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Abstract 

Objective We aimed to investigate whether serum cortisol associate with diabetic microvascular compliments 
in patients with type 2 diabetes mellitus (T2DM).

Materials and methods The subjects were recruited from hospitalized patients with T2DM from 2019 to 2021. 
The odds ratios (OR) and corresponding 95% confidence intervals (CI) in relation to cortisol quartiles were obtained 
by multiple logistic regression analysis.

Results (1) Cortisol level was positively correlated with the severity of microalbuminuria. The OR (95% CI) 
of microalbuminuria and macroalbuminuria in the last quartile were 3.396 (2.030, 5.682) and 8.407 (3.726, 18.971) 
compared with the first quartile (p < 0.001). (2) Cortisol level was positively correlated with the severity of diabetic 
retinopathy (DR). The OR (95% CI) of non-proliferative diabetic retinopathy group (NPDR) and proliferative diabetic 
retinopathy group (PDR) in the last quartile were 2.007 (1.401, 2.875) and 7.122 (2.525, 20.090) compared with the first 
quartile. (3) Elevated cortisol level was associated with diabetic peripheral neuropathy. The OR (95% CI) of diabetic 
peripheral neuropathy (DPN) in the last quartile was 1.956 (1.371, 2.792) and that in the third quartile was 1.854 (1.319, 
2.608).

Conclusions High serum cortisol levels were significantly associated with diabetic microvascular compliments 
in inpatients. Its causality remains to be further studied.

Clinical trial registration number: ChiCTR2100051749.
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Introduction
Microvascular complications of T2DM include diabetic 
kidney disease (DKD), DR and DPN. DKD is the major 
cause of renal failure, and microalbuminuria excretion 
increased in patients with T2DM from 30 to 50% [1, 
2]. As the worldwide prevalence of diabetes mellitus 

continues to increase, DR remains as leading cause of 
vision loss and preventable blindness in adults [3, 4]. 
DPN is the most common chronic complication of type 
1 diabetes mellitus (T1DM) and T2DM. It will increase 
the risk of infection, foot ulcers and amputation, and 
about 50% of diabetic patients will eventually develop 
DPN [5]. Diabetic microvascular complications are 
particularly serious manifestation in the progression of 
diabetes. Consequently, early identification of diabetic 
microvascular complications might contribute to prevent 
the progression of T2DM.
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Cortisol is a glucocorticoid secreted by adrenal cortex, 
which plays an important role in glucose, fat and protein 
metabolism. Hypercortisolism is associated with a variety 
of diseases, including diabetes, obesity, hypertension, 
osteoporosis and cardiovascular disease [6]. The 
prevalence of hypercortisolism in diabetic patients 
was higher than that in the general population [7, 8]. 
Study indicated that cortisol was positively correlated 
with microalbuminuria in T2DM [9]. However, it only 
emphasized patients with microalbuminuria and the 
sample size was small. A small cross-sectional study 
suggested that cortisol might be a molecular marker 
for the severity of DR [10]. The study also had a small 
sample size. Hence, this study deemed it necessary to 
explore the relationship between cortisol and diabetic 
microvascular complications in T2DM. For this reason, 
we retrospectively investigated the potential association 
between serum cortisol levels and diabetic microvascular 
complications, especially DKD, DR and DPN. Compared 
to previous literature, our study had an adequate sample 
size and focused on both patients with microalbuminuria 
and macroalbuminuria. This study aimed to emphasize 
the role of cortisol in the progression of diabetic 
microvascular complications, and to evaluate cortisol 
as a clinical marker for identifying and staging diabetic 
microvascular complications.

