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High plasma aldosterone concentration is a novel
risk factor of cognitive impairment in patients with
hypertension

Shusuke Yagi1, Masashi Akaike1, Ken-ichi Aihara2, Takashi Iwase1, Sumiko Yoshida2, Yuka Sumitomo-Ueda2,
Yasumasa Ikeda3, Kazue Ishikawa1, Toshio Matsumoto2 and Masataka Sata1

Cognitive impairment leading to dementia is associated with high prevalence of hypertension, decreased quality of life and poor

prognosis. Aldosterone is known as a risk factor for cardiovascular and cerebrovascular diseases. In addition, mineral corticoid

receptors are abundantly expressed in the hippocampus, which plays a pivotal role in cognitive function; however, it has not

been determined whether plasma aldosterone level is associated with cognitive impairment in patients with hypertension.

We enrolled 68 patients with essential hypertension and assessed their cardiovascular risk factors, including blood pressure,

hyperlipidemia, diabetes mellitus, obesity, smoking, history of cerebral infarction, renal function, parameters of inflammation,

oxidative stress and nitric oxide bioavailability, a parameter of cerebral blood flow and carotid plaque by ultrasound examination,

plasma renin activity and plasma aldosterone concentration (PAC). The mini-mental state examination (MMSE) was used to

evaluate cognitive function. The relevance of cardiovascular risk factors and MMSE score was statistically evaluated. Multiple

regression analysis showed that age (Po0.01), PAC (Po0.01) and history of cerebral infarction (Po0.05) were inversely and

independently associated with MMSE score. Mineral corticoid receptor antagonists, including spironolactone and eplerenone,

increased MMSE score in seven patients with hypertension, but not in the controls. In conclusion, increased PAC is associated

with impaired cognitive function and mineral corticoid receptor blockade may protect against not only cardiovascular mortality,

but also cognitive impairment in patients with hypertension.
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INTRODUCTION

Cognitive impairment (CI) leading to dementia is associated with
high prevalence of hypertension, decreased quality of life and poor
prognosis.1,2 Therefore, prevention of CI is important for promoting
public health. As aldosterone causes cardiovascular remodeling in a
blood pressure-dependent and -independent manner,3,4 it is well
known that increased plasma aldosterone level is a risk factor for
the development of cardiovascular diseases.5–7 In addition, a number
of previous studies have shown that blockade of mineral corticoid
receptors (MRs) can prevent cerebrovascular events,8,9 and MRs are
abundantly expressed in the brain, especially in the hippocampus,10

which plays a pivotal role in cognitive function. Therefore, there is a
possibility that blockade of MRs leads to improvement of cognitive
function;11 however, it has not been determined whether plasma
aldosterone concentration (PAC) is associated with CI in patients
with hypertension. Recently, we experienced a representative case with

therapy-resistant essential hypertension manifesting high PAC and CI.
Brain magnetic resonance imaging in that patient showed multiple
small spotty high-intensity areas in the hippocampus, indicating
hippocampal microvascular circulation insufficiency (Figure 1). We
therefore hypothesized that increased PAC is associated with severity
of CI and that blockade of MRs ameliorates cognitive function in
patients with hypertension.

METHODS

Subjects
We enrolled 68 patients aged 20–85 years (mean age, 63.3±14.6 years) with

essential hypertension from outpatients and hospitalized patients of the

Department of Cardiovascular Medicine in Tokushima University Hospital.

