
ORIGINAL ARTICLE

Comparison of left ventricular structure and function
in primary aldosteronism and essential hypertension
by echocardiography

Yan Yang1, Li-min Zhu1, Jian-zhong Xu1, Xiao-feng Tang1 and Ping-jin Gao1,2

Primary aldosteronism (PA) is the most common secondary cause of hypertension. The present study investigated differences in

left ventricular structure and function between hypertensive patients with PA and sucjects with essential hypertension (EH).

One hundred patients with PA and 100 controls with EH were matched for age, gender, and 24-h ambulatory monitoring blood

pressure (BP). Left ventricular mass index (LVMI), left atrial volume index (LAVI) and ejection fraction were calculated. LV

diastolic function was estimated as the ratio of the early diastolic velocities (E) from transmitral inflow to the early diastolic

velocities (e′) of tissue Doppler at mitral annulus. PA and EH patients had similar LV dimensions, LV wall thicknesses, LVMI and

LV systolic function. PA was associated with greater impairment in diastolic function, as reflected by the lower e′ (P=0.004),

higher E/e′ ratio (P=0.005) and higher LAVI (P=0.02). The LV geometric dimensions and patterns of LV hypertrophy were

similar between male patients from the PA and EH groups. However, in female patients, PA was correlated with higher LV

internal dimensions (P=0.001), higher LVMI (P=0.04) and lower relative wall thickness (RWT, P=0.001). Multivariate

analysis showed that LV diastolic function was independently correlated with age (β=0.416, Po0.001), 24-h systolic BP

(β=0.238, P=0.016) and serum potassium (β=−0.201, P=0.036) in PA patients. In conclusion, PA appears to contribute to

the impairment of LV diastolic function in both sexes as well as the higher prevalence of eccentric hypertrophy in women than in

men compared with EH. Age, 24-h systolic BP and serum potassium levels are independent risk factors for LV diastolic function

in PA patients.
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INTRODUCTION

For many years, primary aldosteronism (PA) has been considered to
be a rare cause of hypertension affecting ~ 1% of the hypertensive
population. However, recent developments in diagnostic screening
tests for the measurement of the aldosterone-to-renin ratio (ARR) and
its accurate localization by adrenal venous sampling have highlighted a
higher incidence of PA (5–13% of all unselected hypertensive patients)
than previously thought. Pa is now known to be the most common
secondary cause of hypertension.1–5

One of the most severe target organ damages of hypertension is left
ventricular hypertrophy (LVH), which is a strong predictor of adverse
prognosis.6 A spectrum of LV geometric adaptations may occur during
arterial hypertension due to systemic hemodynamics and ventricular
load, including concentric hypertrophy, eccentric hypertrophy and
concentric remodeling.7 In addition to the hemodynamic component,
the renin–angiotensin–aldosterone system is involved in the process
of LVH.8,9 However, the relationship between plasma aldosterone
concentrations and LV geometry appears to be more complex than

originally thought, as demonstrated by the Framingham Offspring
Study, which has revealed that plasma aldosterone concentrations are
positively correlated with concentric left ventricular remodeling and
inversely correlated with left ventricular diastolic dimensions in
women but not in men.10 Several studies have shown a higher
prevalence of LVH in patients with PA than in those with essential
hypertension (EH).11,12 However, in a two-center, case–control study,
patients with PA have been found to have similar LV geometry and
systolic function compared with those of EH patients matched for age,
gender and blood pressure (BP).13 Chronic elevation of circulating
aldosterone is associated with myocardial fibrosis, which may initially
adversely alter LV diastolic function and ultimately systolic ventricular
function.14,15 Because excessive serum aldosterone may influence
serum potassium, in one study, 9–37% of patients with PA had
hypokalemia,16 and several studies have demonstrated that serum
potassium is significantly associated with higher cardiovascular
morbidity and LVH.17,18 However, it is still unclear whether PA has
a pathogenic role in LV geometry and function, and whether serum
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potassium is associated with these changes or whether PA leads to
different outcomes in both sexes beyond elevated BP alone.
Therefore, we consider it worthwhile to investigate the inappropri-

ateness of LV geometric and systolic and diastolic function in patients
with PA, as well as other risk factors, particularly the serum potassium
level, and to evaluate the sex-specific relationship between serum
aldosterone and echocardiographic indices of cardiac structure and
function.

MATERIALS AND METHODS

Subjects
A total of 100 patients diagnosed with PA aged 14 to 74 years (58 males and 42
females) were enrolled in the study from March 2009 to August 2014. Sixty-six
patients had aldosterone-producing adenomas, and 34 had bilateral adrenal
hyperplasia. Patients with atrial fibrillation, systolic left ventricular dysfunction,
chronic heart failure, severe arrhythmia, myocardial infarction, cardiomyopathy
or valvular disorders were excluded from the study. The basal evaluation was
performed after discontinuation of any antihypertensive treatment, except for
calcium-channel and adrenoreceptor blockers, for 4 weeks. Patients with
hypokalemia were given adequate oral potassium supplements before the
hormonal evaluations. The ARR was used with a cutoff level of 24 ng dl− 1 per
ng ml− 1 per h plus an aldosterone level 420 ng dl− 1.19 A positive saline
infusion test (that is, posttest aldosterone levels 410 ng dl− 1)16 was considered
a confirmatory test. In addition, computed tomography and/or magnetic
resonance of the adrenal glands were used as imaging techniques.16

Patients with PA were carefully matched for age, gender, body size, clinic BP
values and 24-h ambulatory monitoring BP values at the time of the basal
examination. One hundred patients diagnosed with EH were referred to our
inpatient ward for a high BP diagnostic workup, including supine and standing
plasma renin activity and aldosterone measurements from the hypertension
department in Ruijin Hospital, Shanghai, China. Prior informed consent was
obtained from all patients for participation in the study, and all participants
provided written informed consent. This study was approved by the Ethics
Committee of Ruijin Hospital.