Materials and methods
Study population
The subjects were recruited from hospitalized patients 
with T2DM from 2019 to 2021. Analysis data is collected 
from the clinical data platform of the Affiliated Hospital 
of Qingdao University, which is distributed in four 
regions in Qingdao, Shandong. The inclusion criteria 
accorded with the American Diabetes Association (ADA) 
in 2014 [11]:  HbA1c ≥ 6.5%, or fasting plasma glucose 
(FPG) ≥ 126  mg/dL (7.0  mmol/L),or Two-hour plasma 
glucose ≥ 200  mg/dL (11.1  mmol/L) during an OGTT, 
or a random plasma glucose ≥ 200 mg/dL (11.1 mmol/L) 
with classic symptoms of hyperglycemia or hyperglycemic 
crisis. Participants aged < 18  years or > 80  years, with 
acute complications of T2DM, acute infection, history 
of hormone use, hypercortisolism, history of drugs 
affecting the HPA axis, autoimmune disease, severe heart 
failure, severe liver disease, renal insufficiency requiring 
dialysis, and malignant tumors were excluded. Pregnant 
or lactating women were also excluded. All patients 
received diabetic dietary instructions while in hospital, 
which ensured that all patients had a similar dietary 
composition. Patients with poor compliance in this study 
will be excluded. The program was designed according 
to the declaration of Helsinki and approved by the 
ethics committee of the Affiliated Hospital of Qingdao 

University. All participants provided written informed 
consent. The study is registered on http:// www. chictr. org. 
cn/ under the registration number ChiCTR2100051749.

Anthropometric and laboratory data
Data collection was carried out by professional staff 
according to standard guidelines. The anthropometric 
parameters of the patient included age, height, weight, 
waist circumference and hip circumference, duration 
of diabetes, drinking and smoking, and blood pressure. 
Through laboratory examination, we measured the 
following indexes: fasting blood glucose, glycosylated 
hemoglobin, cortisol, low density lipoprotein cholesterol 
(LDL-C), high density lipoprotein cholesterol (HDL-C), 
free fatty acid (FFA), triglyceride (TG), total cholesterol 
(TC), serum creatinine (CR) and serum uric acid (UA). 
Blood pressure (BP) was measured after five minutes 
of rest and averaged for two consecutive days or more. 
Body mass index (BMI) was calculated as weight divided 
by height squared (kg/m2). Blood samples were taken 
at 8 a.m. after fasting for at least 8  h. Blood samples 
were obtained by puncturing the median elbow vein, 
stored at low temperature and centrifuged within 1  h, 
and transported to the central laboratory for testing as 
soon as possible. Plasma cortisol was determined by 
electrochemiluminescence immunoassay. HbA1c was 
determined by high performance liquid chromatography 
(MQ-2000PT, China). Blood glucose and lipids were 
measured by Beckman Coulter Au 680 (Germany). UA 
was measured by DIMENSION LXR automatic analyzer. 
Serum creatinine was measured by picric acid method 
(Coulter Au 680). Urinary creatinine was measured 
by enzyme method, and urinary microalbumin (AU 
680) was measured by immunoturbidimetry. eGFR was 
calculated according to the collaborative epidemiology of 
chronic kidney disease (CKD-EPI) formula.

On the grounds of the classification suggested in the 
kidney disease: improving global outcomes guidelines 
(KDIGO), the categories of proteinuria were defined: 
normal albuminuria (UACR < 30  mg/g), microalbumi-
nuria (UACR 30–299  mg/g) and macroalbuminuria 
(UACR ≥ 300 mg/g) [12, 13]. After blood samples were col-
lected, retinopathy was evaluated by funds camera (AFC-
330, NIDEX, Japan), slit lamp microscope (3020H, Keeler 
Ltd, United Kingdom) and noninvasive optical coherence 
tomography (5000, Carl Zeiss, United States of Amer-
ica). According to the definition of Wilkinson et  al. [11], 
the patients were divided into three groups: non diabetic 
retinopathy group (NDR), NPDR and PDR. DPN is defined 
as clinical and electrophysiological evidence of the definite 
presence of peripheral neuropathy in patients with diabe-
tes. Well trained staff conducted standard physical exami-
nation for patients, including ankle reflex, vibration sense, 

