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tetrahydro cortisol (5α+5β-THF), TH-cortisone (THE), 3α5β-TH-aldosterone (TH-Aldo), 5α+5β-TH-deoxycorticosterone (5α+5β-TH-DOC), TH-11-desoxycortisol (THS)), were analysed by gas chromatography/mass spectrometry (GC/MS).

Results

Plasma aldosterone concentration was inversely correlated with eGFR (r= -0.331, p<0.001). Urinary 24h excretion of TH-Aldo was correlated with plasma Aldo concentration (PAC) (r=0.214, p<0.05) and diastolic blood pressure (BP) (r=0.212, p=<0.05), whereas total 24h urinary cortisol metabolite excretion was correlated with systolic BP (r=0.316, p<0.01). In addition, 11β-hydroxysteroid dehydrogenase (11β-HSD) type 1 activity (urinary 5α+5β-THF) / THE) ratio) was correlated with PRA (r=0.277,p<0.01). Spiro treatment significantly reduced BP (123±11/76±7 vs 119±11/73±8 mmHg, p<0.01) despite RAAS induction, reflected by increased urinary 24h TH-Aldo excretion (17.6 (12,86) vs 26 (18,80) µg/24h, p<0.05). By contrast, 

Conclusions

Aldo and cortisol are positively associated with BP suggesting that adrenal hyperactivity may in part explain the increased cardiovascular risk in patients with early end-stage CKD. Addition of Spiro had no effect on glucocorticoid metabolism or total 24h corticosteroid production. 

Introduction

In chronic kidney disease (CKD) the renin-angiotensin-aldosterone system (RAAS) becomes progressively activated with decreasing kidney function [START_REF] Hillege | Renal function, neurohormonal activation, and survival in patients with chronic heart failure[END_REF] and angiotensin II (AngII) and aldosterone (Aldo) have emerged as important drivers of both kidney disease progression and increased cardiovascular mortality [START_REF] Go | Chronic kidney disease and the risks of death, cardiovascular events, and hospitalization[END_REF][START_REF] Mann | Cardiovascular risk in patients with early renal insufficiency: implications for the use of ACE inhibitors[END_REF][START_REF] Tonelli | Chronic kidney disease and mortality risk: a systematic review[END_REF] . Consequently, RAAS inhibition by angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB) remains the mainstay of treatment. However, RAAS inhibition by ACEi or ARBs is only partial and a recent study suggests that addition of the mineralocorticoid receptor antagonist (MRA) spironolactone (Spiro) in CKD patients already treated with an ACEi and ARB further reduces markers of renal disease progression [START_REF] Tylicki | Triple pharmacological blockade of the renin-angiotensin-aldosterone system in nondiabetic CKD: an open-label crossover randomized controlled trial[END_REF] . Similarly, the use of MRAs in heart failure patients in addition to established treatment regimens including ACEi and ARBs has been shown to dramatically improve survival [START_REF] Pitt | Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction[END_REF][START_REF] Pitt | The effect of spironolactone on morbidity and mortality in patients with severe heart failure. Randomized Aldactone Evaluation Study Investigators[END_REF] .

One important mode of action of MRAs in CKD patients is by lowering blood pressure through blockade of renal MR in epithelial cells of the distal nephron. The MR has similar affinities for mineralocorticoids and glucocorticoids in vitro [START_REF] Arriza | Cloning of human mineralocorticoid receptor complementary DNA: structural and functional kinship with the glucocorticoid receptor[END_REF] and is only protected from glucocorticoid activation by the enzyme 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) which inactivates cortisol to cortisone. Reduced activity of 11β-HSD2 results in glucocorticoid mediated MR activation and has been described in selected patients with salt sensitive essential hypertension [START_REF] Agarwal | CA-Repeat polymorphism in intron 1 of HSD11B2 : effects on gene expression and salt sensitivity[END_REF][START_REF] Lovati | Molecular basis of human salt sensitivity: the role of the 11beta-hydroxysteroid dehydrogenase type 2[END_REF] . In CKD patients 11β-HSD2 activity [START_REF] N'gankam | Increased cortisol metabolites and reduced activity of 11beta-hydroxysteroid dehydrogenase in patients on hemodialysis[END_REF][START_REF] Whitworth | The kidney is the major site of cortisone production in man[END_REF] and expression [START_REF] Quinkler | Expression of renal 11beta-hydroxysteroid dehydrogenase type 2 is decreased in patients with impaired renal function[END_REF] declines with progressively impaired renal function suggesting that in these patients blood pressure and renal damage may be partly driven by glucocorticoid induced MR activation. Therefore this mechanism provides a rationale for the incremental benefit of MRAs on lowering blood pressure in CKD patients.

