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Plasma Aldosterone in Hypertensive Patients
on Chronic Hemodialysis: Distribution,
Determinants and Impact on Survival

Kentaro KOHAGURAD", Yasushi HIGASHIUESATO", Tetsuya ISHIKI", Shinichiro YOSHI?,

Yusuke OHYADV, Kunitoshi ISEKI?, and Shuichi TAKISHITAD

A high plasma aldosterone concentration (PAC) is known to be associated with poor outcome in patients
with cardiac disease. However, the prognostic value of PAC in chronic hemodialysis (HD) patients is
unknown. In 1996 we examined 128 hypertensive patients treated with antihypertensive drugs, excluding
angiotensin-converting enzyme inhibitors, who were undergoing chronic HD (ages 61.8+13.8 years, 62%
male), and for whom PAC (ng/dl) data were obtained. We followed up these patients until November 2003.
During the follow-up period, 30 patients died. About half of all patients (48%) had PAC values above the nor-
mal range. We assigned the 128 patients to a lower (<22.9) or higher (=22.9) PAC group according to the
median baseline PAC. The survival rate as calculated by the Kaplan-Meier method was 90.6% in the higher
PAC group and 62.5% in the lower PAC group (p=0.003). In multivariate analysis, serum potassium and
plasma renin activity were independent determinants of PAC. Cox proportional hazards analysis, with
adjustment for other variables including diabetes, showed that lower PAC was independently predictive of
death. The adjusted hazard ratio (95% confidence interval) of the lower PAC group was 2.905 (1.187-7.112,
p=0.020). The significance of PAC became marginal by adjustment with albumin or potassium. These
results indicate that higher PAC is common, but not associated with an increase in total and cardiovascular
deaths among hypertensive patients undergoing chronic HD. The association between lower PAC and poor
survival may be driven by volume retention and/or lower potassium. (Hypertens Res 2006; 29: 597-604)
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Introduction

The renin-angiotensin-aldosterone system (RAAS) has been
shown to play an important role in the pathogenesis of cardio-
vascular disease (7). Although angiotensin II is recognized as
the most relevant factor of the system (2), aldosterone also
contributes to cardiovascular injury, which results in a poor
outcome (3—6). Moreover, it has been reported that the angio-
tensin II blockade was not always sufficient to prevent organ
damage in patients with a defect of suppression of plasma

aldosterone level, and adding aldosterone blockade could be
beneficial under this condition (7). However, the clinical rel-
evance of aldosterone in chronic hemodialysis (HD) patients,
a group at high risk of cardiovascular death (CVD) (8),
remains to be determined. Hypertension is a frequent compli-
cation of chronic HD patients. Schlaich et al. (9) reported that
inadequate aldosterone suppression after high salt intake cor-
related with left ventricular alterations, even in patients with
mild hypertension. It has also been suggested that aldosterone
exerts adverse effects on the heart, particularly under condi-
tions of sodium loading (/0-12). Therefore, aldosterone may
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Table 1. Characteristics of Study Subjects According to Baseline Plasma Aldosterone Concentration (PAC)

Variable All subjects (n=128) Lower PAC (n=64) Higher PAC (n=64) p value
Female/male sex 49/79 26/38 23/41 n.s.
Age (years) 61.8%£13.8 65.8£14.0 57.7£12.5 <0.001
HD duration (m) 82.4+61.2 77.1£64.6 87.7£57.6 n.s.
BMI (kg/m?) 22.2+33 21.9£3.1 22.5%3.5 n.s.
Diabetes (n (%)) 29 (22.7) 22 (34.4) 7(12.3) 0.001
SBP (mmHg) 150.5+17.4 150.8+£18.2 150.3£16.7 n.s.
DBP (mmHg) 77.7£10.3 75.5+£10.2 79.8£10.0 0.018
Interdialytic BW gain 2.4+0.9 2+1.0 2.7+0.8 <0.001
%BW reduction 4.1£1.5 3.7+£1.7 4.6+1.3 0.002
Kt/V 1.1+1.5 1.1£0.2 1.2+£0.4 n.s.
CTR 52.4+4.9 52.8+4.8 52+4.9 n.s.
PRA (ng/ml/h) 1.8 (0.2-57.2) 1.1 (0.2-24.1) 3.4(0.2-57.2) 0.006
PAC (ng/dl) 22.9 (1.3-665) 8.3 (1.3-22.6) 63.4 (23.2-665) <0.001
Albumin (g/dl) 39104 3.810.4 4+0.3 <0.001
Tcho (mg/dl) 167.9£36.9 162.6£30.9 167.9+38.4 n.s.
Potassium (mEq/1) 52+0.8 5+0.8 5.4+0.7 0.026
Hemoglobin (g/dl) 9.6%£1.2 9.6%£1.3 9.5%1.1 n.s.
History of MI (n (%)) 5(3.9) 2@3.1) 3(4.7) n.s.
History of stroke (1 (%)) 14 (10.9) 6(9.4) 8(12.5) n.s.
ASO (n (%)) 9(7.0) 5(7.8) 4(6.3) n.s.