http://www.chictr.org.cn/
http://www.chictr.org.cn/
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pressure sense, acupuncture pain sense and temperature 
sense. Clinical diagnostic criteria for DPN: (1) neuropathy 
at the time of or after the diagnosis of diabetes. (2) Clinical 
symptoms of neuropathy, such as pain, numbness, abnor-
mal sensation, etc., and abnormalities in any 1 of the 5 
tests (ankle reflex, vibration sensation, pressure sensation, 
temperature sensation, pinprick pain sensation); if there 
are no clinical symptoms, abnormalities in any 2 of the 5 
tests may also be diagnosed. (3) Neuropathy due to other 
causes. Apart from that, all participants were evaluated by 
electromyography to assess motor nerve conduction veloc-
ity, sensory nerve conduction velocity and sympathetic 
skin response [14, 15]. It is common for patients with DPN 
to present with abnormal nerve conduction velocity.

Statistical analysis
The PASS version 15.0 software (NCSS, Kaysville, Utah, 
USA) was used to calculate the sample size. When the 
expected mean (SD) of cortisol in the normoalbuminuria, 
microalbuminuria and macroalbuminuria group was 
defined as 260(80), 280(100) and 300(120) respectively, a 
sufficient power over 90% need at least 855 individuals in 
DKD group. Similarly, we calculated that at least 799 and 
736 subjects were needed for the DR and DPN group. SPSS 
version 24.0 software (SPSS IBM, Armonk, New York, 

USA) was used for statistical analysis. Continuous variables 
of normal distribution were expressed as mean ± standard 
deviation (SD), while continuous variables of non-normal 
distribution were expressed as interquartile range (IQR), 
and classified variables are expressed as frequency. Chi 
square test or Kruskal Wallis test were used to compare 
categorical variables and continuous variables. The mean 
score of plasma cortisol level was divided into quartiles. 
The first quartile (Q1) represented the lowest quartile and 
the fourth quartile (Q4) represented the highest quartile. 
Multiple logistic regression analysis was performed to 
obtain odds ratio (OR) and corresponding 95% confidence 
interval (CI). Receiver operating characteristic (ROC) 
analyses were performed to detect the optimum cutoff 
value, which was calculated by the sum of sensitivity and 
specificity in the ROC curve. The value of p < 0.05 was 
considered statistically significant (two sided).

Results
Association of cortisol level with microalbuminuria 
and macroalbuminuria
The clinical characteristics of diabetic patients grouped 
according to the level of microalbuminuria were 
summarized in Table  1. Microalbuminuria was found 
in 17.9% and macroalbuminuria was found in 13.9%. 

Table 1 Clinical characteristics of the urinary microalbumin and macroalbuminuria groups in type 2 diabetic patient

Kruskal–Wallis H test or Chi-square test

Normally distributed variables are expressed as mean ± standard deviation, non-normal variables are expressed as median (IQR) and categorical variables are 
expressed as percentage (%)

BMI body mass index, BP blood pressure, DM diabetes mellitus, WHR waist hip ratio, FFA free fatty acid, HbA1c glycated hemoglobin, eGFR epidermal growth factor 
receptor, LDL-C Low density lipoprotein cholesterol, TC total cholesterol, TG triglyceride, sUA serum uric acid, IQR inter-quartile range

