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Abstract
Objective  To study the development of microalbuminuria (MAU) in essential hypertension (EHT), we investigated 
the association of MAU with central blood pressure (CBP), direct renin concentration (DRC), plasma aldosterone (PA), 
and uric acid (UA).

Method  We determined 24 h-urinary albumin excretion (24 h-UAE) in patients with EHT who were hospitalized at 
TEDA International Cardiovascular Hospital from June 2020 to May 2022. We defined MAU as 24 h-UAE in the range 
of 30 mg/24 h to 300 mg/24 h. Univariate and multivariate analyses were conducted to determine the associations 
of MAU with CBP, DRC, PA, and UA in EHT, considering demographic and clinical information. We also plotted receiver 
operating characteristic curves (ROCs) for predicting MAU using these results.

Results  More than a quarter of patients (26.5%, 107/404, 95% CI: 22.2–31.1%) were diagnosed with MAU in EHT. A 
higher body mass index (BMI), longer duration of hypertension, and higher severity were associated with MAU. Also, 
nearly 10% more creatinine levels were recorded in the MAU group than in the control group (69.5 ± 18.7 µmol/L 
vs. 64.8 ± 12.5 µmol/L, P = 0.004). The increase was also observed for PA (15.5, 9.7–20.6 ng/dL vs. 12.3, 9.0–17.3 ng/
dL, P = 0.024) and UA (419.8 ± 105.6 µmol/L vs. 375.1 ± 89.5 µmol/L, P < 0.001) in the MAU group compared to that 
in the control group. Several variables were associated with MAU, including central diastolic blood pressure (CDBP) 
(OR = 1.017, 95% CI: 1.002–1.032, P = 0.027), PA (OR = 1.043, 95% CI: 1.009–1.078, P = 0.012) and UA (OR = 1.005, 95% CI: 
1.002–1.008, P < 0.001). For MAU prediction, the area under the curve (AUC) was 0.709 (95% CI: 0.662–0.753; P < 0.001) 
when CDBP, PA, and UA were used in combination, and the optimal probability of the cut-off value was 0.337.

Conclusion  We found that CDBP, PA, and UA, used for MAU prediction, might be associated with its development 
during EHT.
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 Introduction
Hypertension is a global public health concern with a 
high prevalence and a low rate of diagnosis and control 
[1]. Complications caused by chronic hypertension are 
major health risks for the population. It can cause prob-
lems such as hypertensive renal injury, which is hidden 
and can lead to renal failure in the late stages. Hence, 
early detection and intervention of hypertensive renal 
injury are important [2].

Several studies have shown that CBP is a good indica-
tor of pressure without resistance of vessels compared to 
peripheral blood pressure(BP) [3], which can act as a reli-
able predictor of target organ damage, including central 
systolic blood pressure (CSBP), CDBP, and central pulse 
pressure (CPP). CPP is strongly associated with adverse 
cardiovascular events [4], contrast-induced nephropathy 
[5], and diabetic kidney damage [6]. CSBP and CDBP are 
associated with alterations in the carotid artery intima-
media thickness, MAU, and left ventricular hypertrophy 
[7]. However, which indicator is more closely associated 
with MAU in EHT is not known.

The prevalence of hyperuricemia is increasing every 
year [8]. In the clinical phase of the disease, urate deposi-
tion can cause UA nephropathy, and a decrease in renal 
function leads to a decrease in the rate of UA excretion. 
Although many studies have been conducted, the rela-
tionship between UA and renal injury in the subclini-
cal phase remains debatable. Some studies have found a 
positive correlation between increased UA and increased 
MAU, while others have found a negative relationship [9, 
10].

More severe renal damage occurs in primary aldoste-
ronism, and some studies have shown that the aldoste-
rone/renin ratio (ARR) can also predict renal damage in 
EHT [11]. This finding is also suggested by the stronger 
renoprotective effect of renin-angiotensin-aldosterone 
system (RAAS) inhibitors than that exhibited by other 
classes of antihypertensive drugs.

Considering that CBP, DRC, PA, and UA are associated 
with renal injury, elucidating the relationship between 
these factors and MAU in EHT might provide new infor-
mation. MAU occurs before the decrease in the estimated 
glomerular filtration rate (eGFR) [12]. In this study, we 
investigated the relationship between CBP, DRC, PA, UA 
and 24 h-MAU in hospitalized hypertensive patients.

