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Background-—Primary aldosteronism is the most common cause of secondary hypertension and is associated with left ventricular
hypertrophy. However, whether aldosterone excess is responsible for left ventricular (LV) diastolic dysfunction is unknown.

Methods and Results-—We prospectively enrolled 129 patients with aldosterone-producing adenoma and 120 patients with
essential hypertension, and analyzed their clinical, biochemical, and echocardiographic data, including tissue Doppler images. The
patients with aldosterone-producing adenoma were reevaluated 1 year after adrenalectomy. After propensity score matching,
there were 105 patients in each group. The patients with aldosterone-producing adenoma had worse diastolic function than the
patients with essential hypertension, as reflected by lower e0 (P<0.001) and higher E/e0 (P=0.003). Multivariate analysis showed
that LV diastolic function was significantly correlated with age (P<0.001), sex (P<0.001), body mass index (P=0.002), systolic blood
pressure (P=0.004), creatinine (P=0.008), and log-transformed aldosterone-renin ratio (P=0.003). After adrenalectomy, the
patients with aldosterone-producing adenoma had significant improvements in LV diastolic function as reflected by an increase in
e0 (P=0.003) and decrease in E/e0 (P=0.002). The change in E/e0 was independently correlated with baseline E/e0 (P<0.001) and
change in LV mass index (P=0.006).

Conclusions-—The patients with primary aldosteronism had worse LV diastolic function than the patients with essential
hypertension after propensity score matching, and this could be reversed after adrenalectomy, suggesting that aldosterone excess
may induce LV diastolic dysfunction. ( J Am Heart Assoc. 2019;8:e013263. DOI: 10.1161/JAHA.119.013263.)
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P rimary aldosteronism (PA) is one of the most common
causes of secondary hypertension1 and affects 5% to15% of

patients with hypertension.2 Excess aldosterone results in
various cardiac structure changes and damage. In animal
studies, aldosterone infusion with a high-sodium diet has been
shown to cause left ventricular hypertrophy (LVH), interstitial
fibrosis, and scarring in both left and right ventricles.3 Clinical
studies have shown that patients with PA have more distinct left
ventricular (LV) mass and cardiac fibrosis than patients with

essential hypertension (EH).4–9 Patients with PA have also been
reported tohave higher prevalence rates ofmyocardial infarction,
atrialfibrillation, and heart failure comparedwithEHpatients.9–12

Worse LV diastolic function as assessed by measuring mitral
inflow velocity-derived parameters via Doppler echocardiogra-
phy has been reported in patients with PA compared with
patients with EH.4 However, these parameters can be influ-
enced by fluid status.13 In contrast, tissueDoppler imaging (TDI)
of the mitral annulus can be used to measure early diastolic
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peak velocity of the myocardium (e0), which represents early
diastolic relaxation. TDI-derived parameters are considered to
be less preload dependent than mitral inflow velocity param-
eters,14 and they have been used to evaluate diastolic
dysfunction in patients with PA in recent studies.15,16

Nevertheless, the sample sizes in the studies that have
investigated diastolic function in patients with PA have been
relatively small. Furthermore, the blood pressure was signif-
icantly different between patients with PA and patients with
EH in previous studies, which may be a major confounding
factor in the analysis of diastolic function. Moreover, for
patients with unilateral aldosterone-producing adenoma
(APA), although adrenalectomy can improve blood pressure
control and reverse LV mass4,17 and myocardial fibrosis,18 it
is unknown whether diastolic dysfunction can be reversed
after adrenalectomy.17,19–21 Therefore, we conducted this
prospective study to investigate diastolic function in patients
with APA and changes after adrenalectomy via TDI studies.

Materials and Methods
The anonymized data and materials that support the findings
of this study are available from the corresponding author upon
reasonable request.

Patients
In this prospective study, we enrolled 129 patients with APA
whowere scheduled to undergo adrenalectomy fromNovember
2006 to July 2017 at National Taiwan University Hospital.
Another 120 patients with EH were enrolled as the control
group. The medical history, including demographic data and
current medications, of all patients were reviewed and carefully
documented. Serum biochemistry data were obtained at the

initial patient evaluation. The diagnosis of EH was made by
exclusion, including clinical presentation and biochemical
surveys of all detectable types of secondary hypertension.

All patients received biochemical examinations and echocar-
diography at enrollment. For the patients with APA, we recorded
biochemical and echocardiography data again 1 year after
adrenalectomy. Patients who were completely off all antihyper-
tensive drugs and had normalized blood pressure (systolic blood
pressure [SBP] <140 mm Hg and diastolic blood pressure [DBP]
<90 mm Hg) after adrenalectomy were defined as being
“cured.” All patients provided informed consent before inclusion
in the study, and the study was approved by the Ethics
Committee of National Taiwan University Hospital.

Laboratory Measurements
Plasma aldosterone concentration (PAC) was evaluated using
a commercial radioimmune assay kit (Aldosterone Maia Kit;
Adaltis Italia, Bologna, Italy). Plasma renin activity (PRA) was
evaluated using the generation of angiotensin I in vitro with
a commercial radioimmune assay kit (DiaSorin, Stillwater,
Minnesota).

Diagnostic Criteria for APA
The diagnosis of APA was confirmed according to the
“modified 4-corner criteria” after adrenalectomy,22,23 which
were (1) evidence of autonomous excess aldosterone pro-
duction based on an aldosterone-renin ratio (ARR) >35, TAIPAI
(Taiwan Primary Aldosteronism Investigation) score >60%24;
and seated post-saline loading PAC >16 ng/dL or urine
aldosterone >12 lg/24 h25; (2) adenoma evidenced with a
computed tomography scan; (3) lateralization of aldosterone
secretion by adrenal venous sampling or by dexamethasone
suppression NP-59 single-photon emission computed tomog-
raphy26; (4) histopathological evidence of adenoma after
adrenalectomy, and subsequently either a cure pattern of
hypertension without antihypertensive agents or improvement
in hypertension with biochemical cure.

The probability of PA (TAIPAI score) was equal to:

TAIPAI score ¼1=1þ e�b;

where

b ¼ ðPAC ½ng=dL� � ½0:063�Þ þ PRA ½ng/mL per hour�
� ½�0:205�Þ þ ð½ARR� 0:001� þ BMI ½kg=m2�
� ½0:067�Þ þ ðMale� ½�0:738� þ SK ½mmol/L�
� ½�1:512�Þ þ ðeGFR ½mL/min per 1.73m2�
� ½0:017�Þ þ ð½propensity score� � ½�0:539�
þ ½1:851�Þ:

In adrenal venous sampling, a reliable adrenal venous
sample was defined as a >3-fold increase in the ratio
of cortisol level in the adrenal vein to the inferior vein

Clinical Perspective

What Is New?

