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Abstract
Background/Aims: Serum cortisol level is elevated in patients with essential hypertension. 
We aimed at investigating the association of serum cortisol levels with parameters of renal 
function in essential hypertension. Methods: One hundred and seventy-eight patients with 
essential hypertension participated in the study. Fasting serum samples were collected at 8:00 
am. Renal function was measured as estimated glomerular filtration rate (eGFR) calculated 
by the Chronic Kidney Disease Epidemiology Collaboration creatinine- cystatin C equation 
(eGFRcr-cys). Correlation analysis and stepwise regression analysis were used to detect the 
relationship between cortisol and eGFRcr-cys. The distributions of serum cortisol were split by 
the tertiles and subjects were stratified into those with low, median and high levels accordingly. 
Results: Serum cortisol levels were significantly higher in subjects whose eGFRcr-cys<90 ml/
min/1.73 m2 than subjects whose eGFRcr-cys>90 ml/min/1.73 m2 (394.0±93.4 vs. 343.2±98.4 
nmol/L, P=0.001). Age, systolic blood pressure, and serum total cholesterol, uric acid, cortisol 
levels were significantly associated with eGFRcr-cys, serum levels of creatinine and cystatin C. 
After adjusting for clinical factors, serum cortisol level had a statistically significant negative 
association with the eGFRcr-cys (β=-0.19, P=0.027), and positive associations with cystatin C 
(β=0.31, P=0.001) and creatinine (β=0.14, P=0.044). With the increment of cortisol tertile, the 
eGFRcr-cys significantly decreased (93.18±14.36 vs. 84.61±14.67 vs. 81.29±12.36 ml/min/1.73 
m2 for low, median and high tertile, respecively, P=0.001). Conclusion: Serum cortisol level 
was negatively correlated with eGFRcr-cys in subjects with essential hypertension. Further 
studies are needed to investigate whether cortisol plays a role in hypertensive nephropathy 
development.

Xiujuan Li, Xiaojiao Xiang and Jinbo Hu contributed equally to this work and therefore share first 
authorship.
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Introduction

With increasing prevalence and high treatment costs, chronic kidney disease (CKD) 
becomes a worldwide public health problem [1]. Hypertension is one of the most common 
causes of CKD [2-3]. The mechanism of hypertensive nephropathy remains unclear.

Cortisol is the effector end point of hypothalamic-pituitary-adrenal (HPA) axis [4]. It is 
well known that excessive cortisol is the main factor which causes hypertension in Cushing’s 
syndrome. Some studies have reported that elevated levels of serum cortisol were seen in 
patients with essential hypertension, and cortisol is implicated in the genesis of essential 
hypertension [5, 6]. Cortisol is also important for the maintenance of the renal blood flow and glomerular filtration rate (GFR) [6]. It was suggested that cortisol might influence the renal function 
directly by its effects on glomerular and tubular function [7]. Data showed that acute effects of exogenous cortisol increased the GFR in animals and humans, while long-term effects of excessive endogenous cortisol in humans may decreased GFR [7, 8]. Whether serum cortisol correlated to CKD remains unknown. For further understanding a possible pathogenesis of 
hypertensive nephropathy, it is important to clarify the association between endogenous 
cortisol and renal function in essential hypertension. 

To investigate the association of serum cortisol levels with parameters of renal function 
such as serum creatinine and cystatin C levels, we conducted this cross-sectional study in 
patients with essential hypertension. 

Patients and Methods

PatientsThis cross-sectional study was conducted on subjects attending the Environment, Inflammation and Metabolic Diseases Study (EIMDS). The EIMDS aimed at evaluating the influence of environmental and in-flammatory factors on metabolic diseases such as obesity, type 2 diabetes, hypertension and chronic kidney disease [9, 10]. Essential hypertension was defined as an average blood pressure ≥140/90 mmHg on at least 
two different occasions, without any evidence of secondary hypertension. Of 322 subjects with essential hy-

pertension responded to the study questionnaire, 79 participants were excluded due to diabetes, 17 partici-pants were excluded due to CKD stage 4 or greater (defined as eGFRcr-cys 30 ml/min/1.73 m2) because dia-lysis was conducted in most of them, and the data of 48 participants were unavailable for measuring serum cortisol or eGFR (Figure 1). A total of 178 hypertensive patients aged 35-80 years were recruited and blood samples were collected between 7:30-8:30 am. The recruited participants provided fasting blood samples 

