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A B S T R A C T

Aldosterone affects myocardial fibrosis and remodeling. The aim was to investigate the relationship between
plasma aldosterone concentration (PAC) and left atrial (LA) function in hypertension. 148 hypertensive patients
were studied. LA phasic function was evaluated by strain and strain rate imaging. Patients were divided into two
groups based on PAC. LA early diastolic strain and strain rate (LAS-E and LASR-E) were lower in group II compared
with group I (P < 0.05). Multivariate regression analysis showed that LAS-E was independently related to PAC (β
¼ �0.581, P < 0.001). In conclusion, PAC is associated with LA conduit function in hypertension.
1. Introduction

Aldosterone, which is secreted by the adrenal cortex, is an important
component of the rennin-angiotensin-aldosterone system (RAAS). Aldo-
sterone not only influences the reabsorption of water and sodium but also
affects myocardial fibrosis and remodeling. The relationship between
plasma aldosterone concentration (PAC) and left ventricular (LV) mass in
essential hypertension has been reported [1–4]. Researchers have also
shown that PAC is related to arterial stiffness [5,6]. However, the asso-
ciation between PAC and atrial function in essential hypertension has not
been clarified.

Aldosterone, binding to Mineralocorticoid receptor (MR), has
genomic and non-genomic mechanism for cardiovascular remodeling,
and in the heart, MR distributes widely in cardiomyocytes, fibroblasts,
and inflammatory cells [7–11]. The action of aldosterone and MR should
affect the whole heart, both ventricle and atrium. Furthermore, left atrial
function is closely interconnected with LV diastolic function and
compliance. We hypothesize that aldosterone, leading to myocardial
hypertrophy and interstitial fibrosis, also affects atrial structural and
functional remodeling. Thus, the current study investigated the rela-
tionship between PAC and left atrial structure and function in essential
hypertension.
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2. Methods

2.1. Study population

The current study included 148 patients with uncomplicated essential
hypertension who were recruited from the Cardiac Department of the
First Affiliated Hospital of Dalian Medical University from January 2017
to December 2017. Antihypertension medication included only calcium
channel blockers or alpha blockers. Patients were divided into two
groups according to whether PAC was above or below the median value
(138 pg/mL) as follows: group I (n ¼ 75), PAC � 138 pg/mL; group II (n
¼ 73), PAC > 138 pg/mL. Exclusion criteria were as follows: systolic
heart failure (including a history of dyspnea and left ventricular ejection
fraction < 50% as well as end-diastolic left ventricular diameter � 55
mm); coronary heart disease (including a history of angina pectoris, acute
coronary syndrome, or coronary revascularization; segmental wall mo-
tion abnormalities on echocardiography; or > 50% narrowing in one of
the epicardial coronary arteries on coronary computed tomography
angiography), a history of sustained atrial arrhythmias, any grade of
valvular stenosis, or more than mild valvular regurgitation. The study
complied with the Declaration of Helsinki. All patients provided
informed consent to participate in this study. The Ethics Committee of
the First Affiliated Hospital of Dalian Medical University approved this
study.
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Table 1
Clinical and Echocardiographic characteristics of the study population.

Group I (n ¼ 75) Group II (n ¼ 73) P

Male (%) 53.33 47.95 0.512
Age (years) 49 � 12 51 � 12 0.999
BMI (kg/m2) 26.0 � 3.0 26.6 � 3.6 0.453
SBP (mmHg) 150.0 � 19.6 159.4 � 23.4 0.499
DBP (mmHg) 90.5 � 13.1 92.4 � 16.5 0.908
DM (%) 38.67 42.47 0.638
Ang I (ng/mL/h) 1.37 � 1.51 2.36 � 1.78 0.034
Ang II (pg/mL) 29.57 � 8.32 37.45 � 13.03 0.022
BNP (pg/mL) 32.62 � 25.23 (n ¼ 68) 43.87 � 44.16 (n ¼ 68) 0.001
LAVI (mL/m2) 24.81 � 6.45 28.26 � 7.73 0.187
LVEF (%) 64.57 � 6.41 63.95 � 6.25 0.049
LVMI (g/m2) 89.59 � 21.70 103.03 � 24.51 0.360
E/A ratio 1.03 � 0.31 0.90 � 0.24 0.005
E/e' ratio 7.08 � 1.84 8.27 � 3.05 0.008
LATEF (%) 65.05 � 6.98 61.71 � 9.13 0.179
LAPEF (%) 36.39 � 8.68 32.74 � 10.78 0.159
LAAEF (%) 52.44 � 8.89 50.12 � 10.78 0.094

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; DM, diabetes mellitus; Ang I, angiotensin I; Ang II, angiotensin II; Ald,
aldosterone; LAVI, the maximum left atrial volume index; LVEF, left ventricular
ejection fraction; LVMI, left ventricular mass index; LATEF, left atrial total
emptying fraction; LAPEF, left atrial passive emptying fraction; LAAEF, left atrial
active emptying fraction.

