.02) (Fig. 2). TC/HDL, LDL/HDL and TG/HDL 
values were not significantly higher in 
HFmrEF+LVH than HFmrEF-LVH patients: 4.8 
(3.98÷5.75) vs. 4.49 (3.58÷5.63); 2,91 (2.1÷4.0) vs. 
2.9 (2.5÷4.25) and 1.36 (1.11÷2.08) vs. 1.13 
(0.9÷1.53), respectively (p>0.05). No significant 
gender differences between lipid indices were 
found. Atherogenic index of plasma showed 
correlation with �������������������������������    LVH ���������������������������   (r=0.����������������������   45��������������������   ; p=0.0�������������  1������������  )�����������   and inter-
ventricular septum thickness (r=0.55; p=0.002).

DISCUSSION

Current approaches towards LVH in patients with 
HF provide evidence that it is related to worse 
prognosis and cardiovascular outcomes. Interest-
ingly, lipid indices in patients with chronic heart 
failure have not been fully assessed. Studies have 
involved patients with hypertension, diabetes 
mellitus, but none of them focused on patients 
with chronic heart failure with mid-range ejec-
tion fraction. Furthermore, there have been al-
most no reports to date that estimate AIP, CRI-I, 
CRI-II and TGL-index in patients with HFmrEF, as 
well their relationship with LVH. As far as we 
know, the current study is the first to evaluate 
these indices in such groups of patients.
The interaction between lipids and changes of LV 
structure and/or function has been demonstrat-
ed in several studies. ��������������������������Some of them have ��������investi-
gated the effect of statins on left ventricular 
remodeling in hypertension and heart failure. For 
example, Su SF et al.²⁸ reported that “addition of 

pravastatin to antihypertensive treatment led to 
a greater reduction in left ventricular mass in 
patients with hypertension and hyperlipidemia”. 
This suggests a link between RAS and hyper
lipidemia. In another study, Bauersachs et al.²⁹ 
investigated the effect of statin in left ventricular 
remodeling after myocardial infarction����������  . This����  ���re-
search used an animal model involving rats with 
heart failure after myocardial infarction. Authors 
were able to demonstrate that statin therapy 
improve left ventricular remodeling and function 
in rats with heart failure. Data from the above 
mentioned studies suggest that lipoproteins 
could possibly interplay with angiotensin II and 
favor the angiotensin II–induced left ventricular 
remodeling and cardiac fibrosis in hypertension 
and in heart failure. These processes might occur 
via angiotensin II–induced mediation. Hence, a 
cross-talk between dyslipidemia and RAS relative 
to vascular dynamics is proposed³⁰.
It has been reported that the fatty acid composi-
tion of serum cholesterol esters mainly reflects 
dietary fat quality over the previous two weeks³¹ 
and predicts myocardial infarction³², ³³. Unfortu-
nately, its relationship to LVH has not been inves-
tigated. One-sample Mendelian randomization 
(MR) analysis demonstrated that both LDL 
cholesterol and triglycerides have a potentially 
causal association with increased LV mass. ���Ac-
cording to this study finding, low-density lipopro-
tein cholesterol and triglycerides may have a 
causal impact on adverse changes in cardiac 

Figure 2. Comparison of lipid indices in patients with HFmrEF with and without LVH. 
HFmrEF+LVH- mid-range ejection fraction and left ventricular hypertrophy, HFmrEF-LVH- mid-range ejection fraction without left 
ventricular hypertrophy. log TG/HDL= atherogenic index of plasma, TC- total cholesterol, HDL- high-density lipoprotein cholesterol, 
LDL- low-density lipoprotein cholesterol, TG- triglycerides. Data are expressed as median; *p<0.05.
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structure and function, especially in relation to LV 
mass. “LDL cholesterol and triglycerides appear 
to be causative of myocardial remodeling by 
increasing LV mass, suggesting that they 
influence the development of cardiovascular 
disease not only by atherosclerosis but also by 
causing adverse alterations in cardiac structure 
and function”³⁴.
In order to evaluate whether simvastatin 
administration was associated with regression of 
cardiac hypertrophy, fibrosis and improvement of 
LV function, Patel R. et al. used a transgenic 
rabbit model of human hypertrophic cardio
myopathy. Study represented that “simvastatin 
induced the regression of hypertrophy and 
fibrosis, improved cardiac function, and reduced 
ERK1/2 activity in the beta-myosin heavy chain-Q 
(403) rabbits”³⁵. Considering these results, the 
following hypothesis arises: whether a reverse 
LVH effect may be expected if a statin is used in 
different subjects groups- for example patients 
with heart failure and/or hypertension������� .������  More-
over, previous cross-sectional studies have 
suggested adverse remodeling changes in 
association with non-HDL cholesterol and total 
cholesterol, respectively³⁶, ³⁷.
Schillaci et al.������������������������������������³⁸���������������������������������� revealed an independent relation-
ship of low HDL cholesterol to LV mass in male and 
female hypertensive patients. In addition, by using 
proton magnetic resonance spectroscopy 
Kankaanpää et al. demonstrated accumulation of 
TG in myocardium of moderately obese subjects. 
They reported that “free fatty acid levels were a 
significant predictor of LV mass, whereas myocar-
dial and epicardial fat were more strongly related 
to LV work and mechanical load��������������������”�������������������³⁹. Similarly, Kam-
inagaet al. concluded that hypertrophic cardiomy-
opathy may be associated with the presence of 
myocardial fat in the LV with a thickened wall⁴⁰. 
Furthermore, an autoptic study of human hearts 
by da Silva RMS et al. in 2017 provided evidence 
that the fat deposition in the left ventricle consti-
tutes a direct risk of cardiac hypertrophy⁴¹.
In a large �����������������������������������������prospective longitudinal cohort study���� in-
volving 2322 healthy men followed up for 20 
years, Sundström et al. reported that dyslipidemia 
and indices of a low dietary intake of linoleic acid 
and high intake of saturated andmonounsaturated 
fats, as well as hypertension and obesity, at age 50 