• The first study using propensity score matching analysis for
diastolic function between patients with primary aldostero-
nism (PA) and patients with essential hypertension, and with
1-year follow-up after adrenalectomy in patients with PA.

• Changes in diastolic function (ΔE/e0) after adrenalectomy in
patients with PA was correlated with baseline E/e0 and
changes in left ventricular mass index.

What Are the Clinical Implications?

• The patients with PA had worse diastolic function than the
patients with essential hypertension.

• Diastolic dysfunction in the patients with PA improved after
adrenalectomy.
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cava. Lateralization of aldosterone secretion was defined as a
>4-fold increase in the ratio of aldosterone/cortisol diver-
gence between bilateral adrenal glands.26

Echocardiography
Echocardiography was performed using a Hewlett-Packard
Sonos 5500 (Hewlett-Packard, Palo Alto, California) or Philips
IE33 system (Royal Dutch Philips Electronics, Bothell, Wash-
ington). Measurements were performed according to the
American Society of Echocardiography guidelines.27 LV end-
diastolic and end-systolic diameters, wall thickness, and LV
ejection fraction were assessed using M-mode in the
parasternal long-axis view. The LV mass was estimated by
the formula reported by Devereux and Reichek,28 and
normalized by body surface area to provide the LV mass
index (LVMI). LVH was defined as an LVMI ≥134 g/m2 in men
and ≥110 g/m2 in women.29 Transmitral flow velocity with
Doppler was measured using a 3-mm sample volume at the
level of the mitral valve tips in an apical 4-chamber view, and
the early (E) and late (A) diastolic filling velocities, their ratio
(E/A ratio), and early wave deceleration time (DT) were
obtained. Mitral annular velocities were acquired by TDI in an
apical 4-chamber view. A 3-mm sample volume was placed at
the septal margin of the mitral valve annulus, and Doppler
samples were determined at the end-expiration phase in
normal respiration. At least 3 consecutive cardiac cycles were
taken into consideration, and average values were used. Early
diastolic peak velocity of the septal mitral annulus (e0) was
obtained. The E/e0 ratio was also calculated, and reflected the
LV filling pressure.27,30

Adrenalectomy
All patients with APA received laparoscopic adrenalectomy
using the lateral transperitoneal approach by experienced
laparoscopic surgeons.

Histopathologic Study
The surgical specimens were blindly evaluated by a pathologist.
The histopathologic diagnosis of adenoma was confirmed by
well-defined nodules clearly demarcated by a pseudo-capsule,
predominantly composed of foamy clear cells.31 Adenomas can
be differentiated from nodular adrenal hyperplasia because of
their well-circumscribed and solitary nature.32

Statistical Analysis
Propensity scores were estimated using a nonparsimonious
multiple logistic regression model. The following variables of
the patients with PA and EH were selected to calculate the

propensity score: age, sex, body mass index (BMI), SBP, DBP,
duration of hypertension, and number of antihypertensive
medications. In our propensity analysis, a 1:1 matching ratio
was used, and covariate balance between the matched groups
was subsequently examined.

All continuous variables were expressed as mean�SD.
Non–normally distributed variables were expressed as median
and interquartile range, including PAC, PRA, and ARR. Com-
parisons of continuous data between 2 groups were performed
using the Student’s t test (for normally distributed variables) or
the Wilcoxon rank-sum test (for non–normally distributed
variables). Comparisons of continuous data before and after
adrenalectomy in the APA group were performed using paired t
tests. The equality of 2 proportions was assessed using the
Pearson chi-square test. PAC, PRA, and ARR data were
log-transformed due to nonnormality as tested by the
Kolmogorov–Smirnov test for further regression analysis.
Univariate linear regression analysis was performed to test
the relationships between diastolic function (E/e0) and clinical
parameters. Significant determinants in the univariate linear
regression analysis (P<0.05) were then examined using
multivariate linear regression analysis with stepwise subset
selection to identify the significant factors associated with
diastolic function. All statistical analyses were performed
using SPSS for Windows, version 22.0 (SPSS Inc, Chicago,
Illinois). A P value of <0.05 was considered to indicate
statistical significance.

Results
After performing 1:1 matching for age, sex, BMI, SBP, DBP,
duration of hypertension, and number of antihypertensive
medications between the APA and EH groups, there were 105
patients in each group. The demographic and baseline data of
both propensity score–matched and unmatched variables are
listed in Table 1. For the unmatched data, there were no
significant differences in age, sex, BMI, duration of hyperten-
sion, and baseline creatinine. SBP, DBP, number of antihy-
pertensive drugs, PAC, and ARR were significantly higher in
the APA group compared with the EH group, while baseline
potassium and PRA were significantly lower in the APA group.
The use of a-blockers, b-blockers, and aldosterone antago-
nists was significantly higher in the APA group. In contrast,
the use of angiotensin-converting enzyme inhibitors, angio-
tensin II receptor blockers (ARBs) and direct renin inhibitor
was significantly lower in the APA group. Other clinical
parameters were comparable between the 2 groups.

For the matched data, there were no significant difference
in age, sex, BMI, duration of hypertension, SBP, DBP, number
of antihypertensive medications, and baseline creatinine.
These results indicated a high degree of similarity in the
distribution of baseline characters between the 2 groups. PAC
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and ARR were significantly higher in the APA group compared
with the EH group. Baseline potassium and PRA were
significantly lower in the APA group. The use of aldosterone
antagonists was significantly higher in the APA group, while
the use of angiotensin-converting enzyme inhibitors, angio-
tensin II receptor blockers, or direct renin inhibitor was
significantly lower in the APA group.

In echocardiography (Table 2 and Figure 1), there was no
significant difference in left ventricular ejection fraction
(LVEF) between the 2 groups. The APA group had a
significantly higher baseline LVMI (118�29 versus
106�37 g/m2; P=0.014) and E/e0 ratio (12.5�4.2 versus
10.8�4.2; P<0.001) compared with the EH group. In
addition, e0 (6.3�1.9 versus 7.6�4.2 cm/s; P<0.001) was
significantly lower in the APA group. The data of all patients

before propensity score matching showed similar results
(Table 2).

