ROLE OF POTASSIUM EXCRETION AND PERCENT BODY FAT
IN PLASMA ALDOSTERONE LEVELS
Objective: To determine whether plasma
aldosterone (PA) levels differed between African American and White prehypertensives and
if so, could the difference be explained by
ethnicity-related variability in urinary K+ and
Na+ excretion, body mass index (BMI), and
percent body fat.
Design: Ethnic comparison
Setting: The University of Maryland College
Park and the University of Maryland School of
Pharmacy.
Participants: 61 (African American, n528;
White, n533) prehypertensives (systolic blood
pressure [SBP] 131 6 10 mm Hg, diastolic
blood [DBP] 85 6 6 mm Hg).
Intervention: 6-week dietary stabilization and
medication tapering period.
Main Outcome Measures: PA levels, Na+ and
K+ excretion, blood pressure, and percent
body fat and BMI.
Results: We saw no differences in SBP (P5.36)
and DBP (P5.54) between the two ethnic
groups. PA levels were lower in African
Americans compared to Whites (62 6 7 vs
107 6 12 pg/mL, P5.002). 24-hour K+ excretion was lower among African Americans
compared to Whites (51 6 7 vs 70 6
4 mmol/day, P5.002). We saw no difference
in percent body fat, BMI, SBP, or DBP
between African Americans and Whites. After
separately accounting for K+ excretion and Na+
excretion and BMI, plasma aldosterone levels
remained significantly different between the
two ethnic groups. After adjusting for percent
body fat, PA levels were not significantly
different between the two ethnic groups
(P5.06).
Conclusions: The findings of the current study
indicate that PA levels differ between African
American and White prehypertensives and this
difference may partly be due to ethnic
variability in K+ excretion and percent body
fat. (Ethn Dis. 2006;16[suppl 4]:S4-10–S4-14)
Key Words: African Americans, K+ Excretion,
Plasma Aldosterone

From the Department of Kinesiology
( JJ, JJP, DP, JYP, MB), University of Maryland, College Park, Maryland; Department

S4-10

ON

ETHNIC DIFFERENCES

Jennifer Jones, PhD; Jung-Jun Park, PhD; Thomas Dowling, PhD;
Dana Phares, PhD; Joon-Young Park, MS; Michael Brown, PhD

INTRODUCTION
Aldosterone, a mineralocorticoid produced in the adrenal gland, is integrally
related to blood pressure regulation.
Historically, aldosterone’s influence was
believed to be restricted to the kidney,
but evidence now shows aldosterone
synthase gene (CYP11B2) expression
and mineralocorticoid receptors in both
vascular endothelial1,2 and myocardial
cells.3–6 Research suggests that elevated
levels of aldosterone can contribute to the
pathogenesis of hypertension,7 cardiovascular disease (CVD),4,5,8,9 and end-stage
renal disease.5,10
Debate continues regarding whether
African Americans suppress the reninangiotensin-aldosterone system (RAAS)
more than Whites.11–16 Lower urinary
and plasma levels of aldosterone among
normotensive and hypertensive African
Americans have been reported.14,16
Nevertheless, some have suggested that
the difference in aldosterone levels
between African Americans and Whites
may be explained by differences in
potassium (K+) intake, a major stimulus
of aldosterone biosynthesis.14,17 Recently, adiposity has been shown to contribute to the variability in plasma
aldosterone levels.18,19 Despite this
finding, few studies have investigated
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tribute to the variability in aldosterone
levels between African Americans and
Whites.20
We do not know whether the
difference in plasma aldosterone levels
between African Americans and Whites
is due to ethnicity-related differences in
RAAS regulation or variability in other
biological variables known to affect
aldosterone biosynthesis. Clarifying this
issue will improve understanding of the
pathogenesis of hypertension, CVD,
and end-stage renal disease in these
two ethnic groups. Therefore, the
purpose of this study was to determine
whether plasma aldosterone levels differed between African American and
White prehypertensives and if so,
whether the difference could be explained by ethnicity-related variability
in urinary K + and sodium (Na + )
excretion, body mass index (BMI), and
percent body fat.

METHODS
Screening
Participants between the ages of 50–
75 years were recruited from the College Park, Maryland, and the District of
Columbia metropolitan area via newspaper advertisements, radio public service announcements, direct mail, and
health fairs. The institutional review
board of the University of Maryland,
College Park, approved the study.
Participants underwent an initial telephone screening and were excluded
from the study if they had a body mass
index (BMI) .37 kg/m2, liver disease,
pulmonary disease, diabetes, or any
form of CVD other than hypertension.
Women were excluded if they were not
postmenopausal for at least two years.