BP Measurement
Validated oscillometric SpaceLabs 90217 monitors (Space-Labs, Redmond,
WA, USA) were programmed to obtain BP readings at 20-min intervals from
0600 h to 2200 h and at 30-min intervals from 2200 h to 0600 h.

Echocardiography
Comprehensive transthoracic echocardiography was performed using a cardiac
ultrasound system (iE33 ultrasound system, Royal Dutch Philips Electronics,
Bothell, WA, USA). The LV diameters, interventricular septal wall and posterior
wall thickness, were measured at end-diastole from M-mode recordings
according to the guidelines of the American Society of Echocardiography.20

The relative wall thickness (RWT) was calculated as the ratio of posterior wall
thickness to one-half of the LV internal dimension, thus permitting categoriza-
tion of an increase in LV mass index (LVMI) as either concentric (RWT⩾ 0.42)
or eccentric (RWT⩽ 0.42) hypertrophy and allows identification of concentric
remodeling (normal LVMI with increased RWT).21 The ejection fraction and
fractional shortening were calculated by standard quantification methods with
M-mode measurements from the two-dimensional image.22 LV end-diastolic
and end-systolic volumes were measured at end-diastole and end-systole from
M-mode recordings and calculated with the Teicholz’s correction of the cube
formula.23,24 The LV mass was calculated from linear measurements derived
from M-mode echocardiograms according to the formula described by
Devereux et al.25 In this study, we used BSA (body surface area) as the
indexing term of LV mass, and LVMI is reported as g m− 2 BSA. We used the
biplane disk summation method to calculate left atrial (LA) volumes in
the four-chamber views, and these values were indexed by BSA as LA volume
index (LAVI) in g m− 2 BSA.
The peak early filling (E-wave) and late diastolic filling (A-wave) transmitral

flow velocities, the E/A ratio, and the deceleration time of the early filling
velocity were assessed by pulsed-wave Doppler in the apical four-chamber.

The isovolumic relaxation time was derived by placing the cursor of the CW
Doppler in the LV outflow tract at the onset of mitral inflow.24 Pulsed-wave
tissue Doppler imaging (TDI) was performed by means of mitral annulus in
four-chamber apical views. The early diastolic annular velocity (e′) was
measured by TDI recordings. The ratio of the mitral inflow E velocity to tissue
Doppler e′ (E/e′) was calculated.26 For the assessment of global LV diastolic
function, tissue Doppler signals at the septal and lateral sides of the mitral
annulus were acquired, and their average values were calculated.26

To calculate the intra-observer variability, the parameters were reassessed in
the first 20 patients by the same observer 4 weeks after the first evaluation, and
the observer did not review the patients’ previous reports.

Statistical analysis
Data were stored and analyzed using the SPSS 13.0 statistical package (SPSS,
Chicago, IL, USA). Continuous data are expressed as the mean± s.d. and
categorical variables as a percentage of the group. Logarithmically transformed
values of skewed variables were used for analysis. Independent t-tests were
performed to determine the differences between studied groups, and the χ2-test
was used for comparisons of proportions among groups. Pearson’s or
Spearman’s correlation analysis was performed to assess the association between
the E/e′ ratio and other risk factors. Multivariate linear regression analysis was
performed using age, sex, hypertension course, diabetes mellitus, 24-h systolic
BP (SBP) and diastolic BP (DBP), 24-h heart rate, serum creatinine, serum and
urinary potassium, serum sodium, plasma aldosterone, active plasma rennin
and the history of antihypertensive agent use (4 weeks before) including
mineralocorticoid receptor inhibitor as independent variables, with the E/e′
ratio as the dependent variable in the model. The multivariate linear regression
equation was forward selected, and this was followed by backward elimination
of covariates, thus resulting in an equation in which only covariates that
significantly increase the predictability of the dependent variable were included.
All covariates included in the final model were tested for interactions with each
other. A P-value of o0.05 was defined as statistically significant and a P-value
of o0.01 was defined as highly significant.