Besides MR blockade, animal and in vitro studies also suggest that Spiro and its active metabolites can also inhibit steroidogenic enzymes including 11β-hydroxylase and thereby may impact on corticosteroid hormone synthesis [START_REF] Cheng | Effects of spironolactone, canrenone and canrenoate-K on cytochrome P450, and 11beta-and 18-hydroxylation in bovine and human adrenal cortical mitochondria[END_REF][START_REF] Greiner | Mechanism of action of spironolactone on adrenocortical function in guinea pigs[END_REF] . However, so far this has never been investigated in humans. In addition, studies in healthy subjects suggest that hippocampal MR may play a role in the modulation of hypothalamopituitary-adrenal (HPA) drive [START_REF] Heuser | Increased activity of the hypothalamus-pituitary-adrenal system after treatment with the mineralocorticoid receptor antagonist spironolactone[END_REF][START_REF] Young | The role of mineralocorticoid receptors in hypothalamic-pituitary-adrenal axis regulation in humans[END_REF] but so far this has never been demonstrated in patients on long-term low-dose Spiro treatment.

Here we studied corticosteroid hormone secretion and metabolism in CKD patients with mild-moderate renal impairment at baseline and following treatment with low 

Methods

Study design

The study protocol and subjects have been reported as part of an evaluation of the effect of Spiro on left ventricular mass and aortic stiffness in CKD patients [START_REF] Edwards | Effect of spironolactone on left ventricular mass and aortic stiffness in early-stage chronic kidney disease: a randomized controlled trial[END_REF] . In brief, this was a single centre, prospective, double-blind, placebo controlled, randomised interventional trial of patients with early stage CKD of diverse aetiologies including glomerulonephritis (IgA nephropathy, nephrotic disease, focal segmental glomerular sclerosis) (53%), quiescent vasculitis (19%), adult polycystic kidney disease (8%), reflux (8%), calculi (4%) and others (8%) (Henoch-Schoenlein Purpura, sickle cell disease, sarcoidosis, nephrectomy). Patients had stage 2 (GFR 60-89 ml/min/1.73m 2 ) (GFR was calculated using the 4 variable MDRD equation) or stage 3 CKD (GFR 30-59 ml/min/1.73m 2 ) and evidence of kidney damage for ≥3 months) [START_REF] Sarnak | Kidney disease as a risk factor for development of cardiovascular disease: a statement from the American Heart Association Councils on Kidney in Cardiovascular Disease[END_REF] .

All patients were treated with an ACE inhibitor and / or ARB for at least 6 months to maximally tolerated dose and had controlled blood pressure (mean daytime 24 hour ambulatory blood pressure monitoring <130/85 mmHg). 24 patients with CKD secondary to vasculitis were on a stable immunosuppressive treatment with glucocorticoids which was not altered during the study period. Patients were excluded if they had a history of diabetes, or symptomatic ischaemic or nonischaemic heart disease, peripheral vascular or cerebrovascular disease, renovascular disease, anaemia (<12g/dL) or previous documented hyperkalaemia (>5.5mmol/L).