Methods
Study population
Hypertensive patients hospitalized at the Hypertension 
Center of TEDA International Cardiovascular Hospital 
from June 2020 to May 2022 were included in this study. 
Concerning the inclusion criteria, the patients needed 
to meet the diagnostic criteria of hypertension and an 
ad libitum sodium diet. Additionally, patients previously 

under antihypertensive medication (beta-blockers, 
angiotensin-converting enzyme inhibitors, angioten-
sin II receptor blockers, and diuretics) needed to be 
switched to diltiazem terazosin for at least four weeks. 
The exclusion criteria were as follows: (1) Patients with 
definite secondary hypertension factors; (2) Patients 
with severe cardio-cerebrovascular complications (acute 
heart failure, acute myocardial infarction, acute cerebral 
infarction, acute cerebral hemorrhage, etc.); (3) Missing 
data on CBP, 24 h-UAE, DRC, and PA; (4) Patients with 
24 h-UAE ≥ 300 mg/24 h; (5) Patients with previous kid-
ney diseases (renal surgery, congenital renal structural 
malformations, glomerulonephritis, nephrotic syndrome, 
polycystic kidney disease, etc.); (6) Patients using glu-
cocorticoids, spironolactone, or contraceptives were 
excluded since they might affect the DRC and PA; (7) 
Patients with acute infection within two weeks.

This study was conducted in accordance with the ethi-
cal standards of the declaration of Helsinki. The study 
was approved by the Ethics Committee of TEDA Inter-
national Cardiovascular Hospital Research Project. The 
need for informed consent was waived by the Ethics 
Committee of TEDA International Cardiovascular Hos-
pital Research Project as this was a retrospective study.

General information and collection of laboratory data
The baseline characteristics and medication histories of 
the patients were collected by hypertension specialists. 
The laboratory data on white blood cells (WBCs), red 
blood cells (RBCs), hemoglobin (HGB), fasting glucose, 
sodium and 24 h-urinary sodium, total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein cholesterol 
(HDL), low-density lipoprotein cholesterol (LDL), cre-
atinine, UA, DRC, PA, and 24 h-UAE were collected. The 
above blood tests and urine-related tests were conducted 
by the laboratory examination department of TEDA 
International Cardiovascular Hospital.

DRC, PA measurement and ARR calculation
Blood collection conditions: (1) collection time: 08:00 
a.m., after maintaining a non-reclining position (can be 
sitting, standing, or walking) for 2 h; the individual was 
maintained in a sitting position for 10  min, and then 
the blood sample was collected. (2) Blood was collected 
carefully to avoid hemolysis. (3) The blood sample to be 
measured for DRC was kept at room temperature dur-
ing delivery. The PA and DRC were measured via a fully 
automated chemiluminescence immunoassay [13]. ARR 
is the ratio of PA to DRC.

CBP and BP measurement
The SphygmoCor-XCEL (Version 1.2.0.7; AtCor Medical, 
Australia) was used for measuring CBP. It is the interna-
tionally recognized gold standard for the non-invasive 
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evaluation of CBP. The patient was prepared for the 
examination depending on the requirements. The patient 
was asked to lay flat on the examination bed with the 
right upper limb externally rotated and abducted at 45° to 
the torso. A suitable cuff was placed in the center of the 
brachial artery of the exposed upper arm. The arm was 
positioned in a way that the cuff was at the same level 
as the heart. CSBP, CDBP, and CPP were then obtained 
using the software. We measured systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and pulse pressure 
(PP) in the right brachial artery with calibrated electronic 
sphygmomanometer following a standardized protocol 
and hypertension guidelines.

Calculation of eGFR and BMI
The modified and simplified MDRD equation was used 
to calculate eGFR [14]. The modified MDRD equation 
can be represented as follows: eGFR = 175× Scr− 1.234× 
Age− 0.179[×0.79 (female)]. BMI was calculated as body 
weight in kilograms divided by the square of body height 
in meters.

Definition
Smoking was defined as smoking at least 1 cigarette/d for 
at least six months. Alcohol consumption was defined 
as alcohol consumption of at least 1 drink/week for at 
least six months. Hypertension was defined as the self-
reported history of hypertension and/or administra-
tion of antihypertensive medication and/or elevated 
BP on the day of investigation; the mean value of three 
measurements of SBP ≥ 140 and/or the mean value of 
DBP ≥ 90  mm Hg (1  mm Hg = 0.133  kPa). MAU was 
defined as 30 mg/24 h ≤ 24 h-UAE < 300 mg/24 h.

