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Abstract

The purpose of this study was to evaluate vascular function and activity of Rho-associated kinases 

in patients with primary aldosteronism. Vascular function, including flow-mediated vasodilation 

and nitroglycerine-induced vasodilation, and Rho-associated kinase activity in peripheral 

leukocytes were evaluated in 21 patients with aldosterone-producing adenoma, 23 patients with 

idiopathic hyperaldosteronism, and 40 age-, gender-, and blood pressure-matched patients with 

essential hypertension. Flow-mediated vasodilation was significantly lower in the aldosterone-

producing adenoma group than in the idiopathic hyperaldosteronism and essential hypertension 

groups (3.2±2.0% vs. 4.6±2.3% and 4.4±2.2%, P<0.05, respectively), whereas there was no 

significant difference in flow-mediated vasodilation between the idiopathic hyperaldosteronism 

and essential hypertension groups. There was no significant difference in nitroglycerine-induced 
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vasodilation in the three groups. Rho-associated kinase activity was higher in the aldosterone-

producing adenoma group than in the idiopathic hyperaldosteronism and essential hypertension 

groups (1.29±0.57 vs. 1.00±0.46 and 0.81±0.36, P<0.05, respectively), whereas there was no 

significant difference in Rho-associated kinase activity between the idiopathic hyperaldosteronism 

and essential hypertension groups. Flow-mediated vasodilation correlated with age (r=−0.31, 

P<0.01), plasma aldosterone concentration (r=−0.35, P<0.01) and aldosterone to renin ratio (r=

−0.34, P<0.01). Rho-associated kinase activity correlated with age (r=−0.24, P=0.04), plasma 

aldosterone concentration (r=0.33, P<0.01) and aldosterone to renin ratio (r=0.46, P<0.01). After 

adrenalectomy, flow-mediated vasodilation and Rho-associated kinase activity were restored in 

aldosterone-producing adenoma patients. Aldosterone-producing adenoma was associated with 

both endothelial dysfunction and increased Rho-associated kinase activity compared with those in 

idiopathic hyperaldosteronism and essential hypertension. Aldosterone-producing adenoma may 

have a higher risk of future cardiovascular events.
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 Introduction

Primary aldosteronism (PA) is one of the most common causes of secondary hypertension. 

The prevalence of cardiovascular events is higher in patients with PA than in patients with 

essential hypertension (EHT).1,2 Endothelial dysfunction is established in the initial step of 

atherosclerosis, leading to the development of atherosclerosis.3 In addition, it is well known 

that endothelial function is an independent predictor of cardiovascular events.4 Hypertension 

is associated with endothelial dysfunction.5–8 Both nitric oxide (NO) and aldosterone would 

contribute to the pathogenesis, development, and maintenance of hypertension.9–12

In previous studies, we showed that excess amounts of vasoconstrictors, such as angiotenin 

II and norepinephrine, markedly impair endothelial function in patients with renovascular 

hypertension and patients with pheocromocytoma.13,14 Patients with PA also are ideal 

models for determining how endothelium-dependent and -independent vasodilation is altered 

in the presence of excess vasoconstricting and pro-atherosclerotic factors. Some studies have 

shown that PA is associated with endothelial function and that circulating aldosterone levels 

significantly correlated with endothelial function.15,16 However, there is little information on 

the relationship between subtype of PA and grade of vascular function. In addition, the 

prevalence of cardiovascular events in patients with aldosterone-producing adenoma (APA) 

and patients with idiopathic hyperaldosteronism (IHA) remains unclear.