RESULTS

Characteristics of patients with PA and EH
Clinical and biological data of the PA patients and EH controls are
summarized in Table 1. The cases and controls were similar in age
(50± 12 years), gender distribution (58% male), hypertension course
(10.3± 7.0 vs. 10.4± 10.0 years), 24-h systolic BP (138± 16 vs.
135± 14 mmHg) and 24-h DBP (87± 9 vs. 85± 10 mmHg).
Furthermore, 24-h ambulatory monitoring showed that the night-
time ambulatory SBP was higher in PA subjects than in EH subjects
(132± 19 vs. 126± 17 mmHg, P= 0.02), whereas the day-time BP and
night-time DBP were similar in these two groups. Heart rate, pulse
pressure and clinic BP were also similar between the PA and EH
subjects. Of the remaining parameters, serum total cholesterol,
triglycerides and LDL-C were significantly higher in the EH group
than in the PA group (TC: 4.8± 0.9 vs. 4.4± 0.9 mmol l− 1, P= 0.001;
TG: 2.4± 2.1 vs. 1.7± 1.0 mmol l− 1, P= 0.004; LDL-C: 3.0± 0.8 vs.
2.6± 0.7 mmol l− 1, P= 0.005). In addition, serum creatinine and uric
acid were higher in the EH group than in the PA group (serum
creatinine: 81± 23 vs. 74± 21 μmol l− 1, P= 0.02; uric acid: 347± 94
vs. 312± 96 μmol l− 1, P= 0.01). Patients with PA had higher levels of
N-terminal pro-brain natriuretic peptide (NT-proBNP) than did those
with EH (lg NT-proBNP: 1.75± 0.46 vs. 1.47± 0.54, Po0.001). There
was no difference in incidence of diabetes, fasting glucose and 2-h
glucose between these two groups.
As expected, patients with PA had lower serum potassium than did

the EH controls (3.21± 0.43 vs. 3.82± 0.31 mmol l− 1, Po0.001),
as well as higher serum sodium (141.6± 3.5 vs. 139.9± 3.1 mmol,
Po0.001) and significantly higher urinary potassium (63.4± 31.8 vs.
31.3± 12.9 mmol per 24 h, Po0.001). The percentage of patients

Echocardiographic comparison in PA and EH
Y Yang et al

244

Hypertension Research



affected by hypokalemia in the PA group was 76%. Similarly, plasma
aldosterone (34.6± 24.3 vs. 18.0± 10.7 ng dl− 1, Po0.001), ARR
(lg ARR: 1.84± 0.64 vs. 0.95± 0.65, Po0.001) and urinary aldosterone
(22.8± 14.3 vs. 7.5± 6.8 μg per 24 h, Po0.001) were significantly
higher in the PA group than in the EH controls, whereas plasma renin
activity (0.87± 1.04 vs. 3.18± 2.56 ng ml− 1 per h, Po0.001) was
significantly lower (Table 1).
Ninety-three patients received calcium-channel blockers and

48 patients received adrenoceptor blockers in the PA group. In the
EH group, 33 patients received diuretics, 27 patients received
beta-blockers, 28 patients received angiotensin-converting enzyme
inhibitors, 36 patients received angiotensin receptor blockers,

80 patients received calcium-channel blockers and 10 patients received
adrenoceptor blockers. The prescription history of antihypertensive
medication before study enrollment is shown in Table 1. The usage of
mineralocorticoid receptor inhibitors and adrenoceptor blockers was
higher (29 vs. 3%, Po0.001; 10 vs. 3%, P= 0.045; respectively) in the
PA group than in the EH controls, whereas there was no difference in
the usage of calcium-channel blocker, angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, beta-blockers or diuretics
(Table 1).

Echocardiographic data of PA and EH
The echocardiographic measurements were performed by the same
well-trained sonographer and the intra-observer variability was
assessed prior to the study. The variation coefficients of LVMI, LAVI,
E/A, deceleration time, isovolumic relaxation time and E/e′ were 7.2%,
6.1%, 8.4%, 8.3%, 6.2% and 6.3%, respectively.
Echocardiographic variables are compared between the PA patients

and EH controls in Table 2. The LV dimensions and wall thickness
(including end-diastolic RWT) were similar between the PA and EH
patients. Moreover, LV mass, LVMI and LV volumes were similar in
PA and EH patients. Patterns of LV geometric adaptations and systolic
function, measured as ejection fraction, were statistically similar in
both patient groups.
The parameters of left ventricular diastolic function between the

PA patients and EH controls are shown in Table 2. PA patients
had greater impairment in diastolic function, as reflected by lower e′

