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Abstract

The impact of renin on kidney remain unclear among hypertensives with glucose

metabolic disorders (GMD). We aimed to evaluate the association between plasma

renin activity (PRA) and kidney damage in hypertensive patients with GMD. Overall,

2033 inpatients with hypertension and GMD free of chronic kidney disease (CKD)

at baseline were included. CKD was defined using estimated glomerular filtration

rate (eGFR) and urine protein. PRA was treated as continuous variable, and also

dichotomized as high (≥0.65) or low (< 0.65) groups. The association of PRA with

incident CKD was evaluated using multivariable Cox model controlling for antihyper-

tensive medications and baseline aldosterone, and traditional parameters. Subgroup

and interaction analyses were performed to evaluate heterogeneity. During a median

follow-up of 31 months, 291 participants developed CKD. The incidence was higher in

high-renin group than that in low-renin group (54.6 vs 36.6/1000 person-years). Sig-

nificant association was observed between PRA and incident CKD, and the associa-

tion was mainly driven by an increased risk for proteinuria. Each standard deviation

increment in log-transformed PRA was associated with 16.7% increased risk of pro-

teinuria (hazard ratio = 1.167, P = .03); compared with low-renin group, there was

78.4% increased risk for high-renin group (hazard ratio = 1.784, P = .001). Nonlinear

associations were observed between PRA and kidney damage. Higher PRA is associ-

ated with greater risk of incident kidney damage, especially for positive proteinuria, in

patientswith coexistenceof hypertension anddiabetes, independent of aldosterone. In

this patient population with high risk for kidney damage, PRA may serve as an impor-

tant predictor.
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1 INTRODUCTION

Chronic kidney disease (CKD) has been recognized as a major public

health issue due to high prevalence and its strong association with car-

diovascular events and premature death.1 Incidence and prevalence of

CKDhave been increasing largely due to an ongoing epidemic of hyper-

tension and glucose metabolic disorders (GMD).2 Our previous study

showed that prevalence of kidney dysfunction in hypertensive diabetic

patients is higher than in those with either hypertension or diabetes

mellitus (DM) alone,3 suggesting higher risk for CKD in patients with

coexistent hypertension andDM.

Hypertension and GMD often coexist due to common risk factors

and overlapping pathophysiological processes, such as over activation

of renin-angiotensin-aldosterone system (RAAS).4,5 Evidences suggest

that renin is an important mediator for vascular and organ damage.6

By binding to its receptor, renin mediates an increase in angiotensin II

(Ang II) and aldosterone, and induces a series of intracellular signaling

pathways in cardiomyocytes, vascular, and renal cells, resulting in tis-

sue and organ damage.7 In addition, renin has also been demonstrated

as an Ang II-independent profibrotic factor.8

Plasma renin has been associated with cardiovascular mortality in

clinical studies.9–11 However, conflicting evidence remains between

plasma renin activity (PRA) and the development of CKD. John and col-

leagues reported in a cross-sectional study that higher PRA is asso-

ciated with greater rates of CKD in population of primarily hyper-

tensive patients.12 Another case-control study with relatively small

sample of high-risk population suggested a positive but marginal sig-

nificant association between PRA and renal impairment.13 On the con-

trary, longitudinal results from the Ohasama study showed a negative

association that lower PRA is associatedwith the development of CKD

in general Japanese population.14 The most probable explanation for

the variation in results is the different populations under observation.

Previous studies mainly focused on patients with coronary heart dis-

ease or heart failure, and evaluated the association of PRAwith cardiac

events and all-cause mortality.15,16 Few studies have focused specif-

ically on patients with both hypertension and GMD, who have been

proven to have excessive activation of RAAS and higher risk of kidney

damage.17 In addition, resultsmay be biased by insufficient adjustment

for confounding factors, such as aldosterone, which has recently been

shown to be independently associated with incident CKD in hyper-

tensive patients with GMD.18 Therefore, the independently predictive

value of PRA for kidney damage needs further validation.

To this aim, we evaluated whether PRA is independently associated

with incident CKD in hypertensive patientswithGMD, even after elim-

inating the confounding effects of aldosterone.