HD, hemodialysis; BMI, body mass index (calculated with pre-dialysis body weight); SBP, systolic blood pressure, pre-dialysis; DBP,
diastolic blood pressure, pre-dialysis; BW, body weight; %BW reduction, % body weight reduction per session; CTR, cardiothoracic
ratio; PRA, plasma renin activity; PAC, plasma aldosterone concentration; Tcho, total cholesterol; MI, myocardial infarction; ASO, ath-
erosclerosis obliterans; n.s., not significant; lower PAC, <22.9 ng/dl; higher PAC, >22.9 ng/dl. Data are expressed as meanstSD or n
(%) except for PRA and PAC, which are expressed as medians (range).

play a significant role in the pathogenesis of cardiovascular
disease in chronic HD patients, who generally suffer from
chronic sodium retention. In accordance with this hypothesis,
Sato et al. (13) reported that aldosterone is associated with
left ventricular hypertrophy in nondiabetic (non-DM) patients
undergoing chronic HD. To our knowledge, there are no stud-
ies on the role of aldosterone in the prognosis of chronic HD
patients. To elucidate the prognostic value of aldosterone, we
examined the distribution of the plasma aldosterone concen-
tration (PAC) and its determinants in hypertensive patients
undergoing chronic HD. We then assessed the association
between baseline PAC and survival.

Methods

Subjects

Of 221 chronic HD patients at Okinawa Dai-ichi Hospital,
Okinawa, Japan, we examined the plasma renin activity
(PRA) and PAC of all 154 hypertensive patients treated with
antihypertensive drugs in 1996. After excluding subjects
treated with angiotensin-converting enzyme inhibitors
(angiotensin II receptor blocker was not commercially avail-
able in Japan in 1996), we studied 128 hypertensive patients.

The subjects, 79 men (62%) and 49 women (38%), were ret-
rospectively reviewed for death, renal transplantation, or
transfer to another clinic from March 1, 1996, to November
30, 2003. The patients were undergoing 2 or 3 sessions of HD
a week for 3-5 h per session.

Baseline Data

PRA, PAC, and other baseline laboratory and clinical data
were obtained prior to routine HD at the start of the week with
2 or 3 days’ interdialytic interval. Predialysis blood samples
for measurement of PRA and PAC were obtained after the
patients had rested in the supine position for at least 15 min.
PRA was measured with a commercial radioimmunoassay kit
(Renin-Riabead; Abbott Japan Co., Ltd., Tokyo, Japan). PAC
was measured with a commercial radioimmunoassay kit
(SPAC-S Aldosterone; Dai-ichi Radioisotope Laboratory
Co., Ltd., Tokyo, Japan) with a sensitivity of less than 1 ng/dl.
The SPAC-S Aldosterone kit has an intraassay coefficient of
variation range from 1.8% at high levels to 8.3% at low levels
with corresponding interassay coefficients of variation rang-
ing from 2.4% to 3.2%. Body mass index (BMI) was defined
as the ratio of weight to height squared (kg/m?).
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Fig. 1. Distribution of the baseline plasma aldosterone con-
centration (PAC).

Cause of Death

Cause of death was noted as cardiovascular (acute myocardial
infarction, heart failure, stroke, sudden death) or non-cardiac
(infection, malignancy, withdrawal).