Table 1 Characteristics of patients with primary aldosteronism and

essential hypertension

Primary

aldosteronism

Essential

hypertension

(n=100) (n=100) P-value

Age (years) 49.6±12.4 49.9±11.9 0.87

Sex, male/female, % 58/42 58/42 NS

Body mass index (kg m−2) 25.1±3.4 25.8±3.2 0.16

Hypertension course (years) 10.3±7.0 10.4±10.0 0.94

Systolic blood pressure, clinic (mm Hg) 150±21 152±19 0.50

Diastolic blood pressure, clinic (mm Hg) 88±13 90±14 0.28

Pulse pressure, clinic (mm Hg) 62±15 61±15 0.94

Heart rate, clinic (BPM) 77±12 78±11 0.10

Systolic blood pressure, 24-h (mm Hg) 138±16 135±14 0.10

Diastolic blood pressure, 24-h (mm Hg) 87±9 85±10 0.08

Pulse pressure, 24-h (mm Hg) 51±12 50±12 0.46

Heart rate, 24-h (BPM) 71±9 73±10 0.06

Fasting glucose (mmol l−1) 5.3±1.3 5.5±1.1 0.24

2 h glucose (mmol l−1) 7.6±3.0 7.9±3.5 0.57

Diabetes mellitus, n (%) 17 (17) 23 (23) 0.29

Serum TC (mmol l−1) 4.4±0.9 4.8±0.9 0.001

Serum TG (mmol l−1) 1.7±1.0 2.4±2.1 0.004

HDL-C (mmol l−1) 1.2±0.3 1.2±0.3 0.40

LDL-C (mmol l−1) 2.6±0.7 3.0±0.8 0.005

Uric acid (μmol l−1) 312±96 347±94 0.01

Serum creatinine (μmol l−1) 74±21 81±23 0.02

Urinary aldosterone (μg per 24 h) 22.8±14.3 7.5±6.8 o0.001

Plasma aldosterone (pg ml−1) 346±243 180±107 o0.001

Plasma renin activity (ng ml−1 per h) 0.87±1.04 3.18±2.56 o0.001

lg ARR 2.84±0.64 1.95±0.65 o0.001

Serum potassium (mmol l−1) 3.21±0.43 3.82±0.31 o0.001

Urinary potassium (mmol per 24 h) 63.4±31.8 31.3±12.9 o0.001

Serum sodium (mmol l−1) 141.6±3.5 139.9±3.1 o0.001

Urinary sodium (mmol per 24 h) 148.3±71.9 140.9±69.5 0.47

lg NT-proBNP 1.75±0.46 1.47±0.54 o0.001

Antihypertensive agents history (4 weeks before)
MR inhibitor, n (%) 29 (29) 3 (3) o0.001

CCB, n (%) 86 (86) 81 (81) 0.34

ACE-I or ARB, n (%) 78 (39) 66 (33) 0.06

Adrenoceptor blockers, n (%) 10 (10) 3 (3) 0.045

Beta-blocker, n (%) 40 (40) 35 (35) 0.47

Diuretic, n (%) 39 (39) 38 (38) 0.88

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; ARR, aldosterone/renin ratio; BPM, beats per min; CCB, calcium-channel blocker;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
MR, mineralocorticoid receptor; NS, not significant; NT-proBNP, N-terminal pro-brain natriuretic
peptide; TC, total cholesterol; TG, triglycerides.

Table 2 Echocardiographic data of patients with primary

aldosteronism and essential hypertension

Primary

aldosteronism

Essential

hypertension

(n=100) (n=100) P-value

Left ventricular geometric and systolic function parameters
LV end-diastolic diameter (mm) 51.3±3.8 50.3±5.4 0.17

LV end-systolic diameter (mm) 32.7±3.2 32.2±4.8 0.32

LV end-diastolic volume (ml) 126±21 122±31 0.27

LV end-systolic volume (ml) 44±11 43±17 0.64

LV ejection fraction (%) 65.6±4.6 65.5±5.8 0.94

Interventricular septum (mm) 10.8±1.9 10.8±1.5 0.86

LV posterior wall (mm) 10.2±1.6 10.3±1.4 0.60

LV mass (g) 206±58 204±67 0.83

LV mass index (g m−2) 114±27 111±32 0.44

Relative wall thickness 0.40±0.06 0.41±0.05 0.10

Patterns of adaptive LV remodeling
Normal LV (n, %) 37, 37 42, 42 0.38

LV concentric remodeling (n, %) 5, 5 9, 9 0.27

LV concentric hypertrophy (n, %) 25, 25 27, 27 0.90

LV eccentric hypertrophy (n, %) 33, 33 22, 22 0.11

Left ventricular diastolic function parameters
Left atrial volume index (ml m−2) 23.0±5.8 21.1±5.5 0.02

Early:late-wave ratio 1.06±0.38 1.06±0.42 0.95

Early wave deceleration time (ms) 204±46 215±47 0.10

IVRT (ms) 102±23 105±24 0.28

e′ (cm s−1) 5.8±1.9 6.6±2.1 0.004

E/e′ 13.5±4.3 11.9±3.3 0.005

Abbreviations: E, peak early transmitral flow velocity; e′, early diastolic annular velocity;
IVRT, isovolumic relaxation time; LV, left ventricular.
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(5.8± 1.9 vs. 6.6± 2.1 cm s− 1, P= 0.004), higher E/e′ ratio
(13.5± 4.3 vs. 11.9± 3.3, P= 0.005) and higher LAVIs (23.0± 5.8 vs.
21.1± 5.5 ml m− 2, P= 0.02), whereas the early:late-wave ratio, E-wave
deceleration time, and isovolumic relaxation time did not differ
between the groups. The prevalence of diastolic dysfunction,
diagnosed according to the European Society of Cardiology
guidelines,27 was significantly greater in patients with PA than in EH
subjects (28 vs. 14%, P= 0.015).
After adjustment for the prescription history of antihypertensive

agents before study enrollment, including mineralocorticoid receptor
inhibitors, the echocardiographic results were similar. PA patients had
lower e′ (5.8± 0.2 vs. 6.6± 0.2 cm s− 1, P= 0.007), higher E/e′ ratio

(11.6± 0.4 vs. 11.4± 0.3, P= 0.02) and higher LAVIs (23.0± 0.6 vs.
21.0± 0.6 ml m− 2, P= 0.03) compared with those of the EH controls,
whereas the LV geometric parameters and systolic function were
statistically similar between both groups (data not shown).