Patient profiles are shown in Table 1. All subjects underwent a standardized

interview and physical examination. Hypertensive patients were defined as

those with systolic blood pressure 4140 mm Hg and/or diastolic blood
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pressure 490 mm Hg and individuals on antihypertensive medications. Blood

pressure was measured twice in the sitting position and averaged. Mean

blood pressure was calculated by 1/3 (systolic blood pressure�diastolic blood

pressure)+diastolic blood pressure. Patients with a diagnosis of white-coat

hypertension were not categorized as hypertensive. Hyperlipidemic patients

were defined as those with low-density lipoprotein cholesterol (LDL-chol)

4140 mg per 100 ml and/or triglyceride levels 4150 mg per 100 ml and

individuals on lipid-lowering medications. Diabetics were patients who

received insulin and/or oral hypoglycemic agents or individuals with glycosy-

lated hemoglobin A1c 46.5%. Current smokers were defined as subjects who

had smoked within 1 year. Body mass index was calculated as an index of

obesity. The exclusion criteria were secondary hypertension, including primary

aldosteronism, pheochromocytoma and Cushing’s syndrome, symptomatic

heart failure, administration of MR blockers, apparent renal disease (serum

creatinine 42.0 mg per 100 ml, urinary albumin excretion 4500 mg g�1

creatinine). Prior informed consent was obtained from all subjects before

enrollment in this study in accordance with protocols approved by the

Tokushima University Hospital Ethics Committee.

Mini-mental state examination
After enrollment, cognitive function was evaluated by mini-mental state

examination (MMSE), which is widely used as a screening tool for the

assessment of cognitive function.12

Ultrasound measurements of carotid artery
Ultrasound examinations of carotid artery were performed after 15-min rest in

the supine position using a Hitachi EUB-8500 ultrasound instrument with a

12-MHz B-mode transducer (Hitachi Medical Corp., Tokyo, Japan). The

thickest part of the plaque was recorded as the maximum plaque thickness,

and blood flow volume in the common carotid artery, a parameter of cerebral

blood flow, was assessed as described previously.13,14

MR blocker treatment
Seven of the patients (mean age, 68.7±13.8 years; male/female, 4/3; mean PAC,

199.7±47.2 pg ml�1) were treated with MR blockers (spironolactone in two

patients, mean dose, 37.5±17.7 mg; eplerenone in five patients, mean dose,

50.0±0.0 mg) in addition to the ongoing treatment for hypertension. MMSE

was performed before and 6 months after the administration of MR blockers.

Seven age-, sex- and MMSE score-matched patients with essential hypertension

were the controls (mean age, 68.0±8.5 years; male/female, 4/3; mean PAC,

166.7±47.6 pg ml�1).

Biochemical analyses
Before noon, overnight fasting blood and urinary samples were collected for the

assessment of cardiovascular risk factors. LDL-chol, triglyceride and high-

density lipoprotein (HDL-chol) were assayed by enzymatic methods. Hemo-

globin A1c was assayed by high-performance liquid chromatography. Estimated

Figure 1 T2-weighted brain magnetic resonance imaging in a patient with high plasma aldosterone concentration. (a) White matter lesion. (b) Multiple spotty

high-intensity area in the hippocampus (arrow).

Table 1 Clinical characteristics of subjects

Variables Total (n¼68)

Age (years) 63.3±14.6

Male, n (%) 27 (39.7)

MMSE score 26.6±3.9

Hyperlipidemia, n (%) 33 (48.5)

Diabetes mellitus, n (%) 23 (33.8)

Atrial fibrillation, n (%) 5 (7.4)

Coronary artery disease, n (%) 17 (25.0)

Cerebral infarction, n (%) 8 (11.8)

Current smoking, n (%) 7 (10.3)