Statistical Analysis

The unpaired z-test and the ) test were used to analyze differ-
ences in discrete variables between the groups. Survival
curves were calculated by the Kaplan-Meier method. Cox
proportional hazards analysis was performed to examine the
significance of baseline PAC as a predictor of outcome after
adjusting for confounding variables using SAS software
(SAS Institute, Cary USA). Determinants of baseline PAC
were examined by multivariate logistic analysis. The Tukey-
Kramer test was used to analyze the differences in subgroup
analysis based on the median value of potassium and PAC in
non-DM patients. Data are expressed as the means (SD or
SEM). p values less than 0.05 were considered statistically
significant.

Results

Study Subjects and Deaths

The characteristics of the study subjects are summarized in
Table 1. During the 7-year-follow-up period, 30 (23.4%)
study patients died, including 9 whose deaths were attributed
to a cardiovascular event. Two patients underwent renal
transplantation, and two others transferred out of our dialysis
unit. Cardiovascular causes of death included cardiac arrest,
cardiac arrhythmia, myocardial infarction, stroke, and sudden
death. Noncardiac causes of death included infection, such as
sepsis or pneumonia, malignancy, withdrawal, and unknown
causes.
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PRA and PAC Distributions

Figure 1 shows the distribution of the PAC baseline. PAC val-
ues ranged between 1.3 and 665 ng/dl (mean, 54.9+103.3 ng/
dl; median, 22.9 ng/dl). About half of the patients (N=061,
47.7%) had PAC above the normal range of 3.6-24 ng/dl at
the supine position, and 43% of the patients were within the
normal range. The PAC distribution was not symmetrical, so
we divided the study subjects into two groups, a higher PAC
(=22.9 ng/dl) and a lower PAC (<22.9 ng/dl) group, accord-
ing to the median baseline PAC, in order to study the relation-
ship between PAC and outcome. In the patients with an
extremely high value of PAC, secondary hypertension was
ruled out by additional examinations.

Baseline Characteristics of Study Subjects

Compared to the higher PAC group, the lower PAC group
showed significantly greater age, greater incidence of diabe-
tes (DM), lower diastolic blood pressure (DBP), lower per-
cent reduction in body weight (BW) per one HD session
(%BW reduction), lower PRA, lower serum albumin level,
and lower serum potassium level (Table 1). We guided the
restriction of sodium intake (less than 5 g/day) for all patients.
This guidance seemed to have a substantial effect, since the
%BW reduction was less than 5%. Although the lower PAC
group showed a lower %BW reduction per session, the car-
diothoracic ratio (CTR) did not differ significantly between
the two groups. There were no significant differences in the
incidence of past history of cardiovascular disease or the level
of serum calcium or serum phosphate between the groups
(data not shown).

Survival Rate and Cause of Death Relative to
Baseline PAC

Survival curves stratified by baseline PAC are shown in Fig.
2. The 7-year-survival rates were 90.6% in the higher PAC
group and 62.5% in the lower PAC group. The survival rate
was significantly lower in the lower PAC group than in the
higher PAC group.

The causes of death are shown in Table 2. All-cause, car-
diovascular, and non-cardiovascular mortalities were signifi-
cantly higher in the lower PAC group than in the higher PAC
group: the latter had only 2 cases of CVD.

Determinants of PAC

The determinants of PAC were evaluated by multivariate
logistic regression analysis (Table 3). Serum potassium and
the logarithm of PRA were significant determinants of PAC.
The presence of diabetes was associated with lower PAC,
although the association did not reach the level of statistical
significance.
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Fig. 2. Survival curves based on the baseline plasma aldosterone concentration (PAC). Higher PAC, >22.9 ng/dl; lower PAC,

<22.9 ng/dl.

Table 2. Cause of Death According to Baseline Plasma Aldosterone Concentration (PAC)

Cause of death . fluz 3) Lo(\;lvir 62?(: Hl(g:ir 61;?C p value
All causes (n (%)) 30 (23.4) 24 (37.5) 6(9.4)

Cardiovascular (n (%)) 9(7.0) 8(12.5) 1(1.6) 0.001
MI or CHF 4(3.1) 34.7) 1(1.6)
Stroke 2 (1.6) 2(3.1) 0(0.0)
Sudden death 3(2.3) 3(4.7) 0(0.0)

Non-cardiovascular (1 (%)) 21 (16.4) 16 (25) 5(7.8) 0.001
Infection 14 (10.9) 12 (18.8) 2(3.1)
Malignancy or withdrawal 4 (3.1 3(4.7) 1(1.6)
Other 3(2.3) 1(1.6) 2(3.1)

MI, myocardial infarction; CHF, congestive heart failure; lower PAC, <22.9 ng/dl; higher PAC, >22.9 ng/dl.