PLASMA ALDOSTERONE AND AFRICAN AMERICANS - Jones et al
Women were also required to maintain
their hormone replacement status (either on or not on hormone replacement
therapy) for the entirety of the study.
Potential participants on more than two
antihypertensive medications were excluded.
Participants who met the initial
study inclusion criteria provided written
informed consent and were scheduled
for two screening visits. Participants
were excluded if they exhibited a fasting
blood glucose .126 mg/dL or blood
glucose .200 mg/dL two hours after an
oral glucose tolerance test (OGTT).
Participants were excluded if they had
a glomerular filtration rate ,60 mL/
min/1.73 m2, which was estimated by
using the Modification of Diet in Renal
Disease Study equation,21 and serum
creatinine levels .1.5 mg/dL; both
ensured that they did not have evidence
of renal disease. Body mass index (BMI)
was verified, and three casual blood
pressure measurements were taken on
each arm by using a standard sphygmomanometer and JNC 7 guidelines.22
Participants with an average systolic
blood pressure (SBP) ,120 or
.159 mm Hg and/or diastolic blood
pressure (DBP) ,80 or .99 mm Hg
were excluded from the study.

Participants using antihypertensive
medications were tapered off of their
medications during the six-week dietary
period with written approval from their
personal physicians. Participants needed
to maintain their blood pressure between 120–159/80–99 mm Hg during
the medication tapering process to be
included in the study. Participants with
SBP ,120 or .159 mm Hg and/or
DBP ,80 or .99 mm Hg during the
six-week dietary period were excluded
from the study. Testing was conducted
after the 6-week dietary stabilization
period was completed.

Casual Blood
Pressure Measurement
Casual blood pressure was measured
in all participants on three separate days
according to the JNC 7 guidelines.22
Three blood pressure measurements
were taken each testing day. The
primary blood pressure outcome variable used in the data analysis was the
average measurement of the blood
pressures that fell within a 10% range
of the mean of the three blood pressure
measurements. If one of the blood
pressure measurements did not fall
within the mean, the two measurements
that did were averaged and used as the
primary outcome variable.

Dietary Stabilization/
Medication Tapering

24-Hour Urine Collection

Participants attended a six-week dietary class taught by a registered dietitian
two times per week. The participants
followed the American Heart Association (AHA) Step I diet (50%–55% of
calories from carbohydrates, 30%–35%
from fat, 20%–25% from protein,
350 mmol/day of cholesterol, and 3 g/
day of salt)23 for the entirety of the
study. The participants were required to
stay on the AHA diet and within 5% of
their study entry body weight throughout the study. The participants completed periodic seven-day food records
to ensure that they adhered to the diet,
and these records were analyzed by the
dietitian with Nutritionist IV software.

Participants underwent urine collection to measure 24-hour Na+ and K+
excretion. The participants were given
two urine collection bottles in which to
collect their urine over the 24-hour
period, starting the morning (7 AM–
9 AM) that they received the containers
and ending after their first urination the
following morning. They were also given
a cooler filled with ice to keep the urine
cold. Participants returned the urine
containers on the same morning that they
made the final required urine collection.
The urine was processed at the University
of Maryland, College Park, Hypertension
and Exercise Physiology Laboratory and
sent to Quest Diagnostic Laboratories
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(CLIA License 21D0218877 ) for
analysis of Na+ and K+ excretion.

Body Composition
Total-body dual energy x-ray absorptiometry (model DPX-L, Lunar
Corporation, Madison, Wis) was used
to assess body composition. Participants
were instructed to fast for 12 hours
before the start of the test.

Measurement of Aldosterone
Blood samples for the measurement
of plasma aldosterone were collected
before the start of the OGTT. Participants were instructed to undergo a 12hour fast before blood sample collection
and to exclude all ibuprofen, aspirin,
and antihistamines 48 hours before the
OGTT.24 The blood samples were
collected after the participant was
supine for 15–20 minutes.25 Blood
samples were collected in EDTA tubes
and centrifuged at 3000 rpm for
20 minutes at 4uC, and the plasma
was aliquoted into 1.5 ml microtubes
and stored at 220uC.26 Radioimmunoassay was used to measure plasma
aldosterone levels (125I Coat-A-Count
Aldosterone kit, Diagnostic Products
Corp. Los Angeles, Calif.) All samples
from each participant were run in
duplicate in the same assay. Four
separate assays were completed to measure plasma aldosterone levels in all of
the samples. The intra-assay coefficient
of variation was 25%, and the interassay coefficient was 20%. The sensitivity of the assay was 8.8 pg/mL.