All patients were divided into two groups according to 
24  h-UAE, the control group (24  h-UAE < 30  mg/24  h), 
and the MAU group (in the range of 30  mg/24  h to 
300 mg/24 h).

Statistical analysis
Continuous variables with normal distribution were 
expressed as the mean ± SD and the median with P25–
P75 was used to express the data that were not normally 
distributed. Student’s t-tests or non-parametric tests 
were conducted to compare data between groups. Paired 
t-test was used to compare the differences in CBP and 
BP. Categorical data were represented by numbers (%), 
and the χ2-test was used for comparing categorical data 
between groups.

After the logarithmic calculation of 24  h-UAE was 
performed, the correlation of CBP, DRC, PA, and UA 
with 24 h-UAE and MAU was evaluated. In multivariate 
logistic regression, gender, age, and variables that were 
significant in the univariate analysis (BMI, duration of 
hypertension, grade 3 hypertension, WBC, creatinine, 

DRC, PA, UA, CSBP and CDBP) were included for 
adjusting. The variable screening method was backward: 
conditional, the probability of a variable entering the 
equation was 0.05, excluding 0.10, and the other param-
eters were system default. The ROC curves were used to 
determine the value of CDBP, PA, and UA in predicting 
MAU in EHT, and the differences between the AUC of 
each predictor were evaluated for distinguishing between 
the MAU and control group. All statistical analyses were 
performed using IBM SPSS25.0 and MedCalc19.0.

Results
Among 404 EHT patients (38.1 ± 7.8 years old and 78% 
male), more than a quarter of patients (26.5%, 107/404, 
95% CI: 22.2–31.1%) were diagnosed with MAU. Dis-
ease histories showed that the EHT were with low 
prevalence of diabetes, coronary heart disease and 
cerebrovascular disease (all < 3%). The level of UA was 
386.8 ± 95.3 µmol/L and kidney function (eGFR) was 
131.4 ± 28.7 mL·min–1·1.73 m–2. According to eGFR (< 90 
mL·min–1·1.73  m–2), 4.4% of patients could be consid-
ered to have reduced kidney function. The CSBP was 
around 10 mmHg lower than SBP (136.9 ± 17.8 mmHg 
vs. 146.8 ± 17.1 mmHg, P < 0.001), and CPP was approxi-
mately 14 mmHg lower than PP (40.6 ± 8.7 mmHg vs. 
54.8 ± 12.3 mmHg, P < 0.001). However, CDBP was higher 
than DBP (96.3 ± 13.5 mmHg vs. 92.1 ± 13.1 mmHg, 
P < 0.001).

The MAU group had a higher BMI (28.2 ± 4.2  kg/m2 
vs. 26.6 ± 3.6 kg/m2, P < 0.001), longer duration of hyper-
tension (P = 0.019), and a higher proportion of grade 3 
hypertension (78.5% vs. 51.5%, P < 0.001) than the con-
trol group. Nearly 10% more creatinine was recorded 
in the MAU group than that in the control group 
(69.5 ± 18.7 µmol/L vs. 64.8 ± 12.5 µmol/L, P = 0.004). 
The MAU group also had higher values of PA (15.5, 9.7–
20.6 ng/dL vs. 12.3,9.0–17.3 ng/dL, P = 0.024) and UA 
(419.8 ± 105.6 µmol/L vs. 375.1 ± 89.5 µmol/L, P < 0.001) 
than the control group. Also, WBC (6.7 ± 1.8 × 109/L vs. 
6.2 ± 1.6 × 109/L, P = 0.025), CSBP (144.5 ± 20.3 mmHg 
vs. 134.6 ± 16.2 mmHg, P < 0.001), CDBP (102.6 ± 15.8 
mmHg vs. 94.1 ± 12.1 mmHg, P < 0.001), and 24  h-UAE 
(53, 35–82  mg/24  h vs. 12,8.4–17  mg/24  h, P = 0.024) 
were significantly higher in the MAU group than that in 
the control group (Table 1).