predicted the prevalence of echocardiographic 
LVH and geometric subtypes. These results also 
suggest that lipids may play an important role in 
the origin of LVH³³. The effect of serum lipids on 
LVH and LV diastolic dysfunction was investigated 
by Horio et al. In their study, the researchers ex-
amined 274 patients with treated essential hyper-
tension by echocardiography. The relationship of 
dyslipidemia, especially low HDL cholesterol to LV 
hypertrophy and diastolic function was investigat-
ed. Authors found that low HDL cholesterol may 

There is an association between atherogenic index of 
plasma and left ventricular hypertrophy in patients with 
heart failure������������������������������������������� with mid-range ejection fraction. Determi-
nation of atherogenic index of plasma values may be a 
useful method for monitoring the development and 
progression of left ventricular hypertrophy in patients 
with heart failure with mid-range ejection fraction. 

unfavorably modify LV structure and diastolic func-
tion in patients with treated essential hyperten-
sion⁴².
Wang et al. described the influence of nontradi-
tional lipid profiles on left ventricular geometric 
abnormalities in general Chinese population. The 
results indicated that ��������������������������  “�������������������������  nontraditional lipid pro-
files were positive determinants of concentricity 
index and LV wall thickness”. The effects on LV 
mass index were modest, whereas Non-HDL-C 
correlated independently with concentric LVH. 
Authors concluded that ��������������������������“�������������������������nontraditional lipid pro-
files were responsible for increased risk of con-
centric LVH, potentially providing enhanced 
clinical utility at no additional cost, which empha-
sized the beneficial effect of these markers to 
supplement and improve CVD risk stratifica-
tion”⁴³.
Oresegun OO et al. determined prevalence of 
dyslipidaemia in hypertensive subjects and its re-
lationship with left ventricular hypertrophy via 
cross-sectional study involving 120 hypertensive 
participants with LVH and 60 age and sex-
matched hypertensive participants without LVH. 
Authors found that overall prevalence of dyslipi-
daemia in participants with LVH was slightly low-
er than in participants without LVH, but the 
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difference was not statistically significant. Investi-
gators reported a positive correlation between 
echocardiographic left ventricular mass and AIP. 
Oresegun OO et al. concluded that there is a high 
prevalence of dyslipidaemia among hypertensive 
adults and a positive correlation exists between 
echocardiographic left ventricular mass and AIP 
among adult hypertensive subjects⁴⁴.
In a similar research, Kumar M et al. determined 
prevalence of dyslipidaemia in hypertensive sub-
jects and its relationship with left ventricular hy-
pertrophy in a cross-sectional comparative study 
involving 100 hypertensive participants with LVH 
and 50 age and sex-matched hypertensive partic-
ipants without LVH. The mean AIP in the hyper-
tensive participants with LVH was higher than in 
their hypertensive counterparts without LVH, and 
the difference was statistically significant. Au-
thors concluded that there is a high prevalence 
of dyslipidaemia among hypertensive adults and 
a positive correlation between echocardiographic 
left ventricular mass and AIP among adult hyper-
tensive subjects⁴⁵.
The present study demonstrated two key find-
ings: (1) a statistically significantly higher values 
of atherogenic index of plasma (log TG/HDL) in 
HFmrEF+LVH than HFmrEF-LVH patients and (2) a 
correlation between atherogenic index of plasma 
and LVH. These results assume a potential link 
between the high atherogenic risk and LVH in 
chronic heart failure. Our findings indicated that 
solely logTG/HDL ratio, but not TG or HDL levels 
were associated with LVH. Of note, all patients in 
the current study were with normal traditional 
lipid profile levels.
Possible explanations could be:
•	 Current evidence towards VLDLs is that they 
are major �������������������������������������     transporters of TG�������������������   . This proposes p��o-
tential signaling pathways possibly activated by 
the VLDL, which could result in neuro-hormonal 
and metabolic factors overproduction �������� (the de-
scribed correlation between log TG/HDL ratio 
and LVH supports that hypothesis).
•	 Inflammation plays a central role in adverse 
LV remodeling. It is possible proinflammatory 
cytokines like tumor necrosis factor alpha (TNF-α) 
further to promote adverse cardiac remodelling. 
The functional relation between angiotensin II 

