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Abstract. Introduction: Angiotensin II (AngII) and angiotensin-(1-7) [Ang-(1-7)] are key 
components of the renin angiotensin system (RAS). They exhibit counter-regulatory eff ects 
in the systemic circulation, as well as in tissues important for cardiovascular regulation. Aim: 
To investigate the association between the AngII/Ang-(1-7) balance and left ventricular hy-
pertrophy (LVH) in patients with heart failure and mid-range ejection fraction (HFmrEF). Ma-
terial and methods: 56 patients with HFmrEF were included, with a mean age of 65.62 ± 
9.69 years and 22 age- and sex-matched healthy subjects, their mean age - 56.4 ± 5.53 
years. 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). AngII and Ang-(1-7) levels were measured with an ELISA kit. Results: Patients with 
HFmrEF+LVH showed signifi cantly higher levels of AngII: 8.53 pg/mL (1.47 ÷ 13.0) than 
HFmrEF-LVH – 1.33 pg/mL (0.47 ÷ 6.93) and healthy controls – 1.53 pg/mL (0.27 ÷ 5.21); 
(KW = 3.48; p = 0.04). There was no signifi cant diff erence between Ang-(1-7) levels in all pa-
tients compared to controls (p > 0.05). AngII/Ang-(1-7) ratio was signifi cantly higher in all pa-
tients than controls: 3.81 (2.03 ÷ 6.66) vs. 1.5 (0.93 ÷ 2.06) (KW = 18.68; p < 0.001). Patients 
with HFmrEF+LVH showed statistically higher AngII/Ang-(1-7) ratio compared with controls 
(4.7 vs. 1.5). Moreover, subjects with LVH showed the highest AngII/Ang-(1-7) ratio among 
all particpants in the study. The AngII/Ang-(1-7) ratio correlated with LVH (r = -0.39; p = 0.03), 
DBP (r = 0.25; p = 0.04), HDL (r = 0.33; p = 0.01), SBP (r = 0.34; p = 0.01). Conclusion: Our 
study showed an association between AngII/Ang-(1-7) ratio, blood pressure and LVH. The 
imbalance between Ang-II and Ang-(1-7) could contribute to the mechanisms determining 
LVH in HFmrEF. Further studies are warranted to clarify whether evaluation of serum Ang-II/
Ang-(1-7) ratio could predict LVH development in patients with HFmrEF.
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 INTRODUCTION

Left ventricular hypertrophy (LVH) increases 
heart workload and plays a key role in cardio-
vascular morbidity and mortality [1]. Besides 

age, LVH is the most potent predictor of adverse car-
diovascular outcomes in the hypertensive population, 
and is an independent risk factor for coronary heart 
disease, sudden death, heart failure and stroke [2]. 
RAS plays an important role in the development of 
LVH by raising blood pressure (BP) and stimulating 
proinfl ammatory and profi brotic eff ects at a cellular 
and molecular level [3, 4].
An early phase in the development of heart failure is 
cardiac remodeling, which is thought to be an impor-
tant aspect of disease progression in heart failure, 
regardless of cause [5]. The exact mechanisms lead-
ing to cardiac remodeling and dysfunction are not 
completely understood but are thought to arise from 
a common upstream pathway involving the renin–an-
giotensin system (RAS) [6]. 
The classical cascade in the RAS called the ACE/
Ang II/Ang II type 1 receptor axis is known as an in-
ducing factor favoring hypertension and organ dam-
age [7, 8]. On the other hand, the ACE 2/Ang(1-7)/
Mas receptor arm antagonizes the ACE/Ang II/Ang 
II type 1 receptor pathway and maintains this fi ne 
balance in physiological conditions. Angiotensin II 
(AngII) and angiotensin-(1-7) [Ang-(1-7)] are key 
components in the two renin angiotensin system 
arms mentioned above. They exhibit counter-reg-
ulatory eff ects in the systemic circulation, as well 
as in tissues important in cardiovascular regulation 
[9, 10]. Ang-(1.7) is an endogenous counter-factor 
of Ang-II. Ang-(1-7) has anti-hypertensive and anti-
proliferative actions on cardiac myocytes [11] and 
vascular smooth muscle [12], and is a vasodilator 
[13]. Indeed, a balance of the two peptides may be 
required to bypass many cardiovascular process-
es. Deregulation of the balance between angioten-
sin II and angiotensin-(1-7) in patients with chronic 
heart failure might be one of the possible causes 
for cardiac remodeling. 
Heart failure with mid-range ejection fraction (HFm-
rEF) represents mostly a transition phenotype, either 
to full recovery or to a downhill course of worsen-
ing systolic function [14]. Since most studies involve 
reduced (HFrEF) and preserved ejection fraction 
(HFpEF) patients, limited data are available on the 
HFmEF etio-pathogenesis. Pathophysiologic mecha-
nisms of HFmrEF are unknown, but levels of natri-
uretic peptides lying between that of HFrEF and HF-
pEF suggest a combination of myocardial stretch and 
infl ammation [15] emphasizing the renin-angiotensin 
system as a key player in HFmrEF etio-pathogenesis.