To determine the factors influencing preadrenalectomy
diastolic function, we performed linear regression analysis
using the preadrenalectomy E/e0 ratio of all matched
patients as a dependent variable, and the clinical charac-
teristics and aldosterone-related parameters as indepen-
dent variables. The results of univariate analysis showed
that the preadrenalectomy E/e0 ratio was significantly
related to age, sex, BMI, duration of hypertension, SBP,
creatinine, log PAC, log PRA, and log ARR. With E/e0 as
the dependent variable, multivariate regression analysis
with stepwise subset selection further identified significant
associations with age, sex, BMI, SBP, creatinine, and log
ARR (Table 3).

Table 1. Clinical Data of Patients

Variables Before Propensity Score Matching After Propensity Score Matching*

Patient Characteristics APA (n=129) EH (n=120) P Value APA (n=105) EH (n=105) P Value

Age, y 50�11 52�13 0.325 52�11 51�13 0.856

Sex, male 52 (40%) 60 (50%) 0.126 44 (42%) 52 (50%) 0.270

Height, cm 162�9 163�10 0.618 163�9 163�10 0.826

Weight, kg 67�14 70�15 0.154 69�14 69�14 0.924

Body mass index, kg/m2 25.3�4.1 26.3�4.4 0.079 25.8�4.0 25.8�3.5 0.962

Duration of hypertension, y 7.5�6.9 6.4�6.4 0.171 7.6�7.0 6.9�6.6 0.349

SBP, mm Hg 156�21 145�23 <0.001 152�20 148�23 0.174

DBP, mm Hg 93�13 88�14 0.003 91�11 89�14 0.247

Number of antihypertensive drugs 2.1�1.2 1.7�0.8 0.008 1.9�1.2 1.8�0.8 0.327

Hypertension medication type

ACEI/ARB 49 (38%) 77 (64%) <0.001 38 (36%) 69 (66%) <0.001

a-blocker 27 (21%) 10 (8%) 0.005 18 (17%) 9 (9%) 0.064

b-blocker 48 (37%) 28 (23%) 0.017 39 (37%) 27 (26%) 0.075

CCB 95 (74%) 76 (63%) 0.060 74 (70%) 71 (68%) 0.656

Diuretics except aldosterone antagonist 12 (9%) 6 (5%) 0.187 9 (9%) 6 (6%) 0.424

Aldosterone antagonist 25 (19%) 2 (2%) <0.001 20 (19%) 2 (2%) <0.001

Vasodilator 6 (5%) 1 (1%) 0.036 5 (5%) 1 (1%) 0.099

DRI 0 (0%) 4 (3%) 0.045 0 (0%) 4 (4%) 0.045

Laboratory parameters

Creatinine, mg/dL 0.90�0.40 0.96�0.50 0.327 0.91�0.42 0.98�0.53 0.337

Potassium, mmol/L 3.6�0.7 4.2�0.4 <0.001 3.7�0.6 4.2�0.4 <0.001

PAC,† ng/dL 45 (47) 35 (26) <0.001 45 (42) 35 (26) <0.001

PRA,† ng/mL per h 0.20 (0.45) 1.93 (5.89) <0.001 0.21 (0.41) 1.92 (4.54) <0.001

ARR†, ng/dL per ng/mL/h 308 (1766) 16 (44) <0.001 276 (1614) 18 (41) <0.001

Values are expressed as mean�SD, median (interquartile range), or number (percentage). ACEI indicates angiotensin-converting enzyme inhibitor; APA, aldosterone-producing adenoma;
ARB, angiotensin II receptor blocker; ARR, aldosterone–renin ratio; CCB, calcium channel blocker; DBP, diastolic blood pressure; DRI, direct renin inhibitor; EH, essential hypertension; PAC,
plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure.
*1:1 matched for age, sex, body mass index, SBP, DBP, duration of hypertension, and number of antihypertension drugs between the APA and EH groups.
†Expressed as median and interquartile range.
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In the overall APA group (129 patients), the clinical
characteristics and echocardiographic parameters were
significantly better 1 year after adrenalectomy compared
with the baseline parameters (Table 4), including decreases
in SBP, DBP, number of antihypertensive medications,
PAC, ARR, and LVMI, and increases in creatinine and PRA.
Eighty-eight (68.2%) APA patients were cured 1 year after
adrenalectomy.

In echocardiography (Figure 2), there were no significant
differences between baseline and postadrenalectomy LVEF, E/
A ratio, and E-wave deceleration time. In contrast, LVMI
significantly decreased (121�32 versus 110�25; P<0.001), e0

significantly increased (6.5�1.9 versus 7.0�2.1; P=0.003),
and E/e0 significantly decreased (12.5�4.2 versus 11.3�3.7;
P=0.002). In factor analysis of changes in E/e0 (DE/e0=posta-
drenalectomy E/e0�preadrenalectomy E/e0), univariate

Table 2. Echocardiography Data of Patients (Before and After Matching APA Patients Versus EH Patients)

Variables Before Propensity Score Matching After Propensity Score Matching*

Patient Characteristics APA (n=129) EH (n=120) P Value APA (n=105) EH (n=105) P Value

LVEF, % 70�6 70�7 0.779 70�6 71�7 0.863

LVMI, g/m2 121�32 105�36 <0.001 118�29 106�37 0.014

E/A ratio 1�0.3 1�0.3 0.772 0.9�0.3 1�0.3 0.208

DT, ms 208�44 201�45 0.193 209�45 201�45 0.202

e0, cm/s 6.5�1.9 7.6�3.0 0.001 6.3�1.9 7.6�3.1 <0.001

E/e0 12.5�4.2 10.7�4.0 0.001 12.5�4.2 10.8�4.2 0.003

APA indicates aldosterone-producing adenoma; DT, early wave deceleration time; E/A, early and late diastolic velocity ratio; E/e0 , early diastolic transmitral and myocardial velocity on TDI
ratio; e0 , early diastolic myocardial velocity on TDI; EH, essential hypertension; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index.
*1:1 matched for age, sex, body mass index, SBP, DBP, duration of hypertension, and number of antihypertension drugs between the APA and EH groups.