A spironolactone dose of 25mg was chosen in this study as previously low dose spironolactone has been shown to be safe and clinical effective in patients with heart failure [START_REF] Pitt | The effect of spironolactone on morbidity and mortality in patients with severe heart failure. Randomized Aldactone Evaluation Study Investigators[END_REF] . All patients received a 4 week open label run-in phase of 25mg of spironolactone once daily (or alternate days if potassium levels were between 5.5 and 5.9 mmol/l), after which patients were randomised to continue treatment with 25 mg spironolactone or to placebo for a further 36 weeks. Patients were assessed at baseline (before the run in phase) and at the end of the study (week 40) with a clinical history and examination, 24 hour ambulatory blood pressure monitoring, and collection of a 24h urine sample. Venous blood samples were also collected after 30 minutes supine rest for routine hematology and biochemistry and measurement of plasma renin activity, aldosterone and angiotensin II.

During the open-label run-in phase, 1 patient developed serious hyperkalemia (potassium 6.5 mmol/l) and was withdrawn, 6 (5%) patients had potassium levels between 5.5 and 5.9 mmol/l and were switched to spironolactone on alternate days as per protocol. On blinded treatment, 4 patients had potassium levels between 5.5 and 5.9 mmol/l that required a dose reduction to alternate day treatment. After unblinding, two of these 4 patients were found to have received placebo. After randomization, no patients were withdrawn because of hyperkalemia, and there were no reported side effects, including gynecomastia or menstrual disturbances. The protocol was approved by South Birmingham Local Research Ethics Committee and all patients gave written informed consent.

Blood Pressure

Office brachial blood pressure was recorded with the subject lying supine after 10, 20 and 30 minutes in the non-dominant arm using a validated oscillometric sphygmomanometer (Dinamap® Procare, GE). In addition, all subjects underwent 24 hour ambulatory BP monitoring (Meditech® ABPM-04) at baseline and at week 40.

Biochemical assays

Plasma renin activity (PRA) was measured by an in-house antibody trapping technique in the presence of added excess renin substrate [START_REF] Millar | A microassay for active and total renin concentration in human plasma based on antibody trapping[END_REF] (coefficient of variation: 3.4%). An in-house radioimmunoassay was used for plasma angiotensin II as previously described [START_REF] Morton | Measurement of plasma angiotensin II[END_REF] . Angiotensin II was pre-extracted from plasma before assay (coefficient of variation: 10%). Plasma aldosterone was measured with a solid-phase (coated tube) radioimmunoassay kit supplied by Diagnostic Products (UK) Ltd (coefficient of variation: <8.3%). androsterone combined to 11oxo-etiocholanolone also reflect 11β-HSD1 activity [START_REF] Walker | 11beta-Hydroxysteroid Dehydrogenase Type 1 Regulation by Intracellular Glucose 6-Phosphate Provides Evidence for a Novel Link between Glucose Metabolism and Hypothalamo-Pituitary-Adrenal Axis Function[END_REF] .

Urinary steroid metabolites

Mineralocorticoids

The activities of 5α-and 5β-reductases can be inferred from measuring the ratio of 5α-THF to THF and androsterone to etiocholanolone. 3α5β-tetrahydro-aldosterone (TH-Aldo) is the main urinary aldosterone metabolite and reflects 24h aldosterone production. The activity of 11β-hydroxylase can be inferred from measuring the ratio of total cortisol metabolites (see above) to tetrahydro-11-desoxycortisol (THS) [START_REF] Freel | Phenotypic consequences of variation across the aldosterone synthase and 11-beta hydroxylase locus in a hypertensive cohort: data from the MRC BRIGHT Study[END_REF] .