2 METHOD

2.1 Study population

Participants in this retrospective study were inpatients from Hyper-

tension Center of People’s Hospital of Xinjiang Uygur Autonomous

F IGURE 1 Flow diagram of patient enrollment. GMD, glucose
metabolic disorders; CVD, cardiovascular disease; CKD, chronic
kidney disease

Region between January 2012 and May 2019. As shown in Figure 1,

in the initial screening, 2946 individuals aged 18 years or older, with

hypertension and GMD and who have available PRA data were iden-

tified. Exclusion criteria were diagnosed secondary hypertension (pri-

mary aldosteronism, adrenal tumor, renal hypertension, Cushing syn-

drome, pheochromocytoma, and polycystic ovary syndrome), history

of cardiovascular events within last 3 months (including myocardial

infarction, heart failure, stroke, unstable angina, coronary revascu-

larization, and coronary bypass operation), or malignant tumor. Indi-

viduals with CKD at baseline (n = 410) or missing baseline data

(n = 77) were also excluded. Therefore, a total of 2459 participants

were followed up for the interest of outcomes. The present study

was approved by Ethics Committee at People’s Hospital of Xinjiang

Uygur Autonomous Region. All participants or their legal representa-

tives signedwritten consent forms.

2.2 Data collection and definition of diseases

We collected baseline information on age, sex, body mass index (BMI),

blood pressure (BP), ethnicity, cigarette consumption, alcohol intake,

duration of hypertension, types of GMD, use of antihypertensive and

hypoglycemic medication. Laboratory analysis included fasting plasma

glucose (FPG), glycated hemoglobin (HbA1c), total cholesterol (TC),

triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-

density lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN),

uric acid (UA), serum creatinine (Scr), serum potassium (K+). The initial

seated blood pressure during hospitalization was measured in the

upper arm after patients rested quietly for 10 minutes at least with a

mercury sphygmomanometer using international recommendations.19
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The mean value of two measurements was recorded and used for

analysis.

Hypertension was defined as systolic BP (SBP) ≥140 mmHg

and/or diastolic BP (DBP) ≥90 mmHg, or under antihypertensive

therapy. GMD included pre-DM and DM. Pre-DM was defined as

FPG ranged from 6.1 to < 7.0 mmol/L or 2-hour glucose ranged

from 7.8 to < 11.0 mmol/L; DM was defined if there was a previous

confirmed diagnosis, or FPG was ≥7.0 mmol/L, or 2-hour glucose was

≥11.1mmol/L.

2.3 Measurements of PRA and plasma
aldosterone concentration (PAC)

Blood samples were collected under standardized conditions. That is,

interfering drugs, including angiotensin converting enzyme inhibitor

(ACEI), angiotensin receptor blockers (ARB), dihydropyridine calcium

channel antagonist (CCB), β-blocker, diuretic, and aldosterone antago-
nist, were withdrawn for 4–6weeks or replacedwith slow-release ver-

apamil and/orα1-adrenergic antagonists tominimize interferencewith

measurements, as described in previous studies from the Center.20

Fasting blood samples were collected in sitting posture between 08:00

am and 11:00 am after patients had been ambulant for at least 2 hours

and seated for 15minutes. PRAwasmeasured using a radioimmunoas-

say kit from Northern Biotechnology Institutes, and the intra- and

interassay coefficients of variation were 9.2% and 12.5%, respectively.

PAC was measured by radioimmunoassay using a commercially avail-

able kit (Beckman Coulter), and the intra- and interassay coefficients

of variation were 4.3% and 9.2%, respectively.

2.4 Follow-up and outcome

The outcome for the current study was a new-onset CKD and its com-

ponents (DRF and positive proteinuria) during follow up. Follow-up

datawere obtained using annual health check-ups or hospital readmis-

sion. Examination timeof 3months or longer after baselinewas consid-

ered to be a valid data. If a participant experienced the outcomesmore

than once during follow-up, only the first outcome was used for analy-

sis. For thosewithout CKDevents during follow-up, the data of the last

follow-up was included in the analysis.

CKD was defined as estimated glomerular filtration rate

(eGFR) < 60 mL/min/1.73 m2 and/or the presence of proteinuria.

eGFR was calculated by the simplified modification of diet in renal

disease (MDRD) equation on the basis of data from Chinese adults.21

Decreased renal function (DRF) was defined as eGFR < 60 mL/min/

1.73 m2. Urine protein was determined using urine dipstick results,

and a positive of proteinuria was defined as urine protein≥1+.