Figure 1. The echocardiographic parameters between propensity score–matched patients with aldos-
terone-producing adenoma and essential hypertension. A, No significant difference of LVEF between the 2
groups. B, LVMI was significantly higher in patients with APA compared with patients with EH. C, No
difference of E/A ratio between the 2 groups. D, No difference of DT between the 2 groups. E, e0 was
significantly lower in patients with APA. F, E/e0 was significantly higher in patients with APA. According to
the above results, patients with APA had higher LVMI and diastolic dysfunction compared with the patients
with EH. APA indicates aldosterone-producing adenoma; DT, early wave deceleration time; E/A, early and
late diastolic velocity ratio; E/e0, early diastolic transmitral and myocardial velocity on tissue Doppler
imaging ratio; e0, early diastolic myocardial velocity on tissue Doppler imaging; EH, essential hypertension;
LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index.
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regression analysis showed that DE/e0 was significantly
correlated with BMI, duration of hypertension, baseline SBP,
DSBP, DDBP, baseline E/e0, baseline LVMI, and DLVMI. In

multivariate analysis, only baseline E/e0 and DLVMI were
significantly correlated with DE/e0 (Table 5).

When comparing the cure and noncure (with residual
hypertension) patients in APA patients after adrenalectomy,
we found that there were fewer male patients in the cure
group. In addition, patients in the cure group had lower BMI
and serum creatinine levels compared with those in the
noncure group (Table 6). In echocardiographic parameters,
the baseline e0 was significantly higher, and E/e0 was
nonsignificantly lower in the cure group. After adrenalectomy,
patients in the cure group had higher postoperative LVEF, E/
A, and e0, and lower postoperative LVMI compared with those
in the noncure group. There was no significant difference in
the change of these echocardiographic parameters before and
after adrenalectomy between the 2 groups (Table 6).

Discussion
There are several major findings in this study. First, even with
comparable blood pressure and severity of hypertension in
the propensity score–matching analysis, the patients with
APA had higher LVMI and diastolic dysfunction compared with
the patients with EH. Second, using a large population, we
found improvements in LVMI and diastolic dysfunction in the
patients with APA after adrenalectomy. Third, age, sex, BMI,
baseline SBP, creatinine, and log ARR were associated with
baseline diastolic function. Fourth, the improvement in
diastolic function after adrenalectomy was associated with
baseline E/e0 and DLVMI.

PA is characterized by the excess production of aldos-
terone, which results in various adverse cardiac remodeling.
Aldosterone has been shown to directly stimulate hypertrophy

Table 3. Univariate and Multivariate Linear Model of E/e0 Ratio in All Matched Patients (n=210)

Variables Univariate b-Coefficient (SD) Adjusted R2 P Value Multivariate b-Coefficient (SD) Adjusted R2 P Value

Age, y 0.112 (0.024) 0.091 <0.001 0.101 (0.023) 0.261 <0.001

Sex, male 1.173 (0.586) 0.014 0.047 2.040 (0.561) 0.261 <0.001

Body mass index, kg/m2 0.197 (0.077) 0.026 0.012 0.241 (0.05) 0.261 0.002

History of hypertension, y 0.167 (0.042) 0.066 <0.001

SBP, mm Hg 0.062 (0.013) 0.092 <0.001 0.038 (0.013) 0.261 0.004

DBP, mm Hg 0.042 (0.023) 0.011 0.069

Number of antihypertensive drugs 0.482 (0.298) 0.008 0.107

Creatinine, mg/dL 1.312 (0.608) 0.017 0.032 1.494 (0.559) 0.261 0.008

Potassium, mmol/L 0.276 (0.514) �0.003 0.592

Log PAC 3.001 (1.212) 0.024 0.014

Log PRA �0.901 (0.320) 0.032 0.005

Log ARR 0.984 (0.299) 0.045 0.001 0.871 (0.267) 0.261 0.003

ARR indicates aldosterone–renin ratio; DBP, diastolic blood pressure; PAC, plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure.

Table 4. Parameter Comparison in APA Patients Before and
After Adrenalectomy (n=129)

Patient Characteristics Before After P Value

SBP, mm Hg 156�22 140�20 <0.001

DBP, mm Hg 93�14 86�12 <0.001

Number of
antihypertensive drugs

2.1�1.2 0.6�0.9 <0.001

Laboratory parameters

Creatinine, mg/dL 0.89�0.33 1.04�0.72 <0.001

Potassium, mmol/L 3.6�0.7 4.3�0.5 <0.001

PAC,* ng/dL 45 (47) 30 (22) <0.001

PRA,* ng/mL per h 0.20 (0.45) 1.53 (3.58) <0.001

ARR* 308 (1766) 18 (38) <0.001

Echocardiographic parameters

LVEF, % 70�6 69�9 0.411

LVMI, g/m2 121�32 110�25 <0.001

E/A ratio 1�0.3 1�0.3 0.838

DT, ms 208�44 218�48 0.071

e0, cm/s 6.5�1.9 7.0�2.1 0.003

E/e0 12.5�4.2 11.3�3.7 0.002

APA indicates aldosterone-producing adenoma; ARR, aldosterone–renin ratio; DBP,
diastolic blood pressure; DT, early wave deceleration time; E/A, early and late diastolic
velocity ratio; E/e0 , early diastolic transmitral and myocardial velocity on tissue Doppler
imaging ratio; e0 , early diastolic myocardial velocity on tissue Doppler imaging; LVEF, left
ventricular ejection fraction; LVMI, left ventricular mass index; PAC, plasma aldosterone
concentration; PRA, plasma renin activity; SBP, systolic blood pressure.
*Expressed as median and interquartile range.
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of neonatal rat ventricular cardiomyocytes by activating
protein kinase C, extracellular signal-regulated kinase 1/2,
and c-Jun N-terminal kinase.33 Several animal studies have
also shown that chronic increases in aldosterone accompa-
nied by salt intake increased fibrosis in bilateral ventri-
cles3,34,35 and LVH.3,35 In addition, clinical studies have
reported higher rates of LVH and cardiac fibrosis indepen-
dently of hemodynamic effects in PA patients compared with
patients with EH.6–8 Taken together, these results indicate
that both aldosterone-induced cardiomyocyte hypertrophy
and cardiac fibrosis can result in impaired LV relaxation in PA
patients. In the current study, the patients with APA had lower
e0 and higher E/e0 ratio, which confirmed that they had worse
diastolic function compared with the patients with EH. In
addition to comparing diastolic function between patients
with PA and patients with EH, for patients with unilateral APA,
comparing changes in diastolic function before and after
adrenalectomy may further clarify the role of excess aldos-
terone on diastolic function. Adrenalectomy can improve
blood pressure and reverse increased LVM8,17,36 and myocar-
dial fibrosis.18,37 However, the reversibility of diastolic
dysfunction is still under debate. In a study of 24 patients
with PA who underwent adrenalectomy, diastolic function as

assessed by E/A ratio and DT improved but without statistical
significance.17 In another study of adrenalectomy among 110
PA patients, diastolic function as assessed by prolongation of
DT significantly improved; however, there was no significant
change in atrial contribution to LV filling.19 In the current
study, diastolic function improved after adrenalectomy in the
patients with APA as evidenced by a significant increase in e0

and significant decrease in E/e0 ratio, which is consistent with
the conclusion that excess aldosterone contributes to dias-
tolic dysfunction.

