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Abstract: Background: Microalbuminuria (MAU) can be used as a target organ damage marker in essential hy-
pertension. The association between aldosterone and MAU in patients with essential hypertension is still poorly 
understood. This study aimed to evaluate the relationship between serum aldosterone levels and MAU in Chinese 
patients with essential hypertension. Methods: This was a cross-sectional study conducted on 28,515 urban resi-
dents aged ≥18 years in 2007-2009 in Tianjin, China. Participants (n=1547) diagnosed with essential hypertension 
underwent further investigations, which included serum aldosterone and urine albumin/creatinine ratio (UACR). 
MAU was defined as an albumin: creatinine ratio ≥2.5 mg/mmol in men and ≥3.5 mg/mmol in women. Spear-
man’s correlation and multivariate logistic regression were used to evaluate the relations between serum aldoste-
rone and MAU. Results: A total of 1462 patients with essential hypertension were included. Univariate correlation 
analyses showed that serum aldosterone correlated positively with UACR (r=0.135, P<0.001). Multivariate logistic 
regression showed that higher quintiles of serum aldosterone levels [first quintile=reference category; second quin-
tile: odds ratio (OR)=1.303, 95% confidence interval (CI)=0.859-1.977, P=0.213; third quintile: OR=1.461, 95% 
CI=0.971-2.198, P=0.069; fourth quintile: OR=1.462, 95% CI=0.969-2.207, P=0.071; fifth quintile: OR=2.415, 95% 
CI=1.617-3.606, P<0.001] were associated with a higher likelihood of MAU. Conclusions: Serum aldosterone levels 
were associated with MAU in Chinese patients with essential hypertension.
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Introduction

Damage to certain organs occurred in hyper-
tensive patients. The early detection of target 
organ damage (TOD) is an important issue for 
the management of patients with essential 
hypertension [1]. Microalbuminuria (MAU) is a 
predictive marker of the risk of cardiovascular 
events or mortality among patients suffering 
from essential hypertension [2-4]. High urinary 
albumin excretion (UAE) is associated with sev-
eral unfavorable metabolic and non-metabolic 
risk factors [5, 6], and point out the presence of 
subclinical renal and cardiac damage [7, 8]. 
Therefore, MAU is considered a marker of car-
diovascular risk, but the mechanisms leading 
to UAE are still poorly understood.

Aldosterone was long been thought to be a hor-
mone that regulates electrolytes, fluid volume, 

and blood pressure (BP) homeostasis. However, 
a paradigm shift has occurred in the field of 
aldosterone research, with recent studies sug-
gesting that aldosterone is an important media-
tor of TOD [9-12]. Animal studies have shown 
that aldosterone has an independent role in the 
development of hypertensive nephropathy and 
renal fibrosis, and its inhibition reduces protein-
uria [13-17]. On the other hand, only very limit-
ed data are available about the potential role of 
aldosterone on renal dysfunction in humans. 

Therefore, we hypothesized that high serum 
aldosterone levels are associated with greater 
albuminuria in essential hypertension. This 
study was therefore devised to investigate the 
relationship between serum aldosterone and 
MAU in a large group of patients with essential 
hypertension in a Chinese community. 

http://www.ijcep.com
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Materials and methods

Study design

This study was based on a previous large-scale 
epidemiological study of hypertension. This 
previous study was a cross-sectional survey 
with a multistage, stratified clustering sampling 
scheme and was carried out between 2007 
and 2009 in urban areas of Tianjin, China [18]. 
The original study sample of 28,515 partici-
pants was selected using a multistage strati-
fied random sampling design based on the 
China National Census Registry of 2000. The 
first stage clusters were the street districts and 
the second stage clusters were the residential 
blocks. Thirty street districts were randomly 
selected using the SAS SURVEYSELECT proce-
dure. Within each of the selected street dis-
tricts, one residential block was randomly 
selected using the SAS SURVEYSELECT proce-
dure. A simple random sample of 1000 perma-
nent residents aged ≥18 years was taken from 
each selected residential block. 