Fig. 1. Flow Chart of Study Population. CKD stage 4 or greater was defined as eGFRcr-cys<30 ml/min/1.73 m2.
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amination including measurement of weight, height, waist circumference, blood pressure. Plasma gluco-

se levels were measured with a hexokinase glucose-6phosphate dehydrogenase method by a biochemical analyzer (BS-380; Mindray Medical International, Shenzhen, China).Serum lipids including total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein choles-terol (LDL-c) were measured enzymatically on an automatic analyzer (Model 7080; Hitachi, Tokyo, Japan) with reagents purchased from Leadman Biochemistry Co. Ltd. (Beijing, China). Cortisol was determined with an electro-chemiluminescence method [Beckman Coulter’s DxI 800 Immunoassay System, Beckman Coulter, Inc. 250 S. Kraemer Blvd. Brea, CA 92821 U.S.A.]. Serum creatinine and cystatin C were measured with the use of an automatic biochemical analyzer (Modular DDP, Roche). Renal function was measured as eGFR calculated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine-cystatin C equation developed by the CKD-EPI Investigators in 2012 (eGFRcr-cys) [11]. Subjects whose eGFRcr-cys<90 ml/min/1.73 m2 was defined as low eGFR, and subjects whose eGFRcr-cys≥90 ml/min/1.73 m2 was defined as normal eGFR. CKD stage 1 was defined as eGFRcr-cys≥90 ml/min/1.73 m2, CKD stage 2 was defined as 60 ml/min/1.73 m2≤eGFRcr-cys<90 ml/min/1.73 m2, CKD stage 3 was defined as 30 ml/min/1.73 m2≤eG-FRcr-cys<60 ml/min/1.73 m2 [11].

Statistical analysisAnalyses were performed using SPSS software, version 13.0, with two-tailed p<0.05 indicating statistical significance. One-sample Kolmogorov-Smirnov tests were performed to test whether distributions 
of variables were normal. Variables distributed normally were presented as mean ± SD, while variables with skewed distribution (age, TC, TG, 2hPG and hs-CRP)  were presented as medians (interquartile range) and analyzed by Mann-Whitney U test. The number of male and female who were in low eGFR or normal eGFR 
were reported as frequencies and further analyzed by Chi-square test. The antihypertensive medications 

were only reported as the total number of patients. To test the correlations between individual variables, 

variables which were normally distributed were analyzed by Pearson’s correlation analysis, and variables with skewed distribution, namely age, TC, TG, 2hPG and hs-CRP, were analyzed by Spearman’s correlation analysis. To identify the independent determinants of renal function parameters (eGFRcr-cys, cystatin 
C, creatinine), the clinical parameters were put into the multiple stepwise linear regression models. The criteria for including variables were: 1) significant at P<0.05 level in Pearson’s or Spearman’s correlations (age, SBP, TC, uric acid and cortisol were included); 2) clinical confounders that might significantly influence 
the serum cortisol level (gender, BMI and anti-hypertensive drugs were included). In the multiple linear regression analyses, dependent variables included eGFRcr-cys, serum levels of cystatin C, serum levels of 
creatinine, respectively, and independent variables were age, gender, anti-hypertensive drugs BMI, SBP, 

TC, uric acid, cortisol. One dependent variable and all independent variables were included in a multiple 

linear regression analysis and stepwise regression analysis was not nested. The age and TC data were log-

transformed for multiple linear regression analyses because of their skewed distributions. Serum cortisol 

concentration was analyzed as both a continuous and a categorical variable (in tertiles) in separate analyses. The distributions of serum cortisol were split by the tertiles and subjects were stratified into those with 
low, median and high levels accordingly. An analysis of variance (ANOVA) was performed to investigate the 

parameters of renal function according to different serum cortisol tertiles.

Results

Characteristics of study participants
The demographic, clinical and biological characteristics of the study population are summarized in Table 1. All 118 men and 60 women were diagnosed with essential hyperten-

sion. The antihypertensive medications included angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), calcium channel blockers (CCB), β-Blockers, 
diuretic and others (e.g., the traditional Chinese medicines), and the number of participants who used ACEI, ARB, CCB, β-Blockers, diuretic and others were 19, 35, 113, 13, 34, 40, re-spectively. Serum cortisol concentration was 372.6±98.5 nmol/L. The median eGFRcr-cys was 85 ml/min/1.73 m2. Serum cortisol level was significantly higher in subjects whose eG-
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FRcr-cys<90 ml/min/1.73 
m2 than subjects who-se eGFRcr-cys>90 ml/min/1.73 m2 (394.0±93.4 vs. 343.2±98.4 nmol/L, 
P=0.001) (Table 1). Se-
rum cortisol levels ac-
cording to CKD stage 1-3 were 343.2±98.4 nmol/L, 390.7±95.3 nmol/L, 403.0±66.7 nmol/L, res-
pectively.

Relationship between 
serum cortisol and 
eGFRcr-cys, cystatin C, 
creatinine 
We estimated the re-lationship between eG-FRcr-cys, serum cystatin 

C or creatinine concentra-
tion and clinical parame-
ters. Age, systolic blood 
pressure, and serum total 
cholesterol, uric acid levels were significantly associ-ated with eGFRcr-cys, se-
rum creatinine and cysta-
tin C level. Serum cortisol level was significantly as-sociated with eGFRcr-cys 
(r=-0.23, P=0.012), cys-
tatin C(r=0.24, P=0.002) 
and creatinine (r=0.15, P=0.045) (Table 2 and Fi-
gure 1). 

A stepwise regression 
analysis was then conduc-
ted to identify the relati-
onship between clinical pa-rameters and eGFRcr-cys, 
cystatin C, creatinine. After 
adjusting for clinical fac-
tors, serum cortisol level had a statistically signifi-
cant negative association with the eGFRcr-cys (β=-
0.19, P=0.027), and posi-
tive associations with cys-tatin C (β=0.31, P=0.001) and creatinine (β=0.14, 
P=0.044) (Table 3).