Accurately evaluating diastolic dysfunction by echocardio-
graphy is challenging. The effect of aldosterone on diastolic
function was first proposed by Rossi et al in 19964 via
measuring E/A integral ratio and atrial contribution to LV
filling; however, both of these factors are influenced by
preload.13 In contrast to their study, our previous study
showed no significant difference in early and late integral ratio
between patients with PA and patients with EH.37 This
inconsistency indicates that assessing diastolic function via
mitral inflow velocity-derived parameters from Doppler
echocardiography is insufficient. Newer echocardiographic
TDI of the mitral annulus can measure the early diastolic peak
velocity of the myocardium (e0), which represents early

Figure 2. The echocardiographic parameters before and after adrenalectomy among all patients with
aldosterone-producing adenoma. A, There was no significant interval change of LVEF before and after
adrenalectomy. B, LVMI significantly decreased after adrenalectomy. C, There was no significant interval
change of E/A ratio. D, There was no significant interval change of DT. E, e0 significantly increased after
adrenalectomy. F, E/e0 significantly decreased after adrenalectomy. According to the above results, we
found improvements in LVMI and diastolic dysfunction in the patients with APA after adrenalectomy. APA
indicates aldosterone-producing adenoma; DT, early wave deceleration time; E/A, early and late diastolic
velocity ratio; E/e0, early diastolic transmitral and myocardial velocity on tissue Doppler imaging ratio; e0,
early diastolic myocardial velocity on tissue Doppler imaging; LVEF, left ventricular ejection fraction; LVMI,
left ventricular mass index; OP, adrenalectomy.
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diastolic relaxation, and its derived diastolic parameters are
less preload dependent.14 The E/e0 ratio eliminates the effect
of LV relaxation kinetics and age and provides a more reliable
measure of LV diastolic pressure.38 Ommen et al30 compared
various Doppler and TDI parameters with mean LV diastolic
pressure by simultaneous catheterization and found that the
E/e0 ratio was more strongly correlated with LV diastolic
pressure than any other parameter. The E/e0 ratio has also
been shown to be a strong predictor of cardiac events39 and
long-term cardiovascular mortality40 in patients with heart
failure. Accordingly, the E/e0 ratio is a valuable parameter to
evaluate diastolic function, which is why we used it as the
major indicator of diastolic function in this study. In this study,
diastolic dysfunction was reversed after adrenalectomy in the
patients with APA, as evidenced by the significant increase in
e0 and significant decrease in E/e0 ratio but not the E/A ratio
or DT. This discrepancy may be due to the effect of preload
variation on E-wave velocity and the difficulty in distinguishing

the pseudonormalization stage of diastolic dysfunction from
normal diastolic function only by E/A or DT. This finding
indicates that the tissue Doppler parameter E/e0 ratio is
better able to detect diastolic dysfunction than the traditional
E/A ratio.

Some studies have used TDI to investigate diastolic
function in patients with PA. In our previous study, 27
patients with APA with significantly higher SBP and DBP than
27 patients with EH had worse diastolic function, as
evidenced by a higher E/e0 compared with the patients with
EH.20 In addition, Cesari et al reported that 51 patients with
PA with high blood pressure had a higher E/e0 ratio and worse
diastolic function compared with 61 healthy subjects.41

However, in both studies, the baseline characteristics includ-
ing age, antihypertensive medications, and most importantly,
blood pressure were not well matched between the 2 study
groups, and the sample sizes were also relatively small. The
severity of diastolic dysfunction is proportional to blood

Table 5. Univariate and Multivariate Linear Model of DE/e0 Ratio Before and After Adrenalectomy in All APA Patients (n=129)

Variables Univariate b-Coefficient (SD) Adjusted R2 P Value Multivariate b-Coefficient (SD) Adjusted R2 P Value

Age, y 0.005 (0.033) �0.008 0.893

Sex, male 0.829 (0.740) 0.002 0.265

Body mass index, kg/m2 �0.208 (0.089) 0.034 0.020

History of hypertension, y �0.122 (0.052) 0.035 0.020

Baseline SBP, mm Hg �0.058 (0.016) 0.085 0.001

DSBP, mm Hg 0.043 (0.014) 0.065 0.003

Baseline DBP, mm Hg �0.048 (0.027) 0.017 0.076

DDBP, mm Hg 0.059 (0.024) 0.039 0.017

Baseline hypertension drug number �0.579 (0.303) 0.020 0.058

DNumber of antihypertensive drugs �0.038 (0.262) �0.008 0.884

Baseline creatinine, mg/dL �1.130 (0.907) 0.004 0.215

DCreatinine, mg/dL �0.530 (0.781) �0.005 0.499

Baseline potassium, mmol/L 0.632 (0.535) 0.003 0.240

DPotassium, mmol/L �0.809 (0.502) 0.013 0.110

Log PAC �1.375 (1.461) �0.001 0.348

DLog PAC 0.540 (1.084) �0.006 0.619

Log PRA �0.038 (0.509) �0.008 0.941

DLog PRA �0.713 (0.378) 0.021 0.062

Log ARR �0.113 (0.477) �0.007 0.814

DLog ARR 0.698 (0.357) 0.024 0.053

Cure status 0.166 (0.787) �0.008 0.833

Baseline E/e0 �0.591 (0.070) 0.357 <0.001 �0.557 (0.066) 0.412 <0.001

Baseline LVMI �0.039 (0.011) 0.082 0.001

DLVMI 0.035 (0.013) 0.044 0.010 0.030 (0.011) 0.412 0.006

APA indicates aldosterone-producing adenoma; ARR, aldosterone–renin ratio; DBP, diastolic blood pressure; E/e0 , early diastolic transmitral and myocardial velocity on tissue Doppler
imaging ratio; LVMI, left ventricular mass index; PAC, plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure.
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Table 6. Laboratory and Echocardiographic Parameters in Cure and Noncure Groups