AIM

Our objective was to determine whether an associa-
tion exists between the balance of angiotensin II and 
angiotensin-(1-7) and left ventricular hypertrophy 
(LVH) in patients with chronic heart failure and a mid-
range ejection fraction. 

MATERIALS AND METHODS

Subjects

The study was approved by the Ethics Commit-
tee of Medical University – Pleven. All participants 
signed informed consent. Study procedures fol-
lowed all guidelines for ethical standards on hu-
man experimentation as well as the Helsinki Decla-
ration of 1975, as revised in 2000. All patients were 
residing in the surroundings of the Pleven Univer-
sity Hospital. Sera of subjects were collected from 
September 2016 till June 2018. The study group 
consisted of 56 patients with HFmrEF, with a mean 
age 65.62 ± 9.69. Forty-one of patients were with 
hypertension-mediated organ damage (HMOD) 
and 15 had no such damage. Patients were divided 
in two subgroups – subjects with mid-range ejec-
tion fraction and left ventricular hypertrophy (n = 
32), mean age 62.5 ± 12.58 years (HFmrEF+LVH); 
subjects with mid-range ejection fraction without 
left ventricular hypertrophy (n = 24), mean age 
60.4 ± 8.4 years (HFmrEF-LVH) (Table 1). 22 age- 
and sex-matched healthy subjects with no family 
history of diabetes, atherosclerosis or hyperten-
sion were the control group, with a mean age 56.4 
± 5.53 years.

Methodically, our study was carried into two parts. 
Firstly, we measured serum levels of angiotensin 
II [16]. After that we determined levels of angioten-
sin-(1-7) and calculated their ratio. Both markers 
were measured in sera of patients with HFmrEF and 
healthy controls.

Hypertension-Mediated Organ Damage (HMOD) 
Evaluation
To assess the presence of HMOD patients provided 
detailed medical history (established cardiovascular 
or premature CVD, renal, cerebrovascular or oph-
thalmological damage) and physical examination 
was done as well.

Blood pressure

Arterial blood pressure was measured using a stan-
dard aneroid sphygmomanometer, to the nearest 2 
mm Hg, at the dominant arm after at least 10-min rest 
in the supine position. 
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Electrocardiography
Electrocardiography was performed for LVH as-
sessment and the Sokolow–Lyon index, Cornell 
voltage duration product or Cornell voltage were 
estimated [17]. 

Echocardiography
Echocardiography was performed on a General Elec-
tric device (Vivid S5) with a 4-MHz transducer. All 
measurements were obtained according to the Eu-
ropean Association of Cardiovascular Imaging (EAC-

VI) and the American Society of Echocardiography 
(ASE) criteria for Cardiac Chamber Quantifi cation by 
Echocardiography [18]: echocardiographic LVH [if: 
LV mass weight > 224 g (men); > 162 g (women); LV 
mass index: men > 50 g/m2; women > 47 g/m2 (height 
in m)] (Table 2).