STATISTICAL ANALYSES
Statistical analyses were performed
by using SPSS (version 11.0). Independent sample t tests were performed to
compare subject characteristics and
main outcome variables between African Americans and Whites. Analysis of
covariance was performed to determine
if plasma aldosterone levels were different between these ethnic groups after
S4-11
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Table 1. Subject characteristics
Variable
Age (years)
Weight (kg)
BMI (kg/m2)
Body fat (%)
Serum creatinine (mg/dL)
GFR (mL/min/1.73 m2)
SBP (mm Hg)
DBP (mm Hg)

African American
57
82
29
40
1.1
77
129
86

6
6
6
6
6
6
6
6

1 (n528)
2 (n525)
1 (n525)
2 (n520)
.0 (n526)
3 (n526)
2 (n521)
1 (n520)

White
58
86
29
36
1.0
75
132
85

6
6
6
6
6
6
6
6

1 (n533)
3 (n531)
1 (n531)
2 (n532)
.0 (n531)
2 (n531)
2 (n531)
1 (n528)

GFR5glomerular filtration rate; BMI5body mass index; SBP5systolic blood pressure; DBP5diastolic blood
pressure.
Values are unadjusted means 6 SE. * P,.05

adjusting for potential confounding
factors. Pearson correlation analyses
were also conducted within each ethnic
group to determine relationships between plasma aldosterone levels, 24hour K+ and Na+ excretion, BMI, and
percent body fat. All values are reported
as means 6 standard errors. If an
outcome variable was not randomly
distributed or the variances were heterogeneous, these data were appropriately
transformed. A P value ,.05 was
considered statistically significant.

RESULTS
Participant characteristics for both
ethnic groups are shown in Table 1. A
total of 61 (33 Whites and 28 African
Americans) men and women completed
the study. Both the African American
and White participants were prehypertensive and had normal renal function.
The White participants were overweight (based on BMI) and had normal
plasma aldosterone levels (20–230 pg/
mL)27 and their urinary K+ excretion
(22–160 mmol/day)28 and Na+ (52–
380 mmol/day)29 were within the normal range (Figures 1–3). No significant
relationship was seen between plasma
aldosterone levels and percent body fat,
BMI, and K+ and Na+ excretion. The
African American participants were also
overweight and had normal plasma
aldosterone levels, and their urinary K+
and Na+ excretions were normal (Figures 1–3). No significant relationship
S4-12

was seen between plasma aldosterone
levels and percent body fat, BMI, and
K+ and Na+ excretion in the African
American participants.
No difference was seen in percent
body fat, BMI, or systolic or diastolic
blood pressure between African Americans and Whites (Table 1). African
Americans had plasma aldosterone levels
that were 42% lower than Whites
(Figure 1). Compared to Whites, 24hour K+ excretion was also significantly
lower among African Americans (Figure 2); 24-hour Na+ excretion did not
differ between the two ethnic groups
(Figure 3). After separately accounting
for K+ excretion and Na+ excretion and
BMI, plasma aldosterone levels remained significantly different between
the two ethnic groups. However, after
accounting for percent body fat, plasma
aldosterone levels tended to be but were
no longer significantly different
(P5.06) between the two ethnic groups.

DISCUSSION
The purpose of this study was to
determine whether plasma aldosterone
levels differed between African American and White prehypertensives and if
so, whether the difference could be
explained by differences in urinary K+
and Na+ excretion, percent body fat, or
BMI. The most important finding of
the study was that the African Americans had plasma aldosterone levels that
were 42% lower than those of the White
Ethnicity & Disease, Volume 16, Summer 2006