2.5 Statistical analysis

Continuous variables were presented as mean ± standard deviation

(SD) or median (interquartile range) according to results of normal-

ity test, and compared between groups using Student t test or Mann–

Whitney U test. Categorical variables are summarized as number and

percentage and compared between groups using Pearson chi-square

test. Cumulative incidence of CKD and its components was estimated

using the Kaplan–Meier method and compared by log-rank test.

Based on univariable Cox analysis and least absolute shrinkage and

selection operator (LASSO) regression, three Cox proportional haz-

ard regression models were constructed to determine the indepen-

dent predictive value of PRA for CKD, DRF, and proteinuria. Model

1 adjusted variables with P < .1 in univariable Cox analysis. Model

2 was a combination of univariable and LASSO regression. Model 3

adjusted for all included factors. Proportional hazards (PH) assump-

tions were tested by adding interaction terms between PRA and time

to the Coxmodel, and the PH assumption was satisfied for the present

study (P > .05 for interaction). There was a significant correlation

between FPG and HbA1c (r = 0.74), so only the latter was selected

for adjustment. PRA was log-transformed (log-PRA) due to skewed

distribution, and was also dichotomized as high-renin (PRA ≥.65) or

low-renin (PRA < 0.65) groups according to Laragh and Alderman

criteria.22–24 Hazard ratios (HR) for outcomes were calculated for

each SD increment in log-PRA and for high-renin group (vs. low-renin

group). It has been reported that subnormal PRA (< 0.65) indicated

sodium-volume excess “V” hypertension, whereas values ≥0.65 indi-

cated renin-angiotensin vasoconstriction excess “R” hypertension,25

suggesting potential differences of pathophysiological mechanism.

Therefore, we first used 0.65 as the cut-off value of PRA. In addition,

to describe the shape of the association between PRA and incident

renal damage, we used restricted cubic splines incorporated into the

Coxmodels. Furthermore, interaction termswere introduced intomul-

tivariablemodel to evaluatewhether the association betweenPRAand

renal outcomes differed according to age (group by mean of 55 years),

sex, GMD status (pre-DM or diagnosed DM), PAC (group by median of

13.6), use of ACEI/ARB, use of calcium channel blockers (CCB), use of

beta-blockers, and use of diuretics. Two-sided P < .05 was considered

statistically significant. Statistical analyseswere performed using SPSS

version 20.0 for Windows (SPSS Inc., Chicago, Illinois, USA) and R ver-

sion 4.0.3.

3 RESULTS

3.1 Baseline characteristics

A total of 2,033 participants with complete baseline and follow-up

data were analyzed. Baseline characteristics and comparison between

high- and low-renin groups were shown in Table 1. Of participants,

mean age was 55 years, 56.5% were men, and 58.1% had diagnosed

DM. Mean BP were 148/88 mmHg; FPG and HbA1c were 6.2 mmol/L

and 6.9%, respectively. Baseline eGFR was 118 mL/min/1.73 m2.

Median PRA (interquartile range) was 1.36 (0.53-2.62). The major-

ity of participants (97%) received antihypertensive medications from

baseline.

During the total follow-up of 5951 person-years with a median

follow-up of 31 (interquartile range: 18–51) months, 291 participants
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TABLE 1 Baseline characteristics of study population

Characteristics

Overall

(No.= 2033)

Low renin

(No.= 627)

PRA< 0.65

High renin

(No.= 1406) PRA

≥0.65 P value

Age (year) 55.5± 11.1 58.0± 10.2 54.4± 11.2 < .001

Sex, men, no. (%) 1149 (56.5) 297 (47.4) 852 (60.6) < .001

Ethnicity, no. (%)

Han 1215 (59.8) 348 (55.5) 867 (61.7)

Uyghur 532 (26.2) 187 (29.8) 345 (24.5) .022

Others 286 (14.0) 92 (14.7) 194 (13.8)