Table 2
Left atrial measurements with two-dimensional speckle-tracking
echocardiography.

Variable Group I (n ¼ 67) Group II (n ¼ 69) P

LAS-S (%) 31.25 � 7.71 24.60 � 6.48 0.660
LAS-E (%) 19.92 � 4.71 10.66 � 3.68 0.008
LAS-A (%) 14.78 � 4.00 13.77 � 3.83 0.775
LASR-S (s�1) 1.38 � 0.34 1.10 � 0.26 0.027
LASR-E (s�1) �1.37 � 0.39 �0.84 � 0.30 0.019
LASR-A (s�1) �1.56 � 0.42 �1.32 � 0.47 0.297

LAS-S, peak left atrial longitudinal strain; LAS-E, left atrial longitudinal strain
during early diastole; LAS-A, left atrial longitudinal strain during late diastole;
LASR-S, left atrial longitudinal strain rate during ventricular systole; LASR-E, left
atrial longitudinal strain rate during early diastole; LASR-A, left atrial longitudinal
strain rate during late diastole.
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2.2. Measurement of plasma angiotensin I, angiotensin II, and aldosterone
levels

The plasma angiotensin II (Ang II) concentration and the plasma
angiotensin I (Ang I) generation rate were measured with a radioim-
munoassay (Iodine [125I] Angiotensin I/II Radioimmunoassay Kit, Bei-
jing North Institute of Biological Technology, Beijing, China). PAC was
measured with ACTIVE Aldosterone RIA (DSL8600, Beckman Coulter,
Prague, Czech Republic). Blood samples were collected in the morning
using tubes with an inhibitor cocktail (edetate disodium, dimercaprol,
and 8-hydroxyquinoline sulfate) and centrifuged at 2500 rpm for 10 min.
Plasma was frozen and stored at �20 �C.

2.3. Standard echocardiography

We used a Vivid 7 ultrasound system (GE Vingmed Ultrasound,
Horten, Norway), with a 3S phased-array transducer (1.5–3.8 MHz).
When we obtained the electrocardiographic recording, the patients were
asked to hold their breath during end-expiration. All of the images and
measurements were acquired from standard views according to the
guidelines of the American Society of Echocardiography [12]. The im-
ages were stored digitally and analyzed offline.

From the left ventricular parasternal long-axis view, we measured the
left ventricular chamber dimension (LVD), left atrial chamber dimension,
septum thickness (IVST), and left ventricular posterior wall thickness
(LVPWT) at left ventricular end diastole. Left ventricular mass (LVM) was
determined by the formula: LVM ¼ 0.8 � 1.04[(LVD þ IVST þ LVPWT)3

� LVD3] þ 0.6, and LVM index (LVMI) (g/m2) was determined by being
normalized according to body surface area.

Pulsed-wave Doppler-derived transmitral inflow velocities were ob-
tained by placing the sample volume between the tips of the mitral
leaflets in the apical four-chamber view. Early diastolic (E) and late atrial
(A) transmitral flow velocities were measured, and the E/A ratio was
calculated.

From the apical four-chamber view, myocardial early (e') diastolic
velocity was obtained by pulsed-tissue Doppler, with the sample volume
placed at the lateral mitral annulus. The E/e' ratio was calculated as an
index of the left ventricular filling pressure.

2.4. Assessment of left atrial phasic function using two-dimensional speckle
tracking and volumetric parameters

Standard two-dimensional grayscale images of apical four- and two-
chamber views were obtained. Left atrial volume was measured with
the biplane modified Simpson's rule. Maximum left atrial volume (LAV)
was measured immediately before mitral valve opening. The left atrial
volume index (LAVI) was the LAV indexed according to body surface
area. For the two-dimensional speckle tracking echocardiography
(2DSTE)-derived strain and strain rate analyses, three successive heart
cycles were recorded digitally for offline analysis with EchoPAC software
(Vivid 7, GE). The specific methods and detailed parameters are
described elsewhere [13].