Laboratory tests
1. Serum uric acid and blood glucose were mea-
sured. Total cholesterol, triglycerides, HDL-cholester-
ol were measured by an enzyme assay (Boehringer 

Table 1. The clinical data of the patients and healthy controls are shown

Clinical data Mean  ±  Standard Deviation
 HFmrEF+LVH HFmrEF-LVH Controls
Age (years) 62.5 ± 12.58  60.4 ± 8.4  56,4 ± 5,53

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 glucose (mmol/l) 6,00 ± 0,52 6,11 ± 0,83  N/A
Creatinine (mcmol/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
Number 32 24 22

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 ven-
tricular hypertrophy; LDL –  Low density lipoprotein cholesterol; SBP –  Systolic blood pressure

Table 3. Serum levels of Angiotensin II in patients with heart failure with mid-range ejection fraction and 
healthy controls according to presence of LVH

Angiotensin II (ng/ml)
M÷(Q1toQ3)

Compari-
son with

Angiotensin II (ng/ml)
M÷(Q1toQ3)

Comparison 
with

Patients 8,95
(1,6813,92)

Controls
p = 0,03

HFmrEF+LVH
8,53

(1,4713,0)
HFmrEF-LVH

p = 0,04
Controls 1,53

(0,587,14)
Patients
p = 0,03

HFmrEF-LVH
1,333

(0,476,93)
HFmrEF+LVH

p = 0,04
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Mannheim, Mannheim, Germany). LDL was calcu-
lated using the Friedewald formula.

2. Serum creatinine levels were measured and mod-
erate CKD with eGFR > 30-59 mL/min/1.73 m2 (BSA) 
or severe CKD with GFR < 30 mL/min/1.73 m2 were 
documented. 

If evidence of HMOD was found, the patient was fur-
ther consulted by a specialist (cardiologist, nephrolo-
gist, neurologist, ophthalmologist).

ELISA 
Enzyme-linked immunosorbent assay (ELISA) was 
used for measuring AngII and Ang-(1-7) levels. 

  Angiotensin II levels were measured in serum 
samples using the ELISA kit by ALPCO Diagnos-
tics (Salem, MA, USA, 74-ANGHU-E01) according 
to the manufacturer’s instructions.

  Angiotensin-(1-7) levels were measured in serum 
samples using (IW-NBP2-69) Human Angiotensin 
1-7 ELISA Kit- Novus Biologicals according to the 
manufacturer’s instructions. 

Statistical analyses
The research data were processed using EXCEL 
(Microsoft Corporation, Redmond, WA) and STAT-
GRAPHICS plus (Manugistics, Rockville, MD) for 
WINDOWS. All results were presented in tables, 
graphs, numerical values (mean  ±  SD, share indica-
tors and correlations). The level of signifi cance was 
determined as p < 0.05. K-W (Kruskal-Wallis)-test 

was performed in cases with a distribution diff erent 
from normal.  Median (M) was used in the K-W test, 
together with fi rst and third quartile Q1 and Q3; (twen-
ty-fi fth and seventy-fi fth percentile P25 and 75P). The 
Pearson test was used for estimating correlations.

RESULTS

AngII serum levels were signifi cantly higher in pa-
tients compared to controls: 8.95 pg/mL (1.68 ÷ 13.92) 
vs. 1.53 pg/mL (0.58 ÷ 7.14) (p = 0.03). Patients with 
HFmrEF+LVH showed signifi cantly higher levels of An-
gII: 8.53 pg/mL (1.47 ÷ 13.0) than HFmrEF-LVH 1.33 
pg/mL (0.47 ÷ 6.93) and healthy controls 1.53 pg/mL 
(0.27 ÷ 5.21); (KW = 3.48; p = 0.04) (Table 3). There 
was no signifi cant diff erence between Ang-(1-7) levels 
in the patients compared to controls (p > 0.05) (Table 
4). AngII/Ang-(1-7) ratio was statistically signifi cantly 
higher in all patients than controls: 3.81 (2.03 ÷ 6.66) 
vs. 1.5 (0.93 ÷ 2.06) (KW = 18.68; p < 0.001) (Figure 1). 
Patients with HFmrEF+LVH showed statistically higher 
AngII/Ang-(1-7) ratio compared with controls (4.7 vs. 
1.5). In addition, subjects with left ventricular hypertro-
phy showed the highest AngII/Ang-(1-7) ratio from all 
participants. The AngII/Ang-(1-7) ratio correlated with 
LVH (r = -0.39; p = 0.03), DBP (r = 0.25; p = 0.04), HDL 
(r = 0.33; p = 0.01), SBP (r = 0.34; p = 0.01).