Gender differences in echocardiographic parameters of PA and EH
Clinical characteristics and echocardiographic parameters were further
stratified by gender in PA and EH patients (Table 3). There was no
difference in age, body mass index, hypertension course, clinic BP
(data not shown), 24-h BP and heart rate between sex-specific PA and
EH groups. Furthermore, 24-h ambulatory monitoring showed that
there was no difference in day-time and night-time BP between male

Table 3 Characteristics and echocardiographic parameters of male and female patients with primary aldosteronism and essential hypertension

Primary aldosteronism Essential hypertension

Men (n=58) Women (n=42) Men (n=58) Women (n=42)

Age (years) 51.5±11.9 47.0±12.8 51.3±11.6 47.9±12.1

Body mass index (kg m−2) 26.2±3.2 23.7±3.3** 26.3±2.8 24.7±3.5##

Hypertension course (years) 11.8±6.6 8.3±7.2* 10.9±10.2 9.7±10.0

Diabetes mellitus, n (%) 12 (21) 5 (12) 17 (29) 6 (14)#

Systolic BP, 24-h (mm Hg) 142±16 132±13** 139±14 128±11##

Systolic BP, day (mm Hg) 146±16 135±12** 142±15 133±12##

Systolic BP, night (mm Hg) 135±19 128±19 131±19 119±13†,##

Diastolic BP, 24-h (mm Hg) 89±9 84±8** 87±10 80±7†,##

Diastolic BP, day (mm Hg) 91±9 86±8** 91±18 84±7##

Diastolic BP, night (mm Hg) 84±10 80±9* 82±12 78±18

Pulse pressure, 24-h (mm Hg) 54±14 48±9* 52±13 47±9#

Heart rate, 24 h (BPM) 70±9 72±10 73±11 75±9

Urinary aldosterone (μg per 24 h) 23.0±14.0 22.5±15.0 7.8±8.3** 7.1±4.0‡

Plasma aldosterone (pg ml−1) 338±223 357±269 155±84** 213±124‡,##

Plasma renin activity (ng ml−1 per h) 0.99±1.06 0.71±1.00 3.26±2.61** 3.08±2.53‡

lg ARR 2.72±0.53 3.00±0.74* 1.93±0.77** 1.97±0.45‡

Serum potassium (mmol l−1) 3.28±0.44 3.11±0.40 3.78±0.29** 3.88±0.33‡

Urinary potassium (mmol per 24 h) 58.2±29.4 80.0±34.0 32.0±13.1** 30.2±12.9‡

Serum sodium (mmol l−1) 141.4±3.4 141.9±3.5 138.8±3.3** 139.0±2.8‡

Urinary sodium, (mmol per 24 h) 146.4±77.7 150.9±63.7 156.6±74.2 118.2±55.6†,##

lg NT-proBNP 1.67±0.48 1.86±0.42* 1.49±0.56 1.45±0.52‡

Left ventricular geometric and functional parameters
LV end-diastolic diameter (mm) 52.9±3.4 49.0±3.1** 53.1±4.9 46.5±3.5‡,##