Variables Normoalbuminuria Microalbuminuria Macroalbuminuria p-value

N 940 246 192  < 0.001*

Gender(male), % 446 (47.4%) 126 (51.2%) 111 (57.8%) 0.028*

Age, y 62.1 ± 11.3 62.6 ± 12.9 62.7 ± 12.5 0.735

BMI, kg/m2 25.8 ± 3.5 26.1 ± 4.0 26.6 ± 4.3 0.025*

WHR 0.94 ± 0.07 0.97 ± 0.09 0.97 ± 0.07  < 0.001*

DM duration, y 10.3 ± 7.5 12.0 ± 8.2 14.8 ± 8.1  < 0.001*

HbA1c, % 7.7 (6.7,9.1) 8.8 (7.2,10.5) 8.9 (7.3,10.4)  < 0.001*

SBP, mmHg 136 ± 16 144 ± 18 153 ± 23  < 0.001*

DBP, mmHg 77 ± 11 80 ± 12 82 ± 12  < 0.001*

Cortisol 254 (219,288) 287 (238,326) 299 (246,373)  < 0.001*

eGFR, mL/min/1.73 m2 122.1 ± 40.9 114.1 ± 49.9 90.2 ± 57.8  < 0.001*

Lipid Profile, mmol/L

 LDL-c 2.61 ± 0.87 2.64 ± 0.89 3.15 ± 1.38  < 0.001*

 FFA 0.39 ± 0.19 0.43 ± 0.19 0.42 ± 0.21 0.022*

 TC 4.38 ± 1.07 4.44 ± 1.11 5.13 ± 1.81  < 0.001*

 TG 1.34 (0.94,1.96) 1.46 (1.07,2.30) 1.71 (1.17,2.84)  < 0.001*

 sUA, umol/L 310 (259,368) 319 (267,390) 374 (309,454)  < 0.001*

 Smoking History 220 (23.4%) 68 (27.6%) 56 (29.2%) 0.137

 Drinking History 216 (23.0%) 63 (25.6%) 51 (26.6%) 0.454
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Table 2 Adjusted odds ratios of the quartiles of cortisol levels for the microalbuminuria and macroalbuminuria in Chinese type 2 
diabetic participants

Logistic regression analysis. Adjusted for sex, age, BMI, WHR, duration of T2DM, HbA1c, BP, LDL-c, TG, TC, FFA, sUA and eGFR

Quartiles Microalbuminuria Macroalbuminuria

OR (95% CI) p-value OR (95% CI) p-value

Q1(≤ 225.4) – – – –

Q2(225.4–263.1) 0.704 (0.392, 1.266) 0.242 2.010 (0.851, 4.7495) 0.112

Q3(263.1–303.2) 1.213 (0.715, 2.057) 0.475 1.655 (0.686, 3.989) 0.262

Q4(> 303.2) 3.396 (2.030, 5.682)  < 0.001* 8.407 (3.726, 18.971)  < 0.001*

Fig. 1 ROC Curve of cortisol and risk of albuminuria (A), DR (B) and DPN (C)
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Compared with the microalbuminuria group, the duration 
of diabetes in patients with high microalbuminuria 
was significantly longer, and the levels of BMI, HbA1c, 
SBP, DBP, cortisol, sUA and blood lipids were higher 
and eGFR was lower (p < 0.05). The results of logistic 
regression analysis were listed in Table  2. Cortisol levels 
were stratified into Q1-Q4 according to the quartile. The 
first quartile (Q1) represented the lowest quartile and 
the fourth quartile (Q4) represented the highest quartile. 
When adjusted according to sex, age, BMI, WHR, 
duration of T2DM, HbA1c, BP, LDL-c, TG, TC, FFA, 
sUA and eGFR, the OR (95% CI) of microalbuminuria 
and macroalbuminuria in the last quartile were 
3.396(2.030,5.682) and 8.407(3.726,18.971) compared 

with the first quartile. This suggested that the positive 
correlation between cortisol and albuminuria risk was 
independent (p < 0.001). In addition, we used ROC curve 
analysis to assess the diagnostic performance of cortisol in 
order to estimate the risk of proteinuria in diabetic patients 
(Fig. 1A). The AUC of T2DM proteinuria based on cortisol 
was 0.599 (optimal cutoff value, 286.35 nmol/L; sensitivity, 
51.2%; specificity, 69.2%; p < 0.001).