Bodymass index (kg/m2) 28.1± 3.9 27.7± 3.6 28.2± 4.0 .013

SBP (mmHg) 148.5± 21.2 147.7± 21.0 148.8± 21.3 .277

DBP (mmHg) 87.9± 14.8 86.1± 13.7 88.7± 15.2 < .001

Duration of HTN (year) 7.0 (2.0-12.0) 8.0 (3.0-14.0) 6.0 (2.0-12.0) .008

FPG (mmol/L) 6.2± 2.3 6.0± 2.1 6.3± 2.3 .027

HbA1c (%) 6.9± 1.3 6.9± 1.3 6.9± 1.3 .686

Diabetes, no. (%) 1181 (58.1) 256 (56.8) 825 (58.7) .423

Total cholesterol (mmol/L) 4.43± 1.10 4.33± 1.02 4.48± 1.13 .005

Triglyceride (mmol/L) 1.66 (1.23-2.38) 1.55 (1.11-2.17) 1.73 (1.28-2.50) < .001

HDL-C (mmol/L) 0.97± 0.24 0.98± 0.22 0.97± 0.24 .721

LDL-C (mmol/L) 2.62± 0.96 2.62± 0.86 2.63± 0.86 .839

Smoker, no. (%) 592 (29.1) 148 (23.6) 444 (31.6) < .001

Drinker, no. (%) 539 (26.5) 126 (20.1) 413 (29.4) < .001

Blood urea nitrogen (mmol/L) 5.11± 1.40 4.93± 1.35 5.18± 1.42 < .001

Uric acid (μmol/L) 332.1± 85.3 316.0± 84.2 339.5± 84.8 < .001

Serum potassium (mmol/L) 3.68± 0.28 3.63± 0.29 3.70± 0.28 < .001

Serum creatinine (μmol/L) 66.0± 15.7 63.5± 14.8 67.2± 15.9 < .001

Baseline eGFR (ml/min/1.732) 118.2± 30.0 120.1± 30.7 117.3± 29.7 .057

PAC (ng/dL) 13.6 (11.6-19.8) 12.8 (11.1-16.9) 14.4 (11.8-21.0) < .001

PRA (ng/mL/h) 1.36 (0.53-2.62) 0.39 (0.26-0.50) 2.11 (1.26-3.21) < .001

Hypoglycemic therapy, no. (%) 1138 (56.0) 340 (54.2) 798 (56.8) .289

Insulin use, no. (%) 314 (15.4) 105 (16.7) 209 (14.9) .278

Anti-hypertensive agents, no. (%)

ACEI/ARB 1175 (57.8) 276 (44.0) 899 (63.9) < .001

CCB 1677 (82.5) 539 (86.0) 1138 (80.9) .006

Beta-blocker 443 (21.8) 145 (23.1) 298 (21.2) .330

Diuretics 716 (35.2) 293 (46.7) 423 (30.1) < .001

Follow-up time (months) 30.8 (17.9-50.7) 31.8 (17.9-52.4) 30.3 (17.9-49.7) .308

Data are presented as means ± standard deviation or median (interquartile range) or number (percentage). PRA, plasma renin activity; HTN, hyperten-

sion; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, HbA1c, glycated hemoglobin; high-density lipopro-

tein cholesterol; LDL-C, low density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; PAC, plasma aldosterone concentration; ACEI,

angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

experienced incident CKD, with an incidence of 48.9/1000 person-

years. Follow-up time was comparable between those in the high- and

low-renin groups. Incidence of CKD was higher in high-renin group

(54.6/1000 person-years) than that in low-renin group (36.6/1000

person-years).

3.2 Association of PRA with CKD

Kaplan–Meier curve showed that the cumulative incidence of CKD

was significantly higher in high-renin group (Figure 2-A). In univari-

ate Cox regression analysis, age, SBP, duration of hypertension, FPG,
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F IGURE 2 Kaplan–Meier curve of cumulative incidence of renal impairment based on high- and low-PRA. PRA, plasma renin activity; CKD,
chronic kidney disease; DRF, decreased renal function. P value was generated based on log-rank test

HbA1c, DM, BUN, UA, K+, PAC, PRA, hypoglycemia therapy, and anti-

hypertensive medications were all significantly associated with inci-

dent CKD (Table 2). Accordingly, these factors except for FPG (due to

the strong relationwithHbA1c) were first included for adjustment and

resulted in a significant association between PRA and incident CKD

(Table 3-Model 1). Based on LASSO regression analysis, sex, ethnicity,

alcohol intake, TC, HDL-C, and baseline eGFRwere further introduced

intoCox regression, and theassociationofPRAwithCKDremained sig-

nificant (Model 2). After adjusted for all parameters (Model 3), there

was still independent and significant association between PRA and

CKD,with61.9% increased risk forCKD inhigh-renin group, and14.4%

increased risk in each SD increase of log-PRA.