Rho-associated kinases (ROCKs), one of the first downstream targets of the small GTP-

binding protein Rho A, mediate various cellular physiologic functions.17–19 Elevated ROCK 

activity would play an important pathophysiological role in the development and 

maintenance of hypertension. It has been reported that an increase in ROCK activity is 

associated with cardiovascular diseases, including hypertension.20,21 In addition, we have 

shown that leukocyte ROCK activity may be a new biomarker of cardiovascular events.22 
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Interestingly, it has been shown that activation of the RhoA/ROCK pathway impairs NO 

bioavailability through inhibition of endothelial NO synthase (eNOS) mRNA stability and 

eNOS protein phosphorylation at Ser 1177 via the Akt/PI3K pathway, suggesting the 

existence of an interaction between the eNOS/NO pathway and ROCK activity.23

The purpose of this study was to evaluate vascular function, endothelium-dependent 

vasodilation induced by flow-mediated vasodilation (FMD) and endothelium-independent 

vasodilation induced by sublingual administration of nitroglycerine, and leukocyte ROCK 

activity before and after adrenalectomy in patients with APA compared with those in 

patients with IHA and patients with EHT.

 Methods

 Study protocol 1. Vascular function and ROCK activity in patients with EHT and patients 
with PA

We studied 21 patients with APA (9 men and 12 women; mean age: 51±14 years), 23 

patients with IHA (12 men and 11 women; mean age: 56±10 years), and 40 age-, gender-, 

and blood pressure-matched patients with EHT (24 men and 16 women; mean age: 53±11 

years). Subjects were enrolled from the Hiroshima University Hypertension Database. The 

ethical committees of our institutions approved the study protocol. Written informed consent 

for participation in the study was obtained from all of the subjects.

 Definition of EHT—Please see the online Data Supplement for additional details.

 Definition of PA—PA, including the classification of PA, was defined according to the 

report of the guidelines for diagnosis and treatment of primary aldosteronism: the Japan 

Endocrine Society 2009.24 Please see the online Data Supplement for additional details.

 Study protocol—Please see the online Data Supplement for additional details.

 Study protocol 2. Effect of adrenalectomy on vascular function and ROCK activity in 
patients with APA

FMD, nitroglycerine-induced vasodilation, and ROCK activity were evaluated in the same 

manner as that in study 1 before adrenalectomy and at 12 weeks after this procedure in 12 of 

the 21 patients with APA (3 men and 9 women; mean age: 41±10 years). The surgical 

approach for adrenalectomy was laparoscopic adrenalectomy in all patients.

 Measurement of FMD and nitroglycerine-induced vasodilation

FMD and nitroglycerine-induced vasodilation were measured using ultrasonography with an 

automated edge tracking system (UNEXEF18G, UNEX) as previously described.25 Please 

see the online Data Supplement for additional details.
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 Measurement of ROCK Activity

ROCK activity was assayed in peripheral blood leukocytes as the amount of phospho-

Thr853 in the myosin-binding subunit of myosin light chain phosphatase as previously 

described.21,22 Please see the online Data Supplement for additional details.

 Statistical analysis

Results are presented as mean±SD. All reported probability values were 2-sided, and a 

probability value of <0.05 was considered statistically significant. Categorical variables were 

compared by means of chi-square test. Continuous variables were compared by using 

ANOVA for multiple groups. Relations between variables were determined by Spearman 

correlation coefficients analysis. Multivariate regression analyses were performed to identify 

factors associated with FMD and ROCK activity in risk factors and laboratory data. The data 

were processed using the software package Stata version 9 (Stata Co., College Station, 

Texas, USA).

 Results

 Study protocol 1. Vascular function and ROCK activity in patients with EHT and patients 
with PA

The baseline clinical characteristics of the 40 patients with EHT, 21 patients with APA, and 

23 patients with IHA are summarized in Table 1. PAC was significantly higher in patients 

with APA than in patients with IHA or EHT. There was no significant difference in plasma 

aldosterone concentration (PAC) between patients with IHA and patients with EHT. Plasma 

renin activity (PRA) was significantly lower in patients with APA or IHA than in patients 

with EHT. There was no significant difference in PRA between patients with APA and 

patients with IHA. Aldosterone to renin ration (ARR) was significantly higher in patients 

with APA or IHA than in patients with EHT and was higher in patients with APA than in 

patients with IHA. Serum potassium concentration was significantly lower in patients with 

APA than in patients with IHA or EHT. There was no significant difference in serum 

potassium concentration between patients with IHA and patients with EHT. The other 

parameters were similar in the groups.