LV end-systolic diameter (mm) 34.0±2.9 31.0±2.8** 34.3±4.9 29.2±2.8‡,##

LV end-diastolic volume (ml) 135±20 114±17** 138±29 101±18‡,##

LV end-systolic volume (ml) 48±10 38±9** 50±19 33±8‡,##

LV ejection fraction (%) 64.9±4.6 66.6±4.4 64.3±6.6 67.1±4.3#

Interventricular septum (mm) 11.6±1.7 9.6±1.5** 11.4±1.5 10.0±1.1##

LV posterior wall (mm) 10.9±1.4 9.2±1.2** 10.9±1.4 9.5±1.0##

LV mass (g) 236±49 164±40** 238±67 157±34##

LV mass index (g m−2) 123±26 103±24** 124±33 93±18†,##

Relative wall thickness 0.43±0.06 0.38±0.05** 0.43±0.05 0.42±0.04‡

Normal LV (n, %) 14, 24 15, 36 19, 33 16, 38

LV concentric remodeling (n, %) 5, 9 1, 2* 8, 14 8, 19‡

LV concentric hypertrophy (n, %) 23, 40 11, 26* 17, 29 10, 24

LV eccentric hypertrophy (n, %) 16, 28 15, 36 14, 24 8, 19‡

Left atrial volume index (ml m−2) 23.5±5.8 22.2±5.9 22.1±5.9 19.5±4.4†,#

e′ (cm s−1) 5.6±1.8 6.0±2.1 6.4±1.7* 6.9±2.6†

E/e′ 13.9±4.7 12.8±3.6 12.2±3.7* 11.6±2.6†

Abbreviations: ARR, aldosterone/renin ratio; BP, blood pressure; E, peak early transmitral flow velocity; e′, early diastolic annular velocity; IVRT, isovolumic relaxation time; LV, left ventricular;
NT-proBNP, N-terminal pro-brain natriuretic peptide.
*Po0.05, **Po0.01 compared with men in primary aldosteronism group.
†Po0.05, ‡Po0.01 compared with women in primary aldosteronism group.
#Po0.05, ##Po0.01 compared with men in primary essential hypertension.
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PA and EH patients. However, the 24-h DBP and night-time SBP
were higher in female PA patients than in female EH subjects
(84± 8 vs. 80± 7 mmHg, P= 0.03 and 128± 19 vs. 119± 13 mmHg,
P= 0.02; respectively), whereas the 24-h SBP, day-time BP and
night-time DBP were similar between these two groups. Male
patients with PA had lower serum potassium (3.28± 0.44 vs.
3.78± 0.29 mmol l− 1, Po0.001), higher urinary potassium
(58.2± 29.4 vs. 32.0± 13.1 mmol per 24 h, Po0.001), higher serum
sodium (141.4± 3.4 vs. 138.8± 3.3 mmol l− 1, Po0.001), higher plasma
aldosterone (33.8± 22.3 vs. 15.5± 8.4 pg ml− 1, Po0.001), higher
urinary aldosterone (23.0± 14.0 vs. 7.8± 8.3 μg per 24 h, Po0.001),
lower plasma renin activity (0.99± 1.06 vs. 3.26± 2.61 ng l− 1 per h,
Po0.001) and higher ARRs (lg ARR: 1.72± 0.53 vs. 0.93± 0.77,
Po0.001) than did the EH controls. Similar results were found in
female PA patients and EH controls. In addition, female patients with
PA had higher urinary sodium and plasma NT-proBNP than did EH
controls (150.9± 63.7 vs. 118.2± 55.6 mmol per 24 h, P= 0.02 and
lgNT-proBNP: 1.86± 0.42 vs. 1.45± 0.52, Po0.001; respectively).
Female PA patients had relatively higher lg ARR than did male PA
patients (3.00± 0.74 vs. 2.72± 0.53, Po0.05; Table 3)
The left ventricular geometric and systolic function parameters,

including LVMI, RWT and patterns of LV hypertrophy, were similar
among male patients of the PA and EH groups. However, male PA
patients had lower e′ (5.6± 1.8 vs. 6.4± 1.7 cm s− 1, P= 0.02) and
higher E/e′ ratios (13.9± 4.7 vs. 12.2± 3.7, P= 0.03) than did male EH

patients. Otherwise, in female patients, PA was correlated with higher
LV end-diastolic diameter and volume (49.0± 3.1 vs. 46.5± 3.5 mm,
P= 0.001; 114± 17 vs. 101± 18 ml, P= 0.001, respectively),
LV end-systolic diameter and volume (31.0± 2.8 vs. 29.2± 2.8 mm,
P= 0.004; 38± 9 vs. 33± 8 ml, P= 0.005, respectively), higher LVMI
(103± 24 vs. 93± 18 g m− 2, P= 0.04) and lower RWT (0.38± 0.05 vs.
0.42± 0.04, P= 0.001). The prevalence of LV eccentric hypertrophy
was higher in female patients with PA than in female patients with EH
(36 vs. 19%, P= 0.007), and the prevalence of LV concentric
remodeling was lower (2 vs. 19%, Po0.001). Female PA patients
had greater impairment in diastolic function than did EH controls as
reflected by e′ (6.0± 2.1 vs. 6.9± 2.6 cm s− 1, P= 0.04), E/e′ ratio
(12.8± 3.6 vs. 11.6± 2.6, P= 0.04) and higher LAVIs (22.2± 5.9 vs.
19.5± 4.4 ml m− 2, P= 0.02). After adjusting for the prescription
history of antihypertensive agents before study enrollment, including
mineralocorticoid receptor inhibitors, the echocardiographic results
were similar to those above (data not shown).
In both the PA and EH groups, women had lower 24-h BP, lower

LV dimensions, volume and wall thickness, and lower LVMI than did
men. LV concentric remodeling and hypertrophy were more prevalent
in male patients than in female patients with PA (9 vs. 2%, P= 0.03
and 40 vs. 26%, P= 0.04; respectively). Meanwhile, female PA patients
had lower RWT than males (0.38± 0.05 vs. 0.43± 0.06, P= 0.001).
In the EH group, the patterns of adaptive LV hypertrophy were similar
in both sexes, and women had lower LAVIs (19.5± 4.4 vs.
22.1± 5.9 ml m− 2, P= 0.02) than men. Both sexes had similar e′
and E/e′ ratios in the PA and EH groups.

The risk factors for LV diastolic function in PA patients
In PA patients, univariate analysis showed that the E/e′ ratio was
directly related to age (r= 0.483, Po0.001), hypertension course
(r= 0.217, P= 0.017), diabetes (r= 0.129, P= 0.018) and 24-h systolic
BP (r= 0.348, Po0.001), whereas it was inversely related to serum
potassium (r=− 0.211, P= 0.007) as shown in Table 4. LV diastolic
function ratio was unrelated to sex, body mass index, 24-h DBP, 24-h
heart rate, serum creatinine, urinary potassium, plasma urinary
aldosterone, plasma renin activity, serum sodium and prescription
history of antihypertensive medication before study enrollment.

Table 4 Univariate and multivariate linear model of E/e′ ratio in

primary aldosteronism

Variables

Univariate

correlation

coefficient P-value

Multivariate

beta-coefficient

(s.e.m.) P-value

Age (years) 0.483 o0.001 0.416 (0.027) o0.001

Sex −0.131 0.11

Body mass index (kg m−2) 0.115 0.18

Hypertension course (years) 0.217 0.017

Diabetes mellitus 0.129 0.018

Systolic blood pressure,

24-h (mm Hg)

0.348 o0.001 0.238 (0.023) 0.016

Diastolic blood pressure,

24-h (mm Hg)

−0.041 0.43

Heart rate, 24-h (BPM) −0.188 0.07

Serum creatinine

(μmol l−1)

0.136 0.09

Serum potassium

(mmol l−1)

−0.211 0.007 −0.201 (0.807) 0.036

Urinary potassium

(mmol per 24 h)