Patient Characteristics Cure (n=88) Noncure (n=41) P Value

Age, y 49�11 52�11 0.153

Sex, male (%) 30 (34%) 22 (54%) 0.040

Body mass index, kg/m2 24.7�3.9 26.6�4.1 0.014

Duration of hypertension, y 6.8�6.8 9.2�86.8 0.057

SBP, mm Hg 154�23 160�18 0.111

DBP, mm Hg 93�14 94�11 0.526

Number of antihypertensive drugs 2.0�1.2 2.2�1.2 0.336

SBP, mm Hg post OP* 134�18 151�19 <0.001

DBP, mm Hg post OP 83�11 93�13 <0.001

Number of antihypertensive drugs post OP 0�0 1.5�1.0 <0.001

DSBP, mm Hg �20�25 �9�25 0.021

DDBP, mm Hg �9�15 �2�14 0.006

DNumber of antihypertensive drugs �2.0�1.2 �0.7�1.4 <0.001

Laboratory parameters

Creatinine, mg/dL 0.85�0.38 1.01�0.43 0.035

Creatinine post OP, mg/dL 0.93�0.32 1.28�1.15 0.076

DCreatinine, mg/dL 0.12�0.21 0.24�0.78 0.346

Potassium, mmol/L 3.6�0.7 3.8�0.6 0.110

Potassium post OP, mmol/L 4.3�0.4 4.3�0.5 0.632

DPotassium, mmol/L 0.8�0.8 0.5�0.6 0.023

PAC,* ng/dL 45 (47) 48 (45) 0.576

PAC post OP,* ng/dL 30 (20) 30 (25) 0.787

PRA,* ng/mL per h 0.17 (0.42) 0.27 (0.58) 0.374

PRA post OP,* ng/mL per h 1.5 (3.15) 1.61 (3.9) 0.770

ARR* 320 (2156) 176 (1459) 0.511

ARR post OP* 21 (33) 18 (59) 0.987

Echocardiographic parameters

LVEF, % 71�6 69�5 0.080

LVMI, g/m2 121�31 122�34 0.889

E/A ratio 1.0�0.3 0.9�0.3 0.162

DT, ms 207�42 210�46 0.755

e0, cm/s 6.8�1.9 5.9�1.8 0.019

E/e0 11.9�3.0 13.8�5.8 0.064

LVEF post OP, % 71�6 67�9 0.020

LVMI post OP, g/m2 107�26 118�23 0.020

E/A ratio post OP 1.0�0.3 0.9�0.3 0.015

DT post OP, ms 213�47 228�48 0.088

e0 post OP, cm/s 7.4�2.1 6.1�1.8 0.001

E/e0 post OP 10.8�2.9 12.4�4.5 0.065

DLVEF, % 0.3�7.2 �1.4�8.5 0.237

DLVMI, g/m2 �14�27 �5�24 0.069

DE/A ratio 0.02�0.29 �0.06�0.26 0.120

Continued
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pressure.42 In the current study, we used propensity score–
matching analysis to mitigate the effect of blood pressure on
diastolic function between the patients with PA and patients
with EH. The influence on diastolic function caused by
discrepancies in the severity of hypertension, including blood
pressure, number of antihypertensive drugs, and the duration
of hypertension, may have been minimized using this method,
thereby showing the true effect of aldosterone on cardiac
diastolic function. In addition, the large sample size improves
the validity of the results of this study. One recent study by
Yang et al43 showed similar findings. In their study, patients
with PA had a higher E/e0 and lower e0 than patients with EH.
However, the LVMI and status of LVH were comparable
between the 2 groups, which is different from previous
studies.4,5,20 In addition, our study provides postoperative
data that consolidate the improvements in diastolic dysfunc-
tion in the patients with APA after adrenalectomy.

Another important finding in this study is that preoperative E/
e0 and ΔLVMI were associated with the reversal of diastolic
dysfunction after adrenalectomy in the patients with APA. We
found similar results in our previous studies, in which preoper-
ative LVMIwas independently associatedwith the extent of LVMI
regression after adrenalectomy.44,45 Moreover, the regression in
LVMI was significantly greater in the patients with LVH before
surgery, implying that more severe LVH in the patients before
surgerywas associatedwitha greater regression in LVmassafter
surgery. In this study, a higher E/e0 before surgery was
associatedwithmore prominent reversal of diastolic dysfunction
after surgery, which may be due to the regression of LVMI. It is
also possible that the decrease in LVMI after surgery was
correlated with the improvement in diastolic function.

Limitations
There are several limitations to this study. First, although we
used propensity score matching to overcome discrepancies in
age, sex, BMI, blood pressure, hypertension duration, and
number of antihypertensive drugs between the APA and EH
groups, other unknown bias may have interfered with LV
diastolic function not being balanced between the 2 study

groups. Second, we did not enroll patients with bilateral
adrenal hyperplasia in this study. Therefore, we could not
assess LV diastolic function in patients with bilateral adrenal
hyperplasia and the reversibility after mineralocorticoid
receptor antagonist treatment. Third, we only performed
follow-up echocardiography 1 year after adrenalectomy, so
we could not assess the long-term effect of adrenalectomy on
LV diastolic function. Fourth, we did not check somatic
mutant (especially KCNJ5) data, which may be also associated
with LV structure and diastolic function. Fifth, we did not have
the follow-up data in patients with EH. Therefore, we do not
know the change of diastolic function in patients with EH
under medical treatment. Sixth, there were some difference of
antihypertensive medication between the APA and EH groups,
which might have a potential influence on diastolic function.

Conclusions
The patients with PA had worse LV diastolic function than the
patients with EH independently of age, sex, and hemodynamic
effects. The impaired LV diastolic function could be reversed
by adrenalectomy.
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Table 6. Continued

Patient Characteristics Cure (n=88) Noncure (n=41) P Value

DDT, ms 0.01�0.06 0.02�0.06 0.255

De0, cm/s 0.6�2.0 0.2�1.6 0.184

DE/e0 �1.1�3.9 �1.3�4.7 0.844

ARR indicates aldosterone–renin ratio; DBP, diastolic blood pressure; DT, early wave deceleration time; E/A, early and late diastolic velocity ratio; E/e0 , early diastolic transmitral and
myocardial velocity on tissue Doppler imaging ratio; e0 , early diastolic myocardial velocity on tissue Doppler imaging; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass
index; OP, adrenalectomy; PAC, plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure.
*Expressed as median and interquartile range.

DOI: 10.1161/JAHA.119.013263 Journal of the American Heart Association 10

LV Diastolic Dysfunction in PA Chang et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Acknowledgments
We would like to express our sincere thanks to Professor Paolo
Mulatero for his valuable and critical feedback of our manuscript. We
thank the staff of the Second Core Lab of Department of Medical
Research in NTUH for technical assistance.