Table 3. Determinants of Higher Baseline Plasma Aldoster-
one Concentration (PAC) by Multivariate Logistic Analysis

Variable Oddsratio  95% CI p value
Male vs. female sex 0.824  0.295-2.306 n.s.
Age (years) 0.971  0.934-1.009 n.s.
HD duration (months) 1.002  0.994-1.009 n.s.
BMI (kg/m?) 1.158  0.995-1.348 n.s.
Diabetes 0.359  0.103-1.249 n.s.
%BW reduction 1.439  0.996-2.080 n.s.
Serum albumin (g/dl) 1.346  0.280-6.464 n.s.
Potassium (mEq/1) 2.163  1.053-4.443 0.036

Logarithm PRA 14.601  4.373-48.740 <0.001

CI, confidence interval. Other abbreviations are explained in the
first footnote in Table 1.

PAC and Survival: Effect of Adjustment for Con-
founding Factors

The results of multivariate Cox proportional hazards analysis

are summarized in Table 4. In the unadjusted model, lower
PAC was significantly associated with high mortality, but
PRA was not. The hazard ratio (95% confidence interval) for
lower PAC was 4.752 (2.068-10.921), which was statistically
significant (»p<<0.001). This was true even after exclusion of
diabetic subjects. Even after adjusting for age, sex, BMI,
duration of HD, inclusion of DM in the all-subject analysis,
DBP, %BW reduction, and CTR (model 1), both lower PAC
and a lower logarithm of PAC significantly increased the risk
of death. The hazard ratios for age, DM, and serum albumin
were 1.043 (1.010-1.077, p=0.011), 1.808 (0.672—4.878,
n.s.), and 0.457 (0.146—1.437, n.s.), respectively. We further
analyzed the prognostic value of PAC, adjusting for the fac-
tors in model 1 plus serum albumin (model 2) and model 2
plus serum potassium. The significance of lower PAC
became marginal by the addition of albumin in non-DM sub-
jects. Adding potassium to model 2 diminished the signifi-
cance of a lower logarithm of PAC. The incidence of B-
blocker users in the lower PAC group was greater than that in
the higher PAC group (20% vs. 12.5%), although the differ-
ence was not statistically significant. Even after adding -
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Table 4. Results of Cox Proportional Hazards Regression Analysis on Risk of Death

All subjects (n=128)

Nondiabetic subjects (=99)

Unadjusted , -
Hazard ratio (CI) p value Hazard ratio (CI) p value
Age 1.061 (1.033-1.090) <0.001 1.044 (1.011-1.078) 0.009
Male vs. female 0.693 (0.352-1.364) n.s. 1.092 (0.427-2.793) ns.
DBP 0.966 (0.935-0.999) 0.043 0.956 (0.923-1.009) n.s.
Diabetes 2.222 (1.099-4.505) 0.026
Albumin 0.178 (0.079-0.403) <0.001 0.110 (0.027-0.456) 0.002
Potassium 0.622 (0.392-0.989) 0.045 0.528 (0.289-0.963) 0.037
Lower PRA (vs. high) 1.916 (0.930-3.948) n.s. 1.916 (0.906-5.566) n.s.
Lower PAC (vs. high) 4.752 (2.068-10.921) <0.001 4.061 (1.498-11.014) 0.006
. Hazard ratio (CI)
Adjusted
Model 1 Model 2 Model 3
All subjects

Lower PAC (vs. high)
log PAC (high to low)
Nondiabetic subjects
Lower PAC (vs. high)
log PAC (high to low)

2.905 (1.187-7.112)*
2.320 (1.048-5.123)*

3.204 (1.068-9.611)*
3.663 (1.340-10.000)*

2.814 (1.133-6.989)*
2.053 (0.905-4.673)

2.601 (1.045-6.472)*
1.786 (0.787-4.065)

2.846 (0.931-8.703)
3.106 (1.138-8.475)*

2.813 (0.926-8.542)
2.695 (0.956-7.634)

log, logarithm. Other abbreviations are explained in the first footnote in Table 1. *»<0.05. Model 1: adjusted with the following factors:
age, sex, BMI, duration of HD, %BW reduction, diabetes (included only for “all subjects”), DBP, CTR. Model 2: model 1 plus albumin.