participants. The significant difference
in plasma aldosterone levels between the
two ethnic groups remained after accounting for K+ and Na+ excretion and
BMI, three variables that affect aldosterone biosynthesis.
Studies have reported that lower K+
intake can account for lower urinary
and plasma aldosterone levels in African
Americans compared to Whites.14,17,30
Furthermore, some studies have found
that the difference in plasma aldosterone levels between African Americans
and Whites was eliminated when both
groups were on a homogenous K+
diet.16,17 Recently, Suh et al found K+
disposal to be lower among African
American compared to White normotensives and suggested that this finding
may reflect decreased cellular Na+, K+ATPase activity in African Americans.31
Suh et al also reported that plasma
aldosterone levels were lower in the
African Americans compared to the
Whites, but these differences were
eliminated after an intravenous K+
infusion.31 In the present study, K+
excretion was lower among African
Americans compared to the Whites
and possibly contributed to their lower
aldosterone levels. However, after accounting for K+ excretion, plasma
aldosterone levels remained significantly
different between the two ethnic groups,
indicating that lower K+ excretion
among African Americans may not be
the single most important factor contributing to their lower plasma aldosterone levels.
Evidence has shown that compared
to Whites, African Americans, both
normotensive and hypertensive, excrete
less Na+ when Na+ loaded and are more
likely to be salt sensitive.32,33 Additionally, the lower plasma aldosterone levels
in African American hypertensives may
be attributed to their tendency to retain
Na+.11 Recently Grim et al reported no
difference in Na+ excretion between
normotensive and hypertensive African
Americans and French Canadians.20
Despite this finding, African American
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Fig 1. Plasma aldosterone levels in
White and African American prehypertensives

Fig 2. 24-hour urinary K+ excretion in
White and African American prehypertensives

Fig 3. 24-hour urinary Na+ excretion in
White and African American prehypertensives

hypertensives and normotensives had
lower supine plasma aldosterone levels
compared to the French Canadians.20
Fewer African Americans may exhibit
the volume-dependent form of hypertension as has been suggested in the
past.34 Additionally, when the two
ethnic groups are placed on similar
Na+ diets, volume dependency may
contribute less to differences in aldosterone biosynthesis. In the present
study, Na+ excretion was not significantly different between the two ethnic
groups, and when controlling for the
influence of Na+ excretion, plasma
aldosterone levels remained significantly
different between the two groups.
Comparison studies between obese
and lean individuals have reported
elevated plasma aldosterone levels
among those who are obese.18,19 In the
current study, the mean BMI for both
African Americans and Whites classified
them as overweight, not obese. In both
ethnic groups, no association was found
between plasma aldosterone levels and
BMI. In addition, BMI did not account
for the difference in plasma aldosterone
levels between the two ethnic groups.
In the present study, after accounting for percent body fat, the difference
in plasma aldosterone levels between the
two ethnic groups was no longer
significant, indicating that variability
in percent body fat may have contributed to the plasma aldosterone difference. The increased aldosterone levels
among those with greater fat mass may
be related to increased renin, angioten-

sin converting enzyme, angiotensin II
type 1-receptor gene expression,35 and
fatty acid oxidation.36 However, in the
current study, the African Americans
had a greater percent body fat but lower
plasma aldosterone levels compared to
the Whites. These findings disagree
with the suggestion that greater fat mass
is associated with greater aldosterone
levels. One possible explanation is that
we did not investigate whether the
ethnic groups differed in fat distribution. Studies have found a correlation
between visceral adiposity and plasma
aldosterone levels.18,19 African Americans have been reported to have less
visceral adipose tissue compared to
Whites, which may contribute to their
lower plasma aldosterone levels.37,38
Therefore, the current findings should
not be discounted because of the need
for further investigation into whether fat
distribution differences may have contributed to the ethnic difference in
plasma aldosterone levels.
The lower aldosterone levels among
the African Americans compared to the
Whites does not necessarily suggest that
the RAAS has less influence on disease
pathogenesis compared to Whites.
Grim et al reported that in African
Americans, systolic and diastolic blood
pressure correlated with plasma aldosterone levels, but this correlation was
not found in the White participants.20
Additionally, angiotensin-converting
enzyme inhibitors and angiotensin II
receptor blockers are effective in lower-

ing the blood pressure of hypertensive
African Americans.39,40 These findings
may indicate that even if circulating
levels of angiotensin II and aldosterone
are low, they may still contribute to
certain disease processes.
The comparatively lower aldosterone levels among African Americans
may be due to other factors not
measured in the current study, such as
CYP11B2 expression and levels of other
steroid hormones involved in aldosterone biosynthesis. Further research is
needed to investigate whether CYP11B2
mRNA levels or corticosterone levels,
the precursor to aldosterone, may be
lower among African Americans compared to other groups. Lower deoxycorticosterone levels, the corticosterone
precursor, have been reported among
young African American normotensives
compared to Whites.41
In conclusion, the findings of the
current study indicate that plasma
aldosterone levels differ between African
American and White prehypertensives.
Differences in K+ excretion and percent
body fat may have partly contributed to
the ethnic differences in plasma aldosterone levels, but further research is
necessary to uncover whether ethnic
variability in the molecular mechanisms
leading to aldosterone biosynthesis are
also important.
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