3.3 Association of PRA with proteinuria and DRF

Incidence of proteinuria events was 47.9/1000 person-years in high

renin group and 28.6/1000 person-years in low-renin group. Consis-

tent trend in cumulative incidence of proteinuria was also observed

(Figure 2-B). Univariable analysis for incident proteinuria was shown

in Table S1. In multivariate Cox regression analysis (Table 4), PRA was

independently and significantly associated with incident proteinuria,

after adjusting for factors derived from univariable analysis (Model

1) and LASSO regression (Model 2), and even after for all parame-

ters (Model 3). Each SD increase in log-PRA caused 16.7% (P = .03)

increased risk of proteinuria; compared with low-renin group, there

was 78.4% increased risk for proteinuria in high-renin group. For the

outcome of DRF, cumulative incidence was no significantly different

between groups (Figure 2-C). Univariable (Table S2) and multivariable

(Table 5) showed that there was no significant association between

PRA andDRF.

3.4 Additional analyses

Restricted cubic splines showed a nonlinear association between PRA

and incident CKD (Figure 3-A). There was a positive dose-response

relationship between PRA and incident CKD when PRA is less than

2.5, with a highest HR for the points of PRA ≈2.5. Although a down-

ward trend was observed for CKD risk when PRA exceeds 2.5, the HR

remains greater than1. Similar resultswere found for outcomes of pos-

itive proteinuria (Figure 3-B). Given the nonlinear shape of the associ-

ation between PRA and renal damage, we further analyzed the entire

cohort according to tertiles and quartiles of PRA. Although a decrease

in the HR was observed in the third and fourth groups compared with

the secondgroup, it remained significantly higher compared to the low-

est PRA group (Table S3).

Above results indicated that the association of PRA with CKD was

mainly driven by an increased risk for positive proteinuria. Therefore,

we conducted subgroup and interactional analyses to further eval-

uate whether the association was homogeneous across the cohort.

As shown in Figure 4, the association of PRA with incident protein-

uria remained consistent in subgroup analyses by age, sex, and PAC.

A strong association between PRA and higher risk of proteinuria was

found in those with DM compared with those with pre-DM. The asso-

ciation of PRA and proteinuria was affected by taking ACEI/ARB or

β-blockers. No interaction was found excepted for treatment with β-
blockers (P for interaction= .041).

4 DISCUSSION

These results extend and reinforce previous evidence to hypertensive

diabetic patients that PRA is significantly and independently associ-

ated with incident kidney damage. The association between PRA and

CKD is mainly driven by an increase in the risk for positive proteinuria

but not decreased renal function. The increased risk of incident pro-

teinuria associated with higher PRA is not changed by the adjustment

for all factors including antihypertensive therapies and PAC, indicating

the independently predictive value of PRA.

Renin is the initial and rate-limiting step of the RAAS and many

experimental and clinical studies provide evidence that the RAAS is

capable of stimulating atherosclerosis by triggering basic reactions,

ultimately leading to growth, instability, and rupture of atheroscle-

rotic plaques and facilitation of thrombosis.26,27 It is well established
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TABLE 2 Differences in characteristics between patients with andwithout CKD

Characteristics

Non-CKD

(No.= 1742) CKD (No.= 291) Unadjusted HR 95%CI P value

Age (year) 55.3± 11.0 56.9± 11.1 1.015 1.005-1.026 .005

Sex, men, no. (%) 989 (56.8) 160 (55.0) 0.927 0.736-1.169 .523

Ethnicity, no. (%)