Sources of Funding
This study was supported by NTUH (NTUH 107-A141),
Ministry of Science and Technology (MOST 106-2314-B-
002-169-MY3), and Department of Health, Executive Yuan,
R.O.C. (PTH10744). The funders had no role in the study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Disclosures
None.

References
1. Rossi GP. Prevalence and diagnosis of primary aldosteronism. Curr Hypertens

Rep. 2010;12:342–348.

2. Young WF Jr. Minireview: primary aldosteronism—changing concepts in
diagnosis and treatment. Endocrinology. 2003;144:2208–2213.

3. Brilla CG, Weber KT. Reactive and reparative myocardial fibrosis in arterial
hypertension in the rat. Cardiovasc Res. 1992;26:671–677.

4. Rossi GP, Sacchetto A, Visentin P, Canali C, Graniero GR, Palatini P, Pessina
AC. Changes in left ventricular anatomy and function in hypertension and
primary aldosteronism. Hypertension. 1996;27:1039–1045.

5. Rossi GP, Sacchetto A, Pavan E, Palatini P, Graniero GR, Canali C, Pessina AC.
Remodeling of the left ventricle in primary aldosteronism due to Conn’s
adenoma. Circulation. 1997;95:1471–1478.

6. Matsumura K, Fujii K, Oniki H, Oka M, Iida M. Role of aldosterone in
left ventricular hypertrophy in hypertension. Am J Hypertens.
2006;19:13–18.

7. Tanabe A, Naruse M, Naruse K, Hase M, Yoshimoto T, Tanaka M, Seki T,
Demura R, Demura H. Left ventricular hypertrophy is more prominent in
patients with primary aldosteronism than in patients with other types of
secondary hypertension. Hypertens Res. 1997;20:85–90.

8. Rossi GP, Di Bello V, Ganzaroli C, Sacchetto A, Cesari M, Bertini A, Giorgi D,
Scognamiglio R, Mariani M, Pessina AC. Excess aldosterone is associated with
alterations of myocardial texture in primary aldosteronism. Hypertension.
2002;40:23–27.

9. Kozakova M, Buralli S, Palombo C, Bernini G, Moretti A, Favilla S, Taddei S,
Salvetti A. Myocardial ultrasonic backscatter in hypertension: relation to
aldosterone and endothelin. Hypertension. 2003;41:230–236.

10. Savard S, Amar L, Plouin PF, Steichen O. Cardiovascular complications
associated with primary aldosteronism: a controlled cross-sectional study.
Hypertension. 2013;62:331–336.

11. Takeda R, Matsubara T, Miyamori I, Hatakeyama H, Morise T. Vascular
complications in patients with aldosterone producing adenoma in Japan:
comparative study with essential hypertension. The Research Committee of
Disorders of Adrenal Hormones in Japan. J Endocrinol Invest. 1995;18:370–
373.

12. Catena C, Colussi G, Nadalini E, Chiuch A, Baroselli S, Lapenna R, Sechi LA.
Cardiovascular outcomes in patients with primary aldosteronism after
treatment. Arch Intern Med. 2008;168:80–85.

13. Stoddard MF, Pearson AC, Kern MJ, Ratcliff J, Mrosek DG, Labovitz AJ.
Influence of alteration in preload on the pattern of left ventricular diastolic
filling as assessed by Doppler echocardiography in humans. Circulation.
1989;79:1226–1236.

14. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA,
Waggoner AD, Flachskampf FA, Pellikka PA, Evangelisa A. Recommendations

for the evaluation of left ventricular diastolic function by echocardiography.
Eur J Echocardiogr. 2009;10:165–193.

15. Tsioufis C, Tsiachris D, Dimitriadis K, Stougiannos P, Missovoulos P, Kakkavas
A, Stefanadis C, Kallikazaros I. Myocardial and aortic stiffening in the early
course of primary aldosteronism. Clin Cardiol. 2008;31:431–436.

16. Galetta F, Bernini G, Franzoni F, Bacca A, Fivizzani I, Tocchini L, Bernini M,
Fallahi P, Antonelli A, Santoro G. Cardiac remodeling in patients with primary
aldosteronism. J Endocrinol Invest. 2009;32:739–745.

17. Catena C, Colussi G, Lapenna R, Nadalini E, Chiuch A, Gianfagna P, Sechi LA.
Long-term cardiac effects of adrenalectomy or mineralocorticoid antagonists
in patients with primary aldosteronism. Hypertension. 2007;50:911–918.

18. Lin YH, Lee HH, Liu KL, Lee JK, Shih SR, Chueh SC, Lin WC, Lin LC, Lin LY,
Chung SD, Wu VC, Kuo CC, Ho YL, Chen MF, Wu KD; Group TS. Reversal of
myocardial fibrosis in patients with unilateral hyperaldosteronism receiving
adrenalectomy. Surgery. 2011;150:526–533.

19. Rossi GP, Cesari M, Cuspidi C, Maiolino G, Cicala MV, Bisogni V, Mantero F,
Pessina AC. Long-term control of arterial hypertension and regression of left
ventricular hypertrophy with treatment of primary aldosteronism. Hyperten-
sion. 2013;62:62–69.

20. Hung CS, Chou CH, Wu XM, Chang YY, Wu VC, Chen YH, Chang YS, Tsai YC, Su
MJ, Ho YL, Chen MF, Wu KD, Lin YH; Group TS. Circulating tissue inhibitor of
matrix metalloproteinase-1 is associated with aldosterone-induced diastolic
dysfunction. J Hypertens. 2015;33:1922–1930; discussion 1930.

21. Arabidze GG, Chikhladze NM, Sergakova LM, Iarovaia EB. [Left ventricular
myocardial structure and function in patients with primary aldosteronism]. Ter
Arkh. 1999;71:13–19.

22. Rossi GP, Belfiore A, Bernini G, Desideri G, Fabris B, Ferri C, Giacchetti G,
Letizia C, Maccario M, Mallamaci F, Mannelli M, Palumbo G, Rizzoni D, Rossi E,
Agabiti-Rosei E, Pessina AC, Mantero F; Primary Aldosteronism Prevalence in
Italy Study Investigators. Comparison of the captopril and the saline
infusion test for excluding aldosterone-producing adenoma. Hypertension.
2007;50:424–431.

23. Wu VC, Chang HW, Liu KL, Lin YH, Chueh SC, Lin WC, Ho YL, Huang JW, Chiang
CK, Yang SY, Chen YM, Wang SM, Huang KH, Hsieh BS, Wu KD; Group TS.
Primary aldosteronism: diagnostic accuracy of the losartan and captopril tests.
Am J Hypertens. 2009;22:821–827.