Model 3: model 2 plus potassium.

blocker into model 1, lower PAC was significantly associated
with death: the hazard ratio was 2.922 (1.189-7.178,
p=0.0189).

Survival Rate in Relation to Baseline PRA/PAC or
Potassium/PAC in Non-DM Subjects

To exclude the possible contribution of DM to poor prognosis
in lower PAC, we evaluated non-DM patients by dividing
them into a lower or higher PAC group according to the
median baseline value of PAC among these patients. We
found that lower PAC was associated with a poorer survival
rate than higher PAC even in non-DM subjects (69.4% vs.
92%, p=0.0027). We further investigated the contribution of
RAAS and potassium to survival in non-DM subjects. Based
on the median baseline values of PRA and PAC in non-DM
subjects, we assigned each of these subjects to one of four
groups: a higher PRA/higher PAC (HH), higher PRA/lower
PAC (HL), lower PRA/higher PAC (LH), and lower PRA/
lower PAC (LL) group. The survival curves based on the
baseline PRA/PAC groups are shown in Fig. 3. One-fourth of
the lower PAC group did not show lower PRA, hence PAC in
this group appeared to be independent of RAAS. The survival
rate in this group was as poor as that in the LL subgroup, in
which PAC appeared to be dependent on RAAS. Thus the
survival rate appeared to depend on PAC but not on RAAS.
Based on the median baseline value of potassium in non-

DM subjects, we also assigned each of these subjects to one
of four groups: a higher potassium/higher PAC (HkH), higher
potassium/lower PAC (HkKL), lower potassium/higher PAC
(LkH), and lower potassium/lower PAC (LkL) group. Among
the lower PAC non-DM subjects, the HKL subgroup was
characterized by higher %BW reduction per HD session com-
pared with the LkL subgroup. Although the HkL subgroup
showed a significantly higher survival rate than the LkL sub-
group, as shown in Fig. 3 (75% vs. 64%), 3 of 6 total deaths
(50%) in the HKL subgroup were CVD. In contrast, only 1 of
9 total deaths (11%) were CVD, and most other deaths were
associated with infection (6 of 8 non-CVD) in the LkL sub-

group.

Follow-Up Determination of PAC

We followed up on the annual determination of PAC for 4
years. The mean values of PAC (mean+SEM) from 1996 to
2000 in each group were as follows: 9.7+0.7 ng/dl (N=64),
12.4£1.9 ng/dl (N=52), 10.6£1.5 ng/dl (N=45),9.7+£1.3 ng/
dl (N=41), and 12.5£3.1 ng/dl (N=34) in the lower PAC
group; and 100.2+16.6 ng/dl (N=64), 74.7+17.8 ng/dl
(N=48), 90.4+23.2 ng/dl (N=47), 79.2+£21.6 ng/dl (N=40)
and 102.2+27.1 ng/dl (N=38) in the higher PAC group.
Although single PAC measurements in HD patients might
vary depending on patient conditions, these data showed that
one measurement reflects the values thereafter.
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Fig. 3. Survival curves based on the following baseline categories: plasma renin activity/plasma aldosterone concentration (left
panel) or baseline potassium/plasma aldosterone concentration (vight panel) in nondiabetic patients. PRA, plasma renin activ-
ity; PAC, plasma aldosterone concentration; K, potassium. PAC and potassium were categorized as follows according to their
median values in nondiabetic patients: Higher PAC, >229.6 ng/dl; lower PAC, <29.6 ng/dl; higher PRA, =2.0 ng/ml/h; lower
PRA, <2.0 ng/ml/h; higher potassium, =5.3 mEq/l; lower potassium, <5.3 mEq/I.

Discussion

This study shows that a high PAC was commonly found in
hypertensive patients undergoing chronic HD, but not associ-
ated with all-cause or cardiovascular mortality. A lower
rather than a higher PAC was an independent predictor of
death in hypertensive patients undergoing chronic HD. This
was true even after the exclusion of diabetic subjects.