Table 1. Demographic and clinical characteristics in patients with 

essential hypertension

Table 2. Correlation between eGFRcr-cys, cystatin C, creatinine 
and cortisol or other clinical parameters
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Table 4 showed the pa-
rameters of renal function 
according to different serum 
cortisol tertiles. With the in-
crement of cortisol tertile, the eGFRcr-cys significantly decreased (93.18±14.36 vs. 84.61±14.67 vs. 81.29±12.36 ml/min/1.73 m2 for low, me-
dian and high tertile, respecti-
vely, P=0.001).

Discussion

This cross-sectional study is the first to demonstrate the 
association of serum cortisol and eGFRcr-cys in subjects 
with essential hypertension 

Fig. 2. Correlation between serum cortisol and eGFRcr-cys.

Table 4. The parameters of renal function in patients with essential hypertension 

according to different serum cortisol tertiles

Table 3. Multiple regression analyses of relationship between clini-cal parameters and eGFRcr-cys, cystatin C, creatinine

(Figure 2). These findings 
remained the 
same after 
adjusted for 
potential clinical 
c o n f o u n d e r s . 
Cortisol may 
be involving in 
CKD in patients 
with essential 
hypertension.

Our results 
were consistent 
with several pre-
vious studies. 
Cortisol excess 
is known to be 
associated with 
hypertension in 
conditions such 
as Cushing’s syndrome [6-8]. 
A matched ca-
se-control study 
was performed on 18 patients 
with Cushing's disease and 18 
healthy populati-
on controls. The 
results showed 
that patients 
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with Cushing's disease had lower GFR, which measured by 24-h creatinine clearance [8]. On 
the other hand, cortisol might perform a direct effect on cystatin C and creatinine [12, 13]. 
Some clinical data suggested that glucocorticoid administration leads to increased cystatin 
C levels in patients with chronic and acute disease [13-15]. Both plasma creatinine concen-
tration and urinary creatinine excretion were increased in patients receiving glucocorticoid [16, 17]. Furthermore, evidence indicated that patients with resistant hypertension had a 
relatively high prevalence of subclinical hypercortisolism, and its presence is associated with 1.74-fold risk of CKD [18]. Even though catabolic effect of cortisol could not be excluded, the relationship between serum cortisol and eGFRcr-cys in subjects with essential hypertension 
suggested that cortisol might be involving in CKD. We revealed that serum cortisol level had a statistically significant negative association with the eGFRcr-cys (β=-0.24), and positive associations with cystatin C (β=0.26) and creatinine (β=0.19). The relationship between cortisol and parameters of renal function have 
not been explored in previous studies, thus its mechanism reminded unknown. It was shown 
that aldosterone and cortisol are positively associated with blood pressure in patients with 
early end-stage CKD [19]. Cortisol may promote hypertension by acting on mineralcorticoid receptor (MR) in endothelial cells and kidney. These pathogenesis might be involved in 
kidney diseases in chronic hypercortisolemic states [7, 20]. A functional defect in the ability 
to convert cortisol to cortisone existed in patients with essential hypertension and chronic 
kidney diseases (CKD), which would result in the activation of mineralocorticoid receptor [21]. MR antagonists not only improve the prognosis for patients with cardiovascular 
diseases, but also been used in patients with CKD due to its potential effects on reducing 
proteinuria and kidney damage [22-25]. Some explanations were needed to be clarified for our main findings. Firstly, it has been confirmed that acute effects of cortisol increases the GFR in animals and humans [16, 26], while long-term effects of cortisol excess could be totally different [7, 8]. Secondly, as serum creatinine or cystatin C levels was influenced by many factors such as muscular atrophy and obesity, using equation that combined creatinine-cystatin C to calculate eGFR was more 
accurate than singly use creatinine or cystatin C [11]. Thirdly, as a cross-sectional study, we 
could not prove the causality between elevated serum cortisol and development of CKD.

The main strengths of this study was the use of the combined creatinine-cystatin C equation to calculate eGFR, and we ruled out the influence of diabetes on the results. Definitely, this cross-sectional study has several limitations that needed to be noted. One of 
the major limitations was that a cross-sectional study could not be good enough for studying 
whether cortisol plays a role in the decline of renal function, and further prospective studies 
were needed to demonstrate this issue. Another important limitation was that we did 
not collect the urinary samples, and albuminuria or proteinuria could not be interpreted. Furthermore, measurements of adrenocorticotropic hormone (ACTH) and cortisol circadian rhythm were not performed and our study could not comprehensively reflect the function 
of HPA axis. Cortisol and cortisone are excreted in the urine as tetrahydrocortisol and 
tetrahydrocortisone, and these metabolites might be crucial for further illustration of our 
results. 

Conclusion

This study indicates that higher levels of serum cortisol is associated with decreased eGFRcr-cys in patients with essential hypertension. Further high-quality studies are needed 
to investigate whether cortisol plays a role in hypertensive nephropathy development.
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