We assessed the temporal link between the incidence of 
MAU and hypertension. The incidence of MAU increased 
as the duration of hypertension increased(χ2

trend = 8.761, 
P = 0.003)(Fig.  1). The prevalence of MAU in hyperten-
sion was 22.5% (68/302, 95% CI: 17.9–21.6%) for 0–4 
years, 37.5% (21/56, 95% CI: 24.9–51.4%) for 5–9 years, 
and 39.1% (18/46, 95% CI: 25.1–54.6%) for more than 10 
years. Compared to MAU in patients with hypertension 
for 0–4 years, the prevalence of MAU was significantly 
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higher in patients with hypertension for 5–9 years 
(χ2 = 5.678, P = 0.017) and more than 10 years (χ2 = 922, 
P = 0.015). The incidence of MAU in patients with hyper-
tension for 5–9 years was not significantly different 
from that in patients with hypertension over 10 years 
(χ2 = 0.028, P = 0.866).

The correlation between CBP, DRC, PA, UA and Log 
24 h-UAE
A linear regression analysis was performed to estimate 
the correlation between CBP, DRC, PA, UA, and Log 

24  h-UAE. The results indicated that CSBP (β = 0.008, 
P < 0.001), CDBP (β = 0.010, P = 0.011), CPP (β = 0.009, 
P < 0.001), DRC (β = 0.002, P < 0.001), PA (β = 0.010, 
P < 0.001), and UA (β = 0.001, P = 0.001) were significantly 
related to Log 24 h-UAE (Table S1).

The relationship between CBP, DRC, PA, UA and MAU
A logistic regression analysis was performed to determine 
the relationship between CBP, DRC, PA, UA, and MAU. 
The results of the univariate logistic analysis showed 
that CSBP (OR = 1.031, 95% CI: 1.018–1.045, P < 0.001), 

Table 1  Baseline characteristics of patients with and without MAU
Variables MAU group

(n = 107)
Control group
(n = 297)