AngII – angiotensin II, Ang-(1-7) – angiotensin-(1-7), 
HFmrEF+LVH – mid-range ejection fraction and left 
ventricular hypertrophy, HFmrEF-LVH – mid-range 
ejection fraction without left ventricular hypertrophy

Table 3. Serum levels of Angiotensin- (1-7) in patients with heart failure with mid-range ejection fraction and 
healthy controls according to presence of LVH

Angiotensin 1-7 (ng/ml)
M÷(Q1toQ3) Comparison with Angiotensin 1-7 (ng/ml)

M÷(Q1toQ3) Comparison with

Patients 52,1
(32,8÷85,2)

Controls
P > 0,05 HFmrEF+LVH 45,2

(31,0÷68,0)
HFmrEF-LVH

P > 0,05
Controls 52,5

(47,1÷59,3)
Patients
P > 0,05 HFmrEF-LVH 62,8

(41,3÷90,9)
HFmrEF+LVH

P > 0,05

Fig. 1. Angiotensin II/Angio-
tensin-(1-7) serum ratio in all 
participants in the current study 
AngII/Ang-(1-7) ratio was sig-
nifi cantly higher in patients 
than controls 3.81 vs. 1.5 (p < 
0.001). AngII/Ang-(1-7) ratio 
was signifi cantly higher in pa-
tients with HFmrEF+LVH than 
in healthy controls 4.70 vs. 1.5 
(p < 0.001)
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DISCUSSION

Circulating angiotensin II has been reported to be 
chronically increased when coming from either en-
dogenous or exogenous sources [19]. Angioten-
sin-(1-7) is known to exert anti-hypertensive, organ-
protective and anti-fi brotic eff ects. Several studies 
reported that both angiotensin-converting enzyme 
(ACE2) and Ang-(1-7) had cardio-protective eff ects 
in experimental animals as well as in cultured cardiac 
fi broblasts and myocytes [20-24]. Hao et al. (2013) 
further found that plasma Ang-(1-7) level was inde-
pendently associated with the amelioration of cardiac 
damage and function after reperfusion therapy in pa-
tients with acute myocardial infarction [25].

In another study Hao et al. (2013) evaluated the 
association of plasma Ang-(1-7) level and left ven-
tricular function in patients with type 2 diabetes mel-
litus [26]. The authors measured the left ventricular 
ejection fraction (EF), the ratio of early to late left 
ventricular fi lling velocity (E/A) and the ratio of early 
diastolic mitral infl ow to annular velocity (E/Ea) by 
ultrasonography in 110 patients with type 2 diabetes 
mellitus with a duration longer than 5 years. They 
concluded that plasma Ang-(1-7) level was inde-
pendently associated with left ventricular function in 
patients with type 2 diabetes mellitus and might be 
used as a biomarker when assessing cardiac func-
tion in such patients. 

Hisatake et al. (2017) reported that acute decompen-
sated heart failure patients had a signifi cantly higher 
serum ACE2 concentration and a signifi cantly lower 
serum Ang-(1-7) concentration when compared with 
healthy volunteers [27]. In 2020 Hisatake et al. elu-
cidated the role of ACE2/angiotensin (Ang)-(1-7)/
Mas receptor axis in acute decompensated heart 
failure with reduced ejection fraction. The authors 
investigated serial changes in serum ACE2 and 
Ang-(1-7) concentrations after optimal therapy (OT) 
in acute heart failure (AHF) patients with reduced 
ejection fraction (EF). ACE2 and Ang-(1-7) concen-
trations were measured in 68 AHF patients with re-
duced EF immediately after admission and 1 and 
3 months after optimal therapy. These parameters 
were compared with the healthy individuals at three 
time points. ACE2 concentration was equal between 
AHF patients and the healthy individuals at 1 and 3 
months after study start, and Ang-(1-7) concentration 
was equal at 3 months. Although this particular study 
did not elucidate the mechanisms of the changes in 
ACE2 and Ang-(1-7) concentrations, it showed that 
the serum ACE2 concentration declined and the Ang-
(1-7) concentration increased by optimal therapy in 
compensated heart failure cases, and as a result, 

both concentrations were similar to those of the 
healthy individuals” [28].