24. Wu VC, Yang SY, Lin JW, Cheng BW, Kuo CC, Tsai CT, Chu TS, Huang KH, Wang
SM, Lin YH, Chiang CK, Chang HW, Lin CY, Lin LY, Chiu JS, Hu FC, Chueh SC,
Ho YL, Liu KL, Lin SL, Yen RF, Wu KD; TAIPAI Study Group. Kidney impairment
in primary aldosteronism. Clin Chim Acta. 2011;412:1319–1325.

25. Schwartz GL, Turner ST. Screening for primary aldosteronism in essential
hypertension: diagnostic accuracy of the ratio of plasma aldosterone
concentration to plasma renin activity. Clin Chem. 2005;51:386–394.

26. Chao CT, Wu VC, Kuo CC, Lin YH, Chang CC, Chueh SJ, Wu KD, Pimenta E,
Stowasser M. Diagnosis and management of primary aldosteronism: an
updated review. Ann Med. 2013;45:375–383.

27. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA,
Waggoner AD, Flachskampf FA, Pellikka PA, Evangelista A. Recommendations
for the evaluation of left ventricular diastolic function by echocardiography. J
Am Soc Echocardiogr. 2009;22:107–133.

28. Devereux RB, Reichek N. Echocardiographic determination of left ventricular mass
in man. Anatomic validation of the method. Circulation. 1977;55:613–618.

29. Devereux RB. Detection of left ventricular hypertrophy by M-mode echocar-
diography. Anatomic validation, standardization, and comparison to other
methods. Hypertension. 1987;9:II19–II26.

30. Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, Redfield MM, Tajik
AJ. Clinical utility of Doppler echocardiography and tissue Doppler imaging in
the estimation of left ventricular filling pressures: a comparative simultaneous
Doppler-catheterization study. Circulation. 2000;102:1788–1794.

31. Nomura K, Toraya S, Horiba N, Ujihara M, Aiba M, Demura H. Plasma
aldosterone response to upright posture and angiotensin II infusion in
aldosterone-producing adenoma. J Clin Endocrinol Metab. 1992;75:323–327.

32. Novitsky YW, Kercher KW, Rosen MJ, Cobb WS, Jyothinagaram S, Heniford BT.
Clinical outcomes of laparoscopic adrenalectomy for lateralizing nodular
hyperplasia. Surgery. 2005;138:1009–1016; discussion 1016-1007.

33. Okoshi MP, Yan X, Okoshi K, Nakayama M, Schuldt AJ, O’Connell TD, Simpson
PC, Lorell BH. Aldosterone directly stimulates cardiac myocyte hypertrophy. J
Card Fail. 2004;10:511–518.

34. Sun Y, Ramires FJ, Weber KT. Fibrosis of atria and great vessels in response to
angiotensin II or aldosterone infusion. Cardiovasc Res. 1997;35:138–147.

35. Brilla CG, Pick R, Tan LB, Janicki JS, Weber KT. Remodeling of the rat right and
left ventricles in experimental hypertension. Circ Res. 1990;67:1355–1364.

36. Yoshitomi Y, Nishikimi T, Abe H, Yoshiwara F, Suzuki T, Ashizawa A, Nagata S,
Kuramochi M, Matsuoka H, Omae T. Comparison of changes in cardiac

DOI: 10.1161/JAHA.119.013263 Journal of the American Heart Association 11

LV Diastolic Dysfunction in PA Chang et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



structure after treatment in secondary hypertension. Hypertension.
1996;27:319–323.

37. Lin YH, Wu XM, Lee HH, Lee JK, Liu YC, Chang HW, Lin CY, Wu VC, Chueh SC,
Lin LC, Lo MT, Ho YL, Wu KD; TAIPAI Study Group. Adrenalectomy reverses
myocardial fibrosis in patients with primary aldosteronism. J Hypertens.
2012;30:1606–1613.

38. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers
FE, Marino P, Smiseth OA, De Keulenaer G, Leite-Moreira AF, Borbely A, Edes I,
Handoko ML, Heymans S, Pezzali N, Pieske B, Dickstein K, Fraser AG,
Brutsaert DL. How to diagnose diastolic heart failure: a consensus statement
on the diagnosis of heart failure with normal left ventricular ejection fraction
by the Heart Failure and Echocardiography Associations of the European
Society of Cardiology. Eur Heart J. 2007;28:2539–2550.

39. Acil T, Wichter T, Stypmann J, Janssen F, Paul M, Grude M, Scheld HH,
Breithardt G, Bruch C. Prognostic value of tissue Doppler imaging in patients
with chronic congestive heart failure. Int J Cardiol. 2005;103:175–181.

40. Olson JM, Samad BA, Alam M. Prognostic value of pulse-wave tissue Doppler
parameters in patients with systolic heart failure. Am J Cardiol. 2008;102:722–725.

41. Cesari M, Letizia C, Angeli P, Sciomer S, Rosi S, Rossi GP. Cardiac remodeling
in patients with primary and secondary aldosteronism: a tissue Doppler study.
Circ Cardiovasc Imaging. 2016;9:e004815.

42. Galderisi M, Petrocelli A, Alfieri A, Garofalo M, de Divitiis O. Impact of
ambulatory blood pressure on left ventricular diastolic dysfunction in
uncomplicated arterial systemic hypertension. Am J Cardiol. 1996;77:597–
601.

43. Yang Y, Zhu LM, Xu JZ, Tang XF, Gao PJ. Comparison of left ventricular
structure and function in primary aldosteronism and essential hypertension by
echocardiography. Hypertens Res. 2017;40:243–250.

44. Liao CW, Chen A, Lin YT, Chang YY, Wang SM, Wu VC, Hung CS, Wu KD, Chueh
SC, Lin YH; TAIPAI Study Group. The relation between the degree of left
ventricular mass regression and serum potassium level change in patients with
primary aldosteronism after adrenalectomy. J Investig Med. 2015;63:816–820.

45. Lin YH, Huang KH, Lee JK, Wang SM, Yen RF, Wu VC, Chung SD, Liu KL, Chueh
SC, Lin LY, Ho YL, Chen MF, Wu KD; TAIPAI Study Group. Factors influencing
left ventricular mass regression in patients with primary aldosteronism post
adrenalectomy. J Renin Angiotensin Aldosterone Syst. 2011;12:48–53.

DOI: 10.1161/JAHA.119.013263 Journal of the American Heart Association 12

LV Diastolic Dysfunction in PA Chang et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