FMD was significantly lower in the APA group than in the IHA group and EHT group 

(3.2±2.0% vs. 4.6±2.3% and 4.4±2.2%, P<0.05, respectively), whereas there was no 

significant difference in FMD between the IHA group and EHT group (Figure 1A). There 

was no significant difference in nitroglycerine-induced vasodilation in the three groups 

(Figure 1B). FMD correlated with age (r=−0.29, P=0.007), PAC (r=−0.34, P=0.002; 

Supplementary Figure S1A) and ARR (r=−0.35, P=0.001; Supplementary Figure S1B). 

Nitroglycerine-induced vasodilation did not correlate with PAC (r=−0.19, P=0.11; 

Supplementary Figure S1C) or ARR (r=−0.13, P=0.24; Supplementary Figure S1D) or with 

any of the other parameters. Multivariate analysis revealed that age, PAC and ARR were 

independent predictors of FMD (Table 2).

ROCK activity was significantly higher in the APA group than in the IHA group and EHT 

group (1.29±0.57 vs. 1.00±0.46 and 0.81±0.36, P<0.001 and P=0.04, respectively), whereas 
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there was no significant difference in ROCK activity between the IHA group and EHT group 

(Figure 2). ROCK activity correlated with PAC (r=0.33, P=0.004; Supplementary Figure 

S2A), ARR (r=0.46, P=0.001; Supplementary Figure S2B), and serum potassium 

concentration (r=−0.25, P=0.03). Multivariate analysis revealed that PAC and ARR were 

independent predictors of ROCK activity (Table 2).

 Study protocol 2. Effect of adrenalectomy on vascular function and ROCK activity in 
patients with APA

The baseline clinical characteristics before and after adrenalectomy of the 12 patients with 

APA are summarized in Table 3. Adrenalectomy significantly decreased systolic blood 

pressure and PAC and significantly increased PRA, ARR, and serum potassium 

concentration.

After adrenalectomy, FMD was enhanced from 3.6±2.0% to 5.0±2.5% (P=0.005), while 

nitroglycerine-induced vasodilation was not significantly altered from 12.1±4.8% to 

14.6±5.8% (P=0.15) (Figure 3A). The increase in FMD correlated significantly with the 

decrease in PAC (r=−0.42, P=0.04; Figure 4A) and the decrease in ARR (r=−0.46, P=0.02; 

Figure 4B). No significant correlation was found between the increase in FMD and changes 

in blood pressure or variables, such as lipid, glucose, and insulin concentrations, or between 

these variables and the increase in nitroglycerine-induced vasodilation.

Leukocyte ROCK activity was significantly lower after adrenalectomy than before 

adrenalectomy (1.09±0.41 vs. 1.42±0.62, P=0.02; Figure 3B). The decrease in ROCK 

activity correlated significantly with the decrease in ARR (r=0.58, P=0.003; Figure 4D) but 

not with the decrease in PAC (r=0.34, P=0.10; Figure 4C). No significant correlation was 

found between the decrease in ROCK activity and changes in blood pressure or variables, 

such as lipid, glucose, insulin, and potassium concentrations.

 Discussion

In the present study, we demonstrated for the first time that 1) endothelial function was 

impaired in patients with APA compared with that in patients with IHA or EHT, while 

endothelial function was similar in patients with IHA and patients with EHT and it was 

impaired to a greater extent in relation to levels of PAC or ARR, 2) leukocyte ROCK activity 

was increased in patients with APA compared with that in patients with IHA or EHT, while 

leukocyte ROCK activity was similar in patients with IHA and patients with EHT and it was 

increased to a greater extent in relation to levels of PAC or ARR, and 3) surgical resection of 

APA improved endothelial function and inhibited leukocyte ROCK activity in patients with 

APA. There were significant correlations between improvement of FMD and ROCK activity 

and decrease in PAC or ARR.