Body mass index (kgm�2) 24.1±3.31

Systolic blood pressure (mm Hg) 140.9±22.7

Diastolic blood pressure (mm Hg) 82.1±14.6

Mean blood pressure (mm Hg) 101.7±16.4

Pulse pressure (mm Hg) 58.7±14.1

Heart rate (b.p.m.) 67.9±7.85

PAC (pgml�1) 138.6±54.3

PRA (ngml�1 h�1) 1.75±2.93

LDL cholesterol (mg per 100 ml) 131.3±30.3

HDL cholesterol (mg per 100 ml) 56.8±14.5

Triglyceride (mg per 100 ml) 151.7±60.7

Hemoglobin A1c (%) 5.9±0.9

eGFR (ml min�1 per 1.73 m2) 64.9±33.9

Urinary albumin excretion (mgg�1 creatinine) 47.4±75.8

B-type natriuretic peptide( pg ml�1) 83.4±91.4

hs-CRP (mg per 100 ml) 135.6±21.5

Urinary excretion of NOx (nmol g�1 creatinine) 27.9±±30.3

Urinary excretion of 8-OHdG (mg g�1) creatinine 6.8±4.3

Maximum plaque thickness (mm) 1.56±0.65

Mean CCA blood flow volume (ml min�1) 342.1±67.1

Abbreviations: CCA, common carotid artery; eGFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density
lipoprotein; MMSE, mini-mental state examination; NOx, nitrate and nitrite; 8-OHdG,
8-hydroxy-2¢-deoxyguanosine; PAC, plasma aldosterone concentration; PRA, plasma renin
activity.
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glomerular filtration rate was calculated using the four-variable MDRD

(modification of diet in renal disease) formula. Spot urine samples were

collected and creatinine and urinary albumin were analyzed; the urinary

albumin excretion to urinary creatinine ratio was calculated and expressed as

mg g�1 creatinine. Urinary excretion levels of nitrate and nitrite (NOx) as a

parameter of the nitric oxide bioavailability were measured by the Griess

method (Griess reagent kit for nitrite determination; Invitrogen, Tokyo, Japan)

and expressed in nmol g�1 creatinine, and urinary excretion of 8-hydroxy-2¢-
deoxyguanosine as a parameter of oxidative stress was also determined by

enzyme-linked immunosorbent assay (new 8-hydroxy-2¢-deoxyguanosine

Check ELISA Kit; Japan Institute for the Control of Aging, Nikken SEIL

Corporation, Shizuoka, Japan) and expressed as mg g�1 creatinine. High-

sensitivity C-reactive protein levels were measured at Bio Medical Laboratories

(Tokyo, Japan) by nephelometry, a latex particle-enhanced immunoassay (N

Latex CRP II). Fasting blood samples for the determination of plasma renin

activity (PRA) and PAC were drawn after at least 15-min rest in the sitting

position before noon. Angiotensin-converting enzyme inhibitors and angio-

tensin receptor blockers, which are capable of affecting PRA and PAC, were

replaced with calcium channel blockers or a-blockers at least 2 weeks before

blood sampling. PRA was measured with a radioimmunoassay (Renin RIA kit,

Yamasa Soysause, Chiba, Japan). PAC was measured with a radioimmunoassay

at a commercially available laboratory (SRL, Tokyo, Japan). The intra- and

inter-assay coefficients of variation were 4.8 and 4.6%, respectively.

Statistical analysis
Continuous variables were averaged; each value is expressed as the mean±s.d.

or as a percentage for categorical parameters. Gender and presence of

hyperlipidemia, diabetes mellitus, current smoking and history of cerebral

infarction were coded as dummy variables. Single regression analysis was used

to assess the correlations between MMSE score (natural log-transformed) and

cardiovascular risk factors. The degree of association among independent

variables, including age, PAC, LDL-chol, hemoglobin A1c and history of

cerebral infarction was assessed by multiple regression analyses (stepwise

regression model). MMSE score and blood pressure-related parameters were

compared before and after treatment with MR blockers by the paired t-test.

All statistical analyses were performed using SPSS software. Statistical signifi-

cance was defined as Po0.05.

RESULTS

Case
A representative case, a 54-year-old female patient with therapy-resistant
essential hypertension manifesting high PAC and CI: PAC of 177 pg ml�1

and MMSE score of 24. T2-weighted brain magnetic resonance imaging
in that patient showed multiple spotty high-intensity areas in the
hippocampus as well as in the cerebral white matter, indicating hippo-
campal microvascular circulation insufficiency (Figure 1). The patient
was treated with a mineral corticoid antagonist (eplerenone, 50 mg) in
addition to a calcium channel blocker (amlodipine, 5 mg) for 6 months,
and MMSE score increased from 24 to 27 along with decrease in blood
pressure from 160/94 to 138/84 mm Hg.