Data collection of the original survey

Demographic characteristics (age, gender, edu-
cation, ethnicity, occupation, and household 
income) were collected. Data about the history 
of hypertension, use of antihypertensive drugs, 
and life habits (smoking and drinking) were 
obtained using a routine questionnaire. Weight, 
height, and waist circumference (WC) were 
measured; body mass index (BMI) was calcu-
lated as weight (kg)/height (m2). Because of the 
specific diet habit of the area that was investi-
gated, salt intake was measured through inves-
tigating the total amount of salt consuming in a 
family for 1 month to estimate the individual 
salt consumption in 1 day [19]. Diabetes melli-
tus (DM) was defined as a history of physician-
diagnosed report or fasting blood glucose (FBG) 
≥7.0 mmol l-1 in the present study. 

Study population

Only patients with a diagnosis of essential 
hypertension were included in the present 
study. Patients were defined as having hyper-
tension if their average systolic blood pressure 
(BP) was ≥140 mmHg, their average diastolic 
BP was ≥90 mmHg, or they reported current 
use of antihypertensive drugs [20]. Exclusion 
criteria were: 1) history of cardiovascular dis-

ease (clinical or laboratory evidence of heart 
failure, cerebrovascular disease, valvular de- 
fect, secondary hypertension); 2) history of 
renal failure or major non-cardiovascular dis-
ease (infection, trauma, or surgery); or 3) pri-
mary aldosteronism with an aldosterone/renin 
ratio >40. The investigations were carried out 
at the Tianjin Medical University General Hos- 
pital. All patients went through a wash out 
phase of 2 weeks before beginning the study. 

The study was approved by institutional Ethics 
Committee of the Tianjin Medical University. All 
participants provided informed written consent 
to the original survey and to the present study.

Blood pressure measurement

Blood pressure was measured by doctors after 
a ≥5 min rest using a mercury sphygmomanom-
eter, with the arm placed at the level of the 
heart. Three measurements were taken; sys-
tolic BP was defined as the average of three 
systolic BP readings and diastolic BP was 
defined as the average of three diastolic BP 
readings. 

Routine biochemical parameters measure-
ments

Serum creatinine (Cr), triglycerides (TG), total 
cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), high-sensitivity C-reactive protein 
(hsCRP), and fasting blood glucose (FBG) were 
determined using an automatic Biochemical 
Analyzer (HITACHI 7170A, Hitachi, Ltd, Tokyo, 
Japan). Low-density lipoprotein cholesterol lev-
els were calculated using the Friedewald 
formula. 

Renin, angiotensin II, and aldosterone 

Plasma renin and angiotensin II, and serum 
aldosterone were measured from fasting (over-
night) blood samples drawn with participants in 
the supine position for ≥5 min. Most samples 
were obtained between 8:00 and 9:00 AM. 
Rennin, angiotensin II, and aldosterone were 
measured using radioimmunoassays [21] using 
commercially available kits (GC-1200 Gamma 
Radioimmunoassay Counter, USTC. Chuangxin 
Co., Ltd. Zonkia Branch, China). Plasma rennin 
was determined as the angiotensin-I genera-
tion rate [21, 22], and expressed as ng of 
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angiotensin-I formed per milliliter of plasma per 
hour of incubation (ng/ml/h). Plasma renin 
activity values <0.2 ng/ml/h were arbitrarily  
set to 0.2, in line with the PAPY (Primary 
Aldosteronism Prevalence in Hypertensives) 
study [23]. Coefficients of variation (intra- and 
inter-assays) for serum aldosterone levels were 
5.1% and 6.8%, respectively.