Statistical Analysis

Normally distributed data were expressed as means ± SD (unless stated). Non parametric data were expressed as median (interquartile range) and were log- 

transformed

Results

All 112 patients enrolled in this study had stage 2 or 3 CKD, were all on either ACEi or ARB treatment for more than 6 months and had normal office blood pressure levels (Table 1). There were no differences in blood pressure or gender distribution between the two groups. However, body weight and BMI was higher in the Spiro compared to the placebo group and in the Spiro group significantly more patients were treated with beta-blockers and statins compared to the placebo group (Table 1). Total body weight and BMI were correlated with 24h total glucocorticoid excretion (r=0.407, p<0.001; r=0.296, p=0.003) but not with 5α-reductase activity as assessed by urinary metabolite ratios (Etiocholanolone/Androsterone; 5α-tetrahydro cortisol (5α-THF)/THF). PAC levels were significantly correlated with 24h urinary TH-Aldo excretion (r=-0.214; p=0.036) and furthermore showed a significant negative association with the estimated glomerular filtration rate (eGFR) (r= -0.331, p<0.001).

However, 24h urinary TH-Aldo excretion was not associated with eGFR.

Mean diastolic 24h ambulatory blood pressure (24h ABP) showed a significant correlation with 24h urinary TH-Aldo excretion (Figure 1a) but not with PAC.

Moreover, after adjusting for age, BMI and eGFR, systolic 24h ABP was significantly 2). However, PRA was positively associated with the urinary THF+5αTHF/THE ratio (Figure 2).

24 patients were on stable glucocorticoid treatment for their underlying kidney disease throughout the study period. However, inclusion or exclusion of glucocorticoid treated patients did not have a significant effect on the analysis of steroid hormone metabolites (total GC excretion, TH-Aldo, enzymatic activities)

between the placebo and Spiro group. Treatment with Spiro compared to placebo significantly reduced both systolic and diastolic 24h ABP despite a significant increase in circulating PRA, AngII and aldosterone levels (Table 2). Induction of the renin angiotensin aldosterone system (RAAS) was reflected by a significant increase in 24h urinary TH-Aldo excretion, consistent with an increased aldosterone synthase (AS) activity ( 

Discussion

In this study we assessed corticosteroid hormone secretion and metabolism in CKD patients on stable treatment with ACEi or ARB before and after addition of Spiro by means of urinary steroid hormone metabolite analysis which allows assessment of cumulative 24h steroid hormone production and, secondly, an estimation of steroid hormone enzyme activities.

As expected, 24h urinary TH-Aldo excretion correlated with PAC although this association was weak. A possible explanation for this weak association could be that the 24h urine collection for TH-Aldo was performed on a different day than blood sampling for circulating aldosterone was done. Additionally, Aldo levels are stimulated by ACTH during stress such as a venous puncture which is likely to vary between individuals. Circulating Aldo concentrations have previously been shown to correlate with blood pressure in black hypertensive [START_REF] Kidambi | Association of adrenal steroids with hypertension and the metabolic syndrome in blacks[END_REF] and PCOS [START_REF] Cascella | Serum aldosterone concentration and cardiovascular risk in women with polycystic ovarian syndrome[END_REF] patients.

However, we did not find a correlation of PAC with systolic or diastolic 24h ABP. In this study lack of association might be explained by the interfering effects of ACEi and ARB on the RAAS and variable stress induced PAC fluctuations during blood sampling. Nevertheless, cumulative 24h urinary TH-Aldo excretion reflecting 24h

Aldo production was indeed positively correlated with 24h blood pressure as well as PAC. It was recently reported that Aldo levels in CKD patients treated with an ACEi are lower compared to ARB treated patients [START_REF] Haddad | Usual ACE inhibitor therapy in CKD patients is associated with lower plasma aldosterone levels than usual angiotensin receptor blocker therapy[END_REF] . However, in our study we did not find any significant differences in PAC or urinary TH-Aldo excretion, suggesting that ACEi and ARBs have a similar effect on Aldo secretion.

Total urinary 24h cortisol metabolite excretion is a well established measure to assess daily cortisol production rate and thus reflects activity of the hypothalamopituitary-adrenal (HPA) axis. In agreement with previous studies, we found total glucocorticoid metabolite excretion to be correlated with total body weight and BMI [START_REF] Andrew | Glucocorticoid metabolism and the Metabolic Syndrome: associations in an elderly cohort[END_REF] .