and TNF-α has also been reported to cause left 
ventricular remodelling ��������������������  in hypertensive sub-
jects⁴⁶, ⁴⁷.
•	 AngII is a major RAS component and plays a 
key role in hypertension and LVH development 
via stimulating proinflammatory, profibrotic, va-
soconstrictive and remodelling effects⁴⁸, ⁴⁹. Con-
sidering the potential interplay between RAS and 
lipids��������������������������������������������⁵������������������������������������������� ������������������������������������������suggested by the high logTG/HDL ratio (in-
directly VLDL levels and HLD levels) and its corre-
lation with LVH in the current study, we can not 
exclude possible effects of signalling pathways 
activated by the VLDL. These processes may re-
sult in AngII overproduction and development of 
left ventricular hypertrophy. Besides the reported 
lipid indices’ determination in the present study, 
the evaluation of angiotensin II in the same group 
of subjects was one of the aims of our previous 
investigations. Thus, we have already measured 
the serum concentrations of AngII in these sub-
jects. The patients with HFmrEF+LVH showed sig-
nificantly higher levels of AngII than HFmrEF-LVH 
and healthy controls Nikolov et al.⁵⁰, ⁵������������¹�����������. These re-
sults also give arguments supportive for a theory 
of the lipid interaction with RAS (probably �����medi-
ated by AngII) and leading to LVH. However, the 
interplay mechanisms are not known yet.
•	 All patients in the present investigation were 
with compensated chronic heart failure treated 
with optimal therapy, following the appropriate 
guidelines. This can be one of the possible rea-
sons for lack of statistical difference between AIP 
values in all patients compared with healthy con-
trols. Therefore, we must consider the possibility 
that some types of antihypertensive agents may 
have affected cardiac structure and lipid levels.
•	 A������������������������������������������      n eventual process of latent ������������� lipid��������  deposi-
tions in left ventricle is assumed, promoting ab-
normal changes in LV structure³⁷⁻³⁹. Probably 
more accurate methods like cardiovascular mag-
netic resonance or positron emission tomogra-
phy scan would identify that hypothesis.
There is evidence that the atherogenic index of 
plasma predicts cardiovascular risk. AIP is calcu-
lated by the ratio of logarithm of ���������������TG�������������L to HDL lev-
els. AIP values higher than 0.11 are considered as 
increased CVD risk. The results obtained from the 
present research suggest an association between 
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high AIP values and left ventricular hypertrophy 
in chronic heart failure with mid-range ejection 
fraction. It should be considered that the current 
study was case-control and we assessed the lipid 
ratios, so the role of causal relationship cannot 
be commented upon. Although we have not 
established a direct reason which links events, 
we report an association between AIP and left 
ventricular hypertrophy. To the best of our 
knowledge, our study has provided for the first 
time evaluation of these lipid indices in subjects 
with chronic heart failure with mid-range 
ejection fraction with normal lipid profile. Our 
data showed that the values of AIP in patients 
with HFmrEF+LVH were significantly higher than 
in patients without left ventricular hypertrophy. 
In addition, a correlation between atherogenic 
index of plasma and ������������������������    LVH was found. This pro-
vides an important data in the explanation of a 
potential relationship between lipids’ turnover 
and LV structural changes.

Limitations of the study

The present research had several limitations. 
Firstly, it was a case-control study and we were 
not able to perform serial measurements of lipid 
indices. Secondly, the small sample size and the 
fact that the control group subjects were young-
er and in better shape (thinner) than the test 
groups were also limitations of study design. 
However, this is the first investigation reporting 
an association between atherogenic index of 
plasma and LVH in patients with HFmrEF with 
normal lipid profile.

CONCLUSIONS

Our findings showed an association between 
atherogenic index of plasma and LVH in patients 
with HFmrEF with normal lipid profile. The exact 
mechanisms of this relationship are unclear. 
Larger and longitudinal studies ����������������with more sensi-
tive methods are needed to clarify the 
interrelationships between AIP and changes in 
left ventricular morphology. They should confirm 
whether determination of AIP may be used for 
monitoring the development and progression of 
left ventricular hypertrophy in heart failure with 
mid-range ejection fraction.
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