 Endothelial function and aldosterone

Patients with PA are ideal models for the study of how endothelial function is altered in the 

presence of excess vasoconstricting and pro-atherosclerotic factors. In the present study, 

excess aldosterone blunted FMD as an index of endothelium-dependent vasodilation in APA 

patients, while nitroglycerine-induced vasodilation was similar in patients with APA, IHA, 
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and EHT, indicating that endothelial function, but not smooth muscle function, is selectively 

impaired and is restored after adrenalectomy in patients with APA.

Previous studies showing that PA is associated with endothelial dysfunction and that there is 

a significant relationship between PAC and endothelial function support our results.15,16 

Several investigators have shown the existence of an interaction between NO and the renin-

angiotensin-aldosterone system in the normal endothelium.9–16 An imbalance between NO 

and aldosterone may directly result in conditions associated with endothelial dysfunction in 

humans. Aldosterone as well as angiotensin II plays an important role in the regulation of 

vascular function through the NO/endothelial NO synthase (eNOS) pathway.26,27 It has been 

reported that aldosterone attenuates eNOS activity through increase in reactive oxygen 

species-induced eNOS uncoupling and protein phosphatase 2A-induced dephosphorylation 

of p-eNOS in a mineralocorticoid receptor-dependent manner in human umbilical vein 

endothelial cells.26,27 The mineralocorticoid receptor blocker eplerenone improved 

endothelial function through enhancement of expression of the eNOS gene in Dahl salt-

sensitive rats and two-kidney, one clip rats,28,29 suggesting that eplerenone directly enhances 

the NO/eNOS pathway. Inhibition of the aldosterone and/or mineralocorticoid receptor also 

may contribute to decrease in oxidative stress, resulting in improvement of endothelial 

function through inhibition of NO inactivation.30 Eplerenone also improved FMD in patients 

with EHT.31 In addition, the non-selective mineralocorticoid receptor blocker spironolactone 

improved FMD and acetylcholine-induced vasodilation in patients with hyperaldosteronism 

and in patients with heart failure.32,33 In the present study, there was a significant 

relationship between PAC and FMD in all patients, and there was a significant relationship 

between the decrease in PAC and improvement in FMD in patients with APA. These 

findings suggest that aldosterone per se and/or mineralocorticoid receptor may impair 

endothelial function through inactivation of the NO/eNOS pathway, including decrease in 

NO production and increase in NO inactivation.

Endothelial function becomes impaired as blood pressure increases, and the degree of 

dysfunction is related to the severity of hypertension.34,35 It is expected that endothelial 

dysfunction will be improved by antihypertensive therapy. However, several experimental 

and clinical studies have provided conflicting results concerning the relationship between 

reduction in blood pressure and improvement in endothelial function.36,37 Although 

adrenalectomy acutely decreased blood pressure in patients with APA in the present study, 

changes in blood pressure did not correlate with improvement of FMD. In previous studies, 

we and other investigators have shown that although clinically effective antihypertensive 

therapy, such as antihypertensive drugs and aerobic exercise, restored resistance artery 

endothelial function of forearm circulation in patients with EHT, there is no significant 

correlation between the degree of reduction in blood pressure and the augmentation of 

endothelial function.38,39 Therefore, it is unlikely that a reduction in blood pressure per se is 

involved in the restoration of endothelial function in forearm circulation.

 ROCK activity and aldosterone

Patients with PA are also ideal models for the study of how ROCK activity is altered in the 

presence of excess vasoconstricting and pro-atherosclerotic factors. In the present study, 
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leukocyte ROCK activity was increased in patients with APA compared with that in patients 

with IHA or EHT and was increased to a greater extent in relation to levels of PAC or ARR. 

The increase in ROCK activity was restored after adrenalectomy in patients with APA. 

These findings suggest that excess aldosterone plays a critical role in the increase in ROCK 

activity in humans.