P 
value

Age, years 38.1 ± 7.6 38.1 ± 7.8 0.994

Male, n (%) 88(82.2) 227(76.4) 0.214

BMI, kg/m2 28.2 ± 4.2 26.6 ± 3.6 < 0.001

Smoking, n (%) 37(34.5) 110(37.0) 0.651

Alcohol intake, n (%) 17(15.9) 38(12.8) 0.424

Duration of hypertension, months 24(4,81) 12(2,48) 0.019

Grade 3 hypertension, n (%) 84(78.5) 153(51.5) < 0.001

Diabetes mellitus, n (%) 1(0.9) 7(2.3) 0.366

Cerebrovascular disease, n (%) 1(0.9) 4(1.3) 0.741

CHD, n (%) 1(0.9) 2(0.7) 0.788

WBC,109/L 6.7 ± 1.8 6.2 ± 1.6 0.025

RBC,109/L 4.9 ± 0.2 4.9 ± 0.4 0.321

HGB, g/L 150.3 ± 15.8 148.7 ± 15.3 0.489

Sodium, mmol/L 141.1 ± 1.9 140.9 ± 1.8 0.181

24 h-urinary sodium, mmol/L 153.3 ± 65.3 147.6 ± 58.8 0.406

Fasting glucose, mmol/L 5.0 ± 0.8 4.9 ± 1.1 0.348

TC, mmol/L 4.7 ± 0.9 4.6 ± 0.8 0.122

TG, mmol/L 2.1 ± 1.5 1.9 ± 1.3 0.135

LDL-C, mmol/L 3.1 ± 0.8 3.0 ± 0.7 0.214

HDL-C, mmol/L 1.1 ± 0.2 1.1 ± 0.2 0.664

Creatinine, µmol/L 69.5 ± 18.7 64.8 ± 12.5 0.004

DRC, µIU/mL 17.5(9.5,37.7) 20.1(10.9,33.3) 0.905

PA, ng/dL 15.5(9.7,20.6) 12.3(9.0,17.3) 0.024

ARR 0.8(0.4,1.4) 0.6(0.4,1.2) 0.280

UA,µmol/L 419.8 ± 105.6 375.1 ± 89.5 < 0.001

Resting heart rate, bpm 77.0 ± 9.7 78.0 ± 11.8 0.365

SBP, mmHg 148.9 ± 19.6 146.4 ± 16.2 0.203

DBP, mmHg 93.2 ± 14.8 91.8 ± 12.5 0.288

PP, mmHg 55.4 ± 13.5 54.5 ± 11.9 0.520

CSBP, mmHg 144.5 ± 20.3 134.6 ± 16.2 < 0.001

CDBP, mmHg 102.6 ± 15.8 94.1 ± 12.1 < 0.001

CPP, mmHg 41.9 ± 8.1 40.3 ± 8.9 0.083

AP, mmHg 10.5 ± 5.5 9.95 ± 9.1 0.547

AI 24.5 ± 10.6 22.5 ± 12.9 0.186

24 h-UAE, mg/24 h 53(35,82) 12(8.4,17) < 0.001

eGFR, ml·min− 1·1.73 m− 2 127.3 ± 32.6 132.8 ± 27.1 0.092
Abbreviations: MAU, microalbuminuria; BMI, body mass index; CHD, coronary heart disease; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; TC, total 
cholesterol; TG, triglycerides; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; DRC, direct renin concentration; PA, plasma 
aldosterone; ARR, plasma aldosterone/renin ratio; UA, uric acid; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; CSBP, central systolic 
blood pressure; CDBP, central diastolic blood pressure; CPP, central pulse pressure; AP, augmentation pressure; AI, augmentation index; 24h-UAE, 24 h-urinary 
albumin excretion; eGFR, estimated glomerular filtration rate
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CDBP (OR = 1.046, 95% CI: 1.028–1.064, P < 0.001), 
DRC (OR = 1.009, 95% CI: 1.002–1.016, P = 0.015), PA 
(OR = 1.042, 95% CI: 1.013–1.072, P = 0.004), and UA 
(OR = 1.005, 95% CI: 1.002–1.007, P < 0.001) were signifi-
cantly associated with MAU (Table S2).

After adjusting confounding factors (age, gender, 
BMI, duration of hypertension, grade 3 hypertension, 
WBC, creatinine, DRC, PA, UA, CSBP, and CDBP), 
CDBP (OR = 1.029, 95% CI: 1.009–1.049, P = 0.004), PA 
(OR = 1.044, 95% CI: 1.010–1.079, P = 0.010), and UA 
(OR = 1.005, 95% CI: 1.002–1.008, P = 0.001) were still 
significantly associated with MAU. Other related factors 
for MAU were grade 3 hypertension (OR = 2.229, 95% 

CI: 1.267–3.920, P = 0.005) and duration of hypertension 
(OR = 1.004, 95% CI: 1.000–1.009, P = 0.034) (Table 2).

Values of CDBP, PA and UA in predicting MAU
The values of CDBP, PA, and UA for predicting MAU 
were analyzed by the ROC curve (Table 3; Fig. 2). Regard-
ing CDBP, the AUC for predicting MAU was 0.663 (95% 
CI: 0.614–0.709; P < 0.001). The optimal cut-off value was 
101 mmHg with a sensitivity of 49.53% and specificity of 
77.44%. For PA, the AUC was 0.574 (95% CI: 0.524–0.622; 
P = 0.032), and the optimal cut-off value was 14.1 ng/mL 
with a sensitivity of 57.01% and specificity of 60.27%. For 
UA, the AUC was 0.613 (95% CI: 0.563–0.661; P < 0.001), 
and the optimal cut-off value was 421 µmol/L with a 

Table 2  The multivariate logistic regression analysis of MAU
Variates MAU

B SE Wald χ2 P OR 95%CI
Duration of hypertension, months 0.004 0.002 4.484 0.034 1.004 1.000 ~ 1.009

Grade 3 hypertension, n (%) 0.801 0.288 7.739 0.005 2.229 1.267 ~ 3.920

PA, ng/dL 0.043 0.017 6.663 0.010 1.044 1.010 ~ 1.079

UA, µmol/L 0.005 0.001 11.886 0.001 1.005 1.002 ~ 1.008

CDBP,mmHg 0.028 0.010 8.099 0.004 1.029 1.009 ~ 1.049
Adjusting confounding factors including age, gender and BMI, duration of hypertension, grade 3 hypertension, WBC, creatinine, DRC,PA,UA,CSBP and CDBP.