Association of cortisol level with NPDR and PDR
Table  3 summarized the clinical characteristics of 
patients classified according to the stages of diabetic 
retinopathy. NPDR accounted for 48.2% and PDR for 
4.4%. Compared with the group without retinopathy, 

Table 3 Clinical characteristics of NPDR and PDR in participants

Kruskal–Wallis H test or Chi-square test

Normally distributed variables are expressed as mean ± standard deviation, non-normal variables are expressed as median (IQR) and categorical variables are 
expressed as percentage (%)

BMI body mass index, BP blood pressure, DM diabetes mellitus, WHR waist hip ratio, FFA free fatty acid, HbA1c glycated hemoglobin, eGFR epidermal growth factor 
receptor, LDL-C Low density lipoprotein cholesterol, TC total cholesterol, TG triglyceride, sUA serum uric acid, IQR inter-quartile range

Variables NDR NPDR PDR p-value

N 644 653 59  < 0.001*

Gender(male), % 347 (53.9%) 312 (47.8%) 31 (52.5%) 0.086

Age, y 58.9 ± 12.3 62.7 ± 10.6 60.58 ± 12.1  < 0.001*

BMI, kg/m2 26.2 ± 4.0 25.3 ± 3.3 24.5 ± 3.9  < 0.001*

WHR 0.95 ± 0.07 0.96 ± 0.07 0.95 ± 0.07 0.051

DM duration, y 8.7 ± 6.6 12.4 ± 7.8 12.7 ± 8.2  < 0.001*

HbA1c, % 7.9 (6.8,9.5) 8.3 (7.0,9.7) 8.4 (7.2,9.6) 0.035*

SBP, mmHg 136 ± 17 140 ± 19 145 ± 24  < 0.001*

DBP, mmHg 79 ± 11 78 ± 11 78 ± 11 0.046*

Cortisol 269 (227,332) 305 (244,369) 327 (277,395)  < 0.001*

eGFR, mL/min/1.73 m2 132.3 ± 65.4 112.2 ± 51.5 118.9 ± 59.0  < 0.001*

Lipid Profile, mmol/L

 LDL-c 2.77 ± 0.86 2.69 ± 1.03 2.51 ± 1.23 0.083

 FFA 0.39 ± 0.18 0.40 ± 0.21 0.37 ± 0.16 0.430

 TC 4.52 ± 1.04 4.52 ± 1.31 4.22 ± 1.46 0.216

 TG 1.41(1.00,2.12) 1.34(0.95,2.00) 1.17(0.88,1.60) 0.005*

sUA, umol/L 322 (264,390) 320 (263,385) 300 (253,360) 0.105

Smoking History 181 (28.1%) 162 (24.8%) 15 (25.4%) 0.652

Drinking History 172 (26.7%) 160 (24.5%) 14 (23.7%) 0.397

Table 4 Adjusted odds ratios of the quartiles of cortisol levels for the NPDR and PDR in type 2 diabetic participants

Logistic regression analysis. Adjusted for age, BMI, duration of T2DM, HbA1c, BP, TG and eGFR

Quartiles NPDR PDR

OR (95% CI) p-value OR (95% CI) p-value

Q1(≤ 234.3) – – – –

Q2(234.3–284.3) 1.222 (0.866, 1.724) 0.253 4.340 (1.515, 12.436) 0.006

Q3(284.3–356.7) 1.775 (1.253, 2.516) 0.001 3.350 (1.114, 10.069) 0.031

Q4(> 356.7) 2.007 (1.401, 2.875)  < 0.001* 7.122 (2.525, 20.090)  < 0.001*
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the duration of diabetes in retinopathy group was 
significantly prolonged, the level of age, HbA1c, SBP and 
cortisol were higher and TG, BMI, DBP, eGFR was lower 
(p < 0.05). Table 4 listed the results of logistic regression 
analysis. After adjusting for age, BMI, duration of T2DM, 
HbA1c, BP, TG and eGFR, the OR (95% CI) of NPDR 
and PDR in the last quartile was 2.007 (1.401, 2.875) and 
7.122 (2.525, 20.090) compared with the first quartile. 
This suggested that the positive correlation between 
cortisol and DR risk is independent (p < 0.001). The 
analysis of the ROC curve of cortisol and risk of diabetic 
retinopathy is shown in Fig.  1B. AUC based on cortisol 
for predicting diabetic retinopathy was 0.584 (optimal 
cutoff value, 296.95 nmol/L; sensitivity, 54.4%; specificity, 
62.6%; p < 0.001).