ROCKs are one of the first downstream targets of the small GTP-binding protein Rho A. It is 

well known that angiotensin II is a potent stimulator of ROCK activity in endothelial cells 

and/or smooth muscle cells and subsequently modulates cell contraction, proliferation, 

apoptosis and gene expression via several signaling pathways.17–19 It has been reported that 

aldosterone also stimulates ROCK activity through binding to the mineralocorticoid receptor 

in vascular smooth muscle cells and cardiomyocytes.40,41 ROCK activity is elevated in rats 

with aldosterone-induced hypertension, leading to vascular remodeling and tissue injury in 

the heart and kidney.29,42 In addition, treatment with mineralocorticoid receptor blockers 

prevented cardiovascular injury through inhibition of ROCK activity in these animal 

models.42 We showed that in a previous blind, randomized, parallel group study that the 

mineralocorticoid receptor blocker eplerenone decreased leukocyte ROCK activity in 

patients with EHT.31 These findings suggest that aldosterone-induced activation of ROCK 

activity may be due to classical genomic actions that regulate gene transcription and protein 

synthesis through binding of aldosterone to the mineralocorticoid receptor. However, we 

cannot deny the possibility that nongenomic responses contribute to the aldosterone-induced 

activation of ROCK activity, especially under the condition of excess aldosterone. Future 

studies are needed to confirm the precise mechanisms by which the aldosterone/

mineralocorticoid receptor is associated with activation of ROCK activity in vitro and in 
vivo and in a clinical setting.

Elevated ROCK activity would play an important pathophysiological role in the 

development and maintenance of hypertension. Hypertension is associated with activation of 

the Rho/ROCK pathway.19–21,31,43,44 Therefore, it is expected that increased ROCK activity 

will be improved by antihypertensive therapy. However, changes in blood pressure did not 

correlate with decrease in ROCK activity in patients with APA. In previous studies, we 

showed that although clinically effective antihypertensive therapy using antihypertensive 

drugs, such as eplerenone and the calcium channel blocker nifedipine, decreased ROCK 

activity in patients with EHT, there was no significant correlation between degree of 

reduction in blood pressure and decrease in ROCK activity. Therefore, it is unlikely that a 

reduction in blood pressure per se is involved in the restoration of leukocyte ROCK activity.

Some studies showed that either APA or IHA had a higher risk for target organ damage of 

the heart, brain, and kidneys than did EHT.1,2 However, unfortunately, there have been no 

large clinical trials in which differences in cardiovascular events between patients with APA 

and IHA were evaluated. Several lines of evidence have shown that endothelial function is 

not only the initial step of atherosclerosis but also a predictor of cardiovascular events.3,4 In 

addition, we have recently shown that leukocyte ROCK activity is an independent predictor 

of cardiovascular events.22 In the present study, patients with APA had vascular dysfunction 

and an increase in ROCK activity compared with those in patients with IHA, suggesting that 
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the prevalence of future cardiovascular events may be higher in patients with APA than in 

patients with IHA.

 Study limitations

In the present study, the number of patients with PA, especially patients with APA, was 

relatively small. Nonetheless, we observed a marked augmentation of FMD and reduction in 

ROCK activity after adrenalectomy in patients with APA and significant relationships 

between both increase in FMD and decrease in ROCK activity and decrease in PAC or ARR.

It is well known that various vasoconstricting factors other than aldosterone affect vascular 

function in humans. We confirmed in a preliminary study that circulating levels of 

endothelin-1 were normal and did not change after adrenalectomy (2.1±0.3 to 2.0±0.4 

pg/mL) in 10 patients with APA (4 men and 6 women; mean age: 53±12 years). However, 

we cannot deny the possibility that other vasoconstrictors contribute to endothelial function 

and ROCK activity and were restored after adrenalectomy in patients with APA.

In a previous study, we confirmed that eplerenone improved endothelial function and 

decreased ROCK activity independently of blood pressure reduction in patients with EHT.31 

Evaluation of whether there are benefits beyond blood pressure control for medical 

interventions using maximum tolerated doses of mineralocorticoid receptor blockers or 

adrenalectomy in patients with APA will enable more specific conclusions concerning the 

role of aldosterone in vascular function and ROCK activity to be drawn. These findings may 

help to know the indication for adrenalectomy in elderly patients with APA.