Abbreviations: MAU, microalbuminuria ; PA, plasma aldosterone; UA, uric acid; CDBP, central diastolic blood pressure

Table 3  ROC curves for predicting MAU
Variates MAU

AUC P 95%CI Cut-off value Sensitivity Specificity
CDBP 0.663 < 0.001 0.614 ~ 0.709 101mmHg 49.5% 77.4%

UA 0.613 < 0.001 0.563 ~ 0.661 421µmol/L 48.1% 72.2%

PA 0.574 0.032 0.524 ~ 0.622 14.1 ng/dL 57.0% 60.2%

Combined 0.709 < 0.001 0.662 ~ 0.753 0.337 50.0% 86.4%
Abbreviations: MAU, microalbuminuria; CDBP, central diastolic blood pressure; UA, uric acid; PA, plasma aldosterone

Fig. 1  Temporal link between the incidence of MAU and hypertension
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sensitivity of 48.11% and specificity of 72.20%. When 
CDBP, PA, and UA were combined, the AUC was 0.709 
(95% CI: 0.662–0.753; P < 0.001). The optimal cut-off 
value was 0.337, with a diagnostic sensitivity of 50.00% 
and specificity of 86.44%.

By comparing different ROC curves, we found that 
all three combined predictions were better than CDBP 
(P = 0.048), PA (P < 0.001), and UA (P < 0.001) alone.

Discussion
Three main findings were highlighted in this study. First, 
high CDBP and UA are independent risk factors for 
MAU in EHT. Second, PA, but not DRC and ARR, are 
independently associated with MAU in EHT. Finally, the 
combined test of CDBP, PA, and UA can more reliably 
predict MAU in EHT.

In 2019, the Taiwan Society of Cardiology (TSOC) 
and the Taiwan Society of Hypertension (THS) devel-
oped a consensus for the clinical application of CBP in 
patients with hypertension, and CBP ≥ 130/90 mmHg was 
defined as hypertension [15]. A significant inconsistency 

occurred between BP and CBP in the same individual. 
CSBP and CPP were lower than SBP and PP, whereas 
CDBP was higher than DBP. As the age of the patient 
increased, the values of the two blood pressure param-
eters became more similar. In this study, the mean age of 
the participants was 38 years, and the results for CBP and 
BP were similar to those of other studies. These results 
also suggested that our data were reliable.

Several studies have shown that CBP might be more 
relevant than peripheral BP in predicting target organ 
damage and cardiovascular outcomes [3, 16, 17]. A study 
on a cohort of 675 patients with hypertension found 
that CBP was a better predictor of cardiovascular dis-
ease than peripheral BP at relatively short follow-ups at 
ages > 60 years [18]. The same conclusion was reached in 
studies on children and adolescents [19]. In patients with 
risk factors for kidney injury, an increase in CSBP was 
found to increase the risk of developing MAU [7]. In our 
study, peripheral BP and CBP were correlated with log24 
h-UAE. However, the results of the logistic regression 
analysis of MAU showed that CBP but not peripheral BP 

Fig. 2  The ROC curves for predicting MAU
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was correlated with MAU. It also showed that CBP was a 
stronger predictor of MAU in EHT.

After correcting for risk factors, we found that CDBP 
was independently associated with MAU in EHT. Other 
studies showed similar findings; for example, a cross-sec-
tional study with 1,280 hypertensive patients found that 
CDBP greater than 90 mmHg was associated with MAU, 
changes in carotid artery intima-media thickness, and left 
ventricular hypertrophy [7]. However, some studies have 
also found that it is CPP that is a predictor of target organ 
damage. The data from the Strong Heart study suggested 
that CPP defines the threshold for the risk of cardiovas-
cular risk [20]. A noninvasively-determined CPP above 
50 mmHg is strongly related to cardiovascular events. A 
study with a mean follow-up of 4.8 years (n = 1,426 par-
ticipants) found that CPP was independently associated 
with a rapid decline in renal function [21]. In our study, 
CPP, AP, and AI were not associated with MAU. Further 
analysis showed that the mean age of the participants and 
the percentage of combined diabetes mellitus were sig-
nificantly higher in above studies than in this study. Addi-
tionally, the correlation between CBP parameters and 
different target organ damage (heart, brain, and kidney) 
was found to be different [16]. This might be the reason 
for the different results. Our findings suggested that high 
CDBP might influence MAU in EHT for participants 
with a relatively low mean age and few comorbidities.