Furthermore, 24h glucocorticoid secretion rate was positively correlated with 24h systolic blood pressure after correction of potential confounders such as age, BMI, and eGFR, suggesting that increased total glucocorticoid production as a result of increased HPA activity is implicated in blood pressure regulation in CKD patients.

Although the vast majority of patients with Cushing's syndrome exhibit hypertension 29 , increased 24h cortisol production within the physiologic range has to our knowledge not been associated with blood pressure so far. Increased HPA-drive may therefore be a novel risk factor in CKD patients by driving blood pressure levels.

These findings are in line with a recent report in which high yet within the normal range serum cortisol levels were found to be associated with an adverse outcome in heart failure patients [START_REF] Guder | Complementary and incremental mortality risk prediction by cortisol and aldosterone in chronic heart failure[END_REF] . Further clinical studies are urgently needed to better define and understand the mechanisms of high-normal as opposed to low-normal cortisol levels on blood pressure and ultimately cardiovascular risk in these patients.

Previous studies on glucocorticoid metabolism in CKD patients suggest that 11β-HSD2 activity [START_REF] N'gankam | Increased cortisol metabolites and reduced activity of 11beta-hydroxysteroid dehydrogenase in patients on hemodialysis[END_REF][START_REF] Whitworth | The kidney is the major site of cortisone production in man[END_REF] and expression [START_REF] Quinkler | Expression of renal 11beta-hydroxysteroid dehydrogenase type 2 is decreased in patients with impaired renal function[END_REF] declines with reduced GFR which in turn may lead to increased MR activation by glucocorticoids leading to increased sodium retention and blood pressure. In our study we did not find a correlation between renal function and the UFF / UFE ratio reflecting renal 11β-HSD2 activity. This is most likely explained by the relatively mild impairment in renal function in our cohort, whereas cohorts in previous studies included patients with more severe renal impairment as well as patients on haemodialysis.

Following Spiro treatment all components of the RAAS were significantly upregulated including PRA, AngII and PAC levels. Consistent with a RAAS activating effect, total 24h urinary TH-Aldo excretion was also significantly increased in the Spiro but not the placebo group. Our findings are in good agreement with a recent report on the neurohormonal effects of Spiro in patients with congestive heart failure and on stable ACEi treatment, which showed increased AngII and Aldo levels following Spiro treatment [START_REF] Rousseau | Beneficial neurohormonal profile of spironolactone in severe congestive heart failure: results from the RALES neurohormonal substudy[END_REF] . These findings suggest that MR blockade by Spiro results in a compensatory stimulation of the RAAS despite tonic inhibition by ACEi and ARBs. However, the degree of compensation inflicted by Spiro is not complete as both diastolic and systolic 24h ABP were reduced compared to baseline.