Han 1045 (60.0) 170 (58.4) reference

Uyghur 454 (26.1) 78 (26.8) 1.013 0.775-1.324 .925

Others 243 (13.9) 43 (14.8) 1.232 0.881-1.723 .223

Bodymass index (kg/m2) 28.0± 3.9 28.3± 2.9 1.019 0.990- 1.050 .203

SBP (mmHg) 148.0± 21.2 151.2± 21.0 1.011 1.006-1.016 < .001

DBP (mmHg) 87.7± 14.7 89.0± 15.3 1.005 0.997-1.013 .250

Duration of HTN (year) 6.0 (2.0-12.0) 9.0 (4.0-15.0) 1.025 1.012-1.038 < .001

FPG (mmol/L) 6.1± 2.2 6.6± 2.7 1.087 1.042-1.135 < .001

HbA1c (%) 6.9± 1.3 7.3± 1.5 1.207 1.126-1.293 < .001

Diabetes, no. (%) 981 (56.3) 91 (68.7) 1.881 1.467-2.411 <.001

Total cholesterol (mmol/L) 4.42± 1.10 4.49± 1.10 1.063 0.957-1.181 .253

Triglyceride (mmol/L) 1.63 (1.21-2.34) 1.81 (1.32-2.58) 1.010 0.946-1.077 .774

HDL-C (mmol/L) 0.98± 0.23 0.96± 0.24 0.665 0.395-1.122 .127

LDL-C (mmol/L) 2.62± 0.85 2.66± 0.89 1.048 0.911-1.205 .516

Smoker, no. (%) 515 (29.6) 77 (26.5) 0.877 0.675-1.138 .323

Drinker, no. (%) 473 (27.2) 66 (22.7) 0.820 0.623-1.079 .157

Blood urea nitrogen (mmol/L) 5.07± 1.38 5.29± 1.49 1.083 0.999-1.175 .054

Uric acid (μmol/L) 330.4± 85.0 343.5± 86.5 1.002 1.001-1.003 .001

Serum potassium (mmol/L) 3.68± 0.28 3.63± 0.30 0.552 0.380-0.801 .002

Serum creatinine (μmol/L) 65.6± 15.2 68.9± 18.3 1.004 0.997-1.010 .305

Baseline eGFR (mL/min/1.73m2) 119.0± 29.3 113.2± 33.3 0.998 0.994-1.002 .377

PAC (ng/dL) 13.5 (11.6-19.4) 15.3 (11.7-21.2) 1.031 1.019-1.043 < .001

PRA (ng/mL/h) 1.35 (0.51-2.60) 1.38 (0.71-2.78) 1.330& 1.047-1.689 .019

Hypoglycemic therapy, no. (%) 943 (54.1) 195 (67.0) 1.756 1.375-2.242 < .001

Anti-hypertensive agents, no. (%)

ACEI/ARB 995 (57.1) 180 (61.9) 1.143 0.902-1.448 .367

CCB 1425 (81.8) 252 (86.6) 1.463 1.044-2.049 .027

Beta-blocker 384 (22.0) 59 (20.3) 0.958 0.719-1.274 .766

Diuretics 589 (33.8) 127 (43.6) 1.870 1.481-2.360 < .001

&Hazard ratio for Log-PRA. Data are presented as means± standard deviation or median (interquartile range) or number (percentage). Results were derived

fromunivariateCox regression.CKD, chronic kidneydisease; PRA, plasma renin activity;HTN, hypertension; SBP, systolic bloodpressure;DBP, diastolic blood

pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol;

eGFR, estimatedglomerular filtration rate; PAC, plasmaaldosteroneconcentration;ACEI, angiotensin-converting-enzyme inhibitors;ARB, angiotensin recep-

tor blockers; CCB, calcium channel blockers.

that excessive activation of RAAS induces organ damage mainly via

increased Ang II and aldosterone.7 However, residual risk of cardio-

vascular and kidney diseases remains, although blocking RAAS with

ACEI/ARB has been shown to be reno-protective and widely used

in antihypertensive therapy. The effect of renin (Ang II-independent)

for augmenting profibrotic pathways has been proven,8 which may

be one of the explanations for our results. Experimental studies have

demonstrated that renin inhibitor (aliskiren) attenuated inflammation

and fibrosis in heart and kidney,28 although other mechanism may be

involved, such as suppressed aldosterone action via RAAS. In addi-

tion, insufficient use of ACEI/ARB may also be parts of the reasons

for the results. There are nearly half of the participants not taking

ACEI/ARB; and the association between PRA and kidney damage is sig-

nificantly attenuated inACEI/ARBsubgroup.However, it is noteworthy

that, compared with low-renin group, although not statistically signifi-

cant, there is still 37% residual risk of incident proteinuria remaining in
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TABLE 3 Association of the risk of CKDwith PRA