Measurement of MAU 

Spot urine samples were collected at the time 
of phlebotomy and kept at -20°C. Urine creati-
nine (by Jaffe’s reaction) and urine albumin con-
centration (by immunoturbidimetry) [24] were 
determined using an automatic biochemistry 
analyzer (Cobas Mira S, Roche Diagnostica, 
Basel, Switzerland). Urinary microalbumin was 
indexed to urinary creatinine (as the UACR) in 
order to account for differences in urine con-
centration. MAU was defined as an albumin-to-
creatinine ratio ≥2.5 mg/mmol in men and 
≥3.5 mg/mmol in women [25]. Intra- and inter-
assay coefficients of variation were less than 
5%.

used for analyses. Two-sided P-values <0.05 
were considered statistically significant.

Results

Selection of the patients

Out of the 28,515 participants, 7852 subjects 
were diagnosed with hypertension. Among 
them, 5025 patients with essential hyperten-
sion were invited for further investigations for 
TOD, but 3478 subjects were unwilling to par-
ticipate. Therefore, 1547 subjects with essen-
tial hypertension underwent further investiga-
tions for serum aldosterone and UAE. Of those, 
four subjects were excluded because of renal 
impairment (serum creatinine >133 μmol/L in 
men and >124 μmol/L in women) [25], five 
because of missing serum aldosterone, four 
because of missing UACR, nine because of 
macroalbuminuria (UACR ≥25 mg/mmol in men 
and ≥35 mg/mmol in women) [26], 12 because 
of an UACR >40, and 51 because of missing 
covariate information. After exclusions, 1462 
participants remained eligible.

Table 1. Baseline characteristics of the study sample (n=1462) 
Age (years) 58.4 ± 10.8 
Female (%) 56.3
Current drinking (%) 28.3
Current smoking (%) 24.3
Waist circumference (cm) 89.9 ± 10.5
Body mass index (kg/m2) 25.7 ± 3.5
Previous antihypertensive treatment (%) 65.1
Hypertension duration (years) 10.8 ± 10.6
Diabetes (%) 19.7
Amount of salt consuming (g per day) 8.5 ± 5.8
Average systolic blood pressure (mmHg) 144 ± 16
Average diastolic blood pressure (mmHg) 89 ± 11
Serum creatinine (μmol/L) 70.1 ± 22.6
Total cholesterol (mmol/L) 5.28 ± 1.03 
Triglycerides (mmol/L) 1.79 ± 1.45
Low-density lipoprotein cholesterol (mmol/L) 3.14 ± 0.87
High-density lipoprotein cholesterol (mmol/L) 1.41 ± 0.38
Fasting blood glucose (mmol/L) 5.9 ± 1.6
High-sensitivity C-reactive protein (mg/L) 3.24 ± 2.98
Urinary albumin indexed to urinary creatininea (mg/mmol) 2.55 (1.97-3.31) 
Microalbuminuria (%) 34.1%
Serum aldosteronea (ng/dl) 12.44 (9.30-15.95) 
Plasma rennin activitya (ng/ml/h) 0.68 (0.29-1.43)
Plasma angiotensin IIa (pg/ml) 51.64 (39.91-69.94)
Data are mean ± standard deviation unless otherwise specified. aMedian (25th, 75th 
percentile).

Statistical analysis

The one-sample Kolmo- 
gorov-Smirnov test was 
used to verify the nor-
mal distribution of da- 
ta. Normally distributed 
data are presented as 
means ± standard de- 
viation. Skewed data  
are expressed as me- 
dian and 25th and 75th 
percentiles. Correlations 
between variables were 
tested by the Spearm- 
an correlation. Stepwise 
multivariate logistic re- 
gression analyses were 
used to examine asso- 
ciations between MAU 
and risk factors. Varia- 
bles were included into 
the model if the univa- 
riate analysis showed 
P-values <0.05. Results 
are expressed in terms 
of odds ratios (ORs) with 
their 95% confidence 
intervals (CI). SPSS 13.0 
for Windows (SPSS Inc., 
Chicago, IL, USA) was 
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Characteristics of the participants

Table 1 presents the baseline characteristics 
of the subjects. Figure 1 displays the UACR  
distribution according to quintiles of serum 
aldosterone. 