Wang K et al. (2020) hypothesized that the dynamic 
state of the renin-angiotensin system protective arm 
could infl uence long-term outcomes in patients with 
heart failure. The authors examined plasma Ang-(1-
7)/Ang-II ratio and long-term outcomes in patients 
with heart failure. One hundred ten patients with heart 
failure from outpatient clinics and the emergency 
department were followed up for median 5.1 years. 
Researchers identifi ed elevated Ang-1-7/AngII ratio, 
as an independent and incremental predictor of ben-
efi cial outcomes, higher survival rate, and decreased 
hospitalization duration. These fi ndings provide evi-
dence that elevated Angiotensin-(1-7)/Angiotensin II 
ratio may predict favorable outcomes in patients with 
heart failure [29].

Normally, the ‘traditional’ ACE/Ang II/Ang type 1 re-
ceptor pathway appears to be balanced by the va-
sodepressor arm of the RAS [ACE 2/Ang-(1-7)/Mas 
receptor] [30, 31, 32]. Interestingly, the balance be-
tween circulating AngII and Ang-(1-7) in patients with 
chronic heart failure has not been fully elucidated 
yet. There have been almost no reports to date that 
measured serum angiotensin II and angiotensin-(1-7) 
levels in patients with chronic heart failure with mid-
range ejection fraction. Studies have involved pa-
tients with acute heart failure, hypertension, diabetes 
mellitus, but none of the above commented investi-
gations focused on patients with chronic heart failure 
with mid-range ejection fraction. 

All patients in the current study had compensated 
chronic heart failure treated with optimal therapy, 
according to the appropriate guidelines. This can 
be one of the possible reasons for lack of statisti-
cal diff erence between AngII/Ang-(1-7) ratios in 
HFmrEF+LVH compared with HFmrEF-LVH patients. 
Of note, Hisatake et al. (2020) showed the increased 
serum ACE2 concentration gradually decreased to 
normal value, and the decreased serum Ang-(1-7) 
concentration gradually increased to normal value, in 
patients with acute decompensated heart failure with 
reduced LVEF, who were compensated after optimal 
medical therapy based on guidelines [28]. 

The major fi ndings in our study were: disrupted bal-
ance between angiotensin II and angiotensin-(1-7) 
and relationship between serum AngII/Ang-(1-7) ratio 
and LVH in chronic heart failure with mid-range ejec-
tion fraction. Hereby, we might suggest that altered 
stability between the two main RAS pathways might 
play an important role in the development of left ven-
tricular hypertrophy. To the best of our knowledge, 
our study has provided for the fi rst time data about 
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the relationship between serum AngII and Ang-(1-7) 
in chronic heart failure with mid-range ejection frac-
tion. It should be kept in mind that we assessed just 
the levels of circulating RAS components and their 
ratios, therefore the role of local RAS and evaluation 
of these components’ activity cannot be commented 
upon. Although we did not establish a direct causal 
link among medical events, we hereby reported an 
association between the imbalance of angiotensin II 
and angiotensin-(1-7) and left ventricular hypertro-
phy. Probably more sensitive methods would identify 
that link such as Western blot, cardiovascular mag-
netic resonance or immunohistochemistry/immuno-
cytochemistry with tissue samples analysis.

Our study revealed that despite optimal therapy, an 
altered balance between the vasoconstrictor and 
vasodepressor arms [Ang II/Ang (1-7)] of the RAS 
imight be observed in patients with chronic heart fail-
ure with mid-range ejection fraction. We suggested 
that diff erent additional factors like low physical activ-
ity, sympathetic nerve system activation, a high salt 
intake or alcohol consumption might also contribute 
to disturbing the equilibrium between the two RAS 
pathways, thus favoring a vasoconstrictor and pro-
infl ammatory state. The net eff ect of RAS imbalance 
might contribute to development and progression of 
LVH, but the exact mechanisms are unclear yet. The 
small sample size and the cross-sectional design 
were limitations of the current study. Larger and lon-
gitudinal studies are needed to clarify whether deter-
mination of serum Ang-II/Ang-(1-7) ratio could predict 
LVH development in patients with HFmrEF.

CONCLUSION

Our fi ndings showed an association between AngII/
Ang-(1-7) ratio, blood pressure and LVH. The imbal-
ance between angiotensin II and angiotensin-(1-7) 
could be а factor contributing to the mechanisms of 
LVH development in HFmrEF.
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