Previous reports suggested that Spiro and its metabolites exert direct inhibitory effects on steroidogenic enzymes [START_REF] Cheng | Effects of spironolactone, canrenone and canrenoate-K on cytochrome P450, and 11beta-and 18-hydroxylation in bovine and human adrenal cortical mitochondria[END_REF][START_REF] Greiner | Mechanism of action of spironolactone on adrenocortical function in guinea pigs[END_REF] . Here, using urinary steroid hormone metabolites as a surrogate Spiro did not exert an obvious direct inhibitory effect on 11β-hydroxylase. The most likely explanation for this finding may be that the Spiro dose used in this study was too low to exert a measurable effect on 11β-hydroxylase compared to previous studies. Compared to baseline, Spiro treatment did not alter total urinary 24h cortisol metabolite excretion in this study. The main conclusion that can be drawn from this observation is that MR blockade does not seem to interfere with the negative feedback mechanism of cortisol on the HPA axis. Although the hypothalamus mainly expresses the glucocorticoid receptor (GR) but not the mineralocorticoid receptor (MR) [START_REF] Pryce | Postnatal ontogeny of expression of the corticosteroid receptor genes in mammalian brains: inter-species and intra-species differences[END_REF] , the hippocampus readily expresses both receptors and is implicated in HPA axis modulation [START_REF] De Kloet | Brain corticosteroid receptor balance in health and disease[END_REF][START_REF] Jacobson | The role of the hippocampus in feedback regulation of the hypothalamic-pituitary-adrenocortical axis[END_REF] . It is therefore conceivable that the negative feedback of cortisol is not solely mediated through the GR, particularly as the MR in vitro shows a 10 fold higher affinity for cortisol than the GR [START_REF] Rupprecht | Transactivation and synergistic properties of the mineralocorticoid receptor: relationship to the glucocorticoid receptor[END_REF] . A number of studies have addressed the role of the MR in mediating negative cortisol feedback. Most studies have shown a short term stimulatory effect on the HPA axis following canrenoate infusion [START_REF] Arvat | Mineralocorticoid receptor blockade by canrenoate increases both spontaneous and stimulated adrenal function in humans[END_REF][START_REF] Dodt | Antimineralocorticoid canrenoate enhances secretory activity of the hypothalamus-pituitaryadrenocortical (HPA) axis in humans[END_REF][START_REF] Grottoli | The stimulatory effect of canrenoate, a mineralocorticoid antagonist, on the activity of the hypothalamus-pituitary-adrenal axis is abolished by alprazolam, a benzodiazepine, in humans[END_REF] or spironolactone treatment [START_REF] Heuser | Increased activity of the hypothalamus-pituitary-adrenal system after treatment with the mineralocorticoid receptor antagonist spironolactone[END_REF][START_REF] Young | The role of mineralocorticoid receptors in hypothalamic-pituitary-adrenal axis regulation in humans[END_REF] . However, a recent study assessing the effects of the glucocorticoid receptor (GR) antagonist RU28486 and Spiro alone or in combination on the HPA axis [START_REF] Mattsson | Combined Receptor Antagonist Stimulation of the HPA axis test identifies impaired negative feedback sensitivity to cortisol in obese men[END_REF] showed that RU28486 and Spiro by themselves had no effect but in combination showed a significant compensatory activation of the HPA axis. It is difficult to compare the findings of these studies with our own results for a number of reasons. First of all we assessed HPA axis activity indirectly by means of urinary steroid metabolite excretion. Moreover, treatment duration and doses of MRAs were considerably different. Our study does not support a major effect of low dose Spiro on HPA axis modulation but equally does not rule out more subtle changes.

Indirect analysis of global 11β-HSD type 1 and 2 activity by means of urinary steroid hormone metabolite ratios did not reveal any significant differences following Spiro treatment. It has been suggested that the ratio of urinary free cortisol to free cortisone (UFF/UFE) more precisely reflects renal 11β-HSD2 activity than the tetrahydro-cortisol (THF) + 5α-THF / tetrahydrocortisone (THE) ratio which is a better surrogate marker for global 11β-HSD1 activity [START_REF] Palermo | Urinary free cortisone and the assessment of 11 beta-hydroxysteroid dehydrogenase activity in man[END_REF][START_REF] Stewart | Syndrome of apparent mineralocorticoid excess. A defect in the cortisolcortisone shuttle[END_REF] 

3

 3 Spiro had no effect on total urinary cortisol metabolite excretion, 11β-hydroxylase, 11β-HSD type 1 and 2 activity.

5 dose

 5 Spiro. We hypothesised that some of the beneficial effects of Spiro may relate to changes in cortisol secretion and/or metabolism.