Many harmful effects of aldosterone on the cardiovascular
system have been identified under conditions of salt loading
in animal studies (/0, 17). Endemann et al. (14) recently
reported that such effects of aldosterone are minimal under
the condition of low sodium intake. Sato and Saruta sug-
gested that aldosterone-induced organ damage might occur if
the aldosterone level and salt status are imbalanced (/5). In
another study, it was reported that the value of PAC was ele-
vated among subjects with chronic renal failure (16), who are
known to be at high risk for cardiovascular disease (/7).
However, the present study showed that higher PAC was not
associated with increased mortality in patients on chronic
HD, most of whom show chronic volume and sodium reten-
tion. Accumulating evidence suggests that the adverse effect
of aldosterone on the heart is accompanied by abnormal acti-
vation of RAAS (3, 6, 18). In the present study, subgroup
analysis demonstrated that the three-fourths of higher PAC
patients who had higher PRA showed low mortality. Thus, it
is possible that the activation of RAAS plays a physiologic
but not a pathogenic role in chronic HD patients. Although
the precise mechanism of this discrepancy is not clear, it
might be that the tubular action of aldosterone, which causes
exacerbation of hypertension, did not induce a high rate of
sodium retention in the anuric subjects undergoing chronic
HD. An alternative explanation involves differences in potas-

sium status. Previous reports have suggested that hypokale-
mia, which accompanies a high aldosterone concentration,
contributes to the adverse effect of aldosterone on the cardio-
vascular system (79, 20). In the present study, the higher PAC
group showed hyperkalemia rather than hypokalemia (Table
1). The higher PAC in HD patients may reflect a physiologic
reaction to potassium excess by excretion of potassium into
the colon, as previously reported (27). Such a physiologic
increase in the level of aldosterone may not be harmful. For
example, Yanomamo Indians rarely show hypertension
despite extremely high PAC levels due to their minimal
sodium intake (22).

We found that a PAC value higher than the median baseline
value was associated with a better rather than a poorer out-
come in HD patients. Although we cannot eliminate the pos-
sibility that aldosterone itself has a beneficial effect on
survival, this observation may indicate that a PAC value
lower than the median baseline value is associated with high
mortality. This association might have been affected by the
difference in the proportion of diabetic patients between the
groups. However, a significant association was similarly
found even in the 99 nondiabetic subjects. In that nondiabetic
group, the significance of lower PAC on survival was mar-
ginal when an adjustment was made for serum albumin
(model 2 in Table 4). In addition, the significance of both
lower PAC and a lower logarithm of PAC on survival became
marginal by adding potassium to model 2. Therefore, various
conditions associated with lower levels of albumin and
hypokalemia may have had an affect on poor survival in the
lower PAC group.

Serum albumin was significantly lower in the lower PAC
group than in the higher PAC group. A lower level of albumin
may reflect malnutrition and/or dilution as a result of volume
expansion. However, it is not clear that the lower level of



albumin was due to malnutrition, since covariates indicating
nutritional status, such as BMI and total cholesterol, were
similar between the groups. Rather, the lower level of albu-
min in the lower PAC group may have been a reflection of
volume expansion. This is because the CTR in the lower PAC
group was relatively greater, although the interdialytic BW
gain in this group was significantly smaller, than in higher
PAC group (Table 1), indicating that the mean volume status
in the lower PAC group during a week was higher than that in
the higher PAC group.

In the subgroup analysis, the cause of death was quite dif-
ferent between the LkL and HKL subgroups. Most of the
deaths in the LkL subgroup, which was characterized by
lower levels of serum potassium, were due to infection. The
lower levels of serum potassium in the LkL subgroup may
have been due to a decrease in food intake, since the interdia-
lytic BW gain in the LkL subgroup was significantly smaller
than that in the HKL subgroup (data not shown). It is unknown
whether the association of lower potassium and death due to
infection was causative or the result of residual confounding
factors in those with worse general condition. However,
potassium may have had a pathogenic role. A lower level of
potassium may cause abnormal immunity, since activation of
the voltage-dependent potassium channel, which is inacti-
vated by hypokalemia, has been shown to have pivotal role in
the immune response of T lymphocytes (23).