2.5. Statistical analysis

All statistical analyses were performedwith SPSS software, version 19.0
(SPSS Inc., Chicago, IL). All continuous variables were expressed as mean�
standarddeviation.Differencesbetween twogroupswereevaluatedwiththe
independent samples t test. Categorical variables were expressed as fre-
quencies and then analyzed with a chi-square test or Fisher's exact test if
appropriate. The correlation between two PAC and clinical or echocardio-
graphic parameters was assessed with Pearson or Spearman coefficients
based on the distribution of the data. Multivariate stepwise regression was
used toassess the independent factors forPAC,andparameterswithaPvalue
of <0.05 in correlation analyses were entered into multivariate regression.
Statistical significance was set at P < 0.05.
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3. Results

3.1. Clinical characteristics of the study population

Table 1 shows the clinical and echocardiographic characteristics of
the study patients. The plasma concentration of Ang II, the plasma Ang I
generation rate, and brain natriuretic peptide (BNP) level were signifi-
cantly increased in group II compared with group I (P < 0.05). No sig-
nificant difference was found in patient sex, age, body mass index (BMI),
systolic blood pressure (SBP) or diastolic blood pressure (DBP), or
morbidity because of diabetes mellitus (DM) between the two groups (P
> 0.05).

3.2. Traditional echocardiographic parameters

Compared with group I, the E/e'ratio was significantly higher in
group II (P < 0.05), and the LVEF and E/A ratio were significantly lower
in group II (P< 0.05). The LAVI and LVMIwere not significantly different
between the two groups (P > 0.05). Among left atrial volumetric pa-
rameters, left atrial total emptying fraction (LATEF), left atrial passive
emptying fraction (LAPEF), and left atrial active emptying fraction
(LAAEF) were not significantly different between the two groups (P >

0.05) (Table 1).



Table 3
Relationships between plasma aldosterone concentration and echocardiographic
and clinical parameters.

Variable PAC (ng/dL) Variables PAC (ng/dL)

r P r P

Age (y) 0.040 0.628 LATEF (%) �0.102 0.215
DM (%) 0.038 0.651 LAPEF (%) �0.191 0.020
SBP (mmHg) 0.223 0.006 LAAEF (%) �0.029 0.725
DBP (mmHg) 0.139 0.092 LAS-S (%) �0.412 <0.001
BMI (kg/m2) 0.115 0.165 LAS-E (%) �0.636 <0.001
LVMI (g/m2) 0.296 <0.001 LAS-A (%) �0.052 0.548
LAVI (mL/m2) 0.233 0.004 LASR-S (s�1) �0.298 <0.001
LVEF (%) �0.108 0.192 LASR-E (s�1) 0.502 <0.001
E/A ratio �0.215 0.009 LASR-A (s�1) 0.132 0.126
E/e' ratio 0.168 0.041
Ang I (ng/mL/h) 0.325 <0.001
Ang II (pg/mL) 0.344 <0.001
BNP (pg/mL) 0.045 0.603

DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; BMI, body mass index; LVMI, left ventricular mass index; LAVI, the
maximum left atrial volume index; LVEF, left ventricular ejection fraction; Ang I,
angiotensin I; Ang II, angiotensin II; LATEF, left atrial total emptying fraction;
LAPEF, left atrial passive emptying fraction; LAAEF, left atrial active emptying
fraction; LAS-S, peak left atrial longitudinal strain; LAS-E, left atrial longitudinal
strain during early diastole; LAS-A, left atrial longitudinal strain during late
diastole; LASR-S, left atrial longitudinal strain rate during ventricular systole;
LASR-E, left atrial longitudinal strain rate during early diastole; LASR-A, left atrial
longitudinal strain rate during late diastole.
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3.3. Left atrial strain and strain rate

In the overall study population (148 subjects), 12 subjects (8 in group
I and 4 in group II) had no strain or strain rate parameters measured
because these images were not clear enough to allow tracking for more
than three left atrial segments.

LAS-E was lower in group II compared with group I (10.66� 3.68% vs.
19.92 � 4.71%) (P < 0.05). LAS-S and LAS-A did not differ significantly
between the two groups (P> 0.05 for both). LASR-S and LASR-E were lower
in group II (1.10 � 0.26 s�1 and �0.84 � 0.30 s�1, respectively) than in
group I (1.38 � 0.34 s�1 and �1.37 � 0.39 s�1, respectively) (P < 0.05
for both). The LASR-A did not differ significantly between the two groups
(P > 0.05) (Table 2).
3.4. Regression analysis

We evaluated the relationship between PAC and clinical characteris-
tics as well as echocardiographic parameters in hypertension. Systolic
blood pressure (SBP) (r¼ 0.223, P¼ 0.006), LVMI (r¼ 0.296, P< 0.001),
LAVI (r ¼ 0.233, P ¼ 0.004), E/e' ratio (r ¼ 0.168, P ¼ 0.041), Ang I (r ¼
0.325, P< 0.001), Ang II (r¼ 0.344, P< 0.001), and LASR-E (r¼ 0.502,P<
0.001) correlated positively with PAC. The E/A ratio (r ¼ �0.215, P ¼
0.009), LAPEF (r¼�0.191,P¼0.020), LAS-S (r¼�0.412,P<0.001), LAS-