  and glucocorticoids are metabolised by various enzymes and are excreted as metabolites in the urine. The main urinary metabolites of mineralospectrometry (GC/MS) as described previously[START_REF] Palermo | Urinary free cortisone and the assessment of 11 beta-hydroxysteroid dehydrogenase activity in man[END_REF] . The sum of total cortisol metabolites (tetrahydrocortisol [THF], tetrahydrocortisone [THE], 5α-THF, α-cortolone, cortisone [E], cortisol [F], β-cortolone, β-cortol, and α-cortol) provides a reflection of cortisol secretion rate. The ratio of tetrahydrometabolites of cortisol (THF + 5α-THF) to those of cortisone (THE) provides a reflection of 11β-HSD1 activity when considered with the ratio of urinary free cortisol (UFF) to cortisone (UFE), which more accurately reflects renal 11β-HSD2 activity[START_REF] Palermo | Urinary free cortisone and the assessment of 11 beta-hydroxysteroid dehydrogenase activity in man[END_REF] . The ratios of cortols to cortolones and of 11β-hydroxy-etiocholanolone and 11β-hydroxy-

  urinary total cortisol (F) metabolite excretion at baseline (Figure1b). No correlation was found for systolic (r=0.156, p=0.1) or diastolic blood pressure (r=0.105, p=0.271), TH-Aldo (r=-0.112, p=0.284), eGFR (r=-0.097, p=0.313) and the aldosterone-renin-ratio. Moreover, neither urinary (tetrahydro-cortisol (THF) + 5α-THF / tetrahydrocortisone (THE) ratio) reflecting global 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) activity, nor urinary free cortisol / cortisone (UFF/UFE) reflecting 11β-HSD type 2 activity were associated with blood pressure or eGFR (Table

  However, by contrast, we found an increased aldosterone synthase (AS) activity following Spiro treatment. AS is the final enzyme involved in Aldo production by converting 11-deoxycorticosterone (DOC) into aldosterone in the zona glomerulosa and is regulated by circulating AngII which was also significantly increased following Spiro. This finding is consistent with in vitro studies which show increased expression of AS following AngII treatment[START_REF] Bird | Human NCI-H295 adrenocortical carcinoma cells: a model for angiotensin-II-responsive aldosterone secretion[END_REF] .

Figure 1 A

 1 Figure 1 A Correlation of 24h urinary 3α5β-tetrahydro-aldosterone (TH-Aldo) excretion with diastolic 24h ambulatory blood pressure (24h ABP); B Correlation of 24h urinary total cortisol (F) metabolite excretion with systolic blood pressure.

Figure 2

 2 Figure 2 Plasma renin activity (PRA) is positively correlated with the (THF+5α-THF/THE) ratio reflecting global 11β-hydroxysteroid dehydrogenase type I activity.

22 Figure 1 AB

 221 Figure 1

  

  where applicable. Treatment groups were compared using t tests or chi-
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square tests (at baseline) and repeated measures analysis of variance (for changes over time). Correlations of non-parametric data were assessed by the Spearman's correlation coefficient.

Table 2
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). By contrast, Spiro had no effect on global 11β-hydroxylase, 11β-HSD type 1 and 2 activity or total cortisol metabolite excretion as assessed by 24h urinary steroid hormone excretion.

Table 1 . Patient characteristics at baseline

 1 Interestingly, global 11β-HSD1 activity was correlated with PRA in this study. We are not aware of a direct interaction of 11β-HSD1 activity and PRA but one could speculate that 11β-HSD1 activity and PRA are regulated by a common factor.

	. In the kidney the enzyme 11β-

Table 2 . Changes following placebo / spironolactone treatment

 2 Etiocholanolone; THF: tetrahydrocortisol; THE: tetrahydrocortisone; F: cortisol; E: cortisone; THS: tetrahydro-11-desoxycortisol. Normally distributed values are presented as mean ± SD; the remainder as mean (inter quartile range). To compare changes in the two groups repeated measures analysis of variance with the time point (week 0, week 40) as the 'within subjects' factor and the group (spironolactone and placebo) as the 'between subjects' factor were used. † p<0.01, † † p<0.01 spironolactone vs. placebo at week 40

		Placebo		Spironolactone
		Week 0	Week 40	Week 0	Week 40
	24 ABP (mmHg)				
	Systolic	125 ± 12	124 ± 11	124 ± 11	119 ± 11 †
	Diastolic	77 ± 9	76 ± 7	76 ± 8	
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