There were several limitations in this study. We cannot
fully rule out the role of aldosterone excess in the pathogene-
sis of cardiovascular disease, since information is lacking
about the morbidity of cardiovascular events. In addition, cir-
culating aldosterone may not accurately reflect the production
of aldosterone. Some studies have shown that aldosterone
produced extraadrenally (24, 25) may be involved in the
pathogenesis of cardiovascular damage (26). Therefore, we
cannot exclude the possibility that locally produced aldoste-
rone causes cardiovascular disease and thereby affects out-
come. Finally, the value of PAC at pre HD could be changed
either after HD or under a condition with salt loading (9, 13).
It has been reported that inadequate suppression of PAC after
salt loading rather than the absolute value of PAC was associ-
ated with left ventricular hypertrophy in hypertensive sub-
jects (9). Kigoshi et al. reported that the impaired response of
aldosterone to adrenocorticotropic hormone, but not the abso-
lute value of aldosterone, predicted the progression to end-
stage renal failure among diabetic patients (27). Since we did
not examine the value of PAC under these conditions, we
could not determine the pathogenic role of aldosterone in
chronic HD patients.

In conclusion, we found that a PAC value higher than the
median baseline value was not associated with the increase in
total and cardiovascular deaths, even under the condition of
chronic volume excess, and that lower rather than higher PAC
relative to the median baseline value was a significant predic-
tor of death in hypertensive patients undergoing chronic HD.
The poor survival in patients with an aldosterone level lower
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than the median baseline value may be related to volume
retention and lower potassium. Patients undergoing chronic
HD often show chronic volume excess and/or potassium
retention. Therefore, the role of aldosterone in such patients
may be different from that in non-HD patients. Further pro-
spective studies will be needed to elucidate the physiologic
and pathogenic roles of aldosterone in HD patients.

Acknowledgements

The authors thank the medical staff of Okinawa Dai-ichi Hospital
for retrieving data files from the period from 1996 to 2003. We
are also grateful to C. Iseki for help with the data processing and
statistical analysis. Finally, the following doctors gave invaluable
advice, support, and encouragement: S. Miyagi, A. Ishida, S.
Chinen, J. Miyazato, N. Tomiyama, K. Tokashiki.

References

1. Lonn EM, Yusuf S, Jha P, et al: Emerging role of angio-
tensin-converting enzyme inhibitors in cardiac and vascular
protection. Circulation 1994; 90: 2056—2069.

2. Givertz MM: Manipulation of the renin-angiotensin system.
Circulation 2001; 104: E14-E18.

3. Weber KT, Brilla CG: Pathological hypertrophy and car-
diac interstitium. Fibrosis and renin-angiotensin-aldoste-
rone system. Circulation 1991; 83: 1849-1865.

4. Pitt B, Reichek N, Willenbrock R, et al: Effects of
eplerenone, enalapril, and eplerenone/enalapril in patients
with essential hypertension and left ventricular hypertro-
phy: the 4E-left ventricular hypertrophy study. Circulation
2003; 108: 1831-1838.

5. Swedberg K, Eneroth P, Kjekshus J, Wilhelmsen L, CON-
SENSUS Trial Study Group: Hormones regulating cardio-
vascular function in patients with severe congestive heart
failure and their relation to mortality. Circulation 1990; 82:
1730-1736.

6. Rouleau JL, Packer M, Moye L: Prognostic value of neuro-
humoral activation in patients with an acute myocardial
infarction: effect of captopril. J Am Coll Cardiol 1994, 24:
583-591.

7. Sato A, Hayashi K, Narse M, Saruta T: Effectiveness aldo-
sterone blockade in patients with diabetic nephropathy.
Hypertension 2003; 41: 64—68.

8. Tozawa M, Iseki K, Iseki C, Takishita S: Pulse pressure and
risk of total mortality and cardiovascular events in patients
on chronic hemodialysis. Kidney Int 2002; 61: 717-726.

9. Schlaich MP, Schobel HP, Hilgers K, Schmieder RE:
Impact of aldosterone on left ventricular structure and func-
tion in young normotensive and mildly hypertensive sub-
jects. Am J Cardiol 2000; 85: 1199—-1206.

10. Rocha R, Chander PN, Khanna K, Zuckerman A, Stier CT
Jr: Mineralocorticoid blockade reduces vascular injury in
stroke-prone hypertensive rats. Hypertension 1998; 31:
451-458.

11. Park JB, Schiffrin EL: Cardiac and vascular fibrosis and
hypertrophy in aldosterone-infused rats: role of endothelin-
1. Am J Hypertens 2002; 15: 164—169.

12. Lacolley P, Labat C, Pujol A, Delcayre C, Benetos A, Safar



604

13.

14.

15.

16.

17.

18.

19.