Model Covariates inmodel

Each SD increment in log-PRA High PRA (vs low PRA)

HR 95%CI P value HR 95%CI P value

1 Age, SBP, Duration of HTN, HbA1c,

GMD type, BUN, UA, K+ , log-PAC,

Hypoglycemic therapy,

Anti-hypertensive agents

1.122 1.000-1.259 .050 1.562 1.175-2.078 .002

2 Model 1+ Sex, Ethnic, Drinking, TC,

HDL-C, baseline eGFR

1.135 1.010-1.275 .033 1.604 1.203-2.138 .001

3 Model 2+ smoking, DBP, TG, LDL-C

(Full-adjusted)

1.144 1.017-1.286 .025 1.619 1.213-2.160 .001

Results were derived from Cox proportional-hazards model. Model 1 included variables with P< .1 in univariate Cox analysis. Model 2 was a combination of

univariate and LASSO regression. Model 3 adjusted for all factors. CKD, chronic kidney disease; PRA, plasma renin activity; HTN, hypertension; SBP, systolic

blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein choles-

terol; LDL-C, lowdensity lipoprotein cholesterol; BUN,bloodureanitrogen;UA, uric acid; eGFR, estimatedglomerular filtration rate; PAC, plasmaaldosterone

concentration; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

TABLE 4 Association of the risk of proteinuria with PRA

Model Covariates inmodel

Each SD increment in log-PRA High PRA (vs low PRA)

HR 95%CI P value HR 95%CI P value

1 SBP, Duration of HTN, HbA1c, GMD

type, BUN, UA, K+ , log-PAC,

Hypoglycemic therapy,

Anti-hypertensive agents

1.159 1.009-1.332 .037 1.741 1.230-2.464 .002

2 Model 1+Age, Sex, Drinking, TC,

HDL-C, Baseline eGFR,

1.169 1.018-1.343 .027 1.793 1.263-2.545 .001

3 Model 2+ Ethnicity, Smoking, DBP,

TG, LDL-C (Full-adjusted)

1.167 1.015-1.341 .030 1.784 1.256-2.535 .001

Results were derived from Cox proportional-hazards model. Model 1 included variables with P< .1 in univariate Cox analysis. Model 2 was a combination of

univariate and LASSO regression.Model 3 adjusted for all factors. SD, standard deviation; PRA, plasma renin activity; HTN, hypertension; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;

LDL-C, low density lipoprotein cholesterol; BUN, blood urea nitrogen; UA, uric acid; eGFR, estimated glomerular filtration rate; PAC, plasma aldosterone

concentration; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

TABLE 5 Association of the risk of decreased renal function with PRA

Model Covariates inmodel

Each SD increment in log-PRA High PRA (vs low PRA)

HR 95%CI P value HR 95%CI P value

1 Age, Ethnicity, SBP, Duration of HTN,

HbA1c, GMD type, HDL-C,

smoking, BUN, UA, baseline eGFR,

log-PAC, Hypoglycemic therapy,

Anti-hypertensive agents

1.041 0.853-1.269 .693 1.154 0.719-1.853 .553

2 Model 1+ Sex, Drinking, K+ 1.061 0.867-1.297 .566 1.198 0.739-1.943 .464

3 Model 2+DBP, TC, TG, LDL-C

(Full-adjusted)

1.046 0.850-1.287 .670 1.150 0.704-1.879 .576

Results were derived from Cox proportional-hazards model. Model 1 included variables with P< .1 in univariate Cox analysis. Model 2 was a combination of

univariate and LASSO regression.Model 3 adjusted for all factors. SD, standard deviation; PRA, plasma renin activity; HTN, hypertension; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;

LDL-C, low density lipoprotein cholesterol; BUN, blood urea nitrogen; UA, uric acid; eGFR, estimated glomerular filtration rate; PAC, plasma aldosterone

concentration; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.
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F IGURE 3 Restricted cubic splines for the shape of the association of PRAwith CKD (A) and proteinuria (B). PRA, plasma renin activity; CKD,
chronic kidney disease