 Perspectives

Endothelial function was impaired in patients with APA compared with that in patients with 

IHA or EHT, while endothelial function was similar in patients with IHA and patients with 

EHT and it was impaired to a greater extent in relation to levels of PAC or ARR. Leukocyte 

ROCK activity was increased in patients with APA compared with that in patients with IHA 

or EHT, while leukocyte ROCK activity was similar in patients with IHA and patients with 

EHT and it was increased to a greater extent in relation to levels of PAC or ARR. Surgical 

resection of APA improved endothelial function and inhibited leukocyte ROCK activity in 

patients with APA. There were significant correlations between improvement of FMD and 

ROCK activity and decrease in PAC or ARR. APA may have a higher risk of future 

cardiovascular events.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1) What is new?

The present study is the first study showing that increased secretion of aldosterone 

impairs vascular function and increases ROCK activity, that patients with APA had 

impairment of endothelial function and increased ROCK activity compared with those in 

patients with IHA or EHT, and that resection of an aldosterone-secreting tumor restores 

vascular function and ROCK activity in patients with APA.

2) What is Relevant?

APA may have a higher risk of future cardiovascular events.

3) Summary

The results of this study showed for the first time the relationships between PAC or ARR 

and vascular function and ROCK activity in patients with EHT, APA and IHA.
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Figure 1. 
Flow-mediated vasodilation (A) and nitroglycerine-induced vasodilation (B) in patients with 

essential hypertension (EHT), patients with aldosterone-producing adenoma (APA), and 

patients with idiopathic hyperaldosteronism (IHA).
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Figure 2. 
Representative western blot analysis for phospho myosin-binding subunit (p-MBS), total 

myosin-binding subunit (t-MBS), and actin in peripheral blood leukocytes in patients with 

essential hypertension (EHT), patients with aldosterone-producing adenoma (APA), and 

patients with idiopathic hyperaldosteronism (IHA). (A). Rho-associated kinase activity in 

peripheral blood leukocytes in patients with EHT, patients with APA, and patients with IHA 

(B).
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Figure 3. 
Flow-mediated vasodilation (A) and Rho-associated kinases (ROCK) activity (B) before and 

after adrenalectomy in patients with aldosterone-producing adenoma.
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Figure 4. 
Relationships between flow-mediated vasodilation and plasma aldosterone concentration (A) 

and the aldosterone to renin ratio (B) and relationship between Rho-associated kinases 

(ROCK) and plasma aldosterone concentration (C) and the aldosterone to renin ratio (D) 

before and after adrenolectomy in patients with aldosterone-producing adenoma.
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Table 1

Clinical Characteristics of the Subjects

EHT IHA APA

Variables (n=40) (n=23) (n=21)

Male, n (%) 24 (60.0) 12 (52.2) 9 (42.9)

Age, y 53±11 56±10 51±14

Body mass index, kg/m2 25.3±3.6 26.1±4.9 24.4±3.4

Systolic blood pressure, mm Hg 144.0±20.3 141.6±19.5 141.2±16.2

Diastolic blood pressure, mm Hg 85.9±12.3 81.3±12.3 85.8±9.4

Heart rate, bpm 71.4±12.6 71.3±11.4 74.2±11.4

Total cholesterol, mg/dL 206.0±33.0 206.3±35.5 194.9±37.2

Triglycerides, mg/dL 170.4±81.8 154.0±75.9 136.4±68.5

High-density lipoprotein cholesterol, mg/dL 57.9±13.8 58.9±13.6 51.9±11.6

Low-density lipoprotein cholesterol, mg/dL 123.0±32.4 126.5±31.7 123.4±33.9

Serum potassium, mg/dL 4.1±0.4 3.9±0.3 3.4±0.7*†

Glucose, mg/dL 112.4±30.8 106.5±19.4 103.5±20.5

HbA1c, % 5.9±0.7 5.9±0.7 5.8±0.8

Plasma aldosterone concentration, ng/dL 13.7±5.4 15.6±5.8 35.3±28.3*†

Plasma renin activity, ng/mL/hr 2.0±1.8 0.5±0.2† 0.4±0.2†

Aldosterone to renin ratio 10.6±5.9 36.1±8.4‡ 114.9±77.8*†

Medical history, n (%)