Hypertens Res Vol. 29, No. 8 (20006)

M: Increased carotid wall elastic modulus and fibronectin in
aldosterone-salt—treated rats: effects of eplerenone. Circula-
tion 2002; 106: 2848-2853.

Sato A, Funder JW, Saruta T: Involvement of aldosterone in
left ventricular hypertrophy of patients with end-stage renal
failure treated with hemodialysis. Am J Hypertens 1999; 12:
867-873.

Endemann DH, Touyz RM, Iglarz M, Savoia C, Schiffrin
EL: Eplerenone prevents salt-induced vascular remodeling
and cardiac fibrosis in stroke-prone spontaneously hyper-
tensive rats. Hypertension 2004; 43: 1252—1257.

Sato A, Saruta T: Aldosterone-induced organ damage:
plasma aldosterone level and inappropriate salt status.
Hypertens Res 2004; 27: 303-310.

Hene RJ, Boer P, Koomans HA, Mees EJ: Plasma aldoste-
rone concentrations in chronic renal disease. Kidney Int
1982; 21: 98-101.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY:
Chronic kidney disease and the risks of death, cardiovascu-
lar events, and hospitalization. N Engl J Med 2004; 351:
1296-1305.

Weber KT, Janicki JS, Pick R, Capasso J, Anversa P: Myo-
cardial fibrosis and pathologic hypertrophy in the rat with
renovascular hypertension. Am J Cardiol 1990; 65: 1G-7G.
Campbell SE, Janicki JS, Matsubara BB, Weber KT: Myo-
cardial fibrosis in the rat with mineralocorticoid excess.
Prevention of scarring by amiloride. Am J Hypertens 1993;
6: 487-495.

20.

21.

22.

23.

24.

25.

26.

27.

Franse LV, Pahor M, Di Bari M, Somes GW, Cushman
WC, Applegate WB: Hypokalemia associated with diuretic
use and cardiovascular events in the Systolic Hypertension
in the Elderly Program. Hypertension 2000; 35: 1025-1030.
Wilson DR, Ing TS, Metcalfe-Gibson A, Wrong OM: The
chemical composition of faeces in uraemia, as revealed by
in-vivo faecal dialysis. Clin Sci 1968; 35: 197-209.

Oliver WJ, Cohen EL, Neel JV: Blood pressure, sodium
intake, and sodium related hormones in the Yanomamo
Indians, a “no-salt” culture. Circulation 1975; 52: 146-151.
Fernandez RG, Leehan JA, Pastrana RF, Muniz RO: Effect
of malnutrition on K* current in T lymphocytes. Clin Diagn
Lab Immunol 2005; 12: 808-813.

Hatakeyama H, Miyamori I, Fujita T, Takeda Y, Takeda R,
Yamamoto H: Vascular aldosterone. Biosynthesis and a
link to angiotensin II-induced hypertrophy of vascular
smooth muscle cells. J Biol Chem 1994; 269: 24316-24320.
Silvestre JS, Robert V, Heymes C, et al: Myocardial pro-
duction of aldosterone and corticosterone in the rat. Physio-
logical regulation. J Biol Chem 1998; 273: 4883—-4891.
Takeda Y, Yoneda T, Demura M, Miyamori I, Mabuchi H:
Cardiac aldosterone production in genetically hypertensive
rats. Hypertension 2000; 36: 495-500.

Kigoshi T, Uehara K, Furuya K, et al: Relationship between
impaired aldosterone response to adrenocorticotropic hor-
mone and prevalence of hemodialysis in type 2 diabetic
patients without azotemia. Hypertens Res 2005; 28: 21-26.



	Plasma Aldosterone in Hypertensive Patients on Chronic Hemodialysis: Distribution, Determinants and Impact on Survival
	Introduction
	Methods
	Subjects
	Baseline Data
	Cause of Death
	Statistical Analysis

	Results
	Study Subjects and Deaths
	PRA and PAC Distributions
	Baseline Characteristics of Study Subjects
	Survival Rate and Cause of Death Relative to Baseline PAC
	Determinants of PAC
	PAC and Survival: Effect of Adjustment for Confounding Factors
	Survival Rate in Relation to Baseline PRA/PAC or Potassium/PAC in Non-DM Subjects
	Follow-Up Determination of PAC

	Discussion
	Acknowledgements
	References