F IGURE 4 Stratification analysis on association between PRA and proteinuria. Results were derived frommultivariate Cox regression and
presented as hazard ratio for high PRA (comparedwith low PRA). MultivariateModel adjusted for Age, Sex, Drinking, SBP, Duration of HTN,
HbA1c, GMD type, TC, HDL-C, Baseline eGFR, BUN, UA, K+, Hypoglycemic therapy, Antihypertensive agents, and log-PAC. PRA, plasma renin
activity; GMD, glucosemetabolism disorders; PAC, plasma aldosterone concentration
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high-renin group in patients who are already prescribed for ACEI/ARB.

Similarly, results from LURIC study also showed a positive association

between PRA and cardiovascular mortality in individuals under ACEI

treatment.10

Several studies reported an association between PRA and kidney

diseases in population of cardiovascular diseases with inconsistent

results.12–14,24 Our study suggests PRA as an independent predictor

for future incident kidney damage, mainly for positive proteinuria, in

hypertensive diabetic patients, who have higher risk for development

of kidney disease. The results are compatible with interventional stud-

ies that aliskiren showed renoprotection by decreasing proteinuria or

albuminuria, whereas had no effects for serum creatinine or eGFR.29,30

Similarly, a recent study conducted in patients with essential hyper-

tension using 0.65 as cut-off value revealed that higher PRA (≥0.65),

combined with high aldosterone-to-renin ratio (ARR), was associated

with asymptomatic organ damage, such as higher carotid-femoral

pulse wave velocity, central aortic pulse pressure, and lower estimated

glomerular filtration rate.24 Results from the SPYRAL HTN-OFF MED

Pivotal trial also showed a different therapeutic response between

high (PRA ≥0.65) and low (PRA < 0.65) groups, with a significant

greater decrease in 24-hour and office systolic blood pressure after

renal denervation for high PRA group.22 In addition, a recent random-

ized controlled trial demonstrated that aliskiren restores endothelial

function and induces a more prompt peripheral vasodilation in

hypertensive and diabetic patients.31 Therefore, in hypertensive

diabetic patients with high renin (PRA ≥0.65), the primary pre-

vention effects of direct renin inhibition on CKD deserves further

explored.

Similar to previous studies that reported interaction between

plasma renin concentration and use of β-blockers on cardiovascular

death,10 there is significant interaction termbetweenPRA-related kid-

ney damage and beta-blockers in the present study. Sever and col-

leagues also reported a greater effect of PRA on renal outcome when

persons with β-blockers therapy were excluded.13 It seems that use of

β-blockers could attenuate the association of PRA with renal impair-

ment. However, small sample size in the subgroup analysis restricted

an accurate conclusion.

Although longitudinal design with large sample of high-risk pop-

ulation for CKD and reliable method for PRA measurement, several

limitations warrant discussion. First, we failed to evaluate other ther-

apy at baseline, such as lipid-lowering drugs; we also lacked 24-hour

urinary sodium to evaluate the influence of dietary sodium intake on

PRA. In addition, confounding of Ang II and other parameters, such

as inflammatory factors, need to be considered in future studies. Sec-

ond, serum creatinine and urinary protein were measured only one

time, and proteinuria was examined through qualitative, but not quan-

titative methods. Third, the study was conducted in a single center,

although conducted in a regional center for hypertensionwith patients

of large age range and ethnic groups. Moreover, potential bias from

undetected secondary hypertension limits the generalizability of the

results. Fourth, the portion of lost to follow-up may potentially bias

the results, although we combined rehospitalization and annual health

check-up data for reducing the loss of follow-up rate. Finally, the obser-

vational design of the present study precludes the conclusion of direct

cause-and-effect association between PRA and renal damage.

In conclusion, higher PRA is associated with greater risk of incident

kidney damage, mainly for positive proteinuria, in hypertensive and

diabetic patients, independent of antihypertensive medications and

aldosterone. In this patient populationwith high risk for CKD, PRAmay

serve as an important predictor. For those with concomitant high PRA

(≥0.65), direct renin inhibition for CKD prevention may deserve fur-

ther evaluated.
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