−0.034 0.38

Plasma aldosterone

(pg ml−1)

−0.044 0.34

Plasma renin activity

(ng ml−1 per h)

−0.071 0.25

Serum sodium (mmol l−1) −0.012 0.45

MR inhibitor (%) −0.177 0.056

CCB (%) 0.123 0.14

ACE-I or ARB (%) 0.100 0.19

Adrenoceptor blockers (%) −0.026 0.41

Beta-blocker (%) 0.020 0.43

Diuretic (%) 0.159 0.08

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium-channel blocker; MR, mineralocorticoid receptor.
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Figure 1 The relationship between serum potassium and left ventricular
diastolic function in primary aldosteronism. Serum potassium was
significantly correlated with septal and lateral E/e′, the correlation coefficient
was −0.246 (P=0.03) and −0.313 (P=0.009), after adjusting for age,
sex, diabetes, hypertension course, body mass index, serum creatinine,
plasma aldosterone, active plasma renin, serum sodium, serum and urinary
potassium, 24-h heart rate, 24-h SBP and DBP (left).
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Meanwhile in multivariate analysis, the E/e′ ratio only correlated with
age (β= 0.416, Po0.001), 24-h systolic BP (β= 0.238, P= 0.016) and
serum potassium (β=− 0.201, P= 0.036; Table 4).
The relationship between serum potassium and LV diastolic

function in PA is also shown in Figure 1. After adjusting for age,
sex, diabetes, hypertension course, body mass index, serum creatinine,
plasma aldosterone, plasma renin activity, serum sodium, serum and
urinary potassium, 24-h heart rate, 24-h SBP and DBP, serum
potassium was significantly correlated with septal and lateral E/e′,
and the correlation coefficients were − 0.246 (P= 0.03) and − 0.313
(P= 0.009), respectively.

Comparison between subtypes of PA
Of the 100 patients with PA, 66 had adenomas and 34 had bilateral
adrenal hyperplasia. The two subgroups were similar in age, BP, serum
lipid, glucose, serum and urinary potassium, plasma and urinary
aldosterone, plasma renin activity and ARR (data not shown). There
was no difference in left ventricular geometry, systolic function or
diastolic function between these two subgroups (data not shown).

Adrenal vein sampling and surgery results
Adrenal vein sampling (AVS) was performed in 46 patients. The
results showed that 16 patients were left selective, and 11 patients were
right selective, whereas 19 patients were without bilateral selection.
Among the 27 bilaterally selective patients, 24 patients underwent
surgery. In the patients with bilateral selection compared with those
without selection by AVS, there were no differences in serum and
urinary potassium, plasma and urinary aldosterone, plasma renin
activity and the ARR, and there were no differences in left ventricular
geometry, systolic function or diastolic function between these two
subgroups (data not shown).
In addition, 18 patients underwent surgery without AVS and were

diagnosed with adenomas via surgical pathology analysis.

DISCUSSION

In this study, we used echocardiography to compare LV geometry and
function in hypertensive patients with PA to equally hypertensive
patients with EH. The principal finding was that PA patients had
greater impairment in LV diastolic function than did EH patients
(both men and women). Serum potassium level was an independent
risk factor for LV diastolic function in PA patients. Moreover, PA led
to a higher prevalence of eccentric hypertrophy (assessed as higher LV
internal dimensions, greater LVMI and lower RWT) than did EH in
women but not in men. There were no significant differences in LV
wall thickness and LV systolic function in both sexes between the PA
and EH groups.
The results of the present study indicate poorer LV diastolic

function in PA patients than in the EH controls. Other studies have
shown17,28 that PA patients have a greater impairment of cardiac
diastolic function than do essential hypertensive patients. Plasma
aldosterone concentration is considered to be the major risk factor for
LV hypertrophy and diastolic dysfunction in PA. However, in the
present study, we found that age, 24-h systolic BP and serum
potassium were independent risk factors for LV diastolic function in
PA patients.
TDI has been proven to be superior to conventional Doppler for

evaluating diastolic function.28,29 In the present study, we used
conventional Doppler and TDI to evaluate LV diastolic function and
found that PA patients and EH subjects had similar conventional
Doppler parameters, whereas in TDI analysis, PA patients of both
sexes had lower e′ and higher E/e′ values than did patients with EH.

Because the LA may become less spherical as it remodels, LA volume
has been proposed to be a better index of LA remodeling and may
provide superior prognostic information than LA dimension. LAVI
has been suggested to be a marker of the severity and duration of
diastolic dysfunction.30 We found that PA patients had greater LAVI
than did EH subjects, whereas there was no difference in LA
dimensions between these two groups. These results confirmed that
PA led to poorer LV diastolic function than did EH.
In addition to the conventional robust variables such as age and BP

values, serum potassium level was an independent risk factor for LV
diastolic function in the present study. In a large PA registry study in
Germany, Born-Frontsberg et al.18 have found that PA patients with
hypokalemia have a higher cardiovascular morbidity than do those
with normokalemia. LV diastolic function is recognized as an early
marker of hypertension-related target organ damage and is also a
stronger predictor of mortality.30 The present study may provide a
possible link for the association between hypokalemia and increased
cardiovascular morbidity in PA patients. Srivastava and Young31 have
performed an interesting study on LV function in 10 normal
volunteers after a 7-day period of potassium depletion and another
7 days of potassium repletion. They have found that moderate
potassium depletion impairs LV active relaxation. Several studies have
sought to reveal the potential influence of hypokalemia on the
mechanical function of the heart and have found that LV active
relaxation is significantly impaired in hypokalemia.32,33 Furthermore,
Matsui et al.33 have revealed that hypokalemic rats with impaired LV
diastolic function produce more reactive oxygen species and
potassium supplementation, which not only reduces the elevated
nicotinamide-adenine dinucleotide phosphate oxidase activity but also
improves the left ventricular relaxation. Otherwise, potassium
supplementation might correct the imbalance of intracellular
electrolytes, which is important in mediating cardiac function.34

