Amplification of cortisol signalling in chronic kidney disease is associated with inflammation, cardiovascular pathology and impaired glycaemic control. 

Background
Inflammation concomitant with CKD promotes metabolic disturbance and cardiovascular disease. A rise in active cortisol relative to inactive cortisone occurs in CKD, but the significance of this observation is uncertain. Interconversion of cortisol and cortisone by the enzymes 11beta hydroxysteroid dehydrogenase (11bHSD) type 1 (cortisol activating) and 11bHSD type 2 (cortisol inactivating) modulates cortisol signalling at the pre-receptor level. Non-renal studies show that cortisol activation by 11bHSD type 1 is stimulated by pro-inflammatory cytokines, can lead to insulin resistance and exacerbates cardiovascular pathology. It is unknown whether these processes occur in humans with CKD. 

Objective
We evaluated the associations of enhanced cortisol activation by 11bHSD with inflammation, glycaemic control and cardiovascular disease in humans with CKD. 

Methods
We performed a cross-sectional study involving 342 participants from the Renal Impairment in Secondary Care cohort. Participants represented a wide spectrum of renal function and were recruited between 2010 and 2015. Glucocorticoid activation by 11bHSD was determined through measurement of the ratio of cortisol metabolites (tetrahydrocortisol + 5-alpha tetrahydrocortisol; THF+5aTHF) to cortisone metabolites (tetrahydrocortisone; THE) in urine. 

Results
[bookmark: _GoBack]Higher urinary (THF+5aTHF)/THE ratio, a measure of elevated cortisol activation by 11bHSD, was positively correlated with C-reactive protein (CRP) [p<0.001], pulse wave velocity (PWV) [p=0.045], number of antihypertensive agents [p=0.028], HbA1c [p=0.008], and negatively correlated with estimated glomerular filtration rate (eGFR) [p=0.032]. There was no association with urinary albumin-creatinine ratio or mean arterial pressure. 
In multiple linear regression analyses, we found that CRP associated strongly with urinary (THF+5aTHF)/THE [p<0.001], but eGFR did not [p=0.221]. We furthermore identified a significant interaction of urinary (THF+5aTHF)/THE by presence of hypertension in the model for PWV [p=0.047], and a significant interaction of urinary (THF+5aTHF)/THE by presence of diabetes in the model for HbA1c [p=0.032]. 
For testing associations with prevalent cardiovascular disease and diabetes, we divided the cohort into tertiles based on urinary (THF+5aTHF)/THE. The odds ratios for cardiovascular disease were 1.78 [95% confidence interval 1.01-3.13] in the high tertile and 1.09 [0.61-1.97] in the middle tertile of urinary (THF+5aTHF)/THE compared to the low tertile. This result was not significant after adjustment for age and sex. The odds ratios for diabetes were 2.46 [1.41-4.30] in the high tertile and 1.27 [0.72-2.26] in the middle tertile compared to the low tertile. The adjusted odds ratios for diabetes were 2.09 [1.09-4.02] and 1.22 [0.63-2.35] respectively, after adjustment for age, sex, ethnicity, family history of diabetes, body mass index, eGFR and CRP.

Conclusion
Our data shows that enhanced cortisol activation by 11bHSD in CKD correlates more closely with concomitant inflammation than with renal function. We demonstrated novel associations between enhanced glucocorticoid activation, metabolic disturbance and cardiovascular pathology in humans with CKD. Differential correlations of glucocorticoid activation with PWV by hypertension or with HbA1c by diabetes may reflect indirect pathogenic mechanisms (e.g. impaired response to vascular injury) or counterbalancing homeostasis (e.g. compensatory insulin secretion). Further studies to characterise 11bHSD as a potential mediator of inflammation-related metabolic and cardiovascular complications of CKD will be of interest. 