Distribution of MMSE scores
MMSE scores of the subjects enrolled in this study are shown in
Table 1. The mean MMSE score was 26.6±3.9 and it ranged from 14
to 30. Nine patients (13.2%) were defined as having CI owing to low
MMSE score below 24 (Figure 2a).

Correlation between PAC and MMSE score
Single regression analysis showed that age, PAC, LDL-chol, hemoglo-
bin A1c and history of cerebral infarction were inversely associated
with MMSE score (Table 2 and Figure 2b). There were no relation-
ships of CI with gender, systolic, diastolic and mean blood pressure,
pulse pressure, PRA, HDL-chol, triglyceride, body mass index, esti-
mated glomerular filtration rate, urinary albumin excretion, maximum

plaque thickness, blood flow volume in the common carotid artery,
high-sensitivity C-reactive protein, urinary excretion of NOx, urinary
excretion of 8-hydroxy-2¢-deoxyguanosine, hyperlipidemia, diabetes
mellitus and current smoking.
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Figure 2 (a) Distribution of mini-mental state examination (MMSE) scores.

White bar: MMSE o24 indicating cognitive impairment; black bar: MMSE

^24. (b) Association between MMSE score and plasma aldosterone

concentration.

Table 2 Simple linear regression analysis for determinants of MMSE

score

Variables Coefficient P-value

Age �0.50 o0.01

Male �0.14 0.26

Systolic blood pressure �0.02 0.84

Diastolic blood pressure �0.02 0.85

Mean blood pressure �0.03 0.80

Pulse pressure �0.04 0.76

PAC �0.51 o0.01

PRA 0.22 0.09

LDL cholesterol �0.25 o0.05

HDL cholesterol 0.11 0.38

Triglyceride 0.07 0.56

Hemoglobin A1c �0.39 o0.01

Body mass index 0.01 0.94

eGFR o0.01 0.99

Urinary albumin excretion �0.08 0.52

Maximum plaque thickness �0.01 0.92

Mean CCA blood flow volume 0.23 0.07

hs-CRP �0.02 0.89

Urinary excretion of NOx 0.16 0.19

Urinary excretion of 8-OHdG �0.12 0.34

Cerebral infarction �0.32 o0.01

Hyperlipidemia 0.03 0.82

Diabetes mellitus 0.09 0.45

Current smoking �0.17 0.17

Abbreviations: CCA, common carotid artery; eGFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density
lipoprotein; MMSE, mini-mental state examination; NOx, nitrate and nitrite; 8-OHdG,
8-hydroxy-2¢-deoxyguanosine; PAC, plasma aldosterone concentration; PRA, plasma renin
activity.
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Multiple regression analysis was performed to elucidate indepen-
dent determinants of MMSE score, and it was shown that age
(Po0.01), PAC (Po0.01) and history of cerebral infarction
(Po0.05) were independent negative contributors to MMSE score;
however, LDL-chol and hemoglobin A1c were statistically excluded
(Table 3).

Increase in MMSE score by MR blockers
In addition to decrease in blood pressure (systolic blood pressure:
150.6±19.2 before and 136.9±8.1 mm Hg after, Po0.05; diastolic
blood pressure: 90.6±13.2 before and 75.7±10.9 mm Hg after, NS;
mean blood pressure: 110.6±14.8 before and 96.1±9.2 mm Hg after,
NS), MMSE score in patients who received 6-month treatment with
MR blockers showed significant amelioration (MMSE score: 23.7±2.7
before and 25.4±1.9 after, Po0.05; Figure 3). The controls exhibited
no changes in blood pressure and MMSE score during the study
period (systolic blood pressure: 152.5±23.8 before and 142.3±

14.6 mm Hg after, NS; diastolic blood pressure: 88.6±16.9 before
and 87.1±8.9 mm Hg after, NS; mean blood pressure: 109.9±18.8
before and 105.5±10.6 mm Hg after, NS; MMSE score: 23.3±5.4
before and 23.8±4.7 after, NS; Figure 3).