E (r ¼�0.636, P < 0.001), and LASR-S (r¼ �0.298, P < 0.001) correlated
negatively with PAC (Table 3). Further, multivariate regression analysis
showed that LAS-E, the plasma Ang I generation rate, and plasma Ang II
concentration were independent factors related to PAC (Figure 1).
Figure 1. PAC was negatively correlated with LAS-E and positively correlated with
gitudinal strain during early diastole; Ang I, angiotensin I; Ang II, angiotensin II.
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4. Discussion

The current study showed that left atrial conduit function, evaluated
by 2DSTE-based strain and strain rate, decreased in higher PAC group in
hypertension. PAC was related to SBP, LVMI, E/A ratio, E/e' ratio, Ang I,
Ang II, and left atrial structural and functional remodeling (LAVI, LAPEF,
LAS-S, LAS-E, LASR-S, LASR-E). Further, the plasma Ang I generation rate,
plasma Ang II concentration, and LAS-E were independently related to
PAC.

Recently, several studies suggested a crucial role of aldosterone in LV
remodeling of hypertension. Many clinical studies of essential hyper-
tension have reported that plasma aldosterone is related to LVmass [1–4,
14]. Aldosterone has been reported to affect the increase in LV mass and
deposition of myocardial collagen in patients with hypertension [15,16].
Clinical trials and animal experiments have confirmed that the contri-
bution of aldosterone to LV remodeling is independent of its effect on
blood pressure [17–19]. Further, patients with primary aldosteronism
have greater LV mass and more myocardial collagen deposition than
patients with essential hypertension, when matched for age, duration of
hypertension, and blood pressure [18,20]. This study found that PAC is
related not only to LV geometric remodeling (LVMI) but also to LV dia-
stolic function (E/A ratio and E/e' ratio).

Aldosterone is also responsible for the electrical and structural
remodeling of the atria [21,22]. Aldosterone can stimulate signaling
pathway and trigger oxidative stress, inflammatory response, and ne-
crosis of atrial myocytes [18,23,24]. Moreover, Tsai et al. [25] found that
expression of the atrial MR in patients with atrial fibrillation increased
significantly compared with patients with sinus rhythm, so the role of
aldosterone in atrial remodeling may include increasing the expression of
atrial MR. MR activation by excess of aldosterone leads to either genomic
or nongenomic complex mechanisms of action [26], which regulates
pro-inflammatory and pro-hypertrophic genes in the heart and contrib-
utes to cardiac hypertrophy and fibrosis [27–29]. Left atrial conduit
function is mainly influenced by left atrial and ventricular compliance,
both commonly reduced in presence of extensive myocardial fibrosis.

The left atrial myocardial fibers show a different arrangement in the
subendocardial and subepicardial layers. The subendocardial layer is
mainly composed of longitudinal fibers, and the subepicardial layer is
composed of circumferential fibers [13,30]. Both 2DSTE-based strain and
strain rate are reliable, angle-independent methods to evaluate left atrial
longitudinal myocardial deformation and left atrial function. The current
study showed that LAS-E, which indicates left atrial conduit function, is an
independent factor of PAC. Left atrial function assessed by 2DSTE,
especially for an atrial conduit, may become a useful parameter to predict
atrial fibrillation. This association should be further explored, and the
role of aldosterone receptor antagonists in blocking atrial remodeling
and preventing atrial fibrillation should be determined.
4.1. Clinical implications

As an important factor of RAAS, aldosterone is associated with both
chronic heart failure and atrial fibrillation. Aldesterone can lead to car-
diomyocyte apoptosis [31,32], myocardial fibrosis [28,29] and partici-
pate in ventricular and atrial remodeling [33,34]. The aldosterone
Ang I and Ang II. PAC, plasma aldosterone concentration; LAS-E, left atrial lon-



S. Zhang et al. International Journal of Cardiology Hypertension 2 (2019) 100015
receptor antagonist has been proven to play a crucial role in car-
dioprotection in patients with systolic heart failure, and it is a component
of guideline-directed management and therapy for systolic heart failure
[35]. PAC is a promising evaluative indicator for left atrial remodeling in
hypertension. The aldosterone receptor antagonist also has potential use
in relieving atrial remodeling and preventing atrial fibrillation.

5. Conclusion

Plasma aldosterone concentration is associated with left atrial struc-
tural and functional remodeling, particularly with left atrial conduit
function, in patients with hypertension.
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