Association of cortisol level with NDPN and DPN
Table  5 described the clinical characteristics of patients 
with diabetic neuropathy. Among them, DPN accounts 
for 70.5%. Compared with group NDPN, the duration 
of diabetes in group DPN was significantly prolonged, 
the age was greater, the level of HbA1c and cortisol 
increased, and the level of eGFR was lower (p < 0.05). 
The result of logistic regression analysis was shown in 
Table  6. After adjusting for age, BMI, WHR, T2DM 

course, HbA1c, blood pressure, smoking and drinking 
rate, blood lipid and EGFR, the OR (95% CI) of DPN in 
the last quartile was 1.956 (1.371, 2.792) and that in the 
third quartile was 1.854 (1.319, 2.608). This suggests that 
the positive correlation between cortisol and DPN risk 
is independent (p < 0.001). The subject ROC analysis of 
cortisol and DPN risk is shown in Fig.  1C. The AUC of 
DPN based on cortisol was 0.600 (optimal cutoff value, 
272.75  nmol/L; sensitivity, 71.9%; specificity, 44.1%; 
p < 0.001).

Discussion
In this retrospective study, we evaluated the relationship 
between cortisol levels and diabetic microangiopathy 
in adults with T2DM in Shandong province. The 
results showed that the prevalence of microvascular 
complications was higher in diabetic patients with 
higher cortisol levels. Elevated cortisol is positively 
correlated with risk of macroalbuminuria, DR and 
DPN, independent of age, duration of diabetes or other 
metabolic factors. ROC analysis revealed that the 
optimal cutoff point of cortisol for the prevalence of 
DKD, DR and DPN was 286.35  nmol/L, 296.95  nmol/L 
and 272.75  nmol/L in patients with T2DM. That 
means, patients with T2DM may be at increased risk 
of microvascular complications with cortisol levels in 
the range of 272.75–296.95  nmol/L or more. Therefore, 
cortisol may be a potential metabolic marker for diabetic 
microangiopathy, which needed further study. Up to 
present, our study has evaluated the prevalence of 
diabetic microvascular complications for the first time, 
and highlighted the relationship between cortisol levels 
and different diabetic microvascular complications.

Cortisol and diabetes mellitus
T2DM is a major and growing epidemic lifestyle 
disease. Microvascular complications such as DR, 
DKDN, and DN are the major long-term complications 
increasing in parallel, affecting approximately 30% of 
patients with type 1 diabetes mellitus (T1DM) and 40% 

Table 5 Clinical Characteristics of NDPN and DPN in participants

Kruskal–Wallis H test or Chi-square test

Normally distributed variables are expressed as mean ± standard deviation, non-
normal variables are expressed as median (IQR) and categorical variables are 
expressed as percentage (%)

BMI body mass index, BP blood pressure, DM diabetes mellitus, WHR waist hip 
ratio, FFA free fatty acid, HbA1c glycated hemoglobin, eGFR epidermal growth 
factor receptor, LDL-C Low density lipoprotein cholesterol, TC total cholesterol, 
TG triglyceride, sUA serum uric acid, IQR inter-quartile range

Variables NDPN DPN p-value

N 657 1572 –

Gender(male), % 348 (53.0%) 851 (54.1%) 0.614

Age, y 58.6 ± 12.7 64.4 ± 10.6  < 0.001*

BMI, kg/m2 26.3 ± 3.6 26.0 ± 3.5 0.030

WHR 0.95 ± 0.07 0.95 ± 0.07 0.297

DM duration, y 8.3 ± 6.7 12.4 ± 7.5  < 0.001*

HbA1c, % 8.0 (6.8,9.4) 8.1 (7.0,9.5) 0.152

SBP, mmHg 140 ± 18 141 ± 19 0.892

DBP, mmHg 81 ± 11 78 ± 12  < 0.001*

Cortisol 287 (226, 260) 322 (263, 393)  < 0.001*

eGFR, mL/min/1.73 m2 133.8 ± 58.9 121.2 ± 52.1 0.002

Lipid Profile, mmol/L

 FFA 0.44 ± 0.21 0.42 ± 0.21 0.026

 TC 4.60 ± 1.25 4.55 ± 1.21 0.500

 TG 1.47 (1.02, 2.17) 1.37 (0.96,2.03) 0.018

Smoking History 156 (23.7%) 456 (29.0%) 0.011

Drinking History 173 (26.3%) 442 (28.1%) 0.390

Table 6 Adjusted odds ratios of the quartiles of cortisol levels for 
the DPN in type 2 diabetic participants