DISCUSSION

We showed that high PAC is a novel potent and independent risk
factor for impaired cognitive function in addition to the conventional
risk factors, including age and history of cerebral infarction.

CI and its end point dementia are characterized by progressive
memory loss, disorientation in time and space, loss of autonomy and,

ultimately, depersonalization/alienation. Dementia consists of degen-
erative dementia, including Alzheimer disease and vascular dementia,
due to cerebral deposition of b-amyloid and cerebral vascular circula-
tion insufficiency, respectively.15 The mechanisms of dementia have
been investigated; however, methods for treating dementia have not
been fully established. Therefore, early detection of CI is needed for
early treatment and prevention of dementia.

Hypertension is associated with increased risk for CI leading to
vascular dementia and Alzheimer disease, suggesting that blood
pressure lowering reduces the incidence of dementia.16–21 In addition,
as angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers and potassium sparing diuretics have an advantage in
preventing CI, activation of the renin–angiotensin system or low
potassium concentration has been suggested to be involved in CI
through possible contributors to CI pathogenesis, including oxidative
stress, inflammation, platelet aggregation and vasoconstriction.22–29

Aldosterone, a crucial factor downstream of the renin–angiotensin–
aldosterone system, has also been shown to cause target organ damage
independent of its effects on blood pressure and to be a potent
cerebrovascular risk factor. In this study, we showed that increased
PAC is associated with CI. It has been reported that hippocampal
hypoperfusion evaluated by single photon emission computed tomo-
graphy or hippocampal sclerosis evaluated by magnetic resonance
imaging were associated with CI,30,31 and that blockade of the renin–
angiotensin–aldosterone system increases hippocampal blood flow,32

indicating that aldosterone-induced microvessel circulation insuffi-
ciency in the hippocampus causes CI. As aldosterone can reach brain
tissue through the blood–brain barrier, the level of aldosterone in the
brain is directly proportional to that in the plasma even though
aldosterone is synthesized in the brain.33–35 In addition, MRs have
been identified not only in blood vessels, but also in the brain,
especially in the hippocampus, which serves a critical role in cognitive
function.36–38 These findings may support our speculation that
aldosterone-induced cerebrovascular remodeling and cerebral damage
in the hippocampus are involved in hippocampal dysfunction leading
to CI. Further examinations, including evaluation of ACE activity and
angiotensin II concentration in addition to PRA and PAC, are needed
to isolate the influence of aldosterone on CI from a secondary effect of
activation of the renin–angiotensin–aldosterone system.

In this study, we showed that MR blockers ameliorated cognitive
function in patients with essential hypertension, indicating that MR
blocker therapy in hypertensive patients with increased PAC is an
efficient therapeutic strategy for preventing CI; however, the results of
this preliminary study with a small number of patients did not show a
blood pressure-lowering-independent effect of MR blockers against
CI. Comparisons of MR blockers with other blood pressure-lowering
agents by large clinical cohort studies are needed to clarify the
favorable effects of MR blockade.

In conclusion, high PAC is associated with impaired cognitive
function and MR blockade may have a protect effect against
not only cardiovascular mortality, but also CI in patients with
hypertension.
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Table 3 Multiple regression analysis for determinants of MMSE score

Variables Coefficient

95% Confidence

interval

Standardized

coefficient P-value

Age �0.12 �0.07 to �0.17 �0.43 o0.01

PAC �0.03 �0.02 to �0.04 �0.41 o0.01

Cerebral infarction �2.6 �0.57 to �4.63 �0.22 o0.05

Abbreviations: MMSE, mini-mental state examination; PAC, plasma aldosterone concentration.
R2¼0.52, Po0.01.
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Figure 3 Comparison of mini-mental state examination (MMSE) score with/

without MR (mineral corticoid receptor) blocker treatment. *Po0.05
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