Univariate and multivariate analyses

In a univariate correlation analysis (Spearman), 
serum aldosterone correlated positively with 
UACR (r=0.135, P<0.001). To determine the 
independent effects of serum aldosterone on 
the presence of MAU, a stepwise multivariate 
logistic regression analysis were conducted. 
The tested categorical variables included sex, 
current smoking, current drinking, DM, previ-
ous antihypertensive treatment, and quintiles 
of serum aldosterone levels. The tested con-
tinuous variables included age, duration of 
hypertension, amount of salt consumption, WC, 
BMI, systolic BP, diastolic BP, serum Cr, TC, TG, 
LDL-C, HDL-C, high-sensitivity CRP, plasma 
renin, and angiotensin II. 

The final model with only significant variables is 
presented in Table 2. This analysis showed that 
higher quintiles of serum aldosterone levels 
(first quintile = reference category; second qu- 
intile: OR=1.303, 95% CI=0.859-1.977, P= 
0.213; third quintile: OR=1.461, 95% CI =0.971-

related positively with UACR (r=0.135, P< 
0.001), and that this relationship is indepen-
dent of several potentially confounding factors. 
These data strongly suggest a severe deleteri-
ous effect of aldosterone on albuminuria, but 
only in the presence of relatively high aldoste-
rone levels (values in the top quintile, OR=2.415; 
95% CI=1.617-3.606; P<0.001). 

Several studies support that serum aldoste-
rone is associated with the presence of MAU. A 
large cross-sectional analysis of 2700 approxi-
mately normotensive participants associated 
albuminuria with serum aldosterone levels [27]: 
the highest quintile of aldosterone levels was 
associated with an increase in urinary albumin 
excretion of 21% compared with the lowest 
quintile, but this finding was no linger signifi-
cant when excluding subjects with cardiovascu-
lar disease, hypertension, or chronic kidney 
disease. Overall, a positive but nonlinear rela-
tion with serum aldosterone was observed 
between the degree of albuminuria and aldo-
sterone levels. 

In the 4E-LV Hypertrophy Study, combination 
treatment with the angiotensin converting 
enzyme (ACE) inhibitors enalapril and eplere-
none reduced the UACR to a greater degree 
than did either eplerenone or enalapril alone 
[28]. Again, it is not possible to conclude wheth-

Figure 1. Median and interquartile ranges for urine albumin/creatinine ratio 
(UACR) by quintiles of aldosterone. Median (lines) and interquartile ranges 
(boxes) for UACR by quintiles of aldosterone. Cut points for quintiles of aldo-
sterone were 8.71, 11.16, 13.60, and 16.73 ng/dl.

2.198, P=0.069; fourth quin-
tile: OR=1.462, 95% CI= 
0.969-2.207, P=0.071; fifth 
quintile: OR=2.415, 95% CI= 
1.617-3.606, P<0.001) were 
associated with a higher like-
lihood of MAU.

Discussion

MAU elevation indicates ear- 
ly target organ damage in 
patients with essential hyper-
tension [1]. The association 
between aldosterone and 
MAU in patients with essen-
tial hypertension is still poorly 
understood. This study aimed 
to evaluate the relationship 
between serum aldosterone 
levels and MAU in Chinese 
patients with essential hyper-
tension. Our results indicate 
that serum aldosterone cor-
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er this renoprotective effect of a combination 
of ACE inhibition/mineralocorticoid receptor 
antagonist resulted from interruption of the 
renin-angiotensin-aldosterone system or supe-
rior BP reduction. However, in a study of 
patients with mild-to-moderate hypertension, 
50-200 mg of eplerenone per day reduced UAE 
to a significantly greater extent than did 10-40 
mg of enalapril, despite equivalent effects of 
the two drugs on BP [29]. Similarly, in older 
patients with systolic hypertension, eplerenone 
reduced urine albumin to a greater extent than 
did amlodipine at comparable hypotensive 
doses [30].