Logistic regression analysis. Adjusted for sex, age, BMI, WHR, duration of T2DM, 
HbA1c, BP, smoking and drinking rate, TG, TC, FFA and eGFR

Quartiles DPN

OR (95% CI) p-value

Q1(≤ 251.2) – –

Q2(251.2–311.6) 1.461 (1.054, 2.026) 0.023

Q3(311.6–385.2) 1.854 (1.319, 2.608)  < 0.001*

Q4(> 385.2) 1.956 (1.371, 2.792)  < 0.001*
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of patients with T2DM [16]. Glucocorticoid secretion 
was thought to be a possible link between insulin 
resistance and metabolic syndrome (hypertension, 
obesity, coronary heart disease, hyperlipidemia and 
type two diabetes) in patients with type 2 diabetes [17, 
18]. Cortisol increased insulin resistance and induces 
type 2 diabetes through activation of lipolysis and 
free fatty acid release [19]. In fact, studies have shown 
that subclinical Cushing syndrome also increases 
the risk of type 2 diabetes [20]. In recent years, the 
relationship between type 2 diabetes and hypothalamus 
pituitary adrenal axis has been extensively studied. 
Many studies have shown that the levels of serum 
cortisol and late-night salivary cortisol in diabetic 
subjects are significantly higher after morning and low 
dose dexamethasone tests [21–23]. In contrast, some 
studies showed that cortisol was not associated with 
diabetes risk in Mendel’s genetic prediction [24], and 
salivary cortisol was gender related [25]. Therefore, the 
relationship between hypothalamus pituitary adrenal 
axis and diabetes risk was controversial.

In the past few years, few studies have confirmed the 
association between cortisol and diabetic microvascu-
lar complications. Our study will provide a new insight 
into the relationship between these two factors, that 
is, cortisol may be a potential clinical marker for early 
identification of diabetic microvascular complications. 
The relationship between cortisol and different compli-
cations will be discussed below.

Cortisol and albuminuria
Similar to our findings, previous clinical studies con-
firmed cortisol and microalbuminuria in diabetic patients 
[9]. Koh et  al. found that urinary albumin excretion 
increased in more than 80% of patients with Cushing’s 
syndrome and reversed after treatment [26]. The earliest 
explanation was that the increase of urinary albumin in 
Cushing’s syndrome might be the result of abnormal lipid 
metabolism. Glucocorticoids could lead to the increase of 
visceral fat content, which in turn leads to the increase 
of plasma free fatty acid (FFA) concentration. Excessive 
FFA would bind to serum albumin and increased the 
excretion of albumin into the urine. The increase of FFA 
might also activate the protein kinase-C (PKC) pathway 
in renal vascular endothelial cells, which has been proved 
to play an important role in the pathogenesis of diabetic 
nephropathy [27–29]. Our findings showed higher cor-
tisol and lipid levels in patients with nephropathy, sug-
gesting that cortisol may contribute to the development 
of nephropathy by stimulating increased FFA synthesis. 
Janssen and other scholars proposed that microalbumi-
nuria is more common in patients with cortisol balance 
disorder, which may be related to endothelial injury. The 

cortisol level after low-dose dexamethasone test was 
positively correlated with high-sensitive C-reactive pro-
tein (hsCRP) and GGT. Microalbuminuria and elevated 
hsCRP levels were known predictors of early endothelial 
injury [30]. In addition, diabetic subjects with chronic 
complications might be exposed to chronic stress, which 
lead to increased cortisol secretion [31].