Hattori et al.35 have also found that excessive aldosterone induces
diastolic dysfunction without increasing BP, and is accompanied by
increased levels of oxidative stress and inflammation as well as
increased expression of genes related to renin–angiotensin–aldosterone
system systems. However, the mechanisms of hypokalemia-induced
LV diastolic dysfunction are still unclear, and further studies are
needed to investigate the detailed mechanisms.
Owing to the robust relationship between serum potassium and

LV diastolic function in the present study, LV diastolic function had
no association with plasma aldosterone concentration. Because
hypokalemia inhibits aldosterone secretion, the hypokalemia patients
in our study might have had relatively lower aldosterone levels,
because the percentage of hypokalemia (76%) was much higher than
the guidelines reported.16 It has been suggested that hypokalemia is
associated with LV diastolic dysfunction in conditions with excessive
aldosterone. Similar to the results reported by Lin et al.17 indicating
that serum potassium levels are significantly associated with LVMI,
LVMI had no correlation with plasma aldosterone concentrations in
both univariate and multivariate linear models in PA patients.
Whether PA leads to higher LVMI has been controversial because

previous studies have shown that patients with PA have greater LVH
compared with those with similar BP levels of EH.12,17,36 However, in
a two-center, case–control study, patients with PA and those with EH
have been found to have similar LVMI and systolic function.13 The
present study revealed that PA patients, compared with EH controls
matched for age, gender, and 24-h ambulatory BP, had similar LVMI.
The pattern of increasing LV diastolic dimensions and LVMI, as well
as decreasing RWT across serum aldosterone in women, suggests that
serum aldosterone is associated with eccentric remodeling, which is
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consistent with results from previous reports.37 Thus, the present
investigation confirms sex-related differences in serum aldosterone as
it relates to LVMI and RWT. In the present study, we found that lg
ARR was relatively higher in female PA patients than in male PA
patients, thus possibly partly explaining the sex-related difference in
LV geometry. However, another possible reason for the differences in
LV geometric patterns between males and females may be that the
24-h DBP and night-time SBP were higher in female PA patients than
in EH subjects. Night-time BP is known to be associated with
increased risk of target organ damage and cardiovascular events
including death,38,39 and the higher night-time BP may be partly
explained by the higher prevalence of eccentric hypertrophy in female
PA subjects. Similar results have been found in the LIFE study40 in
which more women have been found to have residual eccentric
hypertrophy and LVH, consistently with the results from the
community-based Olmsted County Study.41 The potential mechan-
isms underlying the gender-related differences observed in our study
may be partly explained by the molecular expression of beta-myosin
heavy chain, ANF mRNA and sarcoplasmic reticulum Ca2+-ATPase
mRNA,42 as well as the sex-dependent regulation of fibrosis and
inflammation.43 Furthermore, estrogen receptors are present in
cardiac fibroblasts and myocytes. It has also been reported that
estrogen and aldosterone elicit similar rapid nongenomic responses
that use common signaling pathways dependent on protein kinase C
as highly specific receptors.44

We found that PA patients and EH subjects had similar LV systolic
function results consistent with those from previous reports.13,17,45

One limitation of this study is that the follow-up echocardiographic
data after appropriate treatments with either medications or surgery in
PA patients have not yet been established. In this regard, the potential
specificity of PA-induced LV diastolic dysfunction and sex-specific
echocardiographic findings cannot be completely discussed in this
study. Second, we provided data regarding only hypokalemia and
excess aldosterone-induced LV diastolic function, but the effects on
cardiovascular mortality or morbidity were not determined in this
study. Further long-term follow-up studies are needed to investigate
the clinical effects of hypokalemia on cardiovascular outcomes. Third,
in the present study, only 46 PA patients underwent AVS, and the
success rate was only 24 of 46 (52%) patients, so we must improve this
technique to accomplish successful subtype diagnosis.46 Because
surgically curable aldosterone-producing adenoma is more liable to
cause severe hypertension with higher aldosterone levels and lower
serum potassium levels in the clinical course than idiopathic
hyperaldosteronism, the earlier and precise diagnosis and treatment
of aldosterone-producing adenoma may be beneficial for reducing
cardiovascular complications.47 Some cases of idiopathic hyperaldos-
teronism with unilateral non-functioning adenoma and CT-negative
micro-aldosterone-producing adenoma have been reported,48,49 and
therefore, AVS should be recommended for PA patients who require
surgery.
In conclusion, our results indicate that PA, compared with EH,

contributes to the impairment of LV diastolic function in both sexes,
as well as a higher prevalence of eccentric hypertrophy in women than
in men. Age, 24-h systolic BP and serum potassium levels are
independent risk factors for LV diastolic function in PA patients.
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