The renin-angiotensin-aldosterone system (RAAS) is 
the main regulatory system of hemodynamics in humans, 
and impairments in RAAS strongly affect the develop-
ment and maintenance of arterial hypertension [22]. In 
primary aldosteronism, aldosterone is overproduced and 
renin activity is suppressed [23]. Experimental studies 
on animals and clinical trials have shown that long-term 
exposure to an increase in aldosterone levels might result 
in renal damage independent of blood pressure levels 
[24, 25]. The eGFR and urinary albumin excretion rate 
improve with surgery or medication. DRC and PA might 
be important predictors and therapeutic targets. Studies 
on patients with non-primary hyperaldosteronism have 
shown that aldosterone levels are positively correlated 
with urinary albumin excretion rates [26]. A study pro-
posed the early implementation of aldosterone-targeted 
therapy in all patients with hypertension and suggested 
that the guidelines need to be revised [27]. In this study, 
we found that DRC and PA were associated with log24h-
UAE, and after correcting for confounders, PA remained 
an independent risk factor for MAU, which matched 
most of the current findings. However, which indicator 
correlates more strongly with renal injury remains debat-
able. Mariko et al. found a positive correlation between 
ARR and urinary albumin excretion and a negative cor-
relation with eGFR in diabetic patients who did not 
meet the diagnosis of primary hyperaldosteronism [28]. 

However, they conducted a single-center retrospective 
study and included only 70 cases. Another retrospective 
analysis of 275 adolescent and adult patients suggested 
that in non-primary aldosteronism, ARR predicted meta-
bolic syndrome, obesity, and MAU, and was a better pre-
dictor than renin and aldosterone alone [11]. However, 
more detailed analysis might reveal differences in the 
24-h urine sodium results for different subgroups, which 
might affect the results of the assay. The researchers con-
cluded that prospective studies are needed to determine 
future screening thresholds.

Most studies could not fully elucidate the relation-
ship between UA and MAU. The Uric Acid Right for 
Heart Health (URRAH) Project analyzed clinical data 
of 26,971 individuals and found that UA increased with 
a decrease in renal function [12]. The prevalence of gout 
and the frequency of allopurinol use increased signifi-
cantly with a decrease in eGFR and an increase in albu-
minuria. Hyperuricemia was found to be independently 
related to eGFR [12]. A 4.5-year cohort study found that 
UA is associated with MAU in type 2 diabetes. Thus, 
early intervention to decrease UA might help in preserv-
ing renal function in patients with diabetes [29]. A study 
conducted a meta-analysis and found that UA-lowering 
therapy might improve the eGFR and decrease the uri-
nary albumin/creatinine ratio in patients with chronic 
kidney disease [30]. In our study, UA levels were signifi-
cantly associated with MAU, which matched the findings 
of most other studies. However, a study on 409 Chinese 
adults with a BMI > 24 kg/m2 found no significant asso-
ciations between UA and MAU [31]. The findings of that 
retrospective study might be related to the small sample 
size and the fact that the participants did not have any 
disease. In our study, the causal relationship between 
UA and MAU in EHT was also not clear. The mediating 
effects analysis in another study conducted by us showed 
that high 24  h-UAE was a mediating variable between 
UA and mildly decreased eGFR [32]. However, the rela-
tionship between UA and MAU in EHT needs further 
investigation.

The URRAH study found a threshold of 4.7 mg/dL for 
predicting total mortality, 5.6  mg/dL for predicting car-
diovascular disease mortality, and 5.7 mg/dL for predict-
ing fatal myocardial infarction [33]. We found that the 
cut-off value of uric acid for predicting MAU was signifi-
cantly higher. Further analysis showed that this might be 
related to the higher proportion of male patients (78%) 
in our study. The UA levels are generally higher in men 
than in premenopausal women due to the influence of 
estrogen.

In hypertensive patients, UA as well as CBP alone has 
some predictive value in predicting MAU. There have 
been no studies in which CBP and PA combined with UA 
predicted MAU in EHT. In the present study, we found 
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that the combination of the three significantly increased 
the area under the curve and was higher than alone, con-
tributing to the early identification of MAU.

This study had several limitations. (1) After excluding 
missing data on participants and the data on those who 
were administered drugs to interfere with RAAS, the 
number of selected participants, i.e., the sample size, was 
small. (2) This was a retrospective study, and we could 
not determine the causal relationship between MAU and 
related factors. (3) As this was a single-center study, the 
conclusions might not be applicable to populations from 
other centers or regions.

In conclusion, we found that CDBP, PA, and UA were 
associated with MAU in the process of EHT. Their com-
bined application had a better predictive value for MAU 
in EHT than their single application. Combined testing 
and intervention targeting might help in the diagnosis 
and prevention of MAU in EHT.
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