Cortisol and DR
Several recent clinical studies have described the rela-
tionship between cortisol and the severity of diabetic 
retinopathy [10, 32]. Cortisol levels were positively cor-
related with central subfield thickness (CST), cube aver-
age thickness (CAT) and cube volume (CV), which 
represented the severity of DR. The possible mechanism 
of cortisol in DR was hyperglycemia and insulin resist-
ance. Hyperglycemia could activate PKC pathway and 
increase the formation of advanced glycation end prod-
ucts, resulting in oxidative stress [33, 34]. In addition, 
the activation of PKC pathway lead to the activation of 
mitogen activated protein kinase (MAPK) and the phos-
phorylation of some major transcription factors, which 
also increase the gene expression of various stress-related 
components. The activation of MAPK, as a signal of 
vascular endothelial growth factor (VEGF), changed 
the permeability of retinal capillaries and leaded to the 
formation of DR [3]. We also found that the severity of 
DR was associated with increased cortisol levels, which 
might be attributed to increased glycosylation products 
as a result of PKC pathway activation.

Cortisol and DPN
Previous clinical studies have shown that cortisol levels in 
patients with multiple diabetic neuropathy are elevated, 
compared with those without diabetic neuropathy. More-
over, cortisol levels were higher in patients with painful 
diabetic neuropathy [35]. Chiodini et al. studied 59 asymp-
tomatic diabetic neuropathy patients. They found that the 
HPA axis activity of the patients was increased than that 
of the normal subjects [36]. The possible and reasonable 
mechanism was that catecholamine activates HPA path-
way. It is well known that catecholamine can stimulate 
the secretion of corticotropin releasing hormone in hypo-
thalamic neurons, while cholinergic tension can inhibit 
the secretion of corticotropin releasing hormone [37, 
38]. The demyelination and axonal deletion of hypotha-
lamic neurons in diabetic patients may increase the elec-
trogenic properties of injured and regenerating neurons, 
which provide a reasonable mechanism for axis activation 
[35]. Animal experiments showed that excessive gluco-
corticoid can destroy the structure, function and vitality 
of brain cells [39]. Exposure to excessive glucocorticoids 
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can lead to changes in neural plasticity, decreased neuro-
genesis, loss of hippocampal cells and changes in oligo-
dendrocyte mediated remyelination [40–42]. In addition, 
cortisol induced the loss of myelin sheath around axons in 
postnatal rats [43]. As everyone knows, the pathogenesis 
of diabetic neuropathy was related to irreversible dam-
age of neurons and glial cells. Therefore, excessive cortisol 
may change the microstructure of white matter and lead to 
nerve demyelination [44]. This is consistent with our find-
ings that DPN is associated with elevated cortisol levels, 
which may be caused by HPA axis activation.

In this study, we found that cortisol was positively cor-
related with the severity of diabetic microangiopathy. 
Multiple logistic regression analysis further confirmed 
that corticosteroid remained an independent risk fac-
tor for diabetic microangiopathy after adjusting for 
other clinical factors (duration of diabetes, HbA1c, SBP, 
blood lipids, etc.). Cortisol may play a role in vascular 
endothelial injury, promoting albuminuria excretion, oxi-
dative stress and activating MAPK pathway. The related 
pathophysiological mechanisms still need to be further 
explored.

This study has several limitations that need to be 
explained. First, this retrospective study cannot infer cau-
sality. Secondly, all recruited patients were hospitalized, 
so the results could not represent other parts of China. 
Third, there is not enough experimental evidence to 
explain the relationship between them.

Conclusion
Above all, our study showed that high levels of cortisol 
were significantly associated with the risk of diabetic 
microangiopathy. Patients with T2DM may be at 
increased risk of microvascular complications with 
cortisol levels in the range of 272.75–296.95  nmol/L or 
more. Therefore, cortisol may be a potential metabolic 
marker for diabetic microangiopathy. The relationship 
between cortisol and diabetic microangiopathy will open 
up a new area of research, and prospective cohort studies 
are needed to identify causal relationships.
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