Aldosterone is known to be involved in sodium 
reabsorption, water retention, and loss of mag-
nesium and potassium [31]. In addition, it is 
involved in a number of mechanisms that lead 
to progressive damage to the heart, blood ves-
sels, and kidneys [32]. Indeed, aldosterone pro-
motes endothelial dysfunction through the mi- 
neralocortocoid receptors, facilitates thrombo-
sis, impairs blood pressure physiological con-
trol, and is involved in vascular and myocardial 
fibrosis [32, 33]. Several pathophysiological 
mechanisms by which aldosterone might 
directly contribute to kidney injury at the cellu-
lar and tissue level have been proposed, includ-
ing mesangial cell proliferation, sclerotic chang-
es, glomerular tuft expansion, podocyte injury, 
interstitial inflammation, arteriolar hyalinosis, 

sive individuals appears to be independent of 
potentially confounding factors.

There are several limitations to the present 
study. This cross-sectional study could not con-
firm serum aldosterone as a risk factor of 
hypertensive TOD; prospective studies are 
needed. Another limitation is the assessment 
of albuminuria and serum aldosterone using 
spot urine specimen, but UACR assessed on a 
spot urine specimen has been shown to be 
roughly equivalent to a 24-h urine collection 
[41]. Nevertheless, the use of the spot urine 
specimen, which allows the evaluation of aldo-
sterone at a single time point, may have attenu-
ated some associations. Moreover, cortisol 
was not assessed in the present study, which  
is a limitation because of the interactions 
between cortisol, mineralcorticoid receptors, 
and aldosterone [42], and because of the acute 
stimulatory effects of ACTH on adrenal aldoste-
rone production [42].

In conclusion, serum aldosterone levels were 
associated with MAU in patients with essential 
hypertension. Despite the need for caution 
when interpreting a cross-sectional study, the 
results suggest that the use of aldosterone 
antagonists may have beneficial effects on 
hypertension. Additional studies are needed to 
confirm these findings, and if confirmed further 
elucidate the mechanisms underlying the asso-
ciation between aldosterone and TOD. 

Table 2. Results of the final multiple logistic regression

 
Partial 

regression 
coefficient

Standard 
error P-value Odds 

ratio

95.0% CI for 
odds ratio

Lower Upper
Age 0.016 0.006 0.012 1.016 1.004 1.029
Male 0.610 0.135 <0.001 1.841 1.413 2.398
Systolic blood pressure 0.011 0.004 0.012 1.011 1.002 1.019
Waist circumference 0.017 0.007 0.012 1.017 1.004 1.030
High-sensitivity CRP 0.042 0.021 0.043 1.043 1.001 1.087
Diabetes 0.578 0.154 <0.001 1.782 1.318 2.408
Quintile of aldosteronea

    First (reference) 1.000
    Second 0.265 0.213 0.213 1.303 0.859 1.977
    Third 0.379 0.208 0.069 1.461 0.971 2.198
    Fourth 0.380 0.210 0.071 1.462 0.969 2.207
    Fifth 0.882 0.205 <0.001 2.415 1.617 3.606
Abbreviations: CI, confidence interval; CRP, C-reactive protein. aCompared between each 
quintile and the referent category; quintile cut points are 8.71, 11.16, 13.60, and 16.73 
ng dl-1 for serum aldosterone.

and fibrosis [34-36]. 
More importantly, sever-
al lines of evidence [37] 
have focused on the 
effects of aldosterone 
on glomerular podocy- 
tes. Aldosterone induc-
es the loss of glomerular 
podocytes, leading to a 
decrease in slit-pore me- 
mbrane integrity and 
proteinuria [37-40]. Un- 
fortunately, due to the 
cross-sectional design 
of the present study, it  
is impossible to draw 
cause-to-effect relation-
ships from our data. 
Nevertheless, the asso-
ciation between serum 
aldosterone and MAU in 
this group of hyperten-
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