 Hypertension 40 (100) 23 (100) 21 (100)

 Dyslipidemia 20 (50.0) 10 (43.5) 11 (52.4)

 Diabetes mellitus 7 (17.5) 6 (26.1) 5 (23.8)

 Current smoker 18 (46.2) 10 (43.5) 7 (33.3)

Medications, n (%)

 Calcium channel blockers 20 (50.0) 16 (70.0) 14 (66.7)

 Renin angiotensin system inhibitors 10 (25.0) 4 (17.4) 3 (14.3)

 Beta blockers 2 (5.0) 2 (8.7) 3 (14.3)

 Alpha blockers 2 (5.0) 2 (8.7) 2 (9.5)

 Statins 7 (17.5) 3 (13.0) 3 (14.3)

Duration of hypertension, y 8.4±7.4 8.2±7.1 8.7±9.3

EHT indicates essential hypertension; IHA, idiopathic hyperaldosteronism; APA, aldosterone-producing adenoma. All results are presented as 
mean±SD.

*
P<0.01 vs. IHA.

†
P<0.01 vs. EHT.

‡
P<0.05 vs. EHT.
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Table 2

Multivariate Analysis of Flow-mediated Vasodilation and Rho-associated Kinases Activity With Clinical 

Variables

Flow-mediated vasodilation

Variables β t value P value

Age, y −0.26 −2.65 0.01

Male 0.01 0.09 0.93

Systolic blood pressure, mm Hg 0.05 0.43 0.68

Plasma aldosterone concentration, ng/dL −0.33 −3.17 0.002

Flow-mediated vasodilation

Variables β t value P value

Age, y −0.32 −3.11 0.003

Male −0.05 −0.51 0.61

Systolic blood pressure, mm Hg 0.05 0.45 0.66

Aldosterone to renin ratio −0.38 −3.71 0.0004

Rho-associated kinases activity

Variables β t value P value

Age, y −0.14 −1.28 0.20

Male −0.08 −0.73 0.47

Serum potassium, mEq/L −0.14 −1.19 0.24

Plasma aldosterone concentration, ng/dL 0.30 2.65 0.01

Rho-associated kinases activity

Variables β t value P value

Age, y −0.10 −0.98 0.33

Male −0.04 −0.35 0.73

Serum potassium, mEq/L −0.04 −0.35 0.73

Aldosterone to renin ratio 0.43 3.76 0.0004
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Table 3

Effect of 12 Weeks of Treatment With Adrenalectomy in Aldosterone-producing Adenoma Group

Variables Before Adrenalectomy
(n=12)

After Adrenalectomy
(n=12)

Body mass index, kg/m2 23.9±3.1 23.5±2.9

Systolic blood pressure, mm Hg 140.8±17.4 127.6±8.1*

Diastolic blood pressure, mm Hg 88.4±8.5 82.6±9.0

Heart rate, bpm 75.7±13.3 75.4±10.6

High-density lipoprotein cholesterol, mg/dL 51.8±9.4 54.7±11.3

Low-density lipoprotein cholesterol, mg/dL 127.1±34.9 110.9±22.6

Glucose, mg/dL 107.8±20.7 117.4±36.3

Plasma aldosterone concentration, ng/dL 32.8±22.8 14.7±10.9*

Plasma renin activity, ng/mL/hr 0.3±0.2 1.4±1.5*

Aldosterone to renin ratio 122.0±79.5 22.7±25.4†

Serum potassium, mEq/L 3.3±0.8 4.2±0.3†

All results are presented as mean±SD.

*
P<0.05 vs. Before.

†
P<